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Abstract

Rheumatic heart disease (RHD) and acute rheumatic fever (ARF) disproportionately affect

individuals in low-resource settings. ARF is attributed to an immune response to Group A

Streptococcus (GAS) following GAS pharyngitis and potentially GAS impetigo in which

infection can be initiated by scabies infestation. The burden of ARF and RHD in Aboriginal

and Torres Strait Islander people in Australia is among the highest globally. Following recent

calls to include dog management programs in ARF and RHD prevention programs, we

believe it is timely to assess the evidence for this, particularly since previous recommenda-

tions excluded resources to prevent zoonotic canine scabies. While phylogenetic analyses

have suggested that the Sarcoptes mite is host specific, they have differed in interpretation

of the strength of their findings regarding species cross-over and the need for canine sca-

bies control to prevent human itch. Given that there is also indication from case reports that

canine scabies leads to human itch, we propose that further investigation of the potential

burden of zoonotic canine scabies and intervention trials of canine scabies prevention on

the incidence of impetigo are warranted. Considering the devastating impacts of ARF and

RHD, evidence is required to support policy to eliminate all risk factors.

Rheumatic heart disease (RHD) and its precursor, acute rheumatic fever (ARF), dispropor-

tionately affect people in low-resource settings [1]. ARF is attributed to an immune response

to Group A Streptococcus (GAS) following GAS pharyngitis and potentially GAS impetigo in

which infection can be initiated by scabies infestation [2].

In 1999, it was stated that control programs for human scabies did not require resources

directed against zoonotic scabies from dogs [3]. Twenty years later, the 2020 Australian RHD

Endgame Strategy called for dog management programs (Fig 1) as part of primordial preven-

tion (reducing the development of risk factors for disease) of RHD and its precursor, ARF [4].

In this viewpoint, we examine the background and current evidence for this change in
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recommendation. To develop evidence-based policy in line with the recommendations in the

RHD Endgame Strategy, we find that there is sufficient indication that canine scabies causes

human itch to warrant further investigation, including the effect of canine ectoparasite control

on the incidence of GAS skin infections in people.

Because of the enduring impacts of colonisation, Aboriginal and Torres Strait Islander peo-

ple in Australia face a significantly worse health burden than non-Indigenous Australians,

with a lower life expectancy of approximately 8 years [5]. Among the most divisive diseases are

RHD and ARF. In a national study from 2015 to 2017, age-standardised first-incident ARF

rates were 124.1 times higher (95% confidence interval, 105.2–146.3) in Indigenous (71.9

cases/100,000 people) than non-Indigenous populations, and age-standardised RHD preva-

lence in Indigenous people was 61.4 times higher (95% CI, 59.3–63.5) than in non-Indigenous

people [6]. Although ARF and RHD have historically been considered diseases of low- to mid-

dle-income countries, Aboriginal and Torres Strait Islander Australians—particularly children

in remote communities—continue to face among the highest reported burden of ARF and

RHD globally [7].

ARF is an autoimmune disease in response to infection with GAS, which typically manifests

as arthritis, chorea, and carditis [2]. Progression to RHD follows cumulative damage to the

heart valves with recurrent episodes of ARF, potentially leading to lifelong disability and

Fig 1. Dogs waiting for sandwiches containing parasiticide in a remote community in northern Queensland

(photograph courtesy of K. Smith and D. Smith).

https://doi.org/10.1371/journal.pntd.0012115.g001
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premature death. A link between GAS pharyngitis and ARF is established, but throat carriage

of GAS species is reportedly low in people in remote communities in Australia. In these set-

tings, ARF is considered more likely to follow GAS impetigo although the pathogenesis is

unclear [8].

In 2020, the RHD Endgame Strategy was introduced with the aim of eliminating RHD in

Australia by 2031 [4]. RHD prevention and control following ARF conventionally includes

long-term monthly injections of benzathine benzylpenicillin and cardiac ultrasonography and

surgery, but the rigorous schedule of painful injections and barriers to healthcare access in

remote communities frequently lead to poor outcomes. The new strategy focuses on primor-

dial prevention by comprehensively addressing the social determinants of health to reduce risk

factors associated with ARF and RHD [4]. Nine “Healthy Living Practices” (https://www.

healthabitat.com/what-we-do/safety-and-the-9-healthy-living-practices/, accessed 2023 Jun 1)

are included that promote healthy environments, such as climate and culturally appropriate

housing that enables close living, with sufficient resources including health hardware (essential

resources and infrastructure for healthy living, such as correctly installed electricity and

plumbing in well-maintained kitchens, bathrooms, and laundries). Australian Aboriginal chil-

dren have among the highest reported prevalence of impetigo globally [9] and the healthy liv-

ing practices outlined in the strategy aim to reduce the risk of GAS transmission and infection.

