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Neglected tropical diseases in Australia: a narrative

review
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eglected tropical diseases (NTDs) refer to a diverse
N group of primarily infectious diseases prevalent in low

and middle-income countries in tropical regions where
sanitation is poor and access to health services is limited."” This
group of diseases generally receives less attention and research
funding compared with other major infectious diseases, hence
the term “neglected”. Less than 1% of official development
funding worldwide is directed towards addressing NTDs;” yet
they represent the most common infections of the world’s most
vulnerable people.

NTDs are associated with high morbidity and, in some cases,
mortality, particularly in individuals harbouring co-infections.
NTDs can be highly disfiguring, leading to social stigma.
Consequently, NTDs can have significant adverse social and
economic effects, trapping people in an ongoing cycle of
poverty. Disability-adjusted life-years (DALYs) measure overall
disease burden, expressed as number of healthy years lost due
to ill health. In the 2019 Global Burden of Disease Study, it was
estimated that NTDs account for about 11 million DALYs.*

The World Health Organization NTDs portfolio includes 20
diseases, encompassing bacterial, viral, fungal, protozoal,
arthropod and helminthic origin, and snakebite envenoming.2
NTDs are diverse biologically and in their transmission
characteristics, adding to the complexity and challenge to their
control, particularly when resources are limited and already
stretched. The WHO and its partners set a roadmap of targets
and milestones for NTD elimination for 2012-2020,° which
focused on implementation of five key strategies: preventive
chemotherapy, intensified disease management, vector and
intermediate host control, an integrated human and animal
health approach, and provision of safe water, sanitation and
hygiene. NTDs were also officially included in the health targets
of the Sustainable Development Goals in 2015.° A new WHO
roadmap for NTDs was released in 2020 for the period 2021-2030,
acknowledging that not all targets had been met in the 20122020
roadmap and listing diagnostics as a priority area." NTD control
has had recent setbacks due to the coronavirus disease 2019
(COVID-19) pandemic, which led the WHO to issue guidance
for halting NTD control programs to limit COVID-19 spread.”
This will likely cause increased prevalence and morbidity for a
number of NTDs.

Prevalence and distribution of NTDs in other regions has been
previously reviewed;” however, there is no comprehensive
nor recent review of the prevalence and distribution of NTDs
in Australia. This narrative review thus provides an overview
of the status of NTDs currently found in Australia (Box 1 and
Supporting Information, section 1). An overview of clinically
relevant NTD diagnostics can be found in the Supporting
Information, table 1. We conducted a literature search on

. Neglected tropical diseases (NTDs) represent a threat to the
health, wellbeing and economic prosperity of billions of people
worldwide, often causing serious disease or death.

. Commonly considered diseases of low and middle-income
nations, the presence of NTDs in high income countries such as
Australia is often overlooked.

. Seven of the 20 recognised NTDs are endemic in Australia:
scabies, soil-transmitted helminths and strongyloidiasis,
echinococcosis, Buruli ulcer, leprosy, trachoma, and snakebite
envenoming.

. Dengue, while not currently endemic, poses a risk of
establishment in Australia. There are occasional outbreaks of
dengue fever, with local transmission, due to introductions in
travellers from endemic regions.

. Similarly, the risk of introduction of other NTDs from
neighbouring countries is a concern. Many NTDs are only seen
in Australia in individuals travelling from endemic areas, but
they need to be recognised in health settings as the potential
consequences of infection can be severe.

. Inthis review, we consider the status of NTDs in Australia,
explore the risk of introducing and contracting these infections,
and emphasise the negative impact they have on the health
of Australians, especially Aboriginal and Torres Strait Islander

peoples.
N

PubMed, Google, Google Scholar and Web of Science using
“disease name OR commonly used terms” OR “causative agent”
AND “Australia” (specific search terms are provided in the
Supporting Information, table 2).

Australia has a population of 25.69 million people (as of 2020),
with a diverse climate ranging from equatorial and tropical
zones in the north, subtropical areas along the coasts, desert in
the centre, and more temperate climates in the south. NTDs are
generally found in tropical and subtropical areas of the world, but
can be found in temperate zones, and several NTDs are endemic
outside tropical and subtropical areas in Australia (Box 2).

