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Echocardiographic Screening Detects a Significant Burden of Rheumatic Heart Disease in
Australian Torres Strait Islander Children and Missed Opportunities for its Prevention

AllisonHempenstall,1,2 ErinHowell,3 KatherineKang,3 KenW. T. Chau,3 AmylouBrowne,1 Ella Kris,1,2 HyldaWapau,1 Pelista Pilot,1

Simon Smith,3 Benjamin Reeves,3 and Josh Hanson3,4*
1Torres and Cape Hospital and Health Service, Thursday Island, Australia; 2James Cook University, Cairns, Australia; 3Cairns Hospital and

Hinterland Health Service, Cairns, Australia; 4The Kirby Institute, Sydney, Australia

Abstract. Rheumatic heart disease (RHD) is almost entirely preventable, but its incidence in indigenous Australians
remains one of the highest in the world. A community-based echocardiogram screening program of 862 Torres Strait
Islander children identified 25 (2.9%) new cases of RHD. Among these 25 children, 5/7 (71%) prior acute rheumatic fever
presentations had not been recognized. There was a history of microbiologically confirmed group A Streptococcus
infection in 17/25 (68%) children with RHD compared with 9/25 (36%) controls (odds ratio [OR] [95% CI]: 3.78
[1.17–12.19],P=0.03). Thiswasmore likely to be a skin swab (16/25 [64%] cases versus 6/25 [24%] controls) than a throat
swab (1/25 [4%] cases versus 3/25 [12%] controls) (OR [95% CI]: 5.33 [1.51–18.90] [P = 0.01]), supporting a role for skin
infection in RHD pathogenesis. Household crowding and unemployment were common in the cohort, emphasizing the
need for prioritizing strategies that address the social determinants of health.

Acute rheumatic fever (ARF) results from an abnormal auto-
immune response to groupAStreptococcus (GAS) infections in
genetically susceptible populations.1 Episodes of ARF can lead
to chronic damage of the heart valves; this is known as rheu-
matic heart disease (RHD). RHD is a disease of disadvantage
and is almost completely preventable.1,2 Improvements in the
standard of living and treatment of GAS infections mean that
RHD is now very rarely diagnosed in high-income countries.
However, despite Australia’s well-resourced, universal health-
caresystem, its IndigenousAboriginal andTorresStrait Islander
population continue to bear a disproportionate burden of RHD;
the estimated prevalence of the disease in Aboriginal and
Torres Strait Islander Australians is 7.9/1,000—one of the
highest reported in the world.3 Rheumatic heart disease con-
tinues to be diagnosed in Indigenous Australians at a rate of
49.9 new cases/100,000 annually.3 Between 2013 and 2017,
94% of new RHD cases in Australia were diagnosed in In-
digenous Australians, even though they represent only 3.3%of
the national population.3

This continuing epidemic is strongly linked to the socio-
economic disadvantage thatmany IndigenousAustralians still
face. There is a growing understanding that although there
have been significant advances in the recognition andmedical
management of RHD, further progress will only be made by
addressing the underlying socioeconomic factors that in-
crease the likelihood ofGAS infection and that delay access to
medical care and appropriate antibiotic therapy.
Although RHD in Aboriginal Australians has been studied

extensively,1,4 relatively little is known about the epidemiology
of RHD in Torres Strait Islander Australians. Aboriginal and
Torres Strait Islander Australians face many similar chal-
lenges, but the two populations are socioculturally distinct,
live in different parts of the country, and have very different
histories.5 It is therefore important to specifically examine the
social, economic, and behavioral factors that might increase
their risk of RHD. Only thenwill healthcare providers—in close
consultationwith Torres Strait Islander communities—be able

to develop culturally appropriate strategies to prevent disease
and to improve patient outcomes.
This retrospective study aimed to identify the clinical, de-

mographic, and socioeconomic characteristics of Torres
Strait Islander children, newly diagnosedwith RHD, thatmight
be used to inform strategies to reduce local RHD incidence.
The study used data collected during a community screening
program performed in school children aged 5–18 years,
without known RHD, in the Torres Strait Islands in the Torres
Strait Islands in July 2018 (Figure 1). Two pediatric cardiolo-
gists and an echocardiographer with experience in the di-
agnosis of RHD performed echocardiograms after obtaining
informed consent from a parent or guardian. Parasternal long
and short axis views with apical 4- and 5-chamber views were
collected, looking for valvular pathology and congenital heart
disease. Children were defined as having definite RHD if they
satisfied the WHO criteria for the disease.6 All children di-
agnosed with RHD were matched by age (±2 years), geo-
graphic location, and gender (where possible) with children
who had a normal screening echocardiogram. The children’s
demographics, socioeconomic indices, and details of pre-
vious clinic presentations were collected from medical re-
cords, where these were available. Acute rheumatic fever was
defined using modified Jones criteria described in Australian
guidelines. Appropriate antibiotic therapy was also defined
according to these guidelines.7

