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Abstract

Aim: To determine if there is household or geospatial
clustering of strongyloidiasis, scabies and impetigo infections
in a remote NT Aboriginal community.
Methods: A population census was conducted at month 0 and
12 to determine prevalence of strongyloidiasis, scabies and
impetigo. Household demographics and participant household
lot numbers were obtained and GPS coordinates configured
through Google Earth. Global and Local Morans statistic was
used to identify the presence of household and geospatial
clusters.
Results: Nine-hundred and thirteen participants in 125
households were enrolled in month 0 and 981 in 128
households in month 12. Infection was identified in 68% of
households at month 0 and 66% in month 12 (strongyloidiasis
60% (Month 0) and 45% (Month 12), scabies 23% and 35%,
impetigo 29% and 41% respectively). Households with no
infection had a significantly lower proportion of children aged
<15 years (23%, 95%CI 17-29). Clusters were identified in
eight households at month 0 and 10 at month 12 accounting for
23% and 33% of community infections respectively.
Conclusion: GIS mapping identified household clusters of
infection, indicating that household screening and treatment
may be a more appropriate intervention than individual
treatment to reduce transmission and burden of all three
infections within communities.
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Introduction
Strongyloidiasis and scabies are classified by the World Health Organization
as neglected tropical diseases (NTDs) [1] and are endemic in many remote Northern
Territory (NT) Aboriginal communities [2]. Scabies, a communicable disease has
been epidemiologically linked to impetigo infections, and has also been
microbiologically shown to promote growth of impetigo causing streptococcal
infections. Remote communities in the tropics of northern Australia play host to a
number of communicable and NTDs rarely seen in urban centres around the country
[3, 4]. Communicable diseases and NTDs disproportionately affect the poorest
communities worldwide, with vast, yet often underestimated impacts on mortality,
quality of life and poverty of afflicted populations [5]. Australian Aboriginal and
Torres Strait Islander people (hereafter referred to as Indigenous Australians) have
some of the highest communicable disease and NTD rates in the world. Poor
standards of housing infrastructure, high levels of household crowding and low
treatment uptake contribute to the cycle of reinfection [6-9]. Widespread preventative
chemotherapy and post infection interventions are used to target endemic diseases in
order to interrupt the chain of transmission [5].
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Visualisation of Data – Health Mapping
Disease and health mapping has become an important tool in supporting and
evaluating health policy decisions, as well as research translation activities.
Increasingly, maps of disease distribution are being produced to visually demonstrate
the spread of disease to assist in public health initiatives. Recent developments in,
and widespread use of, geographic informations systems (GIS) have made it easier
than ever to produce such maps, and through them, analyse data relating to public
health including NTDs and other communicable diseases.
John Snow, a physician in 1850s London, was the first to realise the potential of
health mapping in a public health context. During the cholera outbreak in 1854,
Snow drew a map of a section of London, overlaying cholera inidence with the
location of water pumps [10]. This example highlights the fundamental appeal of
mapping, wherein different datasets can be compared in the same context allowing
the visualisation of complex data, and further epidemiological analyses [11].
Traditionally disease and health information has been stored and displayed in tables
or graphs, however mapping this data allows for a deeper and more intuitive
understanding of the data. Publically available platforms with aggregated geographic
disease and health data are increasing (ie Social Health Atlases Australia, Practice
Health atlasTM, Malaria atlas) as is the field of participatory GIS [11]. Such projects
show that there is great potential for community engagement and empowerment
through the use of GIS [12].
Disease mapping is traditionally displayed using point vector data, where a
single dot on the map represents a distinct physical location (ie a household) and its
associated attributes (ie number of residents). Although vector data are superior to
other forms of disease mapping in maintaining spatial integrity, this can lead to
2

issues of privacy and participant confidentiality. Various forms of masking may be
employed to distort the visual shape of the maps, whilst retaining the underlying
spatial data for analyses. The method used depends on the audience and their goals,
as the spatial distortion of the masking technique will affect the interpretation of the
maps [11].
Epidemiological Analyses
Geographical epidemiology (GE), one of the primary applications of
geographic analyses, is the study of the spatial aetiological processes of disease;
although it may also incorporate ecological factors which are themselves often
spatially defined. GE is comprised of three distinct stages; disease mapping, disease
clustering and ecological analyses [13]. These stages are often used sequentially and
overlap to a large degree, giving a robust picture of the underlying spatial processes
of a disease [14]. Disease mapping is initially utilised to display disease mortality or
morbidity and to develop an intuitive understanding of the data. These maps may be
in the form of; Point data maps, displaying discrete individual data such as
temperature at specific locations; Choropleth maps, displaying aggregated point data
within discrete larger scale polygons, such as average temperature within a state, or;
Isopleth maps, displaying discrete point data in a continuous fashion, such as average
temperature gradients across a country.
Cluster Analyses
Disease clustering analyses the spatial distribution of disease. Areas or points
with significantly higher or lower disease rates or incidence are compared to either
the global standard or local neighbouring data to pinpoint significant diversions from
the norm. Ecological analysis then measures associations of non-spatial co-variates
to disease incidence. This is most notably used in conjunction with disease clusters in
3

order to determine factors which may predispose a population to these localised
higher rates of disease [11]. Subsequently, disease maps may be utilised as a tool for
research translation and may be updated to visually incorporate associated social or
environmental variables.
Tobler’s first law of geography states that “All things are related, but nearby
things are more related than distant things” [15]. Disease cluster analyses embodies
the principle of this law, as it seeks to determine if and where an accumulated
number of disease incidences or health conditions occur, in excess of either what
would be expected in that general area, or in excess of the immediate neighbouring
areas. Cluster analysis is based upon the assumption of homogenous relative risk
through the population [16, 17]. Global cluster analysis answers the questions “Does
the disease/condition display geographic clustering?”. Another way to view this is
that global clustering tests the null hypothesis of random spatial distribution of
incidents within the study area. The spatial processes can then be described as
uniform, clustered, dispersed or random, however no inference may be made on the
location of where this may occur, or if it does indeed occur at a finer level of
analysis. Local cluster analysis then answers the question “Where does the clustering
occur?” Here, the study area is divided into smaller local areas, and the significance
of clustering compared [16]. It can then be determined whether the nature and
location of spatial processes are clusters or outliers of high or low values.
Cluster analyses can be performed on both vector and raster data [16, 17]. As
with the visual representation of disease maps, the resolution at which cluster
analyses are undertaken influences the results. The smallest geographic units chosen
will yield the most accurate clusters, however the scale of analysis is determined by
the data available, leading to a trade-off between geographic accuracy and statistical
4

significance. Data aggregation from this can then give rise to ecological fallacy
where fine scale attributes are inferred from large scale data [13].
Numerous methods exist for both Global and Local cluster analyses, however
the most commonly seen in the literature are Morans I and Ripleys K for global
cluster analysis, and Morans I, Getis-Ord GI* and Kulldorfs spatial scan for local
cluster analysis [16, 17].
The Morans index is the correlation between a numerical variable ‘x’ and its
spatial component. An average value of ‘x’ is determined within a radius of each
discrete point. The radius may be a discrete cut off, where all values of ‘x’ within are
weighted equally, or continuous, where the relative weight of ‘x’ declines with
distance. The average value of ‘x’ is then defined either for the whole community for
the global Morans index, or the deviation of ‘x’ within each discrete location from a
random distribution value for the local Morans index. The index is reported as a
value between -1 and +1, where -1 indicates negative spatial autocorrelation or
dispersion, and +1 indicates positive spatial autocorrelation, or clustering. Morans I
may be used to identify hot and cold spots for both point data and choropleth maps.
Arslan et al. (2013) utilised Morans I in an exploratory fashion, to determine if
spatial patterns of perinatal mortality existed within the province of Kocaeli, Turkey
[18]. Kocaeli province was divided into its 12 administrative zones, and the mortality
rates of these compared. As a result, one administrative zone was identified to have a
significantly higher perinatal mortality rate than its neighbours, leading to further
research into factors causing this, and subsequent targeted public health interventions
[18].
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Ecological Analysis
Ecological analyses take disparate population and disease variables, such as
population demographics, socioeconomic factors, disease incidence and disease
vectors and bring them together within a defined geography, to provide a holistic
understanding of disease processes [13]. The population variables studied are
aggregates of the population under study, therefore scale is an important
consideration, as errors may be amplified or missed, and confounding variables
introduced with the decrease in resolution. The term ecological fallacy describes the
error that occurs when a correlation found between an aggregated variable and an
outcome is attributed to an individual [17, 19]. The larger the area of study the less
the aggregated variable will fit an individual. However, should the aggregation be
too small, it lacks the statistical power to allow for the drawing of valid conclusions,
and generalisationsabout the larger population. Ecological analyses are particularly
pertinent to public health policy makers, as they inform on disease aetiology at a
sufficiently large scale for policies to be successfully implemented and monitored.
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Strongyloidiasis
Strongyloidiasis (Strongyloides stercoralis), a soil transmitted helminth
(STH) has been described as “the most neglected helminth” [20], due primarily to the
lack of quality data regarding the epidemiology of this parasite. Worldwide
prevalence of strongyloidiasis has been estimated to be between 30 and 100 million,
a figure which, though 20 years outdated, is still quoted today in the absence of
current reviews [20, 21]. Accurate estimates of the true prevalence are also
complicated by insensitive diagnostic methods (faecal samples) or expensive and less
tolerable methods (serology) and as such true prevalence is hypothesized to be closer
to 370 million [21].
Strongyloidiasis may present as an acute, chronic or disseminated infection.
Children most commonly exhibit acute infections, whereas for adults many
infections (around 50%) are asymptomatic and chronic [20, 22]. Disseminated
infection, in which the worm burden becomes too high for the immune system to
adequately respond, has been reported in individuals who are immunosuppressed
through corticosteroid use or who have concurrent infection with human T-cell
lymphotropic virus type 1 (HTLV-1) [23-26]. In these populations, when infection
remains unchecked fatality rates quickly rise, and have been reported to reach 87%
[27].
The generational developmental cycle of S. stercoralis consists of two
distinct phases: the free living cycle and the parasitic cycle, and may move between
the two as a result of changes in the environment. Hosts are infected by the parasite
in the free living cycle through contact with contaminated soil, as is more commonly
found in areas of poor sanitation [1]. Infective filariform larvae in the soil enter the
new host cutaneously, predominantly via the feet or hands which are more likely to
7