The WHO list of neglected tropical diseases

Of the 20 NTDs listed by the WHO,' Australia is either
free from the majority or they occur only as rare imported
cases in travellers or immigrants. Of those, onchocerciasis,
mycetoma, schistosomiasis, dracunculiasis, and human African
trypanosomiasis are unlikely to become established. As such,
they are considered low risk and will not be discussed further
in this review. Lymphatic filariasis was previously endemic to
Australia, and even though competent mosquito vector species
are still present, it is unlikely to re-emerge and will also not be
discussed."’
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1 Public health risks of contracting neglected tropical diseases
(NTDs) in Australia using a traffic light system*

NTD status

1 Public health risks of contracting neglected tropical diseases
(NTDs) in Australia using a traffic light system* (Continued)

NTD status

Previously endemic NTDs
Bacteria

Yaws ® | ast report of yaws from 1972

® Presumed eliminated

® | ack of surveillance and testing
NTDs not endemic in Australia but their vectors are present
Viral

Dengue ® Presence of competent vectors

® Yearly introductions from travellers
® Frequent outbreaks with local transmission
Rabies/ABLV ® Rabies is not present
® ABLV has low case numbers

® ABLV does not appear to be easily transmitted to dogs
and cats
® Prevalence in bats is low (< 19%)
Chikungunya ® Presence of competent vectors
® Few imported cases
® No local transmission
Parasitic
Lymphatic filariasis ® previously endemic
® Presence of competent vectors
® Highly inefficient transmission
® Very unlikely to become endemic again
NTDs not present or sporadic in humans but found in animals

Parasitic
Foodborne ® |imited local acquisition
trematodiasis: . e i
fascioliasi ® Fasciola hepatica in livestock
ascioliasis

® Eating raw water vegetation uncommon (low

transmission risk)
Taeniasis and
cysticercosis

® Rare animal cases due to low human cases

® Risk of importation of contaminated animal feed — led
to outbreak in Australian cattle in 2013

® Returned travellers with taeniasis can transmit to others

locally leading to cysticercosis
Chagas disease ® Chagas disease in native wildlife

® |ncreased immigration from Latin America leading to
introduction of disease

® Unknown if local vectors can transmit
® Risk in congenital infections and blood transfusions

® | ack of screening

(Continues)

In this review, we concentrate on NTDs currently endemic in
Australia. The information on NTDs that are either not present
or sporadic in humans but which infect animals is provided in
the Supporting Information, section 1.

Endemic neglected tropical diseases

Scabies

Scabies is a parasitic infestation of the skin caused by the mite
Sarcoptes scabiei var. hominis. Transmission occurs by direct skin-
to-skin contact, although indirect transmission (via clothing,
bedding and other fomites) has been proposed."

Scabies and skin infections are endemic in many resource-poor
tropical settings where there is overcrowding and poverty and
limited access to treatment. Scabies is endemic in many remote
Aboriginal communities in central and northern Australia.
The prevalence of scabies in Australia can reach as high as

Leishmaniasis
® [ eishmania sp. present in native wildlife

® No transmission from wildlife to humans
® No locally acquired cases

® |mported cases identified

Endemic NTDs
Parasitic

Scabies and other
ectoparasites

® Scabies is endemic in Australia
® High prevalence in remote Aboriginal communities
® Qutbreaks in aged-care homes and prisons

Soil-transmitted
helminths

® Endemic Trichuris and hookworm in focal regions of
northern Australia

® True burden of disease unknown

® |n children it can lead to growth and cognition problems

® Hookworm and trichuriasis associated with anaemia

Strongyloidiasis ® Endemic in Australia

® Can be fatal in disseminated hyperinfection

® Risk factor of co-infection with HTLV-1, also endemic

Echinococcosis
® Estimated 80-100 new cases per year

® Wide distribution

® Limited data on distribution in humans

Bacteria
Buruli ulcer ® Highly focal transmission
® |ncreasing incidence in Victoria
Leprosy ® True endemic disease restricted to northern Australia,
with Aboriginal predominance
® Limited information on case numbers available
Trachoma ® Hyperendemic in Australia
® Wide distribution
Other
Snakebite

® Envenomation is relatively rare

o Median of two deaths per year

ABLV = Australian bat lyssavirus; HTLV-1= human T-lymphotropic virus type 1. The
following NTDs are either not present in Australia, or present only in imported cases
(travellers or immigrants): lymphatic filariasis, onchocerciasis, mycetoma, schistosomiasis,
dracunculiasis, taeniasis and neurocysticercosis, and human African trypanosomiasis.