Data were entered into an electronic database (Microsoft
Excel, Microsoft Corp., Redmond, WA) and were analyzed
using statistical software (Stata 14.2, StataCorp, College
Station, TX). Groupswere compared using theKruskal–Wallis,
chi-squared, or Fisher’s exact test, where appropriate. Odds
ratios were calculated using logistic regression; condi-
tional logistic regression was used to control for multiple
observations in individual patients. The Far North Queensland
Human Research and Ethics Committee provided ethical
approval for the study (HREC/18/QCH/91). The requirement
for informed consent was waived, given the data’s retro-
spective nature and its aggregated presentation. To prevent
stigmatization, the names of individual communities were de-
identified.
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Therewere862children screenedover 9dayson12 islands.
The children’s median (interquartile range [IQR]) age was 10
(8–12) years; 424/862 (49%) were female, and 837/862 (97%)
identified as Torres Strait Islander Australians. The program
identified 25 new cases of RHD, and all were asymptomatic.
All cases were among children identifying as Torres Strait Is-
landers. Cases were spread evenly across all the islands vis-
ited by the screening team. There were no cases of severe
valvular disease.
The medical records of the 25 patients with RHD were

compared with those of 25 age-, gender-, and location-
matched controls (Table 1). Three (12%) of the 25 with RHD
hadaprior presentation consistentwithARFcomparedwith 0/
25 controls (P = 0.24). One of these three children had their
single episode treated appropriately and was referred for
specialist review, another had only one of their five presenta-
tions treated appropriately, and in the remaining patient, the
diagnosis of ARF had been missed. Themedian (IQR) number
of people living in the households of childrenwith RHDwas six
(4–7) compared with seven (5–8) in the controls (P = 0.24).
There was no employed adult in the household of the 7/23
(30%) childrenwithRHD, comparedwith 10/22 (45%) controls
in whom these data were available (P = 0.37).
There was a history of ³ 1 healthcare presentation with sore

throat in 11/25 (44%) children subsequently diagnosed with
RHDcomparedwith 13/25 (56%)of the controls (P=0.57). The

median (IQR, range) number of sore throat presentations was
zero (0–2, 0–6) in the children subsequently diagnosed with
RHD, comparedwith one (0–1, 0–9) among controls (OR [95%
CI]: 0.90 [0.66–1.23], P = 0.51). Only eight (31%) of the 26
presentations of sore throat in the children subsequently di-
agnosed with RHD had been treated appropriately compared
with 25/35 (71%) in their controls (OR [95% CI]: 0.41
[0.14–1.25], P = 0.11).
There was a history of ³ 1 healthcare presentation with skin

sores in 18/25 patients (72%) who were subsequently di-
agnosed with RHD compared with 16/25 (64%) of their con-
trols (P = 0.54). The median (IQR, range) number of skin sore
presentations was two (0–5, 0–13) in the children who were
subsequently diagnosed with RHD, compared with one (0–4,
0–12) among controls (OR [95% CI]: 1.08 [0.92–1.28], P =
0.33). Only 72 (81%) of the 89 presentations with sore throat
presentations of sore throat in the children subsequently di-
agnosed with RHD had been treated appropriately compared
with 58/64 (91%) in their controls (OR [95% CI]: 1.07
[0.88–1.30], P = 0.51).
Children with RHD were more likely to have a history of a

microbiologically confirmed GAS infection 17/25 (68%)
compared with 9/25 (24%) controls (OR [95% CI]: 3.78
[1.17–12.19], P = 0.03). However, GAS was identified on skin
swab in 22/50 (44%) compared with only 4/50 (8%)who had a
prior throat swab positive for GAS (OR [95% CI]: 5.33

FIGURE 1. Map of Torres Strait Islands, Australia. This figure appears in color at www.ajtmh.org.
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[1.50–18.9], P = 0.01). The 25 new cases of definite
RHD—when added to the 21 existing local RHD cases—
translated into a prevalence of 34 confirmed RHD cases per
1,000 population among those aged between 5 and 20 years
in the region.8

This is the first dedicated study to examine, in detail, the
burden of RHD in a Torres Strait Islander population.
Screening identified new cases of RHD in 2.9% of the
screened Torres Strait Islander children, a rate that is com-
parable with the prevalence seen in Aboriginal Australian,
Maori, and Timor-Leste children.9–11

It is concerning that despite ongoing local education about
ARF, symptomatic patients are not presenting for care, and
even when they do, the condition is still frequently not being
recognized. In 2007, it was estimated that over 20% of ARF
cases in the region were being missed, whereas in this series,
only two of seven prior healthcare presentations with ARF
were recognized.12 The study also identified missed oppor-
tunities for disease prevention: although Australian RHD
guidelines recommend that children at high risk of ARF with
sore throat should be treated empirically with antibiotics,4

almost half the children’s presentations with sore throat did
not receive this treatment. This is likely to be partly explained
by the concerted effort to reduce the prescription of antibi-
otics for upper respiratory tract infections in Australia and by
clinicians—working on short-term contracts in the Torres
Strait Islands—whomay be unfamiliar with recommendations
for high-risk populations.13,14 It is also likely to be explained by
the fact that in this remote region of Australia, many island
communities are visitedbyadoctor only fortnightly. The role of
clinical scoring systems and rapid diagnostic tests in identi-
fying GAS tonsillitis requires evaluation, but until their utility is
established, these data provide more support for prompt
empirical antibiotic therapy by local healthcare workers.4

