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Abstract

Background:
Indigenous children in colonised nations experience high rates of health disparities linked to historical
trauma resulting from displacement and dispossession, as well as ongoing systemic racism. Skin
infections and their complications are one such health inequity, with the highest global burden described
in remote-living Australian Aboriginal and/or Torres Strait Islander (hereafter respectfully referred to as
Aboriginal) children. Yet despite increasing urbanisation, little is known about the skin infection burden
for urban-living Aboriginal children. More knowledge is needed to inform service provision, treatment
guidelines and community-wide healthy skin strategies. In this pilot study we aimed to test the feasibility
and design of larger multi-site observational studies, provide initial descriptions of skin disease frequency
and generate preliminary hypotheses of association.

Methods:
This project has been co-designed with local (Noongar) Elders to provide an Australian-first description of
skin health and disease in urban-living Aboriginal children. In collaboration with an urban Aboriginal
Community Controlled Health Organisation (Derbarl Yerrigan Health Service), we conducted a week-long
cross-sectional observational cohort study of Aboriginal children (0–18 years) recruited from the waiting
room. Participants completed a questionnaire, skin examination, clinical photos, swabs and received
appropriate treatment. We assessed the feasibility and impact of the pilot study.

Results:
From 4–8 October 2021, we recruited 84 Aboriginal children of whom 80 (95%) were urban-living. With a
trusted Aboriginal Health Practitioner leading recruitment, most parents (or caregivers) who were
approached consented to participate. Among urban-living children, over half (45/80, 56%) of parents
described a current concern with their child’s skin, hair and/or nails; and one third (26/80, 33%) reported
current itchy skin. Using a research-service model, 27% (21/79) of examined urban-living participants
received opportunistic same-day treatment and 18% (14/79) were referred for later review.

Conclusions:
This co-designed pilot study to understand skin health in urban-living Aboriginal children was feasible
and acceptable, with high study participation and subsequent engagement in clinical care observed. Co-
design and strong involvement of Aboriginal people to lead and deliver the project was crucial. The
successful pilot has informed larger, multi-site observational studies to more accurately answer questions
of disease burden and inform development of healthy skin messages for urban-living Aboriginal children.
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Key Messages Regarding Feasibility
1. What uncertainties existed regarding the feasibility?

Several uncertainties existed regarding the feasibility of this study, e.g. “How do we best promote the
project?” “Can we recruit adequate numbers of eligible participants from within the setting of an urban
Aboriginal Community Controlled Health Organisation (ACCHO)?” “Are the study procedures acceptable to
and suitable for participants and their families?” “Are the data collection tools optimised for usability by
the screening team and statistical analysis?” Does the research team have the resources and capacity to
conduct the study?” “Is the research-service model desirable for participants and their families?”

2. What are the key feasibility findings?

This co-designed pilot study proved feasible and acceptable, with high participation in the study and
subsequent engagement in clinical care observed. There was a steady increase in participant numbers
over the course of the week, consistent with cultural protocol and awareness. This was highlighted to the
non-Aboriginal researchers by the Aboriginal researchers as a likely occurrence, and played out as
expected during the pilot study. Involvement of a trusted Aboriginal Health Practitioner was key to
recruiting Aboriginal families, achieving a sample size of 84 participants and surpassing the estimated
pilot size of 50, that was originally thought to be feasible in a 1-week study. The ACCHO setting ensured
cultural safety and facilitated the research-service model, whereby over a quarter of participants received
opportunistic same-day management of their skin condition. Co-design and strong involvement of
Aboriginal people to lead and deliver the project was crucial.

3. What are the implications of the feasibility findings to the design of the main study.

Following feedback from the Elder and ACCHO co-researchers, minor adjustments were made to the
protocol to reflect ongoing Elder co-researcher cultural guidance and community consultation; expand the
scope of promotion; adjust the data collection tools to better inform generalisability, enhance validity and
further explore the significant disease associations observed in the pilot; and optimise research document
usability and statistical analysis for the screening team. The pilot has informed a successful funding
application to conduct the needed larger, multi-site observational studies where the updated protocol will
be used to more accurately answer questions of disease burden and inform development of healthy skin
messages for urban-living Aboriginal children. Walking together in the co-design model invites a learning
mindset from all participating researchers. This learning together was a significant part of the pilot study,
and has contributed overall to the feasibility and cultural acceptability of ongoing work.

Background
Skin health is an important aspect of overall health including appearance, wellbeing and confidence, due
to the skin being the largest and only visible organ of the body. Different populations have different
experiences of skin health and disease, and this informs targeted healthy literacy and health promotion
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resources. Having identified knowledge gaps in skin health for urban-living Australian Aboriginal and/or
Torres Strait Islander (hereafter respectfully referred to as Aboriginal) children, we piloted a cross-
sectional, observational cohort study to inform future research and health promotion activities.

Infectious Skin Diseases
Indigenous children face higher rates of health disparities than their non-Indigenous peers globally, linked
to historical trauma resulting from the devastating effects of colonisation, dispossession and loss of
connection to traditional lands, language, family and culture.1

Skin infections are one example of this, where the highest burden in the world is well documented in
remote-living Aboriginal children.2 The most significant of these are bacterial skin infections (BSI) with
Staphylococcus aureus (S. aureus) and Streptococcus pyogenes (S. pyogenes) causing impetigo, cellulitis
and abscesses; and scabies.2, 3 At any time, almost half of all Aboriginal children in remote Australia will
have impetigo and up to one-third will have scabies.4, 5 These often painful and itchy skin conditions
adversely affect wellbeing and self-image, and can lead to serious complications including bone and joint
infections, sepsis, post-streptococcal glomerulonephritis and rheumatic heart disease. These infections
have a high burden on individuals, communities and the health system, both in primary and tertiary care.6

Whilst much is known for remote-living Aboriginal children, a knowledge gap exists regarding skin
infection burden for urban-living Aboriginal children. This is despite the rate of urbanisation for
Indigenous people increasing globally. In our context, more than 60% of approximately 40,000 Aboriginal
children (0–17 years) currently reside in urban settings (major cities and regional areas).7,8

Linked hospitalisation data found hospitalisation rates for skin infections (abscess, cellulitis, impetigo
and scabies) were 10 times higher for urban-living Aboriginal children than their non-Aboriginal peers.6

This likely underestimates the true burden of skin infection in urban-living Aboriginal children, as it only
captures the severe end of the disease burden found in hospitals, and not the primary care data where
most skin infections present. A New Zealand study investigating Indigenous children reported that an
estimated 14 primary care cases occurred for every skin infection resulting in hospitalisation.9 A further
limitation to coded-hospitalisation datasets is “normalisation” or the documented under-diagnosis
associated with the high ongoing burden of skin infections.10

Another source of data on urban-living children is carer-surveys. An older study self-reported recurring
skin infections in 720/10,200 (7.1%) of urban-living Aboriginal children; with limitations being
normalisation, knowledge and the ability to identify and recall skin infections by the carer.11 Beyond this,
data on the complications of skin infections in urban-living Aboriginal children are poorly understood.
One national dataset of paediatric intensive care unit admissions found invasive infections were higher in
Aboriginal compared to non-Aboriginal children, particularly S. aureus sepsis secondary to untreated skin
infections.12, 13
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Non-Infectious Skin Diseases
Eczema (or atopic dermatitis) is another common skin condition where there is a paucity of data on the
burden for urban-living Aboriginal children. The population prevalence of eczema in Australia is
estimated to be 20% in one-year-olds14 and 16% in four-year-olds15. In two small urban paediatric studies,
history of ‘eczema ever’ was reported in 13–25% of Aboriginal children by six years.16, 17 Eczema and BSI
are intertwined, in that poorly managed eczema predisposes to recurrent skin infections; while secondary
infection of eczema contributes to more severe disease.1819