* Green = low risk; amber = intermediate risk; red = high risk.

30% in endemic areas, with higher a prevalence often seen in
children of up to 35%, this represents some of the highest rates
of scabies in the world.'>"® A large number of individuals with
crusted scabies, the most severe form, require hospitalisation.14
Secondary Staphylococcus aureus and Streptococcus pyogenes
bacterial infections, introduced through scratching-induced
skin abrasions, are an added complication of scabies infestation."”
Scabies outbreaks also occur in residential and nursing care
homes where they cause significant morbidity and distress."

Crusted (also called Norwegian) scabies is highly contagious,
debilitating and disfiguring, and results from a failure of the
host immune response to control the proliferation of scabies
mites in the skin leading to high mite burden (up to 4700 mites
per gram of skin)." In some communities, individuals with
crusted scabies are considered core transmitters. Community-
based mass treatment with oral ivermectin and topical creams
has resulted in a decline in scabies prevalence in some, but
not all, endemic areas.'®"” Sustainable control has proven
difficult to achieve, particularly where there is high mobility
between communities and households."® Topical medications
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2 Distribution of endemic neglected tropical diseases (NTDs) in Australia*

aged 6 months to 16years with albendazole.*®
Recent data regarding soil-transmitted helminths
in northern Australia are scarce but indicate
that hookworm and T. trichiura are in decline.
Hookworm and T. trichiura infections were found to
be predominant among Aboriginal people in recent
studies, with T. trichiura mainly infectin§ children
and hookworm mainly found in adults.”>” As recent
data are limited to individual communities or audits
of stool samples collected for other purposes, the
true extent of soil-transmitted helminth infections
in northern Australia remains unclear.

Strongyloidiasis

The cause of strongyloidiasis, Strongyloides stercoralis
(phylum Nematoda; class Chromadorea; order
Rhabditida), is a soil-transmitted helminth but is
distinct from other soil-transmitted helminth species
due to differing life cycle, clinical features and
management. S. stercoralis can persist for decades,
even lifelong, following initial infection,”” and is
often asymptomatic. In immunocompromised or
immunosuppressed hosts, however, infection can be
fatal, and screening and treatment of patients before
immunosuppressive treatment is recommended.”
Ivermectin is the recommended treatment but there

primarily in the areas marked on the map.

* Not shown are snakebite envenomation, which is rare in Australia, and scabies, which has a purported
distribution across the whole of Australia. Distribution of echinococcosis is similarly widespread across
mainland Australia; thus, only high transmission areas are shown. Soil-transmitted helminths are present
north of the dotted line. Dengue, although not endemic in Australia, exhibits frequent outbreaks that occur

are no specific public health strategies advocated for
strongyloidiasis control.**’

Strongyloidiasis is endemic in parts of Australia,
predominantly occurring in remote Aboriginal

are effective for treatment of individual cases but less so as
population-level interventions because they require a long
duration of application and cause skin irritation, resulting in
decreased treatment compliance."”'%%’

Soil-transmitted helminths

Soil-transmitted helminths (phylum Nematoda) are parasitic
helminths comprising Ascaris lumbricoides, Trichuris trichiura
and the hookworms Ancylostoma spp. and Necator americanus.
They are the most prevalent NTDs, with 900 million people
infected worldwide (www.thelancet.com/gbd/summaries).”!
Adult helminths reside in the human gastrointestinal tract.
Heavy infections lead to iron-deficiency anaemia and impaired
absorption of micronutrients causin§ impairments to child
growth and cognitive development.22’2‘

In Australia, soil-transmitted helminths are commonly found
among migrants from endemic countries.”** T. trichiura
and Ancylostoma duodenale are endemic to parts of Australia,
although epidemiological data are limited. As. lumbricoides
has not been reported since the 1980s.”°”* but human cases of
the zoonotic Ascaris suum, normally found in pigs, have been
reported.” Hookworms were once endemic across parts of
New South Wales, Queensland, Western Australia and the
Northern Territory,”’31 but endemic hookworm infections in
Australia are now rare.”** The zoonotic hookworm Ancylostoma
ceylanicum has been recently identified in dogs in various parts
of Australia,*? and in humans from WA .>¥**