have prolonged soil contact, thereby initiating the parasitic cycle [20, 28]. Upon
entry the parasite migrates via various routes to the digestive tract where it embeds
itself in the duodenum [28]. Once embedded the worm matures into an adult and
parthenogenically produces numerous eggs per day which hatch internally into
rhabditiform larvae [28]. From here the rhabditiform larvae may either be excreted
into the free living life cycle, or they may develop internally to the infective
filariform larvae creating either internal autoinfection (through penetration of the
intestines) or external autoinfection (through penetration of the perianal skin) and
continuing the parasitic cycle [20, 22, 28, 29]. Rhabditiform larvae which are
excreted develop either into free living adult worms which produce eggs, hatching
into rhabditiform larvae which subsequently develop to infective filariform larvae, or
alternatively they may bypass the rhabditiform stage and develop directly into
infective filariform larvae [20, 22, 25, 28-30]. Through consideraiton of the
generational developmental cycle of this parasite the importance of sanitation in
interrupting the transmission potential from exposure to infected faeces on the
ground can be seen.
The gold standard for strongyloidiasis diagnosis is microscopy, however, this
method is contentious due to its relatively low sensitivity [24, 25]. The majority of
prevalence surveys have used faecal testing such as the Baermann or Kato-Katz
methods however, these have been shown to miss up to 70% of infections when only
a single stool sample is tested [24, 31]. These methods rely on the voiding of worm
larvae however, as S. stercoralis larvae are shed only intermittently, with the level of
shedding dependant on the level of infection, detection of the larvae is often missed
[25, 31]. In cases of chronic infection through the autoinfective cycle, larvae may not
be shed at all for long periods of time [21]. Collecting multiple stool samples has
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been shown to increase the predictive power of these diagnostic techniques, however
general sensitivity remains low [24, 25, 32].
Serology has significantly higher sensitivity and specificity(approaching
95% for each) in comparison to diagnosis through single stool samples [24, 33]. At
this stage there is no documention of how serology compares to diagnosis using
multiple stool sample. Both negative and positive predictive values for the most
commonly used ELISA method have been demonstrated to be around 95% [25, 3335]. In areas of co-endemic lymphatic filariasis cross reactivity has been shown to
occur, and so should be considered as a differential diagnosis [24, 36]. Serology has
been further identified as an effective means of treatment follow up [37], which is
necessary as numerous deaths from hyperinfection and dissemination have occurred
following treatment without subsequent cure confirmation [38]. This is a labour
intensive process and comes at a higher cost [21, 24, 33, 34], many areas in which
strongyloidiasis is endemic lack the financial, logistic or technical resources to have
consistent serology procedures, let alone implement sero-prevalence surveys
[33, 39].
Strongyloidiasis is hyperendemic (>5% prevalence) through many tropical
regions [20]. Table 1 shows the differential community prevalence in tropical
countries found by different techniques and number of samples examined. Within
non-endemic countries, sub-populations such as migrants from endemic areas also
experience high prevalence rates. In Australia sero-prevalence of 18% [40], 26%
[41], and 24% [42], among African, Burmese and Laotian immigrants respectively
has been reported, while Somalian and Sudanese immigrants in America have rates
as high as 23% and 46% respectively [43]. In Australia there exists a paucity of
studies reporting sero-prevalence within Indigenous Australian populations [23].
9

Faecal testing has shown infection to vary widely between communities and across
the country, with hyper endemicity in tropical northern Australia where prevalences
above 20% are common [25, 26, 38, 44]. Only two studies were found for southern
Australia, and both in special interest groups. The first, a childrens hospital cohort in
Melbourne which found no evidence of S. stercoralis [45] while the second, a cohort
of returned Vietnam veterans living in Adeladie found a prevalence of 11.6% [46].
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Table 1. Community studies of strongyloidiasis prevalence detailing techniques used.
Country

Method

Prevalence

Reference

America*

Single serum sample for ELISA

23-46%

[43]

11.6%

[46]

18%

[40]

26%

[41]

24%

[42]

5.6%

[47]

5%

[48]

44.7%

[49]

21%

[50]

24.4%

[32]

2.6%

[51]

11.7%

[52]

12.1%

[34]

12.7%

[53]

8.9%

[54]

Australia

*
*
*

Brazil
**
Cambodia

Single serum sample ELISA and three stools by
microscopy if seropositive
Stool sample (number not recorded)
Single serum sample for ELISA
Single serum sample for ELISA and single stool
microscopy
Single stool examined by Baermann-Moraes
Single stool examined by either Baermann or
Hoffman or Ritchie
Two stools examined by Kato Katz and KAP and
Baermann
Single stool examined by Kato Katz and KAP and
Baermann

***

Three stools examined by Kato Katz and KAP and
Baermann

****
China
Chile *****
Cote d’Ivoire

Laos

Single stool examined by microscopy
Two samples examined by Kato Katz and KAP and
Baermann and an ether concentration technique
Single serum or total blood sample for ELISA
Single stool examined by Kato Katz and Baermann
and KAP
Single stool examined by Formalin ether
concentration and microscopy
Single stool examined by modified Baermann and

Peru

8.7%

simple sedimentation and KAP
Single blood sample examined by ELISA

[35]
72%

KAP – Koga Agar Plate culture
* immigrant population sample

**** children presenting with abdominal complaints

** elderly population sample

***** psychiatric patients, health personnel and blood

*** primary school children

***** donors
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The majority of strongyloidiasis infections in developing countries occur in
males, however for some conditions (eg. HIV or HTLV-1) gender prevalence is
relatively equal [49, 52, 54-58]. The dominance of male infections may be a
reflection of social norms, especially in farming communities, within developing
societies. Activities which involve working with soils and in muddy environments
such as in farming has been shown to increase the risk of infection in endemic
locations [35, 48, 49, 57]. Infection risk rises with age, however in many cases it is
unclear whether age is a risk factor in itself, or if rather the risk increase is an aspect
of parasitic load increasing over time in cases of chronic infection [35, 49-52, 54,
58]. Chronic immunosuppressive illnesses and corticosteroid use have been shown to
be risk factors for infection and infection dissemination [26, 55, 56, 58-62].
Institutionalization reviews have shown an increased presence of strongyloidiasis in
hospitals, aged care facilities and psychiatric wards [34, 48, 58, 63].
Diabetics and alcoholics are two demographics that have been demonstrated
to have higher prevalences of S. stercoralis infection [64, 65]. Increasing alcohol
intake was shown to lead to increased prevalence, which the authors postulate is due
to either a predisposition to initial infection, or immune response suppression leading
to a higher worm burden. This higher worm burden would result in more frequent
shedding of larvae, increasing the likelihood of stool diagnosis [64]. Households and
communities with adequate sanitation infrastructure, sanitary hygiene, personal
hygiene and commonly use protective wear (such as shoes) when interacting with
soils, have demonstrated these traits to be protective factors against infection
[32, 35, 47, 50, 66, 67].
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Often, strongyloidiasis infection is accompanied by chronic illness such as
HIV [55, 56, 60] or HTLV-1 [26, 68, 69]. HTLV-1 infection has been demonstrated
to both reduce the hosts immune response to specific helminths, thus aiding their
propogation, and also hinder the efficacy of antihelminthic drugs [26, 68, 69].
Immunosuppression resulting from HTLV-1 coinfection and corticosteroid treatment
are strongly linked with progression to disseminated infection [26, 55, 56, 62]. The
role that HIV plays in strongyloidiasis infection however, appears more convoluted.
Some authors have described a decreased risk of disseminated infection in patients
with HIV [61] however, other authors have shown an increased prevalence of
chronic and acute infections in this population [48, 55, 56, 60]. Due to the heightened
prevalence of strongyloidiasis infection in hospitals and other care settings the role of
HIV may be confounded by the increased risk of case [58, 63, 70].
Strongyloidiasis is treated with either ivermectin or albendazole. Ivermectin
is given as two doses one week apart of 200 micrograms/kg for adults and children
weighing >15 kg [71]. Different treatment schedules for ivermectin have been
examined, with some studies suggesting two doses, a week apart, due to the lifecycle
of the parasite and the potential for reinfection, while the WHO recommend two
doses in two days [25, 72-74]. Ivermectin is commonly used in community mass
drug administrations (MDAs) due to the ease of a single dose, where treatment
efficacy has proven to be extremely high, and has also been effective against a broad
range of other endo- and ectoparasites such as other helminths and scabies
(Sarcoptes scabiei) [32, 44, 54, 75-77]. Albendazole 400 mg is administered to those
weighing >10kg and 200mg for children weighing <10kg, daily for 3 days, which is
repeated after seven days [20, 32, 78, 79].
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Scabies
Scabies is a skin infestation caused by the mite Sarcoptes scabiei [80-82],
common in infants and children in developing countries and impoverished
communities. An estimated 300 million individuals worldwide suffer from scabies
[80, 83]. Through Oceania it is particularly endemic, with roughly one fifth of the
population in Fiji and Timor-Leste affected [67, 84], and one quarter in the Solomon
Islands [85]. Infestations typically occur in infants and children, with prevalence
decreasing markedly through adolescent years and into adulthood [6, 67, 86]. The
tropical climate may play a role in the proliferatiojn of scabies infestations, as school
aged children in Fiji, the Solomon Islands and Bangladesh have shown significantly
higher prevalences when compared to African nations such as Egypt, Nigeria and
Tanzania which have similar socioeconomic and crowding issues [67, 84-87].
Outbreaks of disease are also commonly reported in the elderly residents of
nursing homes and children at boarding schools [88, 89]. While in many developing
countries endemicity is common, in developed countries cases are seldom seen, aside
from in institutionalized populations including nursing homes [88], schools [89] and
boarding schools [90, 91]. Among Indigenous Australians however, scabies is
endemic, with prevalences ranging from 4% to 25% [44, 92]. Indigenous infants in
particular suffer from a high incidence of scabies, with up to 73% presenting to
clinics by the age of one [3, 7], 77% by their second year [93] and 75% recording at
least one case of scabies by the age of four, with multiple presentations from
reinfestation common [4].
The scabies mite causes severe pruritus, most notable at night time which
impacts on the ability to sleep and the quality of sleep [81, 82]. Infestation
commonly develops in areas of skin crevices - the interdigital spaces, wrists and
14