Dog management programs are recommended as a component of “Healthy Living Practice

6,” which focuses on reducing the risk from animals, insects, and vermin [4]. However, in the

RHD Endgame Strategy, it is stated that the benefits of dog management programs in reducing

impetigo are anecdotal; there is no evidence that dogs are colonised by GAS, or that dogs

transmit GAS to people [10,11]. Although dogs do not carry Group A Streptococcus, cross-spe-

cies transmission of Group C Streptococcus between a child and a dog residing in the same

household has been demonstrated [12]. The ability of other streptococci to infect both dogs

and humans makes dogs a potential reservoir of virulence genes for GAS. Furthermore, dogs

harbour skin parasites that can cause human itch, including fleas (usually the cat flea, Ctenoce-
phalides felis) and the canine variant of the Sarcoptes mite [13,14].

Scabies, a highly pruritic skin condition caused in people by the mite Sarcoptes scabiei var.

hominis, is a WHO-listed neglected tropical disease and endemic in many Australian remote

communities, where it is considered an important risk factor for impetigo due to scratching

and potential interference with skin immune defences [9,15–17]. The canine variant of the Sar-
coptes mite, Sarcoptes scabiei var. canis, is also endemic to dog populations in many remote

communities (Fig 2) [13]. There has been limited research into the zoonotic potential of the

canine mite. This is perhaps due to 2 studies from 1999 and 2004 reporting genetic clustering

of mites according to host species, concluding that prevention of zoonotic scabies from dogs

was unnecessary [3,18]. However, 2 subsequent phylogenetic analyses have called into ques-

tion whether S. scabiei mites originating from Australian people and dogs cluster into 2 dis-

tinct groups [19,20]. Firstly, Morrison (2005) used network phylogenetic analysis of the same

markers examined previously and found that human and canine scabies mites were inter-

spersed in the tree, suggesting that not only was there evidence for a transmission route

between humans and dogs, but also the direction of transmission was from dogs to humans

[19]. Morrison (2005) concluded that canine scabies should not be ignored in a human scabies

control program. Secondly, Zhao and colleagues (2015) used the mtDNA cox1 gene to con-

struct a phylogenetic tree of human and animal isolates from several countries including

China and Australia [20]. Crucially, while most human isolates from around the world formed

clades that were distinct to country and species, some isolates from Australian humans clus-

tered with the isolates from Australian dogs. The mtDNA cox1 phylogenetic tree had bootstrap

support of more than 97%, indicating that in 97% of repeat samplings, the tree branches would

PLOS NEGLECTED TROPICAL DISEASES Canine scabies and rheumatic heart disease

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012115 May 2, 2024 3 / 7

https://www.healthabitat.com/what-we-do/safety-and-the-9-healthy-living-practices/
https://www.healthabitat.com/what-we-do/safety-and-the-9-healthy-living-practices/
https://doi.org/10.1371/journal.pntd.0012115


remain in the same location, indicative of a true phylogenetic clustering rather than one due to

chance. In support of these findings, there are case reports of intensely pruritic infestations

with the canine mite in people, albeit usually self-limiting, as well as zoonotic scabies from

other companion animal species, livestock, and wildlife [21]. These reports and the findings of

Morrison (2005) and Zhao and colleagues (2015) point to the need for further genomic stud-

ies, particularly focusing on the Australian population.

Dogs are an integral and important part of life for Aboriginal and Torres Strait Islander

people in remote communities. Recent dog counts in northern Australian remote communi-

ties estimate 22 to 62 dogs/100 people, greater than the national average of 16 dogs/100 people,

and most dogs are owned and free-roam [22–24]. Dogs have day-to-day roles as companions,

protectors, and as hunters, and their cultural value is demonstrated in dreaming stories,

totems, and—in some regions—inclusion in the kinship system [25–27]. Dog management

programs, led by Environmental and Animal Health Workers (EHWs) are vital to maintain

dog health and prevent overpopulation. The presence of dogs in Aboriginal and Torres Strait

Islander communities have individual and community-level benefits, broadly enhancing

human and dog wellbeing and intra-family connectivity [28].

Fig 2. Owned puppies with skin disease due to scabies, in a remote community in northern Queensland (photograph courtesy of K. Smith and D.