A control program known as the Aboriginal Community
Children’s Deworming Program was implemented in the NT
commencing in 1995, and involved regular treatment of children

and Torres Strait Islander communities in tropical

areas of WA, the NT, Queensland, northern South
Australia, and northern NSW (Box 2).27*"#® A limited number of
epidemiological surveys, both retrospective and prospective, have
been undertakenin Australia, reporting highly variable prevalence
(0-60%).*****" The true prevalence and burden of strongyloidiasis
in Australia is unclear, due to the large number of asymptomatic
cases, underdiagnosis, and limited surveillance data.’ ! There
have been recent calls for strongyloidiasis to be made a nationally
notifiable disease in order to improve surveillance and inform the
planning, implementation, and evaluation of control measures.**”"

The human T-lymphotropic virus type 1 (HTLV-1) is also
endemic in remote communities, primarily in Northern
Australia and is associated with bacteraemia and disseminated
strongyloidiasis.*"*’ Other risk factors for S. stercoralis infection
in Australian Aboriginal people include age (highest risk in
school-aged children)**”* and malnutrition.” Outside remote
communities, other groups atrisk of infection in Australia include
immigrants from endemic countries,”*** returned travellers,”>°
and those with occupational exposure in endemic locations.””

Echinococcosis

Echinococcosis is caused by tapeworms of the genus Echinococcus
(phylum Platyhelminthes; class Cestoda). In humans, there are
two major forms of the disease: cystic echinococcosis, caused
by Echinococcus granulosus, and alveolar echinococcosis, due
to Echinococcus multilocularis. E. multilocularis does not occur in
Australia. The life cycle of E. granulosus involves animals as both
intermediate (primarily ungulates in the domestic life cycles and
macropods in the Australian sylvatic life cycle) and definitive
(canine) hosts (Box 2).”® Echinococcosis is transmitted to humans
through ingestion of tapeworm eggs, mainly through food, water
orsoil contaminated by the faeces of the definitive host, or following


http://www.thelancet.com/gbd/summaries

direct handling of an infected definitive host.” Both alveolar
echinococcosis and cystic echinococcosis are characterised by
long asymptomatic periods, with clinical illness developing
after many years.”” Cystic echinococcosis leads to formation of
large, fluid-filled cysts, most commonly in the liver and lungs.58
Alveolar echinococcosis causes a slow growing, invasive lesion,
usually in the liver, that can metastasise to distant sites and has a
high fatality rate.”’ Both are managed with prolonged courses of
anthelmintic drugs and/or surgical interventions.

In Australia, dogs, dingoes and foxes act as definitive hosts of
E. granulosus, and kangaroos, wallabies, wombats, feral pigs,
sheep and cattle are intermediate hosts.” There are an estimated
80-100 cases of human echinococcosis diagnosed each year in
Australia, including locally acquired and imported cases.™ Cystic
echinococcosis is prevalent nationwide in animals, and human
cases have been reported in all states and territories; there has been
no evidence of transmission to humans in Tasmania since 1996,
when the state declared eradication of hydatid disease.””*"** A
review of human cases between 1996 and 2012 found a number of
human cases of hydatid, but these were all linked back to exposure
in the 1960s and 1970s.”” Data from WA show residents of rural
areas and Aboriginal Australians have higher rates of infection.”™

Control of cystic echinococcosis in Australia is complicated
by the sylvatic life cycle, but overall, there is a relatively low
incidence of human disease.®®

Buruli ulcer

Buruli ulcer is a rapidly emerging NTD. Buruli ulcer is endemic
in at least 30 countries worldwide, mainly those with tropical and
subtropical climates. The disease is caused by infection with the
toxin-producing environmental pathogen Mycobacterium ulcerans
and primarily affects the skin and subcutaneous tissue, often
progressing without pain or systemic symptoms. Symptoms
may begin with a nodule, plaque or oedema and often progress
to large skin ulcerations and sometimes osteomyelitis.”” The
incubation period for the disease is about 4.5 months.”’