Little is known about the burden of other non-infectious skin diseases in Aboriginal Australians, despite
skin problems representing 15–18% of primary care consultations.20 In addition, little is known about
dermatologist-diagnosed skin disorders in the urban-living Aboriginal population, with studies revealing
rates of attendance to hospital dermatology outpatient appointments for Aboriginal Australians to be
lower than population parity.21, 22

Aims and Objectives
The primary aim of the Koolungar Moorditj Healthy Skin pilot project is to inform the feasibility and
design of larger multi-site observational studies. The secondary aims are to provide initial descriptions of
skin health and disease frequency in urban-living Aboriginal children recruited from the waiting room of
an urban Aboriginal Community Controlled Health Organisation (ACCHO), and to generate preliminary
hypotheses regarding skin disease associations. The results of the larger, multi-site observational studies
will be the subject of a sequential paper and used to inform service provision, treatment guidelines and to
identify sustainable and acceptable community-wide strategies for prevention and treatment.

This study is operational in Perth, Western Australia, Australia where the traditional custodians are the
Noongar people. In Noongar language, koolungar means children and moorditj means good, solid and
strong. Our research team has a shared vision to achieve moorditj healthy skin for all urban-living
Aboriginal children.

Methods
This manuscript has been reported in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) extension to randomised pilot and feasibility trials and the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)

guideline, ignoring items that are not applicable (Additional Files 1 and 2).23–25 The manuscript also
follows the CONSoliDated critERia for strengthening the reporting of health research involving Indigenous
Peoples (CONSIDER) statement (Additional File 3).26

Study Design
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Through a co-design process with Noongar Elders we piloted a cross-sectional, observational, cohort
study of urban-living Aboriginal children and adolescents (hereafter ‘children’) recruited from the Derbarl
Yerrigan Health Service Aboriginal Corporation (DYHSAC) waiting room.27

Co-design process
The Koolungar Moorditj Healthy Skin project was co-designed from the outset, working in collaboration
with Noongar Elders at the Telethon Kids Institute (TKI) to determine the interest, scope and importance
of skin health for urban-living Aboriginal children. Over several meetings, it was clear that the intersection
between healthy skin and healthy environment was the common ground. From here, two Elders (NN, DT)
declared their ongoing support for this work and have continued as co-researchers on the project. It is
through this engagement with Noongar Elders that this project has progressed, using the principles of
reciprocity, capacity building, respect and community involvement to shape all elements of the protocol;
in line with the National Health and Medical Research Council (NHMRC) Indigenous Health Research
Criteria (Additional File 4) and TKI Guidelines for the Standards for the Conduct of Aboriginal Health
Research.28

Study Setting
With a priority being a research-service model, we collaborated with DYHSAC to establish a paediatric
dermatology out-reach clinic. DYHSAC is the oldest and largest ACCHO in WA, with four clinical sites in
metropolitan Perth (Whadjuk Boodja). DYHSAC provides care to over 20,000 Aboriginal people in this
area, servicing nearly two thirds of the estimated 30,000 Aboriginal people living on Whadjuk Boodja
(Australian Bureau of Statistics 2016 Census).

The one-week skin screening event took place in the October 2021 (spring) school holidays at the central
DYHSAC site in East Perth. A large conference room adjoining the waiting room of DYHSAC was utilised
for the study. Within this, three participant bays were created with moveable screens. A fourth bay with
complete privacy was created for dermatology consultations, for those participants who transitioned to
become patients requiring diagnosis and timely treatment. A children’s play zone was created in the
centre of the room for supervised activities including play with bubbles and magnetic building toys,
drawing and colouring, and singing and dancing to an educational culturally-appropriate YouTube
Playlist created for this purpose (https://www.youtube.com/playlist?list=PLuiUTXzBzPh8MnaS-Xqh-
RFaojFV5L3L3).

Participants and Recruitment
Promotion for the pilot project took place in collaboration with DYHSAC via clinic posters and social
media. Participants were recruited from the DYHSAC waiting room. The parent or caregiver (hereafter
‘parent’) of the child attending DYHSAC was approached in the waiting room by a research team member
and invited to participate. Where possible, Aboriginal members of the research team conducted this
activity to improve cultural safety.29
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Aboriginal children 18 years and under were eligible for inclusion. The 2019 Modified Monash (MM)
category was used to classify geographical remoteness, with urban-living defined as those participants
residing in either MM 1 (metropolitan areas) or MM 2 (regional centres).30

Written informed consent was obtained following provision of a plain language patient information and
consent form (PICF) detailing the study. The consent process allowed parents to opt in or out of the
various project components - questionnaire, height/weight, examination of exposed skin, examination of
a specific concern on covered skin, clinical photographs of skin conditions, and skin swabs of suspected
BSI. The participant was also required to provide verbal assent to the skin examination.

The skin screening week was staffed by a team of clinicians with dermatology and infectious disease
expertise, Aboriginal Health Practitioners (AHP) and research support staff. All research team members
attended Aboriginal cultural awareness and Good Clinical Practice training prior.

Data Collection
After enrolment, a research team member completed a questionnaire with the parent. Data including
demographics, household structure and close contacts, access to household health hardware, history of
skin infection, history of eczema, parent-reported Fitzpatrick skin phototype (FSP), sun exposure and sun-
protective behaviours, skin care routine, use of traditional medicinal plants for skin care and skin disease,
and current skin/hair/nail concerns was collected. To improve validity of skin infection reports, clinical
photos were shown to parents.31

Following verbal assent, height, weight and body mass index were recorded and exposed (visible) skin,
hair and nails examined. For participants with a skin concern on a covered site, examination was
facilitated with privacy. Clinical photos of skin conditions and skin swabs for suspected BSI were taken.

Referral to the DYHSAC paediatric dermatology out-reach clinic was offered to those with an identified
skin disorder; with same day assessment provided for children with a skin infection or symptomatic
disease. Education on moorditj healthy skin was provided to participants and their families using a
purpose-built educational flipchart. Participants were remunerated for their time with a pool voucher and
skin care products promoting moorditj healthy skin.

Statistical Analysis
All data was entered into REDCap and analysed using R version 4.1.2. Summary statistics of patient
demographics and dermatological concerns were calculated. Logistic regression was used to investigate
variations in prevalence of BSI, dermatophyte infection, and atopic dermatitis (AD) in urban-living children
by household structure, health hardware, frequency of bathing, use of bathing agent, frequency of
swimming, past medical history and skin examination findings. Prevalence odds ratios and 95%
confidence intervals investigating disease associations for AD, BSI and dermatophyte infection were
calculated.

Ethics
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Ethics approval for this study was provided by the Western Australian Aboriginal Health Ethics Committee
(WAAHEC) [HREC Ref No. 1059] and the University of Western Australia [File Reference –
2021/ET000536].