Smith).

https://doi.org/10.1371/journal.pntd.0012115.g002
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Research has demonstrated that treating human scabies reduces impetigo incidence in

remote northern Australian communities [8]. There have been no studies of the effect of

canine ectoparasite control on impetigo occurrence in people. Canine parasite control is a rou-

tine part of dog management programs; however, program delivery can be sporadic due to

insufficient funding [28]. Long-acting anti-parasiticides for dogs have recently been developed

—including afoxolaner and fluralaner which have been shown to reduce mite burden in S. sca-
biei var. canis infestations in dogs [29,30]—which might offer options for consistent popula-

tion-level control programs to eliminate canine scabies in dogs in remote communities.

A forecast released in 2018 predicted that if observed incidence rates of ARF and RHD

remain stable, >5,000 Aboriginal and Torres Strait Islander people will be living with RHD

and>650 will die by 2031, with associated medical costs >AUD300 million [31]. Given the

current and expected burden of disease, an evidence-based approach should be taken to elimi-

nate all risks. Case reports and phylogenetic analysis provide sufficient indication that canine

scabies as a cause of human itch should be investigated further, and intervention trials to inves-

tigate the effect of canine ectoparasite control on the incidence of GAS impetigo in people are

warranted. In addition, the pathogenesis from GAS impetigo to ARF still needs to be eluci-

dated. If a pathway from impetigo to ARF is confirmed, and dog scabies is a source of itch

leading to GAS impetigo in people, this would support evidence-based direction of resources

towards dog management programs in remote communities in line with the RHD Endgame

Strategy. Evidence is essential to enable comprehensive policy development towards prevent-

ing the devastating impacts of ARF and RHD.

Acknowledgments

We thank the librarians at the University of Sydney for their assistance with this study and

Ruth Zadoks for appraising our manuscript. This study was completed in partial fulfilment for

the requirements of the Doctor of Veterinary Medicine degree, The University of Sydney

(CEH).

Author Contributions

Conceptualization: Victoria J. Brookes, Caitlin E. Henning, Kate A. Worthing, Chris

Degeling.

Investigation: Victoria J. Brookes, Caitlin E. Henning.

Supervision: Victoria J. Brookes.

Writing – original draft: Victoria J. Brookes, Caitlin E. Henning.

Writing – review & editing: Victoria J. Brookes, Caitlin E. Henning, Kate A. Worthing, Chris

Degeling.

References
1. Carapetis JR, Steer AC, Mulholland EK, Weber M. The global burden of group A streptococcal dis-

eases. Lancet Infect Dis. 2005; 5(11):685–694. https://doi.org/10.1016/S1473-3099(05)70267-X PMID:

16253886

2. Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al. Acute rheu-

matic fever and rheumatic heart disease. Nat Rev Dis Primers. 2016; 2:15084. Epub 2016/05/18.

https://doi.org/10.1038/nrdp.2015.84 PMID: 27188830.

3. Walton SF, Choy JL, Bonson A, Valle A, McBroom J, Taplin D, et al. Genetically distinct dog-derived

and human-derived Sarcoptes scabiei in scabies-endemic communities in northern Australia. Am J

Trop Med Hyg. 1999; 61(4):542–547. https://doi.org/10.4269/ajtmh.1999.61.542 PMID: 10548286

PLOS NEGLECTED TROPICAL DISEASES Canine scabies and rheumatic heart disease

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012115 May 2, 2024 5 / 7

https://doi.org/10.1016/S1473-3099%2805%2970267-X
http://www.ncbi.nlm.nih.gov/pubmed/16253886
https://doi.org/10.1038/nrdp.2015.84
http://www.ncbi.nlm.nih.gov/pubmed/27188830
https://doi.org/10.4269/ajtmh.1999.61.542
http://www.ncbi.nlm.nih.gov/pubmed/10548286
https://doi.org/10.1371/journal.pntd.0012115


4. Wyber R, Noonan K, Halkon C, Enkel S, Carapetis J. The RHD Endgame Strategy; the blueprint to elim-

inate rheumatic heart disease in Australia by 2031. Eur J Public Health. 2020; 30(Supplement_5):

ckaa165. 059.

5. National Indigenous Australians Agency (NIAA). Commonwealth Closing the Gap annual report 2022.

Commonwealth of Australia; 2022.