Australia is the only high income nation globally that experiences
local transmission of Buruli ulcer, and has the highest reported
global incidence outside Africa.?® The disease was first identified
and described by Australian scientists in 1948, and it was
classified as a notifiable condition in 2004 as a subset of non-
tuberculosis mycobacteria in Queensland, the NT and SA, and
specifically as M. ulcerans in Victoria; it is not notifiable in NSW
or WA.”” Although Buruli ulcer is usually curable with the use
of antibiotics, the treatment is expensive and is associated with
side effects.”””! New infections are possible after treatment, with
the majority of new cases resulting from reinfection rather than
recurrence of a previous infection.””

While Buruli ulcer is also present in north and central
Queensland, referred to as Daintree ulcer,” the main focus of
infection is in the southern coastal areas of Victoria, where more
than 80% of cases occur (Box 2). As early cases were reported
from the Bairnsdale district, it is referred to locally as the
Bairnsdale ulcer.”* In Victoria, the disease is of major concern due
to the increasing infection incidence and expanding geographic
distribution. The areas where Buruli ulcer has been identified for
the longest period are in Gippsland, Phillip Island, Frankston,
and the Mornington and Bellarine peninsulas.”” Geographic
patterns have changed over the past 70years since the disease
was first identified. In general, endemic areas for Buruli ulcer
have been moving steadily westwards and Buruli ulcer is now
present in inner Melbourne.”

There is a lack of understanding of the environmental reservoirs
for the disease and the mode of transmission. Human-to-human
transmission appears to be very rare,” suggesting an animal
reservoir or environmental source is likely.”””® Mosquitos may
act as a transmission vector, and dogs, cats, koalas, gaossums and
bandicoots have been found to carry M. ulcerans.””™

A distinctive characteristic of Buruli ulcer is its confinement
to sharply defined geographic areas, with endemic and non-
endemic areas only a few kilometres apart (Box 2).*" M. ulcerans is
most common in wetland areas, with one hypothesis being that
current outbreaks in Victoria may be caused by environmental
disturbances in wetland areas through building work, flooding,
and using recycled water for gardening.”’

Leprosy (Hansen disease)

Leprosy is caused by the bacterium Mycobacterium leprae.
Leprosy rates in Australia are low (less than one case per
million population) with few cases reported annually, primarily
in the north of the country, although there have been cases in
Queenslancl,82 Victoria,**** Adelaide® and SydneyS(’ — most of
these cases were imported rather than locally acquired (Box 2).

More recently, leprosy has been reported sporadically in the NT,
Queensland and WA, with Aboriginal Australians suffering
disproportionately from the disease. Between 1986 and 2002, 28
new cases of leprosy, all but one in Aboriginal patients, were
notified to the Kimberley Public Health Unit in WA.*

Delay in diagnosis of rare and unusual infections such as
leprosy is common. This may be partly due to a lengthy latency
period and lack of familiarity with clinical manifestations by
clinicians.”” Diverse presentations of leprosy include lesions or
thickened peripheral nerves. Although leprosy is curable with
antibiotics, a delay in treatment can result in physical deformity
and long term disability.*’

Trachoma

Chronic infection with the bacterium Chlamydia trachomatis
(serotypes A, Band C) is the leading cause of infectious blindness
worldwide. The disease is commonly found in impoverished
communities with poor housing, inadequate sanitation and
limited sewage disposal systems.”’ Trachoma was unknown
in Australia before British colonisation but eventually became
so common that certain places were named in association with
trachoma or “sandy blight”, as it was commonly known.”

Trachoma is reported to be hyperendemic in parts of Australia,
and is still considered an important public health problem among
certain groups of Aboriginal people (Box 2).7%2 Australia’s first
national population-based random cluster sample survey of eye
health among Aboriginal children and older adults, conducted
in 2008, found that the overall rate of follicular trachomatous
inflammation among children was 3.8%, ranging from 0.6%
in major cities to 7.3% in very remote areas.” Trachomatous
scarring occurred in 15.7%, corneal opacity among 0.3%, and
trachomatous trichiasis among 1.4% of infected adults.”

A finer grading scheme detailing the pathogenesis, distribution
and natural history of trachoma for the more precise identification
of clinical status than the current WHO disease classification
has been suggested.”

Snakebite envenoming

There are over 5 million incidences of snakebites globally,
resulting in 2.7 million envenomings (poisoning from snake
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bites) and between 81000 and 138000 deaths each year.95 In 2017,
the WHO listed snakebite envenoming as a highest priority
NTD to help raise public awareness of this issue, particularly in
developing nations where most cases occur.

