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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 
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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 
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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 
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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 
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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, 33-

35]. 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]. 
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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] 

Australia 

 

* 

* 

* 

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 

11.6% 

 

18% 

26% 

24% 

[46] 

 

[40] 

[41] 

[42] 

Brazil 

** 

Single stool examined by Baermann-Moraes 

Single stool examined by either Baermann or 

Hoffman or Ritchie 

5.6% 

5% 

[47] 

[48] 

Cambodia 

 

 

 

*** 

 

**** 

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 

Single stool examined by microscopy 

44.7% 

 

21% 

 

24.4% 

 

2.6% 

[49] 

 

[50] 

 

[32] 

 

[51] 

China 
Two samples examined by Kato Katz and KAP and 

Baermann and an ether concentration technique 
11.7% [52] 

Chile ***** Single serum or total blood sample for ELISA 12.1% [34] 

Cote d’Ivoire 
Single stool examined by Kato Katz and Baermann 

and KAP 
12.7% [53] 

Laos 
Single stool examined by Formalin ether 

concentration and microscopy 
8.9% [54] 

Peru 

Single stool examined by modified Baermann and 

simple sedimentation and KAP 

Single blood sample examined by ELISA 

8.7% 

 

72% 

[35] 

KAP – Koga Agar Plate culture 

* immigrant population sample 

** elderly population sample 

*** primary school children 

 

**** children presenting with abdominal complaints 

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

***** 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 
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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 non-

ovicidal) and has been demonstrated to be as effective as topical creams [107, 109-

112]. 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 

 

Authors 

 

Year Published 

Search strategy 

Prevalence and epidemiology of intestinal parasitism, as revealed by 

three distinct techniques in an endemic area in the Brazilian Amazon 

Valverde J, Gomes-Silva A, De Carvalho Moreira C, Leles De Souza D, 

Jaeger L, Martins P, Meneses V, Bóia M, Carvalho-Costa F 

2011 

Clustering search term Pubmed 

2. Title 

 

 

Authors 

Year Published 

Search strategy 

Community management of endemic scabies in remote aboriginal 

communities of northern Australia: low treatment uptake and high 

ongoing acquisition 

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

2009 

Household search term Pubmed 

3. Title 

 

 

Authors 

Year Published 

Search strategy 

Gambling, housing conditions, community contexts and child health 

in remote indigenous communities in the Northern Territory, 

Australia 

Stevens M, Bailie R 

2012 

Clustering search term Informit 

4. Title 

 

Authors 

 

Year Published 

Search strategy 

The effect of antibacterial soap on impetigo incidence, Karachi, 

Pakistan 

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

Keswick BH 

2002 

Clustering search term Pubmed 
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5. Title 

 

 

Authors 

 

Year Published 

Search strategy 

Low rates of streptococcal pharyngitis and high rates of pyoderma in 

Australian aboriginal communities where acute rheumatic fever is 

hyperendemic 

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

JR 

2006 

Household search term Pubmed 

6. Title 

 

 

Authors 

 

Year Published 

Search strategy 

Skin infection, housing and social circumstances in children living in 

remote Indigenous communities: testing conceptual and 

methodological approaches. 

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

Guthridge S 

2005 

Household search term Pubmed 

7. Title 

 

Authors 

 

Year Published 

Search strategy 

The dynamic nature of group A streptococcal epidemiology in 

tropical communities with high rates of rheumatic heart disease. 

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

Carapetis J 

2008 

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, R
2
=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 co-

primary (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  

(r
2
 = 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 (r
2
 = 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 732771m
2
. 

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 (�̅�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. Seventy-

one (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 (%) 

Screened 125 128 146 

No infection 

identified 
40 (32) 45 (35) 35 

Infection present* 85 (68) 83 (66) 111 

- 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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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). 

 

 

Figure 5. Infection distribution at month 0 (left) and month 12 (right) 
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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 co-

morbid 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).  

 

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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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).  

 

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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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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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.  