6. Katzenellenbogen JM, Bond-Smith D, Seth RJ, Dempsey K, Cannon J, Stacey I, et al. Contemporary

Incidence and Prevalence of Rheumatic Fever and Rheumatic Heart Disease in Australia Using Linked

Data: The Case for Policy Change. J Am Heart Assoc. 2020; 9(19):e016851. https://doi.org/10.1161/

JAHA.120.016851 PMID: 32924748

7. Ghamari SH, Abbasi-Kangevari M, Saeedi Moghaddam S, Aminorroaya A, Rezaei N, Shobeiri P, et al.

Rheumatic heart disease is a neglected disease relative to its burden worldwide: findings from global

burden of disease 2019. J Am Heart Assoc. 2022; 11(13):e025284. https://doi.org/10.1161/JAHA.122.

025284 PMID: 35730651

8. Pickering J, Sampson C, Mullane M, Sheel M, Barth DD, Lane M, et al. A pilot study to develop assess-

ment tools for Group A Streptococcus surveillance studies. PeerJ. 2023; 11:e14945.Epub 20230314.

https://doi.org/10.7717/peerj.14945 PMID: 36935916.

9. Davidson L, Knight J, Bowen AC. Skin infections in Australian Aboriginal children: a narrative review.

Med J Aust. 2020; 212(5):231–237. https://doi.org/10.5694/mja2.50361 PMID: 31630410

10. Schrieber LJ. Streptococci in an Aboriginal Australian community: is there a link between dogs and

humans? University of Sydney; 2012.

11. Wilson KS, Maroney SA, Gander RM. The family pet as an unlikely source of group A beta-hemolytic

streptococcal infection in humans. Pediatr Infect Dis J. 1995; 14(5):372–375. https://doi.org/10.1097/

00006454-199505000-00007 PMID: 7638012

12. Schrieber L, Towers R, Muscatello G, Speare R. Transmission of Streptococcus dysgalactiae subsp.

equisimilis between Child and Dog in an Aboriginal Australian Community. Zoonoses Public Health.

2014; 61(2):145–148. https://doi.org/10.1111/zph.12057 PMID: 23745768

13. Smout F, Schrieber L, Speare R, Skerratt LF. More bark than bite: Comparative studies are needed to

determine the importance of canine zoonoses in Aboriginal communities. A critical review of published

research. Zoonoses Public Health. 2017; 64(7):495–504. https://doi.org/10.1111/zph.12354 PMID:

28342271

14. Angarano DW, Parish LC. Comparative dermatology: Parasitic disorders. Clin Dermatol. 1994; 12

(4):543–550. https://doi.org/10.1016/0738-081x(94)90221-6 PMID: 7866948

15. World Health Organization. Ending the neglect to attain the sustainable development goals: a frame-

work for monitoring and evaluating progress of the road map for neglected tropical diseases 2021–

2030. 2021.

16. Welch E, Romani L, Whitfeld MJ. Recent advances in understanding and treating scabies. Fac Rev.

2021; 10. https://doi.org/10.12703/r/10-28 PMID: 33817697

17. Aung PTZ, Cuningham W, Hwang K, Andrews RM, Carapetis JR, Kearns T, et al. Scabies and risk of

skin sores in remote Australian Aboriginal communities: A self-controlled case series study. PLoS Negl

Trop Dis. 2018; 12(7):e0006668. Epub 20180725. https://doi.org/10.1371/journal.pntd.0006668 PMID:

30044780.

18. Walton SF, Dougall A, Pizzutto S, Holt D, Taplin D, Arlian LG, et al. Genetic epidemiology of Sarcoptes

scabiei (Acari: Sarcoptidae) in northern Australia. Int J Parasitol. 2004; 34(7):839–49. https://doi.org/10.

1016/j.ijpara.2004.04.002 PMID: 15157767.

19. Morrison DA. Networks in phylogenetic analysis: new tools for population biology. Int J Parasitol. 2005;

35(5):567–82. https://doi.org/10.1016/j.ijpara.2005.02.007 PMID: 15826648.

20. Zhao Y, Cao Z, Cheng J, Hu L, Ma J, Yang Y, et al. Population identification of Sarcoptes hominis and

Sarcoptes canis in China using DNA sequences. Parasitol Res. 2015; 114:1001–1010. https://doi.org/

10.1007/s00436-014-4266-1 PMID: 25547078

21. Moroni B, Rossi L, Bernigaud C, Guillot J. Zoonotic Episodes of Scabies: A Global Overview. Patho-

gens. 2022; 11(2):213. https://doi.org/10.3390/pathogens11020213 PMID: 35215156

22. Ma GC, Withers A-M, Spencer J, Norris JM, Ward MP. Evaluation of a Dog Population Management

Intervention: Measuring Indicators of Impact. Animals. 2020; 10(6):1061. https://doi.org/10.3390/

ani10061061 PMID: 32575546

23. Kennedy B, Brown WY, Vernes K, Kortner G, Butler JRA. Dog and Cat Interactions in a Remote Aborigi-

nal Community. Animals. 2018; 8(5). https://doi.org/10.3390/ani8050065 PMID: 29701647