elbow creases, pelvic girdle, male genitalia and under female breasts, while in
children infestation can be more diverse occurring on the head, palms, feet and
buttocks [81, 82, 94]. Faecal matter deposited within mites’ burrows trigger the
host’s immune response, most commonly in the form of raised papules, macules or
vesicles [81, 82]. Symptoms typically develop 4-6 weeks after initial infestation
while any subsequent infestation produces symptoms within 24-48
hours [81, 82, 95].
The life cycle of the scabies mite is typically short. Impregnated female mites
burrow into the epidermis, laying eggs consistently until death after 4-6 weeks. The
eggs hatch and the larvae exit the burrow and move to create their own moulting
pouch where they moult into adults. Here the female awaits impregnation from a
roving adult male whereupon she is fertilised for life and moves on to create her own
burrow, in which she lays her eggs. Adult mite development is rarely successful
(only one in ten reach the reproductive stage) thus burden of infestation on an
individual is normally low with between five and 15 mites [81, 82, 96].
Scabies is highly contagious and typically occurs in areas of crowding, where
skin to skin contact is common, as the mite requires close physical contact to transfer
between hosts [82, 94]. Nursing homes and boarding schools often have isolated,
rapidly progressing outbreaks due to high numbers of people living in close
proximity [89-91, 97, 98]. Although fomites may play a small role in transmission
this seems to depend upon the level of infestation upon the primary host, with crusted
scabies having higher fomite transmissibility [81, 82].
Scabies is often a precursor to bacterial infections of the skin, including
impetigo or cellulitis, due to intense scratching causing breaches in the dermal layer
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and thus opportunistic infection [81, 99, 100]. In addition, a number of recent studies
have indicated the potential importance, on a molecular level, of proteins released by
S. scabiei in suppression of host immunity and the subsequent proliferation of
bacterial colonies – mainly Group A Streptococcus [101, 102].
Crusted scabies is a severe version of infestation, where mite numbers are in
the millions. The physical characteristics of crusted scabies differ greatly to typical
infestation, with a hard scaly crust forming, varying in size depending on the mite
load [81, 95, 97]. Immune deficits – specifically of reduced T-cell responsiveness –
are thought to be the causative factor in progression of this infection [103]. Among
Indigenous Australians this immune deficit is rarely seen, yet the highest prevalence
of crusted scabies worldwide occurs in indigenous communities [104, 105].
Risk of infestation within a household is heavily linked with socioeconomic
factors including crowding, structural factores and the education level of the primary
carers [6, 83, 106]. High mobility between households, and within endemic
populations, further predisposes community members to infestation [6, 85]. Hygiene,
which had been previously suggested as a protective factor against scabies
infestations, does not appear to aggravate risk, as even among traditionally hygeinic
populations, scabies has shown to be endemic [81, 83, 106]. A clear association in
indigenous communities between carer gambling and development of scabies has
also been established, with children of problem gamblers twice as likely to
experience infestations [6]. This increased risk is postulated to be due to heightened
inter household mobility from problem gamblers [9].
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Scabies treatment is via total body application of 5% permethrin cream [79].
This cream must be applied to the entire body surface, and left for a minimum of
eight hours, before being thoroughly washed off. The long duration of this treatment,
and practicality of application has been identified as a barrier to treatment uptake –
especially for household contacts who may themselves have not been diagnosed [8].
Benzyl benzoate is a secondline option used in the same fashion as permethrin,
which is indicated in cases where multiple permethrin applications have failed [79].
However, due to the side effect of burning sensations after application, this may not
be well tolerated, leading to incomplete administration [59, 107, 108]. Ivermectin is
an oral treatment alternative in cases where topical applications have failed or are
contraindicated. It has much greater tolerability as treatment consists of taking a
single tablet (200 micrograms/kg to be repeated one week later due to being nonovicidal) and has been demonstrated to be as effective as topical creams [107, 109112]. In cases of grade 1 crusted scabies permethrin and ivermectin may be
administered in conjunction with skin softening creams however, more severe cases
should be referred to hospital [79].
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Impetigo
Impetigo is a common, predominantly childhood, skin infection caused by the
transient bacteria Staphylococcus aureus and/or Streptococcus pyogenes (Group A
streptococcus – GAS) [113, 114]. The bacteria are common in the environment and
enter the body via breaches to the dermal layer caused by events such as minor
trauma, insect bites or mite infestations [113, 115, 116]. Infection is typically
characterised by shallow ulcers filled with purulent exudate surrounded by an itchy
rash (non-bullous impetigo), though large non-rupturing blisters may also form
(bullous impetigo) [113, 114]. Multiple areas of infection are common, as bacteria
are spread by the patient’s hands after scratching of the lesions. Impetigo underlied
by S. pyogenes can lead to serious sequelae including acute post streptococcal
glomerulonephritis (APSGN) and acute rheumatic fever (ARF) which in turn
precedes rheumatic heart disease (RHD). The high childhood rates of impetigo have
been followed by outbreaks of APSGN, ARF and RHD and thus contribute to
Indigenous Australians having the highest prevalence of RHD and kidney disease
worldwide [115, 117-119].
Impetigo is highly contagious and abounds in populations with a high level of
crowding and subsequent skin to skin contact [113]. This is evident in populations
across Oceania, where high population densities and levels of household crowding
have led to prevalences ranging between 20% and 50% [67, 120]. Indigenous
Australians show the highest rates of impetigo in the world, with a prevalence of
45.7% in children under 15 [120], and particularly high incidence among children
aged <2 years of whom almost 90% presented with impetigo [4, 93, 121].
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Impetigo also appears climate sensitive, with populations in tropical zones
experiencing higher year round prevalence compared to their temparate counterparts
which experience clear temporal infection peaks coinciding with the warmer months
of the year [117, 122]. In regions with similar climatic conditions, other factors may
influence disease prevalance. An example of this is in African regions, which despite
having similar social and environmental risk factors, have shown a markedly lower
prevalence compared to Oceania and South America, ranging from 2.7 – 4.8% [87].
This is postulated to have come about as a side effect of consistent Ivermectin based
MDAs in the region which have helped control scabies – a common underlying cause
of impetigo [85, 123].
Risk factors for impetigo are common to those of scabies, but with several
other pertinent factors having a significant contribution [113, 115, 116]. The specific
role of scabies in the opportunistic infection of GAS and/or S. aureus has been
investigated on the molecular level. The scabies mites directly interfere with local
complement response systems which in turn allows the proliferation of bacterial
colonies in the vicinity of scabies burrows in the epidermis [101, 102]. The
importance of adequate hygiene and specifically hand washing in the prevention of
impetigo (amongst other infections) has been noted by several authors [81, 114, 124,
125]. Two controlled studies in Pakistan showed a marked reduction (34% [125] and
43% [124]) in incidence of impetigo among children as a result of the
implementation of hand washing regimes.
The causative agent of the more common impetigo contagiosa appears to
differ between climatic zones and, within Australia, between urban and rural
communities, while bullous impetigo is consistently underlied by S. aureus [114,
126, 127]. In temperate climates S. aureus has been isolated more commonly than
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S. pyogenes, further showing preferential throat infection (pharyngitis) over skin
infection [114, 117, 126, 128, 129]. In contrast, tropical communities in Brazil, Fiji
and remote Australia have shown a higher prevalence of GAS, more skin infections
and fewer infections of the throat or nose [100, 115, 118, 130-132].
This differential microbiology has implications on the choice of treatment for
impetigo. A growing number of staphylococcal strains are now proving to be
methicillin resistant and the relative prevalence of S. aureus over GAS appears to be
increasing [100, 133-135]. The increasing resistance reported within Australia has
led to topical treatments no longer being recommended [79, 136]. In the NT, lesions
are to be cleaned gently with soap and water, and a single dose of benzathine
penicillin administered [79] to treat impetigo underlied by GAS.
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Literature Review
The purpose of this review is to identify published literature on household
clustering for strongyloidiasis, scabies and impetigo.
Background
Current guidelines in Australia recommend treatment and follow up of close
contacts of scabies [79] but not impetigo. The high transmissibility and prevalence of
serious sequlae linked to impetigo from S. pyogenes among Indigenous Australians,
indicates that screening of household contacts and follow up protocols may be
beneficial in reducing morbidity and mortality in this population. The high
transmissibility and association of scabies and impetigo suggests the existence of
household clusters in disease distribution. Furthermore, the risk factors of
overcrowding, poor hygiene and sanitation in many remote communities where these
infections are endemic suggest household clustering of all three infections is likely.
Methods
Three databases were searched for references to household clustering –
Pubmed, the Cochrane Library and Informit. No timeframe was included, and results
were refined for those with available full text and written in English. Search terms
used were “Scabies OR impetigo OR pyoderma OR strongyloidiasis AND
clustering” and “Scabies OR impetigo OR pyoderma OR strongyloidiasis AND
household”.
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Inclusion and exclusion criteria
Titles were searched for inclusion of keywords; strongyloidiasis, scabies,
impetigo, pyoderma, clustering and household. When related but ambiguous
keywords were used (for example skin sores for impetigo, intestinal helminths for
strongyloidiasis) studies were included for review of abstract. Studies conducted at
the community level or higher were included.
Case studies, hospital based studies and reviews of treatment were excluded
from review. Reference lists of articles included for full review were searched for
further studies (Figures 1, 2 & 3). Initially the Cochrane Library was included in this
review, however only one systematic review was found. This systematic review
found no articles matching its inclusion criteria, thus it was omitted from this
literature review [137].
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Figure 1. Flow chart of articles identified through Pubmed using the search
term “Scabies OR impetigo OR pyoderma OR strongyloidiasis AND clustering”
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Figure 2. Flow chart of articles identified through Pubmed using the search
term “Scabies OR impetigo OR pyoderma OR strongyloidiasis AND household”
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Figure 3. Flow chart of articles identified through Informit using the search
term “Scabies OR impetigo OR pyoderma OR strongyloidiasis AND
household”. Items identified were identical between search terminology used
(household or clustering)
A total of fourteen complete texts were reviewed, and seven of these
excluded as they did not contain relevant information on the presence of household
clusters. Seven articles were included for this literature review – six from Pubmed,
and one from Informit. Four of these articles were found from the keyword
‘clustering’ and three from ‘household’ (Table 2).
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Table 2. Household clustering articles reviewed
1. Title

