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Abstract

There are dramatic disparities in the life expectancy, health and healthcare access between Indigenous and non-Indigenous
Australians. The burden of chronic disease is significantly elevated and contributed to by multiple socioeconomic
determinants of health. Cutaneous disease, both infectious and inflammatory, have major contributions to the risk of
developing chronic disease in later life and contributing to barriers to education, employment and healthcare.

Atopic dermatitis (AD) is a common, burdensome inflammatory skin disease worldwide; however, a paucity of literature
exists reviewing the prevalence in Indigenous Australians. Typical therapies of AD are time-consuming and burdensome
and can be an additional barrier to treatment compliance. However, multiple novel targeted therapeutics now exist for the
effective and safe management of AD which are demonstrated to reduce the risk of cutaneous infections. Effective early
and prioritised access to such therapies in the setting of moderate to severe AD may represent a potential intervention,
with downstream benefits in the development of chronic disease. Nevertheless, there are multiple outstanding questions
regarding the safety of such therapies in the setting of endemic infections such as scabies and strongyloidiasis which
require attention, as well as the practicalities for such therapies to be administered in rural and remote communities.

Overall, the appreciation of the role of cutaneous inflammatory and infectious disease as a contributor to health disparities
in Indigenous populations is sorely needed. Discussion regarding the risk-benefit and cost-efficacy of targeted therapeutics
in moderate to severe AD and consideration of prioritised access to Indigenous patients in need should be undertaken as

part of a wider health prevention strategy with community input.
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Introduction

Dramatic health disparities exist in Aboriginal and Torres
Strait Islander Australians, hereafter respectfully referred
to as Indigenous people. Indigenous people in Australia
represent 3.3% of the total Australian population', with
most living in regional areas, then major cities, followed by
rural and remote areas (44%, 38% and 18% respectively).
Health outcome disparities of Indigenous people may be
influenced by their geographical location, employment and

educational attainment levels?. It is also widely recognised
that the impact of racism and intergenerational traumas can
also play a role in the discrepancies in Indigenous health
when compared to the non-Indigenous counterparts?®. These
health disparities highlight a life expectancy gap that exists
between Indigenous people and non-Indigenous. Although
this gap has reduced due to programs such as Close The
Gap, there still remains an 8.6-year difference for males and
a 7.8-year difference for female Indigenous people compared
with non-Indigenous Australians®.
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Chronic disease is challenging and complex for Indigenous
Australians who have a higher burden of chronic disease
compared to their non-Indigenous counterparts'. This can
include cardiovascular disease, chronic kidney disease (CKD),
ear disease and cutaneous disease. Chronic cutaneous
disease can be both infectious and inflammatory. Atopic
dermatitis (AD) is a common, burdensome inflammatory skin
disease with a predilection to cutaneous infection. AD effects
children globally; however, limited data exists regarding the
prevalence of AD in particular ethnic origins®. The existing
data suggests that individuals in ethnic minorities experience
more prevalent and more severe AD; however, it is unclear
what is attributable to poor healthcare access and what is
due to genetic population variations?®.

Multiple novel targeted therapeutics now exist for the effective
and safe management of AD which are demonstrated to
reduce the risk of cutaneous infections across many different
population groups. However, these typical therapies can be
time-consuming and burdensome and act as an additional
barrier to treatment compliance. Thus, early intervention and
prioritised access to appropriate treatment in patients with
moderate to severe AD may have downstream benefits in the
development of chronic disease.

There are multiple outstanding questions regarding the safety
of such therapies in the setting of endemic infections such as
scabies and strongyloidiasis which require attention, as well
as the practicalities for such therapies to be administered in
rural and remote communities. This review aims to discuss
the extant evidence surrounding the significant long-term
sequelae of cutaneous infectious disease in Indigenous
populations, AD and Indigenous Australians, the treatment of
AD in order to decrease the risk of infection, whether complex
therapeutic regimens for AD undermine patient compliance,
and the safety of targeted AD therapies, including the
potential for prioritised access to targeted therapeutics to
ameliorate the risk of chronic disease associated with such
exposures.