Table 6. Residents and cases in household clusters at months 0 and 12 
 

  Number of cases in household  

 House Strongyloidiasis Scabies Impetigo 
Total 

Residents 

Month 

0 
a 4 1 1 9 

 b 7 3 3 25 

 c 3 2 2 21 

 d 2 1 2 9 

 e 3 1 2 12 

 f 5 1 0 23 

 g 3 0 3 18 

 h 2 4 4 13 

Mean  3.6 1.6 2.1 16.3 

Month 

12 
g 2 2 1 18 

 h 3 2 1 12 

 i 2 0 3 9 

 j 4 2 4 29 

 k 5 5 2 22 

 l 2 9 8 17 

 m 1 5 2 7 

 n 1 6 2 12 

 o 3 9 3 20 

 p 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 
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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 
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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 non-

priority 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. 
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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 co-

infection, 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. 



70 
 

References 

 

1. World Health Organization: First WHO report on neglected tropical diseases. In: 
Working to Overcome the Global Impact of Neglected Tropical Diseases Geneva: 
World Health Organization. France: WHO; 2010. 

2. Kline K, McCarthy JS, Pearson M, Loukas A, Hotez PJ: Neglected tropical diseases of 
Oceania: review of their prevalence, distribution, and opportunities for control. 
PLoS Negl Trop Dis 2013, 7(1):e1755. 

3. Clucas D, Carville K, Carapetis J, Andrews R: Burden of scabies and skin sores 
among children in remote east Arnhem Aboriginal communities of the Northern 
Territory. Australasian Epidemiologist 2006, 13(3):29. 

4. Clucas DB, Carville KS, Connors C, Currie BJ, Carapetis JR, Andrews RM: Disease 
burden and health-care clinic attendances for young children in remote Aboriginal 
communities of northern Australia. Bulletin of the World Health Organization 
2008, 86(4):275-281. 

5. World Health Organization: Investing to overcome the global impact of neglected 
tropical diseases: third WHO report on neglected diseases 2015. In. Edited by 
Holmes P. Geneva: World Health Organization; 2015. 

6. Bailie RS, Stevens MR, McDonald E, Halpin S, Brewster D, Robinson G, Guthridge S: 
Skin infection, housing and social circumstances in children living in remote 
Indigenous communities: testing conceptual and methodological approaches. 
BMC Public Health 2005, 5(1):128. 

7. Kearns T, Clucas D, Connors C, Currie BJ, Carapetis JR, Andrews RM: Clinic 
attendances during the first 12 months of life for Aboriginal children in five 
remote communities of northern Australia. PloS one 2013, 8(3):e58231. 

8. La Vincente S, Kearns T, Connors C, Cameron S, Carapetis J, Andrews R: Community 
management of endemic scabies in remote aboriginal communities of northern 
Australia: low treatment uptake and high ongoing acquisition. PLoS neglected 
tropical diseases 2009, 3(5):e444. 

9. Stevens M, Bailie R: Gambling, housing conditions, community contexts and child 
health in remote indigenous communities in the Northern Territory, Australia. 
BMC public health 2012, 12(1):377. 

10. Snow J: The cholera near Golden-square, and at Deptford. Medical Times and 
Gazette 1854, 9:321-322. 

11. Elliott P, Wartenberg D: Spatial epidemiology: current approaches and future 
challenges. Environmental health perspectives 2004:998-1006. 

12. Rezaeian M, Dunn G, Leger SS, Appleby L: The production and interpretation of 
disease maps. Social psychiatry and psychiatric epidemiology 2004, 39(12):947-954. 

13. Rezaeian M, Dunn G, St Leger S, Appleby L: Geographical epidemiology, spatial 
analysis and geographical information systems: a multidisciplinary glossary. 
Journal of epidemiology and community health 2007, 61(2):98-102. 

14. Organisation WH: Disease Mapping and Risk assessment for Public Health decision 
making. Report on a WHO workshop. In. Rome: WHO Regional Office for Europe; 
1997. 

15. Tobler WR: A computer movie simulating urban growth in the Detroit region. 
Economic geography 1970, 46(sup1):234-240. 

16. Jacquez GM: Spatial cluster analysis. The handbook of geographic information 
science 2008, 395:416. 



71 
 

17. De Smith MJ, Goodchild MF, Longley P: Geospatial analysis: a comprehensive 
guide to principles, techniques and software tools: Troubador Publishing Ltd; 
2007. 

18. Arslan O, Cepni M, Etiler N: Spatial analysis of perinatal mortality rates with 
geographic information systems in Kocaeli, Turkey. public health 2013, 127(4):369-
379. 