24. Hudson EG, Brookes VJ, Ward MP. Demographic studies of owned dogs in the Northern Peninsula

Area, Australia, to inform population and disease management strategies. Aust Vet J. 2018; 96

(12):487–94. https://doi.org/10.1111/avj.12766 PMID: 30478842

PLOS NEGLECTED TROPICAL DISEASES Canine scabies and rheumatic heart disease

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0012115 May 2, 2024 6 / 7

https://doi.org/10.1161/JAHA.120.016851
https://doi.org/10.1161/JAHA.120.016851
http://www.ncbi.nlm.nih.gov/pubmed/32924748
https://doi.org/10.1161/JAHA.122.025284
https://doi.org/10.1161/JAHA.122.025284
http://www.ncbi.nlm.nih.gov/pubmed/35730651
https://doi.org/10.7717/peerj.14945
http://www.ncbi.nlm.nih.gov/pubmed/36935916
https://doi.org/10.5694/mja2.50361
http://www.ncbi.nlm.nih.gov/pubmed/31630410
https://doi.org/10.1097/00006454-199505000-00007
https://doi.org/10.1097/00006454-199505000-00007
http://www.ncbi.nlm.nih.gov/pubmed/7638012
https://doi.org/10.1111/zph.12057
http://www.ncbi.nlm.nih.gov/pubmed/23745768
https://doi.org/10.1111/zph.12354
http://www.ncbi.nlm.nih.gov/pubmed/28342271
https://doi.org/10.1016/0738-081x%2894%2990221-6
http://www.ncbi.nlm.nih.gov/pubmed/7866948
https://doi.org/10.12703/r/10-28
http://www.ncbi.nlm.nih.gov/pubmed/33817697
https://doi.org/10.1371/journal.pntd.0006668
http://www.ncbi.nlm.nih.gov/pubmed/30044780
https://doi.org/10.1016/j.ijpara.2004.04.002
https://doi.org/10.1016/j.ijpara.2004.04.002
http://www.ncbi.nlm.nih.gov/pubmed/15157767
https://doi.org/10.1016/j.ijpara.2005.02.007
http://www.ncbi.nlm.nih.gov/pubmed/15826648
https://doi.org/10.1007/s00436-014-4266-1
https://doi.org/10.1007/s00436-014-4266-1
http://www.ncbi.nlm.nih.gov/pubmed/25547078
https://doi.org/10.3390/pathogens11020213
http://www.ncbi.nlm.nih.gov/pubmed/35215156
https://doi.org/10.3390/ani10061061
https://doi.org/10.3390/ani10061061
http://www.ncbi.nlm.nih.gov/pubmed/32575546
https://doi.org/10.3390/ani8050065
http://www.ncbi.nlm.nih.gov/pubmed/29701647
https://doi.org/10.1111/avj.12766
http://www.ncbi.nlm.nih.gov/pubmed/30478842
https://doi.org/10.1371/journal.pntd.0012115


25. Constable S, Dixon R, Dixon R. For the Love of Dog: The Human-Dog Bond in Rural and Remote Aus-

tralian Indigenous Communities. Anthrozoos. 2010; 23(4):337–49. https://doi.org/10.2752/

175303710x12750451259336

26. Smith BP, Litchfield CA. A review of the relationship between indigenous Australians, dingoes (Canis

dingo) and domestic dogs (Canis familiaris). Anthrozoös. 2009; 22(2):111–128.

27. Senior K, Chenhall R, McRae-Williams E, Daniels D, Rogers K. Dogs and people in Aboriginal commu-

nities: Exploring the relationship within the context of the social determinants of health. Environ Health.

2006; 6(4):39–46.

28. Brookes VJ, Ward MP, Rock M, Degeling C. One Health promotion and the politics of dog management

in remote, northern Australian communities. Sci Rep. 2020; 10(1):12451. https://doi.org/10.1038/

s41598-020-69316-0 PMID: 32709859.

29. Chiummo R, Petersen I, Plehn C, Zschiesche E, Roepke R, Thomas E. Efficacy of orally and topically

administered fluralaner (Bravecto) for treatment of client-owned dogs with sarcoptic mange under field

conditions. Parasit Vectors. 2020; 13:1–7.
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