Figure 1. A summary of factors influencing control and management of
cutaneous infections and the long-term sequelae of these infections

Literature review

Significant long-term sequelae of cutaneous infectious
disease in Indigenous populations

Indigenous Australians have the highest burden of skin
disease in the rural and remote primary healthcare setting®.
Rates of skin infections are much higher in the Indigenous
community, and it had been previously reported to be
15-18% of medical presentations in the primary healthcare
setting’. This has since significantly increased with new
data reporting in 2018 that skin infections represent 83%
of presentations by Indigenous Australians to primary care
settings®. These presentations are commonly linked to
skin infections including impetigo, pyoderma, scabies and
fungal infections, all of which are linked to socioeconomic
risk factors including poor living environments due to either
overcrowding, limited access to cleaning facilities as well as
poverty®. It has been suggested that these risk factors will
commonly lead to either scabies or dermatophyte infections
which directly cause further skin infections which can have
significant long-term complications (Figure 1). These skin
infections, whether bacterial, viral or parasitic, have been well
documented in the literature and have mostly been described
in the central and northern Australian regions®.

Impetigo caused by Group A Streptococcus’ pyogenes
and Staphylococcus aureus are common. Impetigo can
be caused by a direct disruption of the skin barrier from
either insect bites or minor trauma, or secondarily from
pruritic dermatoses including tinea, lice and scabies™. A
recent review of the literature has highlighted that impetigo
is found in 45% of Indigenous children in remote Australia,
with 33% of these children having concurrent scabies
infections™. Previous epidemiological data has suggested
that these infections represent 70% of skin infections in
rural and remote Australia®. Although research is limited in
urban Indigenous people, when reviewing the nationwide
hospital statistics, it has been indicated that Indigenous
children aged 4 years and under were twice as likely to be
admitted to hospital due to skin disease than non-Indigenous
children'. This indicates that the disparities may still exist in
urban Indigenous children; however, more research
is essential in skin infections of urban Indigenous
children.

S. aureus has been identified as the primary pathogen
causing skin infections, with community-associated
methicillin-resistant S. aureus (CA-MRSA) on the
rise'". Similar to the previously discussed infections,
these too are impacted by the social determinants of
health. It has been described that the 5Cs (Crowding,
frequent skin-to-skin Contact, Compromised skin
integrity, Contaminated items and surfaces, and
lack of Cleanliness) have a significant role in the risk
profile of acquirement of CA-MRSA2. Complications
of CA-MRSA skin infections include “septic joints,
necrotising fasciitis, necrotising pneumonia,
endocarditis and bacteraemia”'®. These serious
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complications identify strategies appropriate to Indigenous
communities are required to improve health outcomes.

Group A Streptococcus skin infections can contribute to
serious sequelae in Indigenous children. This can include
acute post-streptococcal glomerular nephritis (APSGN) and
acute rheumatic fever (ARF)', sepsis, and skeletal infections
such as osteomyelitis’s. A recent study found APSGN was
found in 10% of Indigenous patients and osteomyelitis in
32% of Indigenous patients'® presenting with skin infections.
APSGN in Indigenous communities is most commonly linked
to streptococcal impetigo, with impetigo causing of 87%
of APSGN in 2000' which can lead to CKD". Indigenous
people have higher rates of CKD-related deaths'®, with
these deaths representing 2% of deaths in Indigenous
people’. The most common reason of hospital admissions
in Indigenous people is to undertake dialysis required for
the management of CKD'®. Therefore, it is evident that CKD
due to skin infections is a serious concern for Indigenous
people, particularly those living in rural and remote regions,
due to the higher rates of skin infections in these regions®.
It is important that, moving forward, holistic and accessible
care that is socially and cultural appropriate is promoted to
reduce and prevent chronic disease?'.

AD and Indigenous Australians

AD is multi-factorial, with a complex inter-relationship
between skin barrier development, genetic predisposition,
immunological development, skin microbiome composition,
environmental and nutritional factors and well as psychological
factors?2. AD impacts children worldwide and the prevalence
is geographically variable. However, there is a lack of research
reviewing the long-term effects of eczematous conditions in
Indigenous people globally. The inconsistency in estimation
of prevalence of AD makes it difficult to identify the impact
of ethnicity on the risk of development of AD®. Severe AD
has been associated with lower socioeconomic status,
family stressors and poor community living?® which have a
disproportionate impact on Indigenous people compared
with non-Indigenous people. However, there is a paucity
of literature as few epidemiological studies have been
conducted specifically regarding AD in Indigenous children.
A recent audit of 196 Indigenous patients highlighted that
eczema was found in with 22 patients presenting to a
dermatology Aboriginal health service in a 5-year period?.
An additional study conducted in Perth identified that, of
178 Indigenous patients, 21 presented for inflammatory/
allergic skin infections which included eczema; however,
this data was limited to urban tertiary centres and relied on
the accuracy of hospital data?®. These two studies show a
similar percentage prevalence of AD. Furthermore, Glasgow
et al. found that Indigenous children had less eczema than
non-Indigenous children; however, this result relied solely on
parents to complete a questionnaire, a noted limitation to
this study?.