19. Idrovo AJ: Three criteria for ecological fallacy. Environmental health perspectives 
2011, 119(8):a332. 

20. Olsen A, van Lieshout L, Marti H, Polderman T, Polman K, Steinmann P, Stothard R, 
Thybo S, Verweij JJ, Magnussen P: Strongyloidiasis – the most neglected of the 
neglected tropical diseases? Transactions of The Royal Society of Tropical Medicine 
and Hygiene 2009, 103(10):967-972. 

21. Bisoffi Z, Buonfrate D, Montresor A, Requena-Méndez A, Muñoz J, Krolewiecki AJ, 
Gotuzzo E, Mena MA, Chiodini PL, Anselmi M: Strongyloides stercoralis: a plea for 
action. PLoS neglected tropical diseases 2013, 7(5):e2214. 

22. Mirdha B: Human strongyloidiasis: often brushed under the carpet. Tropical 
Gastroenterology 2010, 30(1):1-4. 

23. Johnston FH, Morris PS, Speare R, McCarthy J, Currie B, Ewald D, Page W, Dempsey 
K: Strongyloidiasis: a review of the evidence for Australian practitioners. 
Australian Journal of Rural Health 2005, 13(4):247-254. 

24. Ericsson CD, Steffen R, Siddiqui AA, Berk SL: Diagnosis of Strongyloides stercoralis 
infection. Clinical Infectious Diseases 2001, 33(7):1040-1047. 

25. Shield JM, Page W: Effective Diagnostic Tests and Anthelmintic Treatment 
for'Strongyloides Stercoralis' Make Community Control Feasible. Papua New 
Guinea Medical Journal 2008, 51(3/4):105. 

26. Einsiedel L, Spelman T, Goeman E, Cassar O, Arundell M, Gessain A: Clinical 
Associations of Human T-Lymphotropic Virus Type 1 Infection in an Indigenous 
Australian Population. PLoS neglected tropical diseases 2014, 8(1):e2643. 

27. Croker C, Reporter R, Redelings M, Mascola L: Strongyloidiasis-related deaths in 
the United States, 1991–2006. The American journal of tropical medicine and 
hygiene 2010, 83(2):422-426. 

28. Parasites - Strongyloidiasis - Biology [http://www.cdc.gov/dpdx/strongyloidiasis/] 
29. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, Hotez PJ: Soil-

transmitted helminth infections: ascariasis, trichuriasis, and hookworm. The 
Lancet 2006, 367(9521):1521-1532. 

30. Aamodt G, Samuelsen SO, Skrondal A: A simulation study of three methods for 
detecting disease clusters. International Journal of Health Geographics 2006, 5(15). 

31. Uparanukraw P, Phongsri S, Morakote N: Fluctuations of larval excretion in 
Strongyloides stercoralis infection. The American journal of tropical medicine and 
hygiene 1999, 60(6):967-973. 

32. Khieu V, Schär F, Marti H, Sayasone S, Duong S, Muth S, Odermatt P: Diagnosis, 
treatment and risk factors of Strongyloides stercoralis in schoolchildren in 
Cambodia. PLoS neglected tropical diseases 2013, 7(2):e2035. 

33. van Doorn HR, Koelewijn R, Hofwegen H, Gilis H, Wetsteyn JC, Wismans PJ, Sarfati 
C, Vervoort T, van Gool T: Use of enzyme-linked immunosorbent assay and 
dipstick assay for detection of Strongyloides stercoralis infection in humans. 
Journal of clinical microbiology 2007, 45(2):438-442. 

34. Mercado R, Jercic MI, Alcayaga S, Paula FMd, Ueta MT, Costa-Cruz JM: 
Seroepidemiological aspects of human Strongyloides stercoralis infections in 
Chile. Revista do Instituto de Medicina Tropical de São Paulo 2007, 49(4):247-249. 

35. Yori PP, Kosek M, Gilman RH, Cordova J, Bern C, Chavez CB, Olortegui MP, 
Montalvan C, Sanchez GM, Worthen B: Seroepidemiology of strongyloidiasis in the 



72 
 

Peruvian Amazon. The American journal of tropical medicine and hygiene 2006, 
74(1):97-102. 

36. Norsyahida A, Riazi M, Sadjjadi S, Muhammad Hafiznur Y, Low H, Zeehaida M, 
Noordin R: Laboratory detection of strongyloidiasis: IgG‐, IgG4‐and IgE‐ELISAs and 
cross‐reactivity with lymphatic filariasis. Parasite immunology 2013, 35(5-6):174-
179. 