Australia is well known for having a number of different
venomous snakes, including some considered among the
deadliest in the world due to the lethality of their venom.
However, cases of snakebite envenoming, as distinguished
from snakebites (where envenoming does not occur), are rare
in Australia.”® A study examining snakebite envenoming in
Australia from 2005 to 2015 enrolled 1548 patients with suspected
snakebites, of which 835 had been envenomed; this represented
a median of 87 envenomations per year and a median of two
deaths annually.”® The high level of awareness of snakebites and
immobilisation methods in Australia, as well as the remoteness
of many venomous snake locations are the likely reason for the
low number of bites and envenomations.

Conclusion

The overall countrywide prevalence of NTDs in Australia is
low, although the lack of robust prevalence studies, case finding,
and notifiability97 of many of these diseases means that the
true infection rates and distribution are uncertain and difficult
to ascertain (Box 1). Hyperendemicity of some NTDs occurs,
particularly in remote communities in the northern parts of
Australia, where many NTDs have an overlapping distribution
(Box 2). A lack of health infrastructure and distance from health
services and testing facilities contribute to the underdiagnosis of
NTDs in these communities, with residents often having to travel
considerable distances to access the nearest health care facility.

Chikungunya, dengue, rabies, bat lyssavirus, and leprosy are
notifiable NTDs in Australia. Dengue, in particular, has a high
risk of becoming endemic due to the widespread distribution
of competent mosquito vectors and regular introductions of
the virus from returning travellers and immigrants, which can
lead to outbreaks.”® Most tend to occur in north Queensland,
around Cairns and Townsville, although there have been recent
cases of locally acquired infection in Rockhampton, in central
Queensland.” Climate change will almost certainly extend the
range of Aedes aegypti,a vector of dengue and chikungunya, which
is present in Queensland and has previously been identified in
WA, the NT and NSW."""1%" Aedes albopictus, a very aggressive
invasive species, is currently in the Torres Strait, and there are
real fears of it spreading to mainland Australia particularly as,
in contrast to Ae. aegypti, it is not dependent on a tropical climate.
Wolbachia, a bacterial endosymbiont of certain insects, has been
introduced to mosquitoes in north Queensland as a dengue

blocking agen’c.]02 Since the initial release of Wolbachia-infected
mosquitoes, the transmission rate of dengue has been reduced
and the intervention is now being trialled internationally.

Of the NTDs present in Australia that are currently not notifiable,
trachoma, scabies and strongyloidiasis have the widest
distribution, the highest prevalence and the greatest overall
disease burden (Box 1 and Box 2). Making these NTDs nationally
notifiable would provide improved data on their true prevalence
and distribution in Australia and would inform public health
and treatment strategies. For example, Strongyloides infection
can cause major complications if an infected individual is co-
infected with HTLV-1 or otherwise immunosuppressed, and can
lead to hyperinfection and disseminated strongyloidiasis, often
with disastrous clinical consequences."”* Obtaining quality
prevalence data is a priority to addressing NTDs in Australia.
Making NTDs notifiable would help gather this information.
Laboratory notification could be done electronically to a central
database, something that is now more feasible due to advances
in technology. Resources would need to be allocated by the
government for this task, but would provide valuable data for
measuring the disease burden and combating NTDs in Australia.

The potential for NTDs to enter Australia through infected
immigrants and returned travellers is considerable and already
occurs with dengue and Chagas disease — a parasitic protozoan
infection by Trypanosoma cruzi. Indeed, immigration from areas
endemic with Chagas has resulted in a global increase of the
disease outside Latin America.'”” Recent recommendations have
been documented for appropriate and comprehensive screening
of new arrivals into Australia from refugee-like backgrounds."”*
However, only two NTDs (strongyloidiasis and schistosomiasis)
are covered in depth; other NTDs are covered in the chapter on
skin lesions, and soil-transmitted helminths and Taenia are briefly
covered under intestinal parasites. The document provides a
good overview of treatment options but needs to be combined
with a more comprehensive understanding of the epidemiology,
aetiology and treatment options for NTDs, including those
that can be imported and may lead to local transmission. This
information is imperative for the effective prevention, control
and elimination of these diseases of poverty which should not be
present in such an economically advanced country as Australia.
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