Results

Feasibility measures

Promotion
The pilot project protocol limited promotion of the screening week to activities associated with DYHSAC.
Unfortunately, the major promotional event (The DYHSAC Family Fun Day) was cancelled due to Covid-19
lockdowns and poor weather. During the screening week the DYHSAC communications team utilised
social media platforms to engage clients, and while data describing the avenue by which families heard
about the screening week/were recruited was not collected, we suspect this online promotion was highly
effective. Promotional posters produced by the research team were placed in the DYHSAC clinics.

Recruitment
From 4–8 October 2021 we recruited 84 children from the DYHSAC waiting room, 83 who identified as
Aboriginal and one as Aboriginal and Torres Strait Islander. The recruited children were attending
DYHSAC for varied reasons; some were there for their own appointment with their primary care physician
or for ‘well child services’ (i.e. immunisations) with a nurse or AHP, others were accompanying a family
member for their appointment, and some families had presented with their children having heard about
the skin screening event through promotion or word-of-mouth.

A steady increase in participant numbers was observed over the course of the week with highest numbers
recorded on the final day (n = 32, 38%). Although enrolment rate was not formally recorded, almost all
families approached in the waiting room subsequently presented for enrolment in the study room. As
participant numbers increased over the course of the week, families tended to approach the study room
to self-enrol rather than wait to be approached and recruited from the waiting room.

Data collection
All parents (84/84, 100%) consented to the major components of the project (questionnaire and
examination) and all bar one child (83/84, 99%) provided verbal assent for examination. On average, the
questionnaire with parents took up to ten minutes per child to complete. During this time, most children
enjoyed play-based activities supervised by research support staff. For families with multiple children,
paper-based questionnaires were preferred as they enabled research staff to record answers
simultaneously for multiple children on separate documents.

On average, examination of exposed skin took less than five minutes per child to complete. Clinical
photos were taken of skin conditions in 68% of consenting participants (55/81) and swabs from bacterial
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skin infections in 5% of consenting participants (4/79). Education was provided for families tailored to
their child and the skin concerns highlighted during the questionnaire and/or examination, and
complemented by the educational flipchart. Based on skin examination findings, nearly half of all
participants (36/83, 43%) were referred to the paediatric dermatology out-reach clinic; with 22/36 (61%)
seen on the same day and 14/36 (39%) scheduled for later appointments.

Staffing
Staffing for the screening week varied from five to ten members each day; including at least one AHP and
one dermatologist, in addition to other clinicians and research support staff. In total, seven clinical and
nine non-clinical research staff were involved in the screening week.

Feedback and amendments
Following the pilot week, the screening team presented their observations, reflections and the results to
the Elder and DYHSAC co-researchers, as well as the TKI Aboriginal Health Research Forum. Feedback
was welcomed and from this, adjustments were made to the protocol to:

Reflect ongoing Elder co-researcher cultural guidance and community consultation, ensuring cultural
appropriateness and use of appropriate language and imagery.

Expand the scope of promotion for subsequent screening weeks to minimise selection bias towards
children with skin disease.

Better inform the generalisability of results by including a question enquiring how families heard
about the skin screening event.

Enhance the validity of the results with the addition of a validated eczema symptom questionnaire to
improve diagnostic precision (International Study of Asthma and Allergies in Childhood criteria –
ISAAC);32 switching from parent-determined FSP to dermatologist-determined FSP enabling
clarification of responses to more accurately classify FSP,33–36 and including validated measures of
sun exposure and sun protection practices.37, 38

Further explore the preliminary hypotheses of disease associations with the addition of specific
questions related to the reported predictive and protective factors.

Optimise research document usability and statistical analysis for the research team.

The Koolungar Moorditj Healthy Skin project was awarded funding for expansion of the project to an
additional urban site, and to support the co-design and development of skin health promotion and
educational resources with Elders, AHPs and community advisory groups. An ethics amendment
reflecting these changes was recently approved and this updated protocol will be followed for the
planned multisite observational studies.

Dissemination of results
A one-page summary of the pilot project results was presented to the DYHSAC Board and staff
(Additional File 5), and a thank-you letter with summarised results was shared with the participating
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families (Additional File 6). The findings were co-presented (HK, BR) at the Australasian College of
Dermatologist's Annual Scientific Meeting on 30 April 2022.

Initial descriptions of skin health and skin disease
frequency

Participant characteristics
The pilot project included 84 Aboriginal children (Table 1). The median age was eight years (IQR 5–12)
and 47/84 (56%) were female. Eighty of the 84 children (95%) were urban-living and contribute to this
analysis.

Table 1
Participant demographics

  Total (n = 84)

Indigenous status

- Aboriginal

- Aboriginal and Torres Strait Islander

 

83 (99%)

1 (1%)

Geographical location of usual residence

- Metropolitan

- Regional (inner / outer)

- Rural

- Remote

- Very remote

 

80 (95%)

0

0

0

4 (5%)

Sex

- Male

- Female

 

37 (44%)

47 (56%)

Age group

- 0–9 years

- 10–19 years

 

49 (58%)

35 (42%)

Median age (IQR) 8 years (5, 12)

 

Questionnaire findings
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Over half of all parents (45/80, 56%) reported a current concern with their child’s skin, hair and/or nails
and one third (26/80, 33%) described current itchy skin.

Aboriginal traditional medicines were reported as part of the child’s everyday skin care routine in 15%
(12/80), and for treatment of skin problems in 21% (17/80). Only topical preparations were described,
including plant extracts and animal (emu, goanna) oils.

FSP was parent-reported for 79 participants (Table 2). A history of past sunburn was present in 67%
(53/79), with highest rates in FSP II (4/5, 80%) and III (15/18, 83%). In FSP II and III, past sunburn was
frequent with 6/53 (11%) reporting more than 10 sunburns. Most participants reported using sunscreen in
the summer months (45/79, 57%), with 27% (21/79) never using sunscreen.
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Table 2
 Fitzpatrick skin phototype (parent-reported) and sun-protective behaviours in urban-living Aboriginal

children

  Total1 Fitzpatrick Skin Phototype (FSP)2

II III IV V VI

n (%)3 79 5 (6%) 18
(23%)

31 (39%) 22 (28%) 3 (4%)

No history of past sunburn 26
(33%)

1
(20%)

3 (17%) 11 (35%) 8 (36%) 3 (100%)

History of past sunburn

< 10 times

> 10 times

Unknown frequency

53
(67%)

46
(87%)

6 (11%)

1 (2%)

4
(80%)

2
(50%)

2
(50%)

0

15
(83%)

11
(73%)

4 (27%)

0

20 (65%)

19 (95%)

0

1 (5%)

14 (64%)

14 (100%)

0

0

0

0

0

0

Frequency of sunscreen
use

Daily to weekly

Just in summer

Never

Unknown frequency

 

12
(15%)

45
(57%)

21
(27%)

1 (1%)

 

2
(40%)

3
(60%)

0

0

 

4 (22%)

12
(67%)

2 (11%)

0

 

2 (7%)

15 (48%)

14 (45%)

0

 

4 (18%)

14 (64%)

4 (18%)

0

 

0

1 (33%)

1 (33%)

1 (33%

1 n (%), percentages are column percentages. One child (aged 40 days old) had a missing value
recorded for their FSP – they are excluded from this summary table. No participants had FSP Type I.

2 n (%), percentages are column percentages.