37. Page WA, Dempsey K, McCarthy JS: Utility of serological follow-up of chronic 
strongyloidiasis after anthelminthic chemotherapy. Transactions of the Royal 
Society of Tropical Medicine and Hygiene 2006, 100(11):1056-1062. 

38. Adams M, Page W, Speare R: Strongyloidiasis: an issue in Aboriginal communities. 
Rural and remote health 2003, 3:152. 

39. Beknazarova M, Whiley H, Ross K: Strongyloidiasis: A Disease of Socioeconomic 
Disadvantage. International journal of environmental research and public health 
2016, 13(5):517. 

40. Gibney KB, Mihrshahi S, Torresi J, Marshall C, Leder K, Biggs B-A: The profile of 
health problems in African immigrants attending an infectious disease unit in 
Melbourne, Australia. The American journal of tropical medicine and hygiene 2009, 
80(5):805-811. 

41. Chaves NJ, Gibney KB, Leder K, O’brien DP, Marshall C, Biggs B-A: Screening 
practices for infectious diseases among Burmese refugees in Australia. Emerging 
infectious diseases 2009, 15(11):1769. 

42. De Silva S, Saykao P, Kelly H, MacIntyre C, Ryan N, Leydon J, Biggs B: Chronic 
Strongyloides stercoralis infection in Laotian immigrants and refugees 7–20 years 
after resettlement in Australia. Epidemiology and infection 2002, 128(03):439-444. 

43. Posey DL, Blackburn BG, Weinberg M, Flagg EW, Ortega L, Wilson M, Secor WE, 
Sanders-Lewis K, Won K, Maguire JH: High prevalence and presumptive treatment 
of schistosomiasis and strongyloidiasis among African refugees. Clinical infectious 
diseases 2007, 45(10):1310-1315. 

44. Kearns T: Scabies and strongyloidiasis prevalence before and after a mass drug 
administration in a remote Aboriginal community in the Northern Territory. 
Charles Darwin University; 2013. 

45. Barnes GL, Uren E, Stevens KB, Bishop RF: Etiology of acute gastroenteritis in 
hospitalized children in Melbourne, Australia, from April 1980 to March 1993. 
Journal of clinical microbiology 1998, 36(1):133-138. 

46. Rahmanian H, MacFarlane AC, Rowland KE, Einsiedel LJ, Neuhaus SJ: 
Seroprevalence of Strongyloides stercoralis in a South Australian Vietnam veteran 
cohort. Australian and New Zealand journal of public health 2015. 

47. Valverde J, Gomes-Silva A, De Carvalho Moreira C, Leles De Souza D, Jaeger L, 
Martins P, Meneses V, Bóia M, Carvalho-Costa F: Prevalence and epidemiology of 
intestinal parasitism, as revealed by three distinct techniques in an endemic area 
in the Brazilian Amazon. Annals of Tropical Medicine & Parasitology 2011, 
105(6):413-424. 

48. Naves MM, Costa-Cruz JM: High prevalence of Strongyloides stercoralis infection 
among the elderly in Brazil. Revista do Instituto de Medicina Tropical de São Paulo 
2013, 55(5):309-313. 

49. Khieu V, Schär F, Forrer A, Hattendorf J, Marti H, Duong S, Vounatsou P, Muth S, 
Odermatt P: High prevalence and spatial distribution of Strongyloides stercoralis 
in Rural Cambodia. PLoS neglected tropical diseases 2014, 8(6):e2854. 

50. Khieu V, Schär F, Marti H, Bless PJ, Char MC, Muth S, Odermatt P: Prevalence and 
risk factors of Strongyloides stercoralis in Takeo Province, Cambodia. Parasit 
Vectors 2014, 7(1):221. 



73 
 

51. Moore CE, Hor PC, Soeng S, Sun S, Lee SJ, Parry CM, Day NP, Stoesser N: Changing 
patterns of gastrointestinal parasite infections in Cambodian children: 2006–
2011. Journal of tropical pediatrics 2012, 58(6):509-512. 