It has been hypothesized that GAS skin infections may play
a role in the pathogenesis of RHD in Australian Aboriginal and
Pacific Island populations, although this link is yet to be con-
firmed.15 Previous studies have illustrated high rates of skin

infections and low rates of symptomatic pharyngitis in remote
Aboriginal Australian communities where RHD is highly
prevalent.16 It was therefore notable that presentations with
skin sores were more common than presentations with sore
throat in this cohort and that childrenwith RHDweremore likely
to have GAS cultured from a skin swab than a throat swab.
However, while the clinical management of these children

was suboptimal, purely medical approaches are unlikely to
significantly reduce the local burden of RHD. Primordial pre-
vention—which addresses the social determinants of health-
—is likely to be far more cost-effective and would also be
expected to reduce the burden of other diseases of disadvan-
tageseen commonly inTorresStrait Islander children, including
Staphylococcus aureus infection and suppurative otitis
media.2,17–19 In this small study, it was not possible to examine
all the socioeconomic, environmental, and behavioral factors
that influence GAS incidence; however, significant crowding
and very high rates of unemploymentwere reported. Therewas
no employed adult in the homes of almost 40% of the partici-
pants, which compares with the national unemployment figure
of 5.4% at the time of the screening program.20 Meanwhile,
there were an average number of 6.9 people per household in
this study compared with a national average of 2.6.8 The Aus-
tralian Bureau of Statistics has developed a measure of so-
cioeconomic disadvantage, the Socio-Economic Indexes for
Areas (SEIFA) score, and all the islands of the Torres Strait have
a score in the lowest quintile in the country.21 The SEIFA score
has been shown to have a strong inverse correlation with the
prevalence of RHD in the region.22

This study has many limitations. The small sample size
increases the risk of type 2 statistical errors, and its retro-
spective design increases the likelihood of incomplete or
inaccurate data. There are 2,327 individuals aged 5–19 years
living on the 17 inhabited Torres Strait Islands, and the
screening program was not able to reach them all.8 The diffi-
culty in accessing all these children underscores the chal-
lenges of providing health care to such a geographically
dispersed population.

TABLE 1
Comparison of the demographic and clinical features of children diagnosed with RHD and their age-matched controls

Variable Children with RHD (n = 25) Controls (n = 25) Odds ratio (95% CI) P-value

Personal history of ARF 3 (12%) 0 – 0.24
Family history of ARF/RHD 1 (4%) 1 (4%) 1.00 (0.06–16.93) 1.0
Number of people resident in household 6 (4–7) 7 (5–8) – 0.24
No employed adult resident in the
household

7/23 (30%) 10/22 (45%) 0.53 (0.15–1.78) 0.30

³ 1 previous healthcare presentation with
sore throat

11/25 (44%) 13/25 (52%) 0.72 (0.24–2.21) 0.57

³ 1 previous healthcare presentation with
skin sore

18/25 (72%) 16/25 (64%) 1.45 (0.44–4.78) 0.55

Median (IQR) number of presentations
with sore throat

0 (0–2) 1 (0–1) – 0.73

Median (IQR) number of presentations
with skin sore

2 (0–5) 1 (0–4) – 0.38

Number of presentations with sore throat
given appropriate antibiotics

8/26 (31%) 25/35 (71%) 0.50 (0.13–2.0) 0.33

Number of presentations with skin sores
given appropriate antibiotics

72/89 (81%) 58/64 (91%) 0.67 (0.19–2.36) 0.53

GAS isolated on throat swab 1 (4%) 3 (12%) 0.31 (0.03–3.16) 0.32
GAS isolated on skin swab 16 (64%) 6 (24%) 5.62 (1.65–19.23) 0.006
GAS isolated on either skin or throat
cultures

17 (68%) 9 (36%) 3.78 (1.17–12.19) 0.03

ARF = acute rheumatic fever; GAS = group A Streptococcus; IQR = interquartile range; RHD = rheumatic heart disease. All numbers are represented as N (%) or median (IQR).
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However, this study demonstrates that new cases of RHD
are still being identified in Torres Strait Islander children, that
ARF remains under-recognized, and that opportunities for
primary prevention are being missed. The study underscores
the value of echocardiographic screening programs in de-
fining RHD burden and by highlighting nonadherence to
published guidelines—in particular, the lower threshold for
antibiotic treatment of sore throat in high-risk populations—
the study offers potential strategies that might reduce ARF and
RHD incidence. However, for effective and substantial prog-
ress to be made, community-led strategies are crucial if we are
to address the socioeconomic and environmental factors that
are known to increase the risk of GAS infection and the many
other diseases that disproportionately affect Torres Strait Is-
lander Australians.
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