Prevalence and epidemiology of intestinal parasitism, as revealed by
three distinct techniques in an endemic area in the Brazilian Amazon

Authors

Valverde J, Gomes-Silva A, De Carvalho Moreira C, Leles De Souza D,
Jaeger L, Martins P, Meneses V, Bóia M, Carvalho-Costa F

Year Published

2011

Search strategy

Clustering search term Pubmed

2. Title

Community management of endemic scabies in remote aboriginal
communities of northern Australia: low treatment uptake and high
ongoing acquisition

Authors

La Vincente S, Kearns T, Connors C, Cameron S, Carapetis J, Andrews R

Year Published

2009

Search strategy

Household search term Pubmed

3. Title

Gambling, housing conditions, community contexts and child health
in remote indigenous communities in the Northern Territory,
Australia

Authors

Stevens M, Bailie R

Year Published

2012

Search strategy

Clustering search term Informit

4. Title

The effect of antibacterial soap on impetigo incidence, Karachi,
Pakistan

Authors

Luby S, Agboatwalla M, Schnell BM, Hoekstra RM, Rahbar MH,
Keswick BH

Year Published

2002

Search strategy

Clustering search term Pubmed
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5. Title

Low rates of streptococcal pharyngitis and high rates of pyoderma in
Australian aboriginal communities where acute rheumatic fever is
hyperendemic

Authors

McDonald MI, Towers RJ, Andrews RM, Benger N, Currie BJ, Carapetis
JR

Year Published

2006

Search strategy

Household search term Pubmed

6. Title

Skin infection, housing and social circumstances in children living in
remote Indigenous communities: testing conceptual and
methodological approaches.

Authors

Bailie RS, Stevens MR, McDonald E, Halpin S, Brewster D, Robinson G,
Guthridge S

Year Published

2005

Search strategy

Household search term Pubmed

7. Title

The dynamic nature of group A streptococcal epidemiology in
tropical communities with high rates of rheumatic heart disease.

Authors

McDonald M, Towers R, Andrews R, Benger N, Fagan P, Currie B,
Carapetis J

Year Published

2008

Search strategy

Found from Reference List
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Findings
Valverde et al. (2011) examined the prevalence of intestinal parasites in
Brazil, and specifically the extent of household clustering. The study was cross
sectional including 1281 persons in total, of which 463 (36%) returned faecal
samples (demographic data not given). Three diagnostic methods were used to screen
for intestinal parasitic infections – the Graham method, Baermann-Moraes and the
Ritchie method. Of these, only the Baermann-Moraes technique was used to detect S.
stercoralis. From the 463 samples, 232 (50%) were screened with this technique, of
which 13 (6%) were positive for strongyloidiasis. Age was widely distributed, as
were income variables, however 11 (85%) of the 13 strongyloidiasis cases were in
males. The odds of infection among household contacts was at least twice as high as
for non household members for all infections studied (ascariasis OR = 2.7,
trichuriasis OR = 2.17, giardiasis OR = 3.4, hookworm OR = 2.1 and ameobiasis
OR = 2.16) [47].
La Vincente et al. (2009) assessed scabies treatment uptake of household
contacts following identification of a scabies case within the household. Across two
communities, 40 households were included with a total of 556 household contacts.
The study was conducted over a six month period and participants were screened 14
and 28 days after diagnosis of the index scabies case. The median household size was
15.5 (IQR 12, 20) of which a median 17.9% (IQR 12.3, 24.1) were aged <5 years.
Treatment uptake data was unknown for three (8%) households and one hundred and
sixteen (21%) contacts. Of the 40 index cases, 32 (80%) had taken up treatment,
compared to 193 of 440 (44%) of their household contracts. At the household level,
28 (76%) houses had partial uptake and seven (19%) reported no uptake. New
scabies cases from household contacts were considerably younger in comparison to
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non-scabies cases (median 4.8 years compared to 25.8 years) and did not appear to
be influenced by household crowding or scabies burden. There were no new cases of
scabies found in household contacts of households which reported complete
treatment uptake (OR = 5.9, 95% CI 1.3, 27.2). Almost half of household contacts
were lost to follow up (47%) which was significantly associated with no individual
treatment uptake and belonging to a household of incomplete uptake. This may have
reduced the power of the analyses in defining incidence of scabies within incomplete
treatment uptake households. Some evidence for household clustering is shown by
the new cases of scabies only occuring in houses with concurrent cases and
incomplete treatment uptake [8].
Stevens & Bailie (2012) examined the extent to which gambling problems
influence multiple health variables and health outcomes. The study was cross
sectional, using baseline data from the ‘Housing Improvement and Child Health in
Aboriginal communities’ study. Data was collected from ten remote aboriginal
communities spread through northern and central Australia. Children aged <7 years
were included in the analyses for this study (n=618). Reported carer gambling
problems influenced prevalence of skin infections excluding scabies (OR=1.86, 95%
CI 1.17, 2.95) whereas household gambling problems influenced scabies, but not
other skin infections (OR=1.94, 95%CI 1.17, 3.20). Communities with the highest
gambling problems (>50%) also had an increased prevalence of scabies, but not skin
infections (OR=2.07, 95% CI 1.21, 3.53). In multivariable adjusted models scabies
was influenced by householder gambling problems (OR=1.81, 95% CI 1.07, 3.05),
carer/spouse cohabitation (OR=0.43, 95% CI 0.24, 0.77) grandparental relationship
to householder (OR=1.89, 95% CI 1.00, 3.55) and lower scores for separate animals
and human hygiene (OR=0.49, 95% CI 0.28, 0.86, R2=8.3%). Household crowding
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was not found to be a significant factor in development of scabies or skin factors,
leading the authors to postulate that rather the inter house mobility (as in the case of
households gambling) leads to increased number of potentially infected contacts and
thus increased risk of infection transmission [9].
Luby et al. (2002) examined the change in incidence of impetigo among
241 households following provision of either antibacterial soap (1.2% triclocarban)
or placebo over standard practices. The study was a randomized controlled trial with
a duration of six months where houses were visited by field researchers on a weekly
basis. Households were used as the primary level of measurement with an average of
8.1 residents and 0.6 children aged <5 years. Of the 241 households, 81 received
antibacterial soap, 81 placebo and 79 acted as controls. Three hundred and nineteen
cases of impetigo were identified over the course of the study. Cases were divided
into primary (first household case reported within a one week span, n=241, 76%) or
secondary (second household case reported within a one week span n=78). Primary
infections were further divided into solo (single case occurrence, n=166, 69%) or coprimary (multiple cases occurring, n=75, 31%). Households that received the
intervention, in comparison to control households, had a significantly decreased rate
of infection (43%, p=0.02), infection duration (1.89 vs 2.59 weeks, p=0.01) and
hazard ratio (0.56, p=0.008). Almost half of impetigo cases in this study appeared to
cluster by household (48%), with average incidence of secondary episodes across
interventions at 4.66/100 person weeks, compared to 1.3/100 person weeks for
primary episodes [124].
McDonald et al. (2006) prospectively studied three remote Aboriginal
communities to determine incidence of skin or throat GAS infection in households
where ARF and/or RHD had been documented. Surveillance was over 22 months
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with the research team conducting monthly household visits. Across these three
communities, 49 households with a total of 1173 individuals participated. The
community breakdowns were as follows: Community A, 18 households, 548
individuals; Community B, 12 households, 84 individuals; Community C,
19 households, 541 individuals. From 4842 consultations, nine cases of sore throat,
430 cases of pyoderma and seven new cases of ARF were reported. The majority of
skin infections occurred in children (89.5%), peaking at ages 5-9 years and declining
thereafter. Pyoderma was noted in 37.7% of children at least once during the study
period. Increase in the level of household crowding was positively correlated with
pyoderma incidence in community A, but only marginally in community C
(r2 = 0.62 and 0.22 respectively). Data was lacking for community B. No specific
evidence regarding household clustering was presented [138].
Bailie et al. (2005) examined the influence of housing conditions on the
development of childhood skin infections. Two remote indigenous Australian
communities were studied. Household composition, dwelling and facilities
conditions, child inter-house mobility, household crowding and number of adults and
children per household were recorded. Between these communities, 69 houses were
enrolled for skin infection analyses, encompassing an estimated 72% of children
(n=138) in the target population. Average household size was 9.4 persons of which
21% were aged <7 years. Eighty-four children (61%) were identified with skin
infections. Univariate associations for incidence risk ratios (IRR) identified: three
carers in the dwelling (IRR=2.26), and combined low healthy living practices
(IRR = 1.96), as risk factors for skin infections. Multivariate analyses showed
increased risk from high household crowding in households with concrete/other
floor, compared to differing crowding levels in households with tiled floors
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(IRR 2.52 for high crowding, 11.56 for middle crowding and 4.05 for low crowding).
The authors noted further increased risk from crowding of children, high number of
carers, high child mobility between households and inadequate sanitation within the
household [6].
McDonald et al. (2008) conducted a longitudinal study of three indigenous
Australian communities in which ARF and RHD rates were high, in order to
determine the relative influence of GAS pyoderma in comparison to GAS throat
infection using emm sequence typing. Household and community features were
reported on, to determine any further variables within the population which may have
led to these high rates. The participants (n=1173) were drawn from 49 households,
which were visited monthly totalling 4842 consultations. GAS isolates were
sequenced from 214 throat and 124 skin swabs, revealing 43 emm subtypes.
Households had a median subtype acquisition rate of 4.9 per year totalling 216
acquisitions. Increased household size strongly correlated with an increased
household yearly acquisition (r2 = 0.88 and 0.68 (p < 0.001) for community one and
three respectively). Secondary household acquisition accounted for 19% (41/216) of
total new cases [139].
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Conclusion
Household clustering was evident for impetigo in two of the five studies,
where secondary cases accounted for 19% [139] and 24% [124] of infections; and for
two of the scabies studies [8, 9]. From this, household treatment for both scabies and
impetigo is warranted. Although household clustering was not measured for
strongyloidiasis, the odds of household contacts contracting other intesinal infections
from a single case was two or more times greater than for non-household contacts
[47]. There is evidence to suggest that changes to impetigo treatment guidelines
should include treatment of household contacts, although evidence for screening
household contacts for strongyloidiasis is lacking.
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Methods
Study Aims
1: Demonstrate the presence of household clusters of strongyloidiasis, scabies and
impetigo
2: Map the location of strongyloidiasis, scabies and impetigo cases
3: Demonstrate the presence of geospatial clusters of strongyloidiasis, scabies and
impetigo
4: Identify epidemiological features underlying infection clusters
Ethics
Ethics for this project was obtained through the human research ethics committee for
Menzies School of Health Research and the Department of Health. Ethics number
09/34, expiring 30 June 2017.
Methods
Study population and site
Study participants (referred to as residents) were enrolled in an ivermectin
mass drug administration project to reduce the prevalence of scabies and
strongyloidiasis [140] in a remote Aboriginal community located 550 km from
Darwin. The community population at the time was approximately 2,100 [141] of
which 1,255 residents were enrolled [140]. The residents were screened for scabies,
skin sores and strongyloidiasis at Month 0 (2010) and Month 12 (2011) and
subsequently participated in two MDAs [140].
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Study design
A before and after study of of strongyloidiasis, scabies and impetigo
prevalence following an ivermectin MDA at months 0 and 12. One of the secondary
aims was to perform GIS mapping [142] and so household geographic coordinate
data was collected.
Diagnosis of scabies, skin sores and strongyloidiasis:
•