52. Steinmann P, Zhou X-N, Du Z-W, Jiang J-Y, Wang L-B, Wang X-Z, Li L-H, Marti H, 
Utzinger J: Occurrence of Strongyloides stercoralis in Yunnan Province, China, and 
comparison of diagnostic methods. PLoS neglected tropical diseases 2007, 
1(1):e75. 

53. Becker SL, Sieto B, Silué KD, Adjossan L, Koné S, Hatz C, Kern WV, N'Goran EK, 
Utzinger J: Diagnosis, clinical features, and self-reported morbidity of 
Strongyloides stercoralis and hookworm infection in a co-endemic setting. PLoS 
neglected tropical diseases 2011, 5(8):e1292. 

54. Conlan JV, Khamlome B, Vongxay K, Elliot A, Pallant L, Sripa B, Blacksell SD, Fenwick 
S, Thompson RA: Soil-transmitted helminthiasis in Laos: a community-wide cross-
sectional study of humans and dogs in a mass drug administration environment. 
The American journal of tropical medicine and hygiene 2012, 86(4):624-634. 

55. Mascarello M, Gobbi F, Angheben A, Gobbo M, Gaiera G, Pegoraro M, Lanzafame 
M, Buonfrate D, Concia E, Bisoffi Z: Prevalence of Strongyloides stercoralis 
infection among HIV-positive immigrants attending two Italian hospitals, from 
2000 to 2009. Annals of Tropical Medicine & Parasitology 2011, 105(8):617-623. 

56. Nabha L, Krishnan S, Ramanathan R, Mejia R, Roby G, Sheikh V, Mcauliffe I, Nutman 
T, Sereti I: Prevalence of Strongyloides stercoralis in an urban US AIDS cohort. 
Pathogens and global health 2012, 106(4):238-244. 

57. Roman-Sanchez P, Pastor-Guzman A, Moreno-Guillen S, Igual-Adell R, ER-
GENEROSO SS, Tornero-Estebanez C: High prevalence of Strongyloides stercoralis 
among farm workers on the Mediterranean coast of Spain: analysis of the 
predictive factors of infection in developed countries. The American journal of 
tropical medicine and hygiene 2003, 69(3):336-340. 

58. Shokri A, Sarasiabi KS, Teshnizi SH, Mahmoodi H: Prevalence of Strongyloides 
stercoralis and other intestinal parasitic infections among mentally retarded 
residents in central institution of southern Iran. Asian Pacific journal of tropical 
biomedicine 2012, 2(2):88-91. 

59. Bachewar NP, Thawani VR, Mali SN, Gharpure KJ, Shingade VP, Dakhale GN: 
Comparison of safety, efficacy, and cost effectiveness of benzyl benzoate, 
permethrin, and ivermectin in patients of scabies. Indian journal of pharmacology 
2009, 41(1):9. 

60. Feitosa G, Bandeira AC, Sampaio DP, Badaró R, Brites C: High prevalence of 
giardiasis and strongyloidiasis among HIV-infected patients in Bahia, Brazil. 
Brazilian Journal of Infectious Diseases 2001, 5(6):339-344. 

61. Siegel MO, Simon GL: Is human immunodeficiency virus infection a risk factor for 
Strongyloides stercoralis hyperinfection and dissemination. PLoS neglected 
tropical diseases 2012, 6(7):e1581. 

62. Keiser PB, Nutman TB: Strongyloides stercoralis in the immunocompromised 
population. Clinical Microbiology Reviews 2004, 17(1):208-217. 

63. Chordia P, Christopher S, Abraham O, Muliyil J, Kang G, Ajjampur S: Risk factors for 
acquiring Strongyloides stercoralis infection among patients attending a tertiary 
hospital in south India. 2011. 

64. Marques CC, da Penha Zago-Gomes M, Gonçalves CS, Pereira FEL: Alcoholism and 
Strongyloides stercoralis: daily ethanol ingestion has a positive correlation with 
the frequency of Strongyloides larvae in the stools. PLoS neglected tropical 
diseases 2010, 4(6):e717. 



74 
 

65. Oliveira LCMd, Ribeiro CT, Mendes DdM, Oliveira TC, Costa-Cruz JM: Frequency of 
Strongyloides stercoralis infection in alcoholics. Memórias do Instituto Oswaldo 
Cruz 2002, 97(1):119-121. 

66. Khieu V, Srey S, Schär F, Muth S, Marti H, Odermatt P: Strongyloides stercoralis is a 
cause of abdominal pain, diarrhea and urticaria in rural Cambodia. BMC research 
notes 2013, 6(1):200. 