3 Row-wise percentages provided for this row.

 

The lifetime prevalence of BSI, dermatophyte infection and scabies were 43% (34/80), 38% (30/80) and
14% (11/80), respectively (Table 3). A history of bone or joint infection was reported in 2/34 (6%) children
with past BSI. No reports of sepsis or other serious post-infectious sequelae were found. The lifetime
prevalence for eczema/dermatitis was 19% (15/80).
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Table 3
Summary of past medical history in urban-living Aboriginal children

“Has your child ever had…” Total (n = 80)

Skin infections

- Bacterial skin infection (i.e. impetigo, skin sores, folliculitis, boils, cellulitis, abscess)

- Fungal skin/hair/nail infection (i.e. tinea, ringworm)

- Scabies

 

34 (43%)

30 (38%)

11 (14%)

Complications from skin infections

- Bone or joint infection

- Blood infection

- Acute rheumatic fever / Rheumatic heart disease

- Acute post-streptococcal glomerulonephritis

 

2 (3%)

0

0

0

Atopy

- Eczema/dermatitis

- Hayfever

- Asthma

 

15 (19%)

13 (16%)

9 (11%)

Iron deficiency 13 (16%)

 
Skin examination findings (Figures a-f)

The point prevalence was 23% (18/79) for pediculosis capitis, 19% (15/79) for dermatophyte infection,
5% (4/79) for BSI and 1% (1/79) for scabies (Table 4). Of eight children with tinea capitis, four also had
tinea corporis, one was on appropriate oral treatment and Trichophyton tonsurans was cultured from all
(6/6) of the adequately collected hair pluck specimens. Of the four participants with BSI (all were culture
positive for S. aureus), two had secondary infection of nipple atopic dermatitis, one had a knee furuncle
(concurrent with headlice, tinea capitis and tinea corporis) and one had facial impetigo (concurrent with
tinea corporis).
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Table 4
Summary of skin examination findings in urban-living Aboriginal children

  Total (n 
= 791)

Pediculosis capitis 18 (23%)

Acne 18 (23%)

Dermatophyte infections (all)

- Tinea corporis

- Tinea capitis

15 (19%)

9 (11%)

8 (10%)

Atopic dermatitis 12 (15%)

Seborrhoeic dermatitis 11 (14%)

Pityriasis alba 10 (13%)

Keratosis pilaris 8 (10%)

‘Other eczema/dermatitis’ (incl. irritant contact dermatitis, dyshidrotic eczema, juvenile
plantar dermatosis, lip-lickers dermatitis)

6 (8%)

Acral naevi 5 (6%)
1 n (%); (1 participant declined examination)

Among 10 to 19-year-olds, untreated acne was present in 55% (18/33) and seborrhoeic dermatitis in 18%
(6/33). Acne phenotype was mostly comedonal and papulopustular, with prominent post-inflammatory
hyperpigmentation. AD was diagnosed clinically in 15% (12/79) across all age groups. Pityriasis alba
was seen in 12% (10/79), all of whom were FSP IV to VI. Keratosis pilaris was seen in 10% (8/79) and
other types of eczema/dermatitis in 8% (6/79). Numerous other dermatological disorders were detected
in one or two participants only, and the presence of naevi on exposed skin was recorded. There were no
cases of childhood autoimmune disorders, including vitiligo, alopecia areata or cutaneous lupus; nor was
cutaneous malignancy detected.

Hypothesis-generating skin disease associations (Additional File 7)

Atopic dermatitis
A history of iron deficiency was associated with a 5-fold increased risk (OR 5.2; 95% CI 1.3–21.2) of
currently having AD.

Bacterial skin infections (BSI)
Participants with a history of low birthweight, iron deficiency and dermatophyte infection had 11-fold (OR
10.9; OR 1.3–94.1), 5-fold (OR 5.5; 95% CI 1.3–22.9) and 3-fold (OR 3.4; 95% CI 1.3–8.9) risk of ‘ever’
having BSI, respectively. Children who reported ‘sometimes’ swimming in a chlorinated pool had an 83%
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reduction (OR 0.17; 95% CI 0.02–0.74) of ‘ever’ having BSI compared to those who reported ‘never’
swimming in a chlorinated pool.

Dermatophyte infections
Children who bed-share had 6-fold (OR 5.9; 95% CI 1.5–22.8) chance of current dermatophyte infection
and 3-fold (OR 2.9; 95% CI 1.1–7.4) chance of ‘ever’ having dermatophyte infection compared to
participants who do not report bed-sharing. Children with current pediculosis capitis had 3-fold (OR 3.4; CI
1.1–10.1) greater odds of ‘ever’ having a dermatophyte infection. Children who reported ‘sometimes’
swimming in the ocean and those with a working washing machine at home had an 83% (OR 0.17; 95%
CI 0.02–0.74) and 91% (OR 0.09; CI 0.01–0.75) reduction of ‘ever’ having dermatophyte infection,
respectively.

Discussion
This pilot study is the first assessment of skin health for urban-living Aboriginal children in Australia. We
found it was feasible and informs subsequent larger studies underway. Aboriginal Elder co-design;
involvement of Aboriginal researchers; and the research-service model were critical elements of success
in the pilot. Historically, non-Aboriginal researchers have studied Aboriginal children and families. In this
model, both Aboriginal and non-Aboriginal researchers walk together with Aboriginal children and
families to discover answers to questions that are prioritised together.

Co-design is a “philosophical approach and evolving set of methodologies for involving people in the
design of the services, strategies, environments, policies and processes that impact them.’39 When
practiced well, co-design in Indigenous health research can lead to outcomes that can be used to
advocate for policy and service delivery changes, helping achieve equity.39, 40 Co-design is recommended
in research with Indigenous peoples in recognition of the history and wisdom of Aboriginal-peoples, the
longest, continuous culture in the world dating back more than 65,000 years.41 Working together from a
strengths-based approach to co-create Aboriginal led systems and services supports self-determination
and overcomes inequities that are a result of colonisation and racism.42 The Koolungar Moorditj Healthy
Skin project was developed through extensive consultation and cultural guidance from Noongar Elder co-
researchers, and in partnership with DYHSAC; collaborating on all aspects of project development from
needs assessment to content development, pilot testing and through to research dissemination.43

The involvement of Aboriginal investigators in all roles of the research team was crucial to the success of
the pilot project. In particular, the involvement of a trusted AHP embedded in DYHSAC was key to
recruiting Aboriginal families, achieving a sample size of 84 participants and surpassing the estimated
pilot size of 50. The value of a week-long screening event was evident in the observed increase in
participant numbers over the course of the week peaking on the final day, which is consistent with
cultural protocol and awareness. Integral to the study was establishing culturally appropriate
dermatological care for urban-living Aboriginal children in a place where they feel most comfortable
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receiving healthcare. The ACCHO setting ensured cultural safety and facilitated the research-service
model, whereby over a quarter of participants received opportunistic same-day management of their skin
condition.

The results of the pilot project provide the first description of skin health and skin disease frequency in
urban-living Aboriginal children recruited from the waiting room of an urban ACCHO. Recently, a
systematic review has synthesised the available global literature on skin health in urban-living Indigenous
children in high-income countries that share a history of colonisation, displacement and subsequent
ongoing health inequities.19, 44 Our results are comparable to the findings, and add further knowledge to
the burden of these skin diseases, whilst scoping out a methodology for future studies.

This pilot project also acts as a hypothesis-generating study for associations of the more common
childhood skin diseases. Using internal comparison to reduce bias, a number of possible disease
associations were suggested.

Infectious Skin Diseases
For BSI and scabies we found a significantly lower prevalence in this urban-living cohort (5% and 1%,
respectively) compared to the median prevalence reported for remote-living Aboriginal children (44.5%
and 35%, respectively).4, 5 S. aureus was the only species cultured from BSI swab specimens in our pilot,
while in the remote setting impetigo is mainly driven by S. pyogenes, with S. aureus playing a secondary
role.45 We found a history of iron deficiency was associated with a greater-odds of ever having BSI. To
our knowledge this association has not previously been described in Aboriginal children; however, both
conditions occur more frequently in children where health inequities exist, including Indigenous, refugee
and immigrant children.46, 47 In the pilot cohort, low birthweight was associated with a greater-odds of
ever having BSI, consistent with an earlier study of WA Aboriginal children that demonstrated low
birthweight to be a risk factor for skin infection hospitalisation.48

In this pilot cohort there appeared to be a high burden of pediculosis capitis (23%) and dermatophyte
infection (19%), however background prevalence in urban Australian children is unknown. We identified a
point prevalence of 11% for tinea capitis, which is the most infectious and most common paediatric
dermatophyte infection globally especially in low-income and resource-poor settings.49, 50 This compares
with up to 20% of the general population in developing countries and more than 30% of children in some
urban areas of the United States.51 T. tonsurans was the only species cultured from hair pluck specimens
in our cohort. This anthropophilic species has historically been one of the most common species
responsible for tinea capitis in Australia and is currently the most common cause of tinea capitis in the
United States.52, 53

Clustering of skin infections (dermatophyte infection, BSI and pediculosis capitis) was suggested in this
pilot study. These skin infections are among the most common childhood skin disorders globally and co-
infection is frequent, particularly in settings where poor housing conditions and health infrastructure



Page 18/28

exist, leading to ongoing transmission.31, 54 A recent narrative review on systemic housing-level
contributions to infectious disease transmission for Indigenous Australians found skin infections were
associated with malfunctioning health hardware, including infrastructure required to wash clothes and
bedding.55 Consistent with this, the absence of a working washing machine was predictive of
dermatophyte infection in our study. It has been shown that domestic laundering at 60°C (as opposed to
30°C) is required to completely eliminate dermatophytes; these temperatures are unlikely to be achieved
with hand-washing of clothing, inability to afford heating of water for washing clothes, or a
malfunctioning washing machine.56 If this disease association is reproducible in the larger multisite
observational studies, advocacy to address this modifiable factor in housing infrastructure programs
may help reduce the burden of dermatophyte infection in urban-living Aboriginal children.

An interesting hypothesis-generating result in our study found bed-sharing, defined as sharing a mattress
with another person/people, was also predictive of dermatophyte infection. This can be explained by the
contagious nature of dermatophyte infection, with spread known to occur from close contact with an
infected person or contaminated bedding/clothing. Our pilot study failed to collect information on the
reasons for bed-sharing, which is crucial for interpreting this result. It is known that sleeping
arrangements are strongly influenced by cultural tradition, with bed-sharing reported to be one of the
parental choices most influenced by cultural practice and beliefs.57, 58 In many Aboriginal communities
purposeful bed-sharing is a cultural norm; however, bed-sharing may also be reactive and the result of
environmental influences including socioeconomic factors, housing arrangements, heating and economic
access to beds.57, 59, 60 We hope the results of the larger multisite observational studies will provide the
information needed to better translate this result, be it with advocacy for adequate housing infrastructure
and/or empowering the community to consider health promotion messages that are appropriate and
culturally strong.

Regarding protective factors for skin infections, the data suggest ‘sometimes’ (as compared with ‘never’)
swimming in the ocean and ‘sometimes’ (as compared with ‘never’) swimming in a chlorinated pool may
protect against dermatophyte infection and BSI, respectively. This latter result is supported by a
systematic review investigating the health benefits of swimming pools in remote Aboriginal communities,
in which the included prospective studies consistently demonstrated reduced skin sore prevalence
associated with access to swimming pools.61

Non-Infectious Skin Diseases
We found the lifetime prevalence of parent-reported ‘eczema ever’ (19%) in the pilot cohort to be less than
that documented in all Australian children by age 4-years (28%), and less than that recently reported in a
systematic review of all urban-living Indigenous children in high-income countries (median prevalence
25%).15, 19 Current AD was dermatologist-diagnosed on examination in 15% in our cohort (0–18 years);
which, after taking into account the natural history of AD and tendency to improve over time, is not
dissimilar to the 20% population prevalence of clinician-diagnosed AD described in urban Australian
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children.14 A history of iron deficiency was predictive for current AD in the pilot, consistent with evidence
indicating adequate iron status in the perinatal and infantile period may protect against AD.62

Untreated acne was detected in over half (55%) of all 10–19 year-olds in this pilot. An Australian
population-based study has previously shown acne to be a common problem in school students, with
prevalence ranging from 28% in 10–12 year-olds to 93% in 16–18 year-olds.63 While little is known about
the prevalence of acne in Aboriginal youth, a cross-sectional analysis of data from primary care reported
a lower frequency of acne presentations by Aboriginal youth; suggesting either a lower incidence of acne
or lower rates of Aboriginal youth seeking medical care for acne.64 Further, among Australian studies
profiling the case-mix of patients seen in various dermatology outpatient clinics, presentation for acne
was uncommon in Aboriginal patients.21, 22, 65

To our knowledge, this pilot data represents the first attempt to describe sun-protection behaviour and
sunburn in urban-living Aboriginal children. Using the FSP classification, which is the most commonly
used strategy to assess skin sensitivity to ultraviolet radiation despite inconsistencies being described in
skin of colour, we identified urban-living Aboriginal children with FSP II and III to be a subgroup with most
frequent sunburns where targeted sun protection messaging may be helpful. 33, 34, 66–71 This is further
supported by research showing urban-living Indigenous adults with FSP II and III are at the highest risk of
developing skin cancer, representing 19 of the 22 (86%) Indigenous patients diagnosed with skin cancer
between 2003 and 2017 in Sydney, Australia.72

Strengths and limitations
The strengths of this study include its co-design with Noongar Elders, the research-service model
embedded in an urban ACCHO, Aboriginal researchers involved in all study procedures, capacity building
of AHPs, clinical diagnosis by a dermatologist and comprehensive data collection.

Limitations of this study include selection bias; most notably recruitment from a healthcare facility which
may not represent all urban-living Aboriginal families therefore impacting on generalisability. Also, self-
selection, in that parents of children with a dermatological concern may be more inclined to enrol their
child skewing the results towards a greater level of disease.

Questionnaire responses carry the potential for recall bias and information bias may be present with the
absence of validated questions for disease diagnosis (including eczema) and the absence of validated
measures of sun exposure and sun protection practices. The FSP classification system has also been
criticised for potential inconsistencies in skin of colour, with some studies suggesting the questionnaire
lacks reliability and functionality in this group.33, 34, 67, 68 Better understanding of this topic in urban-living
Aboriginal families is needed and may be a direction for future research.

The nature of this brief screening week taking place in spring, means seasonal bias may be introduced
for those identified skin conditions that show seasonal variation. Finally, the disease association results



Page 20/28

are limited by small sample sizes reflected in the wide confidence intervals. The findings of this pilot
study must be considered in the context of these sources of potential bias.

Conclusions
The Koolungar Moorditj Healthy Skin project is the first co-designed Australian study to describe skin
health and disease in urban-living Aboriginal children. This pilot project was both feasible and
acceptable, with high study participation and subsequent engagement in clinical care observed. Co-
design and strong involvement of Aboriginal people to lead and deliver the project was crucial. The
successful pilot has enabled funding to be secured for a multi-site roll-out, where we hope to achieve an
adequate sample size to better describe skin health and disease in this cohort, determine whether the
preliminary hypotheses of association reported here are reproducible, and develop healthy skin messages
for urban-living Aboriginal children in collaboration with Aboriginal Elders and community advisory
groups.

List Of Abbreviations
ACCHO, Aboriginal Community Controlled Health Organisation; AD, atopic dermatitis, AHP, Aboriginal
Health Practitioner; BSI, Bacterial Skin Infection; CONSIDER, CONSoliDated critERia; CONSORT,
Consolidated Standards of Reporting Trials; DYHSAC, Derbarl Yerrigan Health Service Aboriginal
Corporation; FSP, Fitzpatrick Skin Phototype; IQR, interquartile range; ISAAC, International Study of
Asthma and Allergies in Childhood; OR, odds ratio; NHMRC, National Health and Medical Research
Council; PICF, Patient Information and Consent Form; S. aureus, Staphylococcus aureus; S. pyogenes,
Streptococcus pyogenes; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology;
T. tonsurans, Trichophyton tonsurans; TKI, Telethon Kids Institute; WAAHEC, Western Australian
Aboriginal Health Ethics Committee.

Declarations
Ethics approval and consent to participate: Ethics approval for this study was provided by the Western
Australian Aboriginal Health Ethics Committee (WAAHEC) [HREC Ref No. 1059] and the University of
Western Australia [File Reference – 2021/ET000536]. All parents gave written informed consent. All
participants gave verbal assent prior to skin examination.

Consent for publication: Written consent for publication obtained for all participants and is available
upon request.

Availability of data and materials: The datasets generated and/or analysed during the current study are
not publicly available due to Indigenous data sovereignty, but are available from the corresponding
author on reasonable request.

Competing interests: The authors declare that they have no competing interests.



Page 21/28

Funding: A Wesfarmers Centre of Vaccines and Infectious Diseases (WCVID) Seed Funding Grant enabled
cross-cultural development and cultural immersion of the research team, co-design workshops with Elder
co-researchers and implementation of the pilot project skin screening week. A WCVID Capacity Building
Grant provided funding for LH in her role as an Aboriginal Health Practitioner (AHP) with this project.

BR is the recipient of an Australian Government Research Training Program Fees Offset and Wesfarmers
Centre for Vaccines and Infectious Diseases (WCVID) Top-up Scholarship. The Australian National Health
and Medical Research Council (NHMRC) provides PhD scholarship funding for BR (GNT2014208), as well
as Investigator Awards for AB (GNT1175509) and JC (GNT1173874).

Author contributions: Co-design and conceptualisation: BR, CM, BF, DT, NN, AW, RD, AB. Data collection:
BR, HK, AP, AW, JW, LH, RD, PK, AB. Manuscript drafting and review: all authors.

Acknowledgements: We acknowledge the traditional owners of the south-western portion of Western
Australia, the Noongar nation. We acknowledge the Derbarl Yerrigan Health Service Aboriginal
Corporation (DYHSAC) and South West Aboriginal Medical Service (SWAMS) who we partner with in this
work. We thank Dr Anne Halbert (Dermatologist) for her review of the project methodology and
dermatological expertise. We thank Glenn Pearson for his contribution in securing funding for this project.
We thank Chitra Saraswati and Matt Cooper (Biometrics team, Telethon Kids Institute) for their support
with statistical analysis. We thank the City of Stirling, Cancer Council of Western Australia, CeraVe, Ego
and La Roche Posay for their kindly donated items.

Authors information: Not applicable.

References
1. Phillips-Beck W, Sinclair S, Campbell R, et al. Early-life origins of disparities in chronic diseases

among Indigenous youth: pathways to recovering health disparities from intergenerational trauma. J
Dev Orig Health Dis 2019; 10: 115-122. 20180918. DOI: 10.1017/s2040174418000661.

2. Davidson L, Knight J and Bowen AC. Skin infections in Australian Aboriginal children: a narrative
review. Med J Aust 2020; 212: 231-237. 2019/10/20. DOI: 10.5694/mja2.50361.

3. Bowen AC, Tong SY, Chatfield MD, et al. The microbiology of impetigo in indigenous children:
associations between Streptococcus pyogenes, Staphylococcus aureus, scabies, and nasal carriage.
BMC Infectious Diseases 2014; 14: 727. Randomized Controlled Trial Research Support, Non-U.S.
Gov't. DOI: https://dx.doi.org/10.1186/s12879-014-0727-5.

4. Bowen AC, Mahé A, Hay RJ, et al. The Global Epidemiology of Impetigo: A Systematic Review of the
Population Prevalence of Impetigo and Pyoderma. PLoS One 2015; 10: e0136789. 2015/08/28. DOI:
10.1371/journal.pone.0136789.

5. Romani L, Steer AC, Whitfeld MJ, et al. Prevalence of scabies and impetigo worldwide: a systematic
review. Lancet Infect Dis 2015; 15: 960-967. 2015/06/15. DOI: 10.1016/S1473-3099(15)00132-2.



Page 22/28

6. Abdalla T, Hendrickx D, Fathima P, et al. Hospital admissions for skin infections among Western
Australian children and adolescents from 1996 to 2012. PLoS One 2017; 12: e0188803. 2017/11/30.
DOI: 10.1371/journal.pone.0188803.

7. King M, Smith A and Gracey M. Indigenous health part 2: the underlying causes of the health gap.
Lancet 2009; 374: 76-85. DOI: 10.1016/s0140-6736(09)60827-8.

8. Commissioner for Children and Young People W. Profile of Children and Young People in WA. 2020.

9. O'Sullivan C and Baker MG. Skin infections in children in a New Zealand primary care setting:
exploring beneath the tip of the iceberg. New Zealand Medical Journal 2012; 125: 70-79.
Comparative Study Research Support, Non-U.S. Gov't.

10. Yeoh DK, Anderson A, Cleland G, et al. Are scabies and impetigo "normalised"? A cross-sectional
comparative study of hospitalised children in northern Australia assessing clinical recognition and
treatment of skin infections. PLoS Negl Trop Dis 2017; 11: e0005726. 2017/07/03. DOI:
10.1371/journal.pntd.0005726.

11. Zubrick S, Lawrence D, Silburn S, et al. The Western Australian Aboriginal Child Health Survey: The
Health of Aboriginal Children and Young People. 2004. Perth: Telethon Institute for Child Health
Research. URL: www.telethonkids.org.au/our-research/aboriginal-health/waachs/waachs-volume-1/.

12. Ostrowski JA, MacLaren G, Alexander J, et al. The burden of invasive infections in critically ill
Indigenous children in Australia. Med J Aust 2017; 206: 78-84. DOI: 10.5694/mja16.00595.

13. Palasanthiran P and Bowen AC. The excess burden of severe sepsis in Indigenous Australian
children: can anything be done? Med J Aust 2017; 207: 45. DOI: 10.5694/mja17.00340.

14. Martin PE, Koplin JJ, Eckert JK, et al. The prevalence and socio-demographic risk factors of clinical
eczema in infancy: a population-based observational study. Clin Exp Allergy 2013; 43: 642-651. DOI:
10.1111/cea.12092.

15. Peters RL, Koplin JJ, Gurrin LC, et al. The prevalence of food allergy and other allergic diseases in
early childhood in a population-based study: HealthNuts age 4-year follow-up. J Allergy Clin Immunol
2017; 140: 145-153.e148. 20170514. DOI: 10.1016/j.jaci.2017.02.019.

16. Hall KK, Chang AB, Anderson J, et al. Characteristics and respiratory risk profile of children aged less
than 5 years presenting to an urban, Aboriginal-friendly, comprehensive primary health practice in
Australia. Journal of Paediatrics and Child Health 2017; 53: 636-643. DOI: 10.1111/jpc.13536.

17. Glasgow NJ, Goodchild EA, Yates R, et al. Respiratory health in Aboriginal and Torres Strait Islander
children in the Australian Capital Territory. J Paediatr Child Health 2003; 39: 534-539. DOI:
10.1046/j.1440-1754.2003.00209.x.

18. Alexander H, Paller AS, Traidl-Hoffmann C, et al. The role of bacterial skin infections in atopic
dermatitis: expert statement and review from the International Eczema Council Skin Infection Group.
Br J Dermatol 2020; 182: 1331-1342. 2019/11/05. DOI: 10.1111/bjd.18643.

19. Ricciardo BM, Kessaris HL, Kumarasinghe SP, et al. The burden of atopic dermatitis and bacterial
skin infections among urban-living Indigenous children and young people in high-income countries: a
systematic review. Pediatric Dermatology . Accepted for publication 20 September 2022.



Page 23/28

20. Heyes C, Tait C, Toholka R, et al. Non-infectious skin disease in Indigenous Australians. Australas J
Dermatol 2014; 55: 176-184. 2013/10/08. DOI: 10.1111/ajd.12106.

21. Heyes C, Chan J, Halbert A, et al. Dermatology outpatient population profiling: indigenous and non-
indigenous dermatoepidemiology. Australas J Dermatol 2011; 52: 202-206. 2011/07/20. DOI:
10.1111/j.1440-0960.2011.00792.x.

22. Tilakaratne D, Warren L and Menz J. A casemix study of patients seen by a dermatology trainee in
rural and urban outpatient settings. Australas J Dermatol 2016; 57: 33-38. 2015/02/03. DOI:
10.1111/ajd.12273.

23. Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010 statement: extension to randomised pilot
and feasibility trials. Bmj 2016; 355: i5239. 20161024. DOI: 10.1136/bmj.i5239.

24. Lancaster GA and Thabane L. Guidelines for reporting non-randomised pilot and feasibility studies.
Pilot Feasibility Stud. © The Author(s). 2019., 2019, pp.114.

25. von Elm E, Altman DG, Egger M, et al. Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational studies. Bmj 2007; 335:
806-808. DOI: 10.1136/bmj.39335.541782.AD.

26. Huria T, Palmer SC, Pitama S, et al. Consolidated criteria for strengthening reporting of health
research involving indigenous peoples: the CONSIDER statement. BMC Med Res Methodol 2019; 19:
173. 2019/08/11. DOI: 10.1186/s12874-019-0815-8.

27. Hudson JI, Pope HG, Jr. and Glynn RJ. The cross-sectional cohort study: an underutilized design.
Epidemiology 2005; 16: 355-359. DOI: 10.1097/01.ede.0000158224.50593.e3.

28. Telethon Kids Institute (2022). Guidelines for the Standards for the Conduct of Aboriginal Health
Research. https://www.telethonkids.org.au/globalassets/media/documents/aboriginal-standards-
guidelines---july-2022.pdf.

29. McRae T, Walker R, Jacky J, et al. Starting the SToP Trial: Lessons from a Collaborative Recruitment
Approach. PLOS One 2022.

30. Modified Monash Model, https://www.health.gov.au/health-topics/rural-health-
workforce/classifications/mmm (2021, accessed 31 July 2022 2022).

31. The Australian Healthy Skin Consortium. National Healthy Skin Guideline for the Prevention,
Treatment and Public Health Control of Impetigo, Scabies, Crusted Scabies and Tinea for Indigenous
Populations and Communities in Australia. 1st ed. Subiaco, Western Australia: Telethon Kids
Institute, 2018.

32. Asher MI, Keil U, Anderson HR, et al. International Study of Asthma and Allergies in Childhood
(ISAAC): rationale and methods. Eur Respir J 1995; 8: 483-491. DOI:
10.1183/09031936.95.08030483.

33. Eilers S, Bach DQ, Gaber R, et al. Accuracy of self-report in assessing Fitzpatrick skin phototypes I
through VI. JAMA Dermatol 2013; 149: 1289-1294. DOI: 10.1001/jamadermatol.2013.6101.

34. Trakatelli M, Bylaite-Bucinskiene M, Correia O, et al. Clinical assessment of skin phototypes: watch
your words! Eur J Dermatol 2017; 27: 615-619. DOI: 10.1684/ejd.2017.3129.



Page 24/28

35. Flohr C, Weinmayr G, Weiland SK, et al. How well do questionnaires perform compared with physical
examination in detecting flexural eczema? Findings from the International Study of Asthma and
Allergies in Childhood (ISAAC) Phase Two. Br J Dermatol 2009; 161: 846-853. 20090526. DOI:
10.1111/j.1365-2133.2009.09261.x.

36. He SY, McCulloch CE, Boscardin WJ, et al. Self-reported pigmentary phenotypes and race are
significant but incomplete predictors of Fitzpatrick skin phototype in an ethnically diverse
population. J Am Acad Dermatol 2014; 71: 731-737. 20140611. DOI: 10.1016/j.jaad.2014.05.023.

37. Geller AC, Colditz G, Oliveria S, et al. Use of sunscreen, sunburning rates, and tanning bed use among
more than 10 000 US children and adolescents. Pediatrics 2002; 109: 1009-1014. DOI:
10.1542/peds.109.6.1009.

38. Glanz K, Yaroch AL, Dancel M, et al. Measures of sun exposure and sun protection practices for
behavioral and epidemiologic research. Arch Dermatol 2008; 144: 217-222. DOI:
10.1001/archdermatol.2007.46.

39. Mark S and Hagen P. Co-design in Aotearoa New Zealand: a snapshot of the literature. 2020.
Auckland Co-design Lab, Auckland Council.

40. Chamberlain C, Gee G, Brown SJ, et al. Healing the Past by Nurturing the Future-co-designing
perinatal strategies for Aboriginal and Torres Strait Islander parents experiencing complex trauma:
framework and protocol for a community-based participatory action research study. BMJ Open 2019;
9: e028397. 20190611. DOI: 10.1136/bmjopen-2018-028397.

41. Clarkson C, Jacobs Z, Marwick B, et al. Human occupation of northern Australia by 65,000 years ago.
Nature 2017; 547: 306-310. 2017/07/21. DOI: 10.1038/nature22968.

42. Wright M, Getta AD, Green AO, et al. Co-Designing Health Service Evaluation Tools That Foreground
First Nation Worldviews for Better Mental Health and Wellbeing Outcomes. Int J Environ Res Public
Health 2021; 18 20210813. DOI: 10.3390/ijerph18168555.

43. Eyles H, Jull A, Dobson R, et al. Co-design of mHealth Delivered Interventions: A Systematic Review to
Assess Key Methods and Processes. Current Nutrition Reports 2016; 5: 160-167. DOI:
10.1007/s13668-016-0165-7.