Scabies was diagnosed clinically, in residents presenting with lesions
(burrows, bullae, crusts, erythematous papules and macules, excoriations,
nodules, papules, scales or vesicles) located in a typical location (finger
webse, flexor surfaces of the wrists and elbows, axillae, head, feet, palms or
buttocks in children or male genitalia and female breasts) and pruritis or
pruritis in another household member [140].

•

Impetigo was diagnosed clinically and defined as flat dry, purulent or crusted
skin sores

•

Strongyloidiasis was diagnosed from microscopy or culture of faecal
specimens, or through serology [44].

Data acquisition
Demographic data and data on scabies, impetigo and strongyloidiasis status
was extracted from the Microsoft Access database for analysis in STATA IC 14
[143]. To map household locations of infections, latitude and longitude of
households were obtained by using Google Maps [144] and these added to the Stata
dataset. Households from the homelands were omitted as were households where
coordinates could not be found. The dataset was transferred to Microsoft Excel,
saved as ‘.csv’ file type and imported into ArcGIS Arcmap 10.3 [145].
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Data Analysis
Descriptive analysis
The percentage of houses visited was calculated from the total number of
houses in 2010 and 2011 as provided by shire maps. Infection was defined as
strongyloidiasis, scabies or impetigo, while case/s denoted the number of residents
who presented with infection. Infection status, resident numbers and age group data
was aggregated to the household level for Month 0 (2010) and Month 12 (2011).
Infection prevalence was defined as the proportion of individuals, with distribution
referring to the proportion of households, with cases present. Case level variables for
households were created to categorize households to have either: no cases of
infection (n=0), ‘single’ case (n=1), or ‘multiple’ cases (n>1) for each infection. Risk
ratios were calculated to describe the risk of comorbidities and the effects of multiple
household infections on this.
Spatial analysis
Graphs were produced to display the number of houses at each case level
alongside the median number of residents, and to display the differential age
breakdowns of households at each case level. Graphs were produced using Microsoft
Excel [146].
Coordinates were mapped under a WGS 1984 geographic coordinate system
and WGS1984 UTM zone 53s transverse mercator projected coordinate system. Area
encompassing the study field, average distance and distance ranges between
neighbours was found from the ‘Average nearest neighbour’ and ‘Calculate distance
band’ tools. All distance values were rounded to the nearest meter.
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A single household was excluded from the spatial analysis in month 12 due to it
being far removed from the community proper, and thereby potentially inducing
spatial bias.
A Students T-test was used to compare the mean number of houses with a
single case to that of houses with multiple cases for each time point with significance
level set at p=0.05. Non-parametric equality of medians tests were used to compare
the median number of residents between household case levels due to data skewage
from a small number of houses hosting excessive residents. Burden of infection
within multiple case households was reported with 95% confidence intervals.
Students T-tests were used to compare the mean proportion of residents in each age
bracket (0≤5, 5≤15, 15≤50 and over 50 years) by household case level with results
reported as p-values. Risk ratios for concurrent infections at both the individual and
the household level were reported alongside 95% confidence intervals.
The smallest rectangular area encompassing the community was 732771m2.
The average distance between households (nearest neighbours) both in general, and
for households of each infection, was found for each month through ArcGIS’s
nearest neighbour summaries [145]. Through comparison of the observed nearest
neighbour value for households with infection, to an expected nearest neighbour
value, a ratio of ‘observed:expected’ is produced. Ratios exceeding ‘1’ indicate the
households exhibit greater geographic dispersion than would be expected under
complete random spatial distribution, while ratios lower than ‘1’ indicate greater
geographic clustering of households.
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Morans I spatial autocorrelation was used to identify global clustering trends
for each infection. An index was derived for each infection at both month 0 and
month 12. This index defined the average difference between house ‘i’ and its
neighbours ‘j’ deviations from the mean number of cases within the household (xij)
to the mean number of cases within households across the community (𝑥̅ ij). The
value of xj was weighted according to its spatial relationship with house ‘i’. Under
the null hypothesis of no spatial autocorrelation, the expected value for Morans index
is -1/(N-1), where ‘N’ is equal to the number of houses in the study at month 0 or
month 12. If the difference from the observed to the expected index was significant
(p≤0.05) and positive, a global clustering trend was identified, if it was negative, a
global dispersive trend was identified.
The spatial relationships between households in the community were
conceptualized using a zone of indifference model. This model sets a spatial
threshold around the primary feature being tested, within which each features
influence is ‘1’. The influence of features outside of this threshold decreases as a
product of the inverse square of the distance. The threshold distance was set at the
appropriate month’s average nearest neighbour distance. The zone of indifference
model was used to better model community interactions in an indigenous Australian
context.
Row standardisation was employed to limit any spatial bias as a result of the
geographic ‘shape’ of the community (Figure 4). This method of standardisation
creates a relative data weighting scheme (between 0 and 1) based upon the number of
neighbours of a feature rather than an absolute weight. Euclidean distance was used
to represent the physical structure and community interactions.
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Anselin local Moran’s I cluster and outlier analysis was used to pinpoint
clusters of cases within the communmity. The local Morans index is calculated in a
similar fashion to the global Morans index, however the comparison is between
neighbouring features, rather than the community average. This analysis created a
visual output displaying clusters of high or low numbers of cases, and high or low
number outliers. A zone of indifference conceptualisation was again used, and set at
the average nearest neighbour distance for the appropriate month, and row
standardisation used. False Discovery Rate (FDR) correction was used as another
protection against geographic bias, and limited the output to display only clusters or
outliers at a 95% confidence level or above.
Maps were produced to show the distribution and number of cases within
households for each infection through the community. Distribution maps applied a
homologous linear marking scheme with point size increments of two, such that
households with no cases always equalled a point size of ‘4’, a single case had a
point size of ‘6’, two cases, ‘8’ and so forth. A scalebar was included to assist in
conceptualisation and understanding of geographic analyses.
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Figure 4. Community overview at Month 0
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Results
From 2010-2012 there were 1,255 residents enrolled from 146 households
that were screened for strongyloidiasis, scabies and/or impetigo. The majority of
houses visited at month 0 (86%) and month 12 (88%) had lot numbers within the
community for which GPS data was available and able to be mapped. The houses
mapped contained 90% and 98% of residents seen at month 0 and month 12
respectively (Table 3). Of the residents seen at month 12, 644 (66%) had been seen at
month 0, and 337 (34%) were new residents with spatial data available.
Infection clusters were identified in eight (6%) houses at month 0, accounting
for 23% of community infections, and 10 (8%) houses at month 12, accounting for
33% of community infections. Cluster households had a high number of residents
(median 17.5, IQR 12, 22), of which half were aged 15 years or less.
Table 3. Houses and resident numbers mapped using GPS coordinates, by
month
Month 0
n (%)