67. Romani L, Koroivueta J, Steer AC, Kama M, Kaldor JM, Wand H, Hamid M, Whitfeld 
MJ: Scabies and impetigo prevalence and risk factors in fiji: a national survey. 
PLoS neglected tropical diseases 2015, 9(3):e0003452-e0003452. 

68. Carvalho E, Da Fonseca Porto A: Epidemiological and clinical interaction between 
HTLV‐1 and Strongyloides stercoralis. Parasite immunology 2004, 26(11‐12):487-
497. 

69. Hirata T, Uchima N, Kishimoto K, Zaha O, Kinjo N, Hokama A, Sakugawa H, Kinjo F, 
Fujita J: Impairment of host immune response against Strongyloides stercoralis by 
human T cell lymphotropic virus type 1 infection. The American journal of tropical 
medicine and hygiene 2006, 74(2):246-249. 

70. Jongwutiwes U, Waywa D, Silpasakorn S, Wanachiwanawin D, Suputtamongkol Y: 
Prevalence and risk factors of acquiring Strongyloides stercoralis infection among 
patients attending a tertiary hospital in Thailand. Pathogens and global health 
2014, 108(3):137-140. 

71. Gastrointestinal Helminths - Antibiotics 
[https://tgldcdp.tg.org.au/viewTopic?topicfile=gastrointestinal-
helminths&guidelineName=Antibiotic#toc_d1e204] 

72. Page W, Shield J: Strongyloidiasis-an update on best practice. Journal for 
Community Nurses 2005, 10(2):15. 

73. Suputtamongkol Y, Premasathian N, Bhumimuang K, Waywa D, Nilganuwong S, 
Karuphong E, Anekthananon T, Wanachiwanawin D, Silpasakorn S: Efficacy and 
safety of single and double doses of ivermectin versus 7-day high dose 
albendazole for chronic strongyloidiasis. PLoS neglected tropical diseases 2011, 
5(5):e1044. 

74. Stuart MC, Kouimtzi M, Hill S: WHO model formulary 2008: World Health 
Organization; 2009. 

75. Kline K, McCarthy JS, Pearson M, Loukas A, Hotez PJ: Neglected tropical diseases of 
Oceania: review of their prevalence, distribution, and opportunities for control. 
Plos neglected tropical diseases 2013, 7(1):e1755. 

76. Knopp S, Mohammed KA, Stothard JR, Khamis IS, Rollinson D, Marti H, Utzinger J: 
Patterns and risk factors of helminthiasis and anemia in a rural and a peri-urban 
community in Zanzibar, in the context of helminth control programs. PLoS 
neglected tropical diseases 2010, 4(5):e681. 

77. Mohammed KA, Deb RM, Stanton MC, Molyneux DH: Soil transmitted helminths 
and scabies in Zanzibar, Tanzania following mass drug administration for 
lymphatic filariasis—a rapid assessment methodology to assess impact. Parasit 
Vectors 2012, 5:299. 

78. Schär F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H, Vounatsou P, Odermatt 
P: Strongyloides stercoralis: global distribution and risk factors. PLoS neglected 
tropical diseases 2013, 7(7):e2288. 

79. Central Australian Rural Practitioners Association: CARPA standard treatment 
manual, 6th edn: Central Australian Rural Practitioners Association; 2014. 

80. Engelman D, Kiang K, Chosidow O, McCarthy J, Fuller C, Lammie P, Hay R, Steer A, 
Scabies motIAftCo: Toward the global control of human scabies: introducing the 
International Alliance for the Control of Scabies. PLoS neglected tropical diseases 
2013, 7(8):e2167. 



75 
 

81. McCarthy J, Kemp DJ, Walton SF, Currie BJ: Scabies: more than just an irritation. 
Postgraduate medical journal 2004, 80(945):382-387. 

82. Heukelbach J, Feldmeier H: Scabies. The Lancet 2006, 367(9524):1767-1774. 
83. Hay RJ, Steer AC, Engelman D, Walton S: Scabies in the developing world–-its 

prevalence, complications, and management. Clinical Microbiology and Infection 
2012, 18(4):313-323. 

84. dos Santos MM, Amaral S, Harmen SP, Joseph HM, Fernandes JL