When comparing these studies, it is evident that the rate
of Indigenous patients presenting with AD is less than non-
Indigenous counterparts. We speculate that this may be
the increased primary care services that are available to
Indigenous patients or may be due to the under representation
of Indigenous patients presenting to dermatological
specific services?. This complements the well-documented
literature of infectious skin conditions impacting Indigenous
communities, the complications associated with this, and
their multi-system, and potentially fatal, impact.

The symptoms of AD such as itchiness and sleep impairment
may make learning more difficult for children; this has also
been seen in children with scabies, thus it is important to
recognise the burden this may have on children long-term?’.
A recent study of the broader community, not Indigenous
people alone, the first of its kind, has discussed whether
differing severity of AD causes learning disabilities. It was
found that with increasing severity, the more likely factor was
having a learning disability independent of socioeconomic
status, onset of age and other neuropsychiatric disorders?:.
However, the results of previous studies, which reviewed
related outcomes such as educational attainment and
cognitive impact, differed. These previous studies identified
that people with AD did not have a risk of lower cognitive
function or lower level of educational attainment by adulthood
when compared to children without AD?.

Not only does AD show potential impacts of learning, it also
can have a significant impact on one’s psychological health
and quality of life. Many studies have reviewed this poignant
issue and identified that patients with AD have a significantly
lower quality of life which is directly related to the severity
of disease®. It has also been shown to have an unequivocal
association with depression, anxiety and ADHD?®'. Therefore,
it is evident that further research is required to identify
whether learning disabilities have ongoing consequences for
overall cognition and education attainment in transition to
adulthood and whether this has any relevance to Indigenous
communities specifically.

Differentials of AD are important to recognise such as
cutaneous manifestations of human T-lymphotropic virus
type 1 (HTLV-1). HTVL-1 is a retr®virus that preferentially
infects CD4+ T-cells which is highly prevalent in Indigenous
people in the northern territory of Australia®. It can present as
infective dermatitis, which is diagnosable by skin biopsy, or
can present as a chronic inflammatory dermatosis®. Although
a rare manifestation, due to the high prevalence of HTLV-1
in Indigenous people, it is important to screen Indigenous
children for HTVL-1 in rural and remote communities
particularly, yet also in urban Indigenous children as this can
be easily missed and assumed as AD.

Treatment of AD decreases infection risk

Current therapeutics for AD include general measures such
as avoiding irritants and allergens, the control and treatment
of contributing bacteria, and the use of moisturisers and
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emollients, topical corticosteroids and topical calcineurin
inhibitors. It is well established that anti-inflammatory
therapies in AD reduce the risk of cutaneous infection®. Even
in the setting of immunosuppressive and immunomodulatory
therapies, rates of cutaneous bacterial infections decrease
compared with treatment with placebo®. This is largely
attributable to the role of T Helper 1 type 2 (Th2) inflammation
contributing to a decrease in epidermal barrier function
in AD (Figure 2). This alteration in barrier function is an
essential component of the cutaneous inflammatory cascade
which manifests in AD. Defects in the barrier function of
AD lead to decreases in antimicrobial peptides such as
Cathelicidin and human Beta Defensins which aid against
bacterial skin infections. Therapy with targeted agents such
as Dupilumab, Tralokinumab and Janus Kinase inhibitors
such as Baricitinib, Upadacitinib and Abrocitinib reduce
this Th2 immune axis activation leading to repair of the
epidermal barrier function and protection against cutaneous
infection®®. Ongoing therapy is demonstrated to reverse the
barrier dysfunction in the long-term and this translates into
decreased rates of cutaneous infections compared with the
placebo in the setting of clinical trials®.