Month 12
n (%)

Houses mapped

125 (86)

128 (88)

Residents mapped

913 (90)

981 (98)

Median residents per
house (IQR)

6 (3-10)

7 (3-11)

Household Level
Over the two-year study period strongyloidiasis, scabies and/or impetigo was
identified in 111 (76%) households (Table 4). Of the 111 households with infection,
101 (91%) had strongyloidiasis, 68 (61%) impetigo and 61 (55%) scabies. Seventyone (64%) houses had two or more different infections and 36 (32%) had all three.
The households with no infection (n=35, 24%) had a greater proportion of adult
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residents aged >15 years, (77%, 95% CI 71, 83) than children aged ≤15 years
(23%, 95% CI 17, 29).
Table 4. Number of houses screened and infection/s identified
Month 0
n (%)

Month 12
n (%)

Total
n (%)

125

128

146

No infection
identified

40 (32)

45 (35)

35

Infection present*

85 (68)

83 (66)

111

Screened

-

Single
infection*

44 (35)

38 (30)

4 (4)

-

Two
infections **

27 (22)

18 (14)

71 (64)

-

Three
infections

14 (11)

27 (21)

36 (32)

Strongyloidiasis
present

75 (88)

58 (69)

101 (91)

Scabies present

29 (34)

45 (54)

61 (55)

Impetigo present

36 (42)

52 (63)

68 (61)

*Any of strongyloidiasis, scabies or impetigo
**Strongyloidiasis and scabies, or scabies and impetigo,
or impetigo and strongyloidiasis
At month 0 from the 125 households (913 residents), there were 902 (99%)
residents screened for scabies and impetigo and 765 (84%) for strongyloidiasis
(Table 5). At least one case of infection was identified in 85 (68%) households, the
most common being strongyloidiasis (n=75, 88%) followed by impetigo (n=36, 42%)
and scabies (n=29, 34%) (Table 4 & Figure 5).
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Strongyloidiasis was diagnosed in more residents (n=162, 21%) than impetigo (n=55,
6%) and scabies (n=39, 4%).
At month 12, from 128 households (981 residents), there were 877 (89%)
residents screened for strongyloidiasis and 979 (99.8%) for scabies and impetigo
(Table 5). Infection was identified in 83 (66%) households, with strongyloidiasis the
widest distributed (n=58, 69%), followed by impetigo (n=52, 63%) and scabies
(n=45, 54%) (Table 4 & Figure 5). However, scabies was identified in more residents
(n=105, 11%) than strongyloidiasis (n=103, 12%) or impetigo (n=92, 9%).
Table 5. Number of residents screened and infection/s identified
Month 0
n (%)

Month 12
n (%)

Screened for
strongyloidiasis

765 (84)

877 (89)

Screened for
scabies/impetigo

902 (99)

979 (100)

Strongyloidiasis
diagnosed

162 (21)

103 (12)

Scabies
diagnosed

39 (4)

105 (11)

Impetigo
diagnosed

55 (6)

92 (9)

Scabies and
impetigo diagnosed

16 (2)

42 (4)
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Figure 5. Infection distribution at month 0 (left) and month 12 (right)

For strongyloidiasis, there was no difference between the number of
households with a single case, or multiple cases in either month 0 (n=36 v’s n=39,
p>0.05) or month 12 (n=28 v’s n=30, p>0.05) (Figure 6). For scabies and impetigo,
there were significantly more single case households, than multiple case households
at month 0 (scabies n=22 v’s n=7 p<0.05 and impetigo n=23 v’s n=13 p<0.05) but
not at month 12 (scabies n=22 v’s n=23 and impetigo n=28 v’s n=24, p>0.05).
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Figure 6. Number of houses in each case level by month
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The median number of residents in multiple case households compared to
single case households was significantly higher for strongyloidiasis at month 0 (n=9
v’s n=7, p<0.05) and month 12 (n=12 v’s n=6.5, p<0.05), scabies at month 12 (n=8
v’s n=12, p<0.05), and impetigo at month 12 (n=9 v’s n=12, p=0.05) (Figure 7). All
households with at least on case of any infection had a higher median number of
residents compared to households with no cases in both months 0 and 12 (p<0.005).
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Figure 7. Median number of residents by case level and month for each
infection
At month 0, among households with multiple cases, strongyloidiasis
presented the highest burden of disease, with 34% of residents infected (95% CI
28.5, 39.6), compared to 26% (95% CI 8.7, 42.4) for scabies and 20% (95% CI 13.7,
26.8) for impetigo. At month 12 however, scabies presented the highest burden of
infection with one third of residents in each household infected (33%, 95% CI 24.8,
41.3) followed by strongyloidiasis (22%, 95 CI 18.1, 25.1), and impetigo
(21%, 95% CI 17.2, 25.2).
Strongyloidiasis
There were 162 (21%) residents with strongyloidiasis at month 0 in 75 (60%)
houses. At month 0, single case strongyloidiasis households (n=36) and households
with no cases (n=50) had a significantly greater proportion of adults aged >15 years
(p=0.05) compared to multiple case households (n=39) (Figure 8). Multiple case
strongyloidiasis households had a higher proportion of children aged 5≤15 years
compared to households with no cases (p<0.05), and a significantly smaller
proportion of residents aged 50+ (p<0.05).
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Figure 8. Demographic breakdown of households by strongyloidiasis case
numbers at month 0
At month 12 there were 103 (12%) residents with strongyloidiasis in 58
(45%) houses. Single case strongyloidiasis households (n=28) and households with
no cases (n=70) had a significantly greater proportion of adults aged >15 years
(p=0.05) compared to multiple case strongyloidiasis households (n=30). Both
multiple and single case households had a smaller proportion of residents aged
15≤50 years, in comparison to households with no cases (p<0.05). Multiple case
households also had a significantly higher proportion of children aged 5≤15 years in
comparison to households with no cases (p<0.05) (Figure 9).
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Figure 9. Demographic breakdown of households by strongyloides case
numbers at month 12
Households with at least one case of strongyloidiasis had a heightened risk of
concurrent impetigo cases, potentially co-morbid with strongyloidiasis, at both
month 0 (RR 1.74, 95% CI 1.36, 2.23) and month 12 (RR 2.22, 95% CI 1.51, 3.29).
Residents with strongyloidiasis had a heightened risk for co-morbid impetigo at
month 0 (RR 1.71, 95% CI 1.1, 2.65) and month 12 (RR 2.05, 95% CI 1.29, 3.24).
Households with at least one case of strongyloidiasis had a heightened risk of
concurrent scabies cases, potentially co-morbid with strongyloidiasis, at both month
0 (RR 1.37, 95% CI 1.05, 1.81) and month 12 (RR 2.12, 95% CI 1.47, 3.06).
Residents with strongyloidiasis did not display a significantly raised risk of comorbid scabies at either month 0 (RR 1.15, 95% CI 0.61, 2.17) or month 12
(RR 1.42, 95% CI 0.85, 2.36).
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Scabies
There were 39 (4%) residents with scabies at month 0 in 29 (23%)
households. There was no significant difference in the age breakdown of households
with no cases (n=96), a single case (n=22) or multiple cases (n=7) (Figure 10).
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Figure 10. Demographic breakdown of houses by scabies case numbers at
month 0
At month 12 there were 105 (11%) residents with scabies in 45 (35%)
households. Multiple case households had a significantly higher proportion of
children aged <15 years compared to both households with no cases, and households
with a single case (p<0.05) (Figure 11).
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Figure 11. Demographic breakdown of houses by scabies case numbers at
month 12
Households with at least one case of scabies had a heightened risk of
concurrent impetigo cases, potentially co-morbid with scabies, at both month 0 (RR
3.04, 95% CI 1.64, 5.66) and month 12 (RR 4.02, 95% CI 2.3, 7.03). Residents with
scabies had a heightened risk for co-morbid impetigo at month 0
(RR 10.71, 95% CI 6.02, 19.07) and month 12 (RR 6.43, 95% CI 4.64, 8.91).
Households with at least one case of scabies did not have a significantly
heightened risk of concurrent strongyloidiasis at month 0 (RR 2.1, 95% CI 0.97,
4.53), however did so at month 12 (RR 2.67, 95% CI 1.58, 4.52). Residents with
scabies did not have a significantly heightened risk of co-morbid strongyloidiasis at
either month 0 (RR1.18, 95% CI 0.55, 2.52), or month 12
(RR 1.42, 95% CI 0.85, 2.34).
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0≤5