44. Ricciardo BM, Kessaris HL, Kumarasinghe SP, et al. The burden of bacterial skin infection, scabies
and atopic dermatitis among urban-living Indigenous children in high-income countries: a protocol
for a systematic review. Syst Rev 2022; 11: 159. 20220809. DOI: 10.1186/s13643-022-02038-8.

45. Bowen AC, Tong SY, Andrews RM, et al. Short-course oral co-trimoxazole versus intramuscular
benzathine benzylpenicillin for impetigo in a highly endemic region: an open-label, randomised,
controlled, non-inferiority trial. Lancet 2014; 384: 2132-2140. 2014/08/26. DOI: 10.1016/S0140-
6736(14)60841-2.

46. Shah CP, Kahan M and Krauser J. The health of children of low-income families. Cmaj 1987; 137:
485-490.

47. Pedersen FK and Møller NE. [Diseases among refugee and immigrant children]. Ugeskr Laeger 2000;
162: 6207-6209.



Page 25/28

48. Barnes R, Bowen AC, Walker R, et al. Perinatal risk factors associated with skin infection
hospitalisation in Western Australian Aboriginal and Non-Aboriginal children. Paediatric and
Perinatal Epidemiology 2019; 33: 374-383. Research Support, Non-U.S. Gov't. DOI:
https://dx.doi.org/10.1111/ppe.12573.

49. Le TK and Cohen BA. Tinea capitis: advances and a needed paradigm shift. Curr Opin Pediatr 2021;
33: 387-391. DOI: 10.1097/mop.0000000000001034.

50. Gupta AK, Friedlander SF and Simkovich AJ. Tinea capitis: An update. Pediatr Dermatol 2022; 39:
167-172. 20220124. DOI: 10.1111/pde.14925.

51. Achterman RR and White TC. A foot in the door for dermatophyte research. PLoS Pathog 2012; 8:
e1002564. 20120329. DOI: 10.1371/journal.ppat.1002564.

52. Leung AKC, Hon KL, Leong KF, et al. Tinea Capitis: An Updated Review. Recent Pat Inflamm Allergy
Drug Discov 2020; 14: 58-68. DOI: 10.2174/1872213x14666200106145624.

53. McPherson ME, Woodgyer AJ, Simpson K, et al. High prevalence of tinea capitis in newly arrived
migrants at an English-language school, Melbourne, 2005. Medical Journal of Australia 2008; 189:
13-16.

54. Andrews RM, McCarthy J, Carapetis JR, et al. Skin disorders, including pyoderma, scabies, and tinea
infections. Pediatric Clinics of North America 2009; 56: 1421-1440. Review. DOI:
https://dx.doi.org/10.1016/j.pcl.2009.09.002.

55. Ali SH, Foster T and Hall NL. The Relationship between Infectious Diseases and Housing
Maintenance in Indigenous Australian Households. Int J Environ Res Public Health 2018; 15
20181211. DOI: 10.3390/ijerph15122827.

56. Hammer TR, Mucha H and Hoefer D. Infection risk by dermatophytes during storage and after
domestic laundry and their temperature-dependent inactivation. Mycopathologia 2011; 171: 43-49.
20100723. DOI: 10.1007/s11046-010-9347-9.

57. Mileva-Seitz VR, Bakermans-Kranenburg MJ, Battaini C, et al. Parent-child bed-sharing: The good, the
bad, and the burden of evidence. Sleep Med Rev 2017; 32: 4-27. 20160315. DOI:
10.1016/j.smrv.2016.03.003.

58. Owens JA. Sleep in children: Cross-cultural perspectives. Sleep and Biological Rhythms 2016; 2: 165-
173. DOI: 10.1111/j.1479-8425.2004.00147.x.

59. Andre CJ, Lovallo V and Spencer RMC. The effects of bed sharing on sleep: From partners to pets.
Sleep Health 2021; 7: 314-323. 20210110. DOI: 10.1016/j.sleh.2020.11.011.

60. Young J, Craigie L, Watson K, et al. Promoting safety and supporting culturally value infant care: the
Pepi-pod Program. In: 13th National Rural Health Conference: People, Places, Possibilities Darwin,
Australia, 2015.

61. Hendrickx D, Stephen A, Lehmann D, et al. A systematic review of the evidence that swimming pools
improve health and wellbeing in remote Aboriginal communities in Australia. Aust N Z J Public
Health 2016; 40: 30-36. 2015/09/05. DOI: 10.1111/1753-6405.12433.



Page 26/28

62. Kang CM, Chiang BL and Wang LC. Maternal Nutritional Status and Development of Atopic
Dermatitis in Their Offspring. Clin Rev Allergy Immunol 2021; 61: 128-155. DOI: 10.1007/s12016-
020-08780-y.

63. Kilkenny M, Merlin K, Plunkett A, et al. The prevalence of common skin conditions in Australian
school students: 3. acne vulgaris. Br J Dermatol 1998; 139: 840-845. DOI: 10.1046/j.1365-
2133.1998.02510.x.

64. Brown H, Tapley A, van Driel ML, et al. Acne in primary care: A cross-sectional analysis. Aust J Gen
Pract 2019; 48: 781-788. DOI: 10.31128/ajgp-02-19-4864.

65. Williams C, Hunt J, Kern JS, et al. A casemix study of patients seen within an urban Aboriginal Health
Service dermatology clinic over a five-year period. Australas J Dermatol 2021 2021/05/19. DOI:
10.1111/ajd.13630.

66. Fors M, González P, Viada C, et al. Validity of the Fitzpatrick Skin Phototype Classification in Ecuador.
Adv Skin Wound Care 2020; 33: 1-5. DOI: 10.1097/01.ASW.0000721168.40561.a3.

67. Sharma AN and Patel BC. Laser Fitzpatrick Skin Type Recommendations. StatPearls. Treasure Island
(FL): StatPearls Publishing Copyright © 2022, StatPearls Publishing LLC., 2022.

68. Keiser E, Linos E, Kanzler M, et al. Reliability and prevalence of digital image skin types in the United
States: results from National Health and Nutrition Examination Survey 2003-2004. J Am Acad
Dermatol. United States, 2012, pp.163-165.

69. Sommers MS, Fargo JD, Regueira Y, et al. Are the Fitzpatrick Skin Phototypes Valid for Cancer Risk
Assessment in a Racially and Ethnically Diverse Sample of Women? Ethn Dis 2019; 29: 505-512.
20190718. DOI: 10.18865/ed.29.3.505.

70. Roberts WE. Skin type classification systems old and new. Dermatol Clin 2009; 27: 529-533, viii. DOI:
10.1016/j.det.2009.08.006.

71. Magin P, Pond D, Smith W, et al. Reliability of skin-type self-assessment: agreement of adolescents'
repeated Fitzpatrick skin phototype classification ratings during a cohort study. J Eur Acad Dermatol
Venereol 2012; 26: 1396-1399. 20111031. DOI: 10.1111/j.1468-3083.2011.04298.x.

72. Slape DR, Saunderson RB, Tatian AH, et al. Cutaneous malignancies in Indigenous Peoples of urban
Sydney. J Med Imaging Radiat Oncol 2019; 63: 244-249. 20181116. DOI: 10.1111/1754-9485.12832.

Figures



Page 27/28

Figure 1

A – Tinea faciei

B – Tinea capitis

C – Impetigo
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D – Scabies
E – Acne
F – Atopic dermatitis
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