Complex therapeutic regimens for AD undermine patient
compliance

It is well established that factors such as age, literacy
and socioeconomic status have a significant influence
upon compliance to medical therapy. In the setting of AD,
compliance with topical therapies is much lower than other

Figure 2. Schematic representation of the pathogenesis of AD and the link
between cutaneous infection and chronic long-term disease. Multiple triggering
factors lead to the development of T helper 2 (Th2) polarised immune response,
characterised by the production of IL-4 and IL-13. This is directly associated
with the sensitisation of cutaneous neurons leading to intense pruritus and
degranulation of MAST cells. The subsequent inflammation in keratinocytes
(driven by IL-1, TSLP, TARC and IL-33) then lead to a defect in barrier function
of the epidermis. This then leads to an increased risk of infection. Infections with
pathogens such as streptococcus lead to the development of cross-reactive
antibodies which manifest as conditions such as glomerulonephritis and valvular

cardiac disease

oral or physical therapies. Topical therapy for AD is time-
consuming, messy and requires long-term patient compliance
to complex regimens®. There is little evidence suggesting
that Indigenous people specifically have increased risk of
poor adherence to medications, with a few studies indicating
that two thirds of Indigenous people report compliance with
medications®”. However, it has been well documented that
poorer health outcomes are associated with risk factors
such as smoking, poor physical health, low socioeconomic
status, lower levels of education and unemployment® which
can be prevalent in some Indigenous people. Therefore, risk
factors should be considered when prescribing complex
management regimes, especially in areas of maldistribution
of healthcare services.

Specific interventions could be used to reduce the impact of
socioeconomic factors on health outcomes, whilst improving
health literacy in Indigenous people. Improving Indigenous
community engagement via the use of Aboriginal healthcare
works, co-designing interventions with appropriate use of
language, whilst creating and providing culturally appropriate
care may have the potential to increase health literacy, thus
improve compliance in the long-term3. However, further
research is required for these ideas as they are built upon the
premise that the behaviour of the patient needs to change,
rather than an alternative complimentary approach to change
the therapy to one more suitable.

Monoclonal antibody therapies have dramatically altered

the treatment landscape for moderate to severe AD*. These
treatments are subcutaneously administered
at infrequent intervals and have high levels of
safety and efficacy in adult, adolescent and,
more recently, paediatric populations.

Safety of targeted AD therapies

Certain knowledge gaps exist such as the
effect of chronic infections like scabies and
strongyloidiasis in patients that are using
therapies targeting the Th2 axis. Case reports
have been documented on the use of targeted
therapies in the setting of scabies infection with
no adverse effects; however, there is a lack of
sufficient large-scale safety data to ensure that
no worsening of systemic infection or infestation
would occur in the setting of targeted therapy
in AD. In the Australian setting, screening in
an urban population has identified an 17%
prevalence of asymptomatic strongyloidiais*.
Given the varying rates of high prevalence
in rural and remote Indigenous communities
ranging from 35-60%*' compared with urban
Indigenous people, co-treatment with ivermectin
would be recommended unless further safety
data emerges regarding the risk of reactivation
or worsening of such conditions.
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It is, however, important to note that medications targeting
Th2 axis would be difficult to access in rural and remote
areas and would require refrigeration of medication and
administration at a community health centre, in line with other
therapies for chronic health conditions. Nevertheless, given
the ability for many of these biologic agents to be at room
temperature for less than 24 hours without loss of efficacy,
some flexibility in the time and place of administration may
be possible. Therefore, separate considerations would be
made for urban versus rural Indigenous healthcare settings
with greater practicalities of availability and administration
possible in urban settings rather than remote communities.
Further community consultation would be needed to establish
the most effective method of treatment delivery. The Central
Australian Rural Practitioners Association (CARPA) manuals
are an excellent source of information for treating skin
infections in Indigenous people in rural and remote Australia
as social determinant factors are taken into consideration®2.

Conclusions and recommendations

The skin is an important portal of entry for chronic infections
which have significant downstream impacts upon chronic
disease in Indigenous populations. Defects in the barrier
function of the skin secondary to AD can be a contributor
to the risk of cutaneous infection. Current therapeutic
approaches to dermatitis can be potentially impacted
by social, economic and health literacy disadvantages.
Whilst most therapeutic approaches aim at intervening
these social determinants, an argument can be made for
selecting the therapeutic option with the highest efficacy
that is not impacted by these pre-existing factors. However,
consideration of the disparity in the maldistribution of
dermatological services can make these therapeutic options
difficult to access. Healthcare-administered targeted
therapeutics provide a potential opportunity to effectively
treat AD, circumvent complex therapeutic regimens, and
provide early intervention to reduce the risk of chronic
disease caused by cutaneous infections. Further discussions
and research are sought regarding appropriate care for
Indigenous children in all rural, remote and urban areas to
minimise the long-term consequences, both medical and
psychosocial, in chronic skin conditions and subsequently
reduce the risk of long-term chronic health conditions
caused by cutaneous infections.
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