Impetigo
There were 55 (6%) residents with impetigo at month 0 in 36 (29%) houses.
Single case impetigo households (n=23) and multiple case households (n=13) had a
significantly higher proportion of children aged ≤15 years compared to households
with no cases (p<0.05) (Figure 12). Multiple case households had a significantly
lower proportion of residents aged 15 ≤ 50 years compared to single case households
(p<0.05).
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Figure 12. Demographic breakdown of houses by impetigo case numbers at
month 0
At month 12 there were 92 (9%) residents with impetigo in 52 (41%) houses.
Both single case and multiple case households had a significantly higher proportion
of children aged <15 years compared to households with no cases (p<0.05) (Figure
13).
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Figure 13. Demographic breakdown of houses by impetigo case numbers at
month 12
Households with at least one case of impetigo had a heightened risk of
concurrent strongyloidiasis cases, potentially co-morbid with impetigo, at both
month 0 (RR 4.13, 95% CI 1.72, 9.91) and month 12 (RR 2.48, 95% CI 1.56, 3.95).
Residents with impetigo had a heightened risk of co-morbid strongyloidiasis at both
month 0 (RR 1.9, 95% CI 1.09, 3.32) and month 12 (RR 2.07, 95% CI 1.29, 3.33).
Households with at least one case of impetigo had a heightened risk of
concurrent scabies, potentially co-morbid with impetigo, at both month 0 (RR 2.65,
95% CI 1.59, 4.41) and month 12 (RR 3.2, 95% CI 2.08, 4.94). Residents with
impetigo had a significantly heightened risk of co-morbid scabies at both month 0
(RR 9.08, 95% CI 5.59, 14.75) and month 12 (RR 6.99, 95% CI 4.89, 9.99).
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0≤5

Household Clustering
Over the study period, Anselin Moran’s’ local cluster and outlier analysis
identified a total of 25 clusters for the three infections in 16 households (two with
clusters at both month 0 and month 12). Thirteen clusters were identified at month 0,
in 8 households, and 12 clusters identified at month 12 in 10 households. All three
infections were identified in 13 (81%) of these 16 houses (Table 6).
The number of residents in cluster households ranged from 9 – 29 in a single
dwelling, showing a significant level of crowding (Table 6). The mean number of
residents within cluster households rose from 16.3 at month 0 to 16.9 at month 12, as
did mean total cases (7.4 cases in month 0, to 11.1 in month 12).
The median number of residents within each infection cluster was the same
for all infections at month 0 (n=17). The median number of residents within
strongyloidiasis and impetigo clusters however, rose at month 12 (n=17.5 and
n=19 respectively), while it decreased for scabies (n=14.5).
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Table 6. Residents and cases in household clusters at months 0 and 12
Number of cases in household

Month
0

Mean
Month
12

House

Strongyloidiasis

Scabies

Impetigo

Total
Residents

a

4

1

1

9

b
c
d
e
f
g
h

7
3
2
3
5
3
2
3.6

3
2
1
1
1
0
4
1.6

3
2
2
2
0
3
4
2.1

25
21
9
12
23
18
13
16.3

g

2

2

1

18

3
2
1
12
2
0
3
9
4
2
4
29
5
5
2
22
2
9
8
17
1
5
2
7
1
6
2
12
3
9
3
20
3
6
1
23
Mean
2.6
4.6
2.7
16.9
NB. Shaded rows represent houses which were contained clusters at both month 0
& month 12
h
i
j
k
l
m
n
o
p

Of the 13 clusters identified at month 0, six were clusters of impetigo cases,
four of scabies cases and three of strongyloidiasis cases (Figure 15). One household
had clusters of all three infections. Two households had clusters of two infections
(strongyloidiasis with scabies, and scabies with impetigo).
Of the 12 clusters identified at month 12, six were clusters of scabies cases,
and three each of impetigo cases and strongyloidiasis cases. Three households had
clusters of two infections present, two with impetigo and scabies, and one with
strongyloidiasis and scabies.
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Cluster households accounted for a major portion of the community’s burden
of disease at both month 0, where they represented 6% of the community and 35% of
the community’s burden of disease, and month12, with 8% and 37% respectively.
Within the 10 cluster households found at month 12, 46% of the community’s total
scabies cases occurred. One of these clusters was identified to have housed a
participant with crusted scabies, and one other was a priority house of a classroom
contact.
The mean burden of infection in cluster households compared to other single
or multiple case households was higher, but not significantly different at month 0
(49% v’s 35%) however was significantly higher at month 12 (64% v’s 39%).
At month 0, all scabies clusters contained each of the three infections, as did
five of the impetigo and two of the strongyloidiasis clusters. Scabies and impetigo
clusters displayed the highest burden of infection (50%), followed by the
strongyloidiasis clusters (48%).
At month 12, all infection clusters contained each of the three infections,
aside from a single impetigo cluster. Scabies clusters exhibited the highest burden of
infection (76%), followed by impetigo clusters (68%) and strongyloidiasis clusters
(49%).
No infection type exhibited any significant household level geographic
clustering at either month 0 or month 12, as determined using the average nearest
neighbour statistic. Global spatial autocorrelation, however, identified a significant
global clustering trend of scabies at month 0 (p=0.03), however not at month 12.
At month 0, local clusters for each infection tended to occur in a similar location,
with four of the eight households (8 of the 13 clusters), identified within 80 metres of
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each other. At month 12, the cluster households were identified in similar locations
compared to month 0, and again five of the 10 households (six of the 12 clusters)
were found within 80 metres of each other.
The average distance between infected households was less for
strongyloidiasis (52m) compared to scabies (64m) and impetigo (63m). Random
distribution modelling of the given number of infected households within the study
area at month 12 yielded an expected mean distance of 57m (O:E 0.92) for
strongyloidiasis, 65m (O:E 1) for scabies and 60m (O:E 1.1) for impetigo, which was
not significantly different to what was observed.
The average distance between infected households was less for
strongyloidiasis (48m), compared to scabies (73m) and impetigo (72m) at month 0.
Random distribution modelling of the given number of infected households within
the study area at month 0 yielded an expected mean distance of 49m (O:E 0.96), 79m
(O:E 0.92) and 71m (O:E 1) for strongyloidiasis, scabies and impetigo respectively,
which was not significantly different to what was observed.
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Figure 14. Anselin Local Moran’s I for infection case clusters and outliers at
month 0 (left) and 12 (right). The pie charts represent a household cluster, with
the colour defining what infection/s clustered in that house

Crusted Scabies
There were 13 priority houses identified at month 12, three households where
the crusted scabies index case had been living and 10 households where residents
included classroom contacts of the index case [44]. Of the three households where
the index case had resided, two experienced multiple cases of scabies while the other
had no scabies. Seven of the 10 classroom contact households were identified as
having scabies, five with multiple cases (Table 7). The odds of scabies being present
in a priority household was 3.2 (95% CI, 1.2, 9, p=0.02) times that of a non-priority
household, however, of the 80% (n=36) of scabies households in month 12 not
considered priority houses, half (n=18) also experienced multiple cases.
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Table 7. Number of cases, residents and infection percentage for priority scabies
households in month 12
Number of
cases

Number of
residents

% infected

Crusted scabies House 1

5

18

27.8

Crusted scabies House 2

9

24

37.5

Crusted scabies House 3

0

4

0

Classroom Contact House 1

1

10

10

Classroom Contact House 2

1

29

3.4

Classroom Contact House 3

2

10

20

Classroom Contact House 4

2

23

8.7

Classroom Contact House 5

3

14

21.4

Classroom Contact House 6

3

16

18.8

Classroom Contact House 7

3

34

8.8

Classroom Contact House 8

0

15

0

Classroom Contact House 9

0

4

0

Classroom Contact House 10

0

8

0
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Discussion
Local clustering of strongyloidiasis, scabies and impetigo cases was
identified at both month 0 and 12, in 8 and 10 houses respectively. These houses
accounted for a major portion of infections identified in the community; 23% at
month 0, and 33% at month 12. Following the scabies outbreak at month 12, the 10
cluster households accounted for almost half (46%) of the total scabies burden.
Cluster households had significant levels of crowding (median 17.5, IQR 12, 22), a
high proportion of children aged ≤15 years (50%), high burden of infection (57%),
and occurred in similar locations at month 0 and 12. Comorbid infections were often
found in individuals in cluster households, due to both the underlying aetiological
links of these infections, and increased contact with other infected individuals with
the high level of crowding.
High levels of long term household crowding increase stress upon household
sewerage systems, contributing to inadequate sewerage disposal and a decrease in
general hygiene conditions within the household [147, 148]. The role of hygiene in
the transmission potential of both strongyloidiasis and impetigo infections is well
documented [32, 78, 124, 125, 149]. Furthermore, household crowding increases the
likelihood of bacterial spread between residents, and may contribute to decreased
immunity through heightened stress levels [147].
Of the 25 local clusters identified, two households contained clusters at both
month 0 and month 12, though of different infections, while other local clusters
appeared in close proximity between month 0 and month 12. The number of
infections in these households had diminished at month 12, however due to the high
number of cases present in neighbouring households, they were still identified as
focal points of infection. Consultation with community health workers identified one
61

area of the community, where half of the local clusters occurred at month 0, to be an
area where a large number of dogs resided. Dogs have been identified to act as a
reservoir for S. stercoralis in both endemic [150] and non-endemic settings [151,
152]. In Brazil, the high number of stray and pet dogs within communities has been
implicated as an additional vector for strongyloidiasis infections due to the higher
faecal contamination of the soil [151]. Thus, it is possible the high number of dogs in
this area increased local soil contamination leading to the clustering of human
strongyloidiasis. The role of dogs in the transmission of scabies to humans however
has been debunked, with differing sub species identified to be infecting humans,
dogs or other animals [153]. Currently the risk of zoonotic transmission of S.
stercoralis in Australian Indigenous settings is considered minimal [154], however
future MDA’s for strongyloidiasis may need to consider the role of local animals in
the ongoing transmission of disease, and implement concurrent deworming
protocols. This may be particularly relevant for interventions in remote communities
where there are large numbers of dogs, with which residents have a pet relationship,
resulting in increased and prolonged physical contact than would exist with non-pet
animals.
Infection was widely distributed through the commmunity, with almost three
quarters of households experiencing at least one case of infection during the two year
study period. Strongyloidiasis was the most widely distributed, with at least one case
presenting in 101 (91%) of the 111 infected households, compared to scabies and
impetigo which were in 61 (55%) and 68 (61%) households respectively. No
underlying geographic process was found at either month for any infection. The high
distribution of cases through the community meant that the Global Morans I was less
able to identify clear global clustering trends. Only scabies at month 0, with a
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distribution of 23%, was identified to display global clustering. All infections
however had local clusters identified; three strongyloidiasis at both month 0 and
month 12, four scabies at month 0 and six at month 12, and six impetigo at month 0,
and three at month 12. The higher number of local scabies and impetigo cases in
comparison to strongyloidiasis, despite the lower prevalence, shows that these
infections are more inclined to cluster.
The major portion of the community’s infections were concentrated in
multiple case households, where one third (37%) of residents were infected.
Household demographic breakdown revealed a number of similarities between
households with multiple cases of each infection. Crowding was shown to play an
important role, with multiple case strongyloidiasis households consistently having a
significantly greater median number of residents compared to single and no case
households. Scabies and impetigo displayed no such difference at month 0, due to the
low number of multiple case households. However, with the increase in scabies and
impetigo prevalence at month 12, a significantly higher number of residents was
reported in households with multiple cases compared to single cases of scabies or
impetigo. Scabies households with a higher number of residents have previously
been identified to have reduced treatment uptake, leading to recrudescent infections
and higher transmission [3].
Households with multiple cases of scabies or impetigo had a higher portion of
children aged ≤5 years. At this age children are more likely to engage in person to
person contact [76], as well as more outdoor ‘play’ activities resulting in increased
likelihood of skin breaches, and thus GAS infection [113, 147]. In comparison,
households with multiple cases of strongyloidiasis, had a significantly higher
proportion of children aged 5≤15 years, and a lower proportion aged ≤5 years.
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It is unknown whether this is a true representation of strongyloidiasis in children
aged ≤5 years, as many of these children were not tested, and those that were, were
tested using the less sensitive faecal sample methods.
Previous research from Asian populations regarding age prevalence of
strongyloidiasis has been contradictory, with some studies demonstrating higher
levels in children compared to adults, while others have shown lower levels in
children, or similar levels between adults and children [32, 78]. Differing diagnostic
techniques may also explain the difference in age structure of infection, as serology,
which was used in this study, is of greater sensitivity and specificity than stool
samples, which have been predominantly used through the literature [31, 33, 155].
The majority of previous research is from remote locations, where the major risk
factor has been working in rice farms and/or living in communities with undeveloped
sanitation [32, 78]. In Australia where strongyloidiasis is most prevalent, there is no
wet farming and a higher standard of sanitation. Both populations however,
experience similar climatic conditions and often go barefoot, increasing the
opportunity for infection [78]. To prevent infection prolonged contact with
potentially contaminated soils can be averted by wearing clothing and shoes, and
sitting on mats.
The total distribution of infection through the community did not change
following the first MDA at month 0, with only two fewer households showing no
cases of infection at month 12 compared to month 0 (n=83 and n=85 respectively). In
addition, less than one third (31%) of households with infection at month 0 were
clear of infection at month 12. However, there was a significant change in the
household distribution and prevalence of each infection between month 0 and month
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12, with an increase in scabies households from 23% to 35%, impetigo households
from 29% to 41% and a decrease in strongyloidiasis households from 60% to 45%.
At month 12 the prevalence of scabies increased by 275%, and impetigo by
50%. The distribution of infection however, did not increase at the same rate; 152%
increase for scabies, and 141% increase for impetigo. The proportion of multiple
case households however was significantly different. At month 0, multiple case
households accounted for 24% (n=7) of scabies households, and 36% (n=13) of
impetigo households, which increased to 51% (n=23) and 46% (n=28) respectively at
month 12. The increased proportion of multiple case households demonstrates the
importance of household treatment for both these infections. The increased
distribution, particularly of multiple case households of scabies and impetigo, and the
increased prevalence of these infections at month 12 was epidemiologically linked to
a presumptive crusted scabies participant. Crusted scabies infections act as core
transmitters within a community, significantly increasing population prevalence,
particularly where there are overcrowded living conditions [82, 83, 86].
Residents with scabies infections had a significantly increased risk of
impetigo at both month 0 and month 12 (month 0 RR 3.04, 95% CI 1.64, 5.66 and
month 12 RR 10.71, 95% CI 6.02, 19.07), as did residents with strongyloidiasis
having impetigo (month 0 RR 1.71, 95% CI 1.1, 2.65 and month 12
RR 2.5, 95% CI 1.29, 3.24). However, there was a high burden of non-scabies related
impetigo, with 56% of impetigo houses in month 0 and 38% in month 12 having no
scabies.
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Scabies mites are a risk factor for the development of impetigo as they create
burrows and excrete waste in the dermal layer causing an intense localised pruritus
[81, 82, 156] that provides an ideal environment for opportunistic bacterial infection
with GAS [81, 82, 156]. Scabies mites also release several proteins which inhibit
local white cell response and inhibit the immune reaction that limits proliferation of
bacterial colonies – most notably GAS [101, 102]. Non-scabies impetigo has been
reported commonly in the Pacific [67, 85, 86, 157], however the majority of impetigo
in Australian Indigenous communities has been underlined by scabies
[8, 121, 138, 156].
Strongyloidiasis can cause pruritus leading to skin breaches where GAS can
readily enter and cause infection [24, 72, 149]. The underlying potential of
strongyloidiasis being a risk factor for impetigo has not been explored in this context
and, as demonstrated by the increased risk ratios, it should be an important
consideration.
Of the 10 houses that were classroom contacts of the crusted scabies case at
month 12, none were identified as cluster households. Half of these priority
households experienced only a single case of infection, which was the same as nonpriority scabies households. In addition, the average proportion of residents infected
was the same between priority and non-priority households. This may suggest that
rather than classroom contacts [72, 94], it was household contacts of the index case
that were the primary transmission route of scabies. The high inter-house mobility
commonly seen within indigenous communities has been linked to increased local
spread of infections [6]. As the index case participated in this inter-house mobility it
is likely that this contributed to the increased spread through the community. With
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the household contacts of the index case also being mobile, all likely experienced a
higher mite burden in comparison to typical scabies cases.

Conclusion
The ability of the local Moran’s index to identify significant case clustering
in a small indigenous Australian community, despite the high distribution masking
global clustering trends, clearly demonstrates its potential utility in public health
policy. As local cluster analyses include neighbouring households within a defined
radius, the identification of a cluster household means a high likelihood of the
immediate neighbours also having a high burden of infection. From a public health
perspective, this indicates that if cluster households are identified, neighbouring
households should also be screened.
The overlap in infection clusters occurring within the same household, and
the presence of all three infections within the majority of clusters demonstrates that
these three infections infect a similar cohort, in terms of age and crowding status.
Households where multiple cases of one infection was present were more likely to
have all three infections present.
The large increase in prevalence of scabies and impetigo, which was
concentrated within multiple case households, demonstrates the contagious nature of
these infections in crowded settings [8, 83, 86, 89]. Household treatment is current
best practice for scabies [79], but not for impetigo. The epidemiological link between
scabies and impetigo, the high correlation between clusters of each infection, the
concentrated increase within households at month 12, and previous research on the
importance of household treatment uptake [8] provides evidence to support
household contact treatment for impetigo.
67

Anecdotal evidence from discussions with health practitioners confirmed that
certain households consistently had infections, and when maps of infection
distribution were presented, areas of consistent heavy infection were identified as
‘run-down houses with lots of people and dogs’. The overlap between local
knowledge and the clustering identified through GIS suggests that targeted health
promotion and screening activities could be implemented where cluster households
are identified. This demonstrates the importance of an interdisciplinary and inclusive
approach when it comes to approaching a community for public health interventions.
Limitations
The use of nearest neighbour statistics and geospatial statistics as a whole in
this study are limited by the size and shape of the community itself. The community
is man-made and thus planned to avoid existing natural geographic features and
incorporate the location of water mains or other vital facilities, it cannot therefore
have a random spatial distribution. Therefore, due to the non-random spatial
arrangement of the buildings, for example buildings in close proximity due to
connection to a water main, or separated by a road, the distribution of disease is more
inclined to also exhibit clusters. The null hypothesis used for the nearest neighbour
statistic assumes that feature locations (households in this context) exhibit no
underlying process and are randomly distributed.
The spatial analysis did not normalise the number of cases present by the
number of residents, and therefore the existence of clusters cannot be used to draw
underlying aetiologic conclusions for these infections.
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Recommendations
1: Targeting public health interventions at cluster households.
A targeted public health intervention at cluster households is an alternative, cost
effective, option to community-wide MDA’s. Local knowledge of disease occurrence
corroborated with the identification of local clusters, therefore targeted interventions
should also include consulation with community members.
2: Incorporation of GIS into health software
Incorporating GIS software into existing health systems in communities
would allow efficient identification and monitoring of interventions or outbreaks
within the community. Fast identification and treatment of cluster households has the
potential to reduce community prevalence of infection by one third, with flow on
effects of reduced incidence through interruption of transmission vectors.
3: Screening of household contacts
Cluster households and multiple case households had a high risk of coinfection, and similar age structures and levels of crowding. This suggests that in
multiple case households with excessive cases, screening should also be conducted
for other infections.
4: Household level treatment
Household treatment is current best practice for scabies, but not
strongyloidiasis or impetigo. When prevalence of community infection was high,
half of all infected households contained multiple cases. This, in conjunction with the
high prevalence of serious sequlae from these infections in indigenous Australians,
warrants treatment of household contacts for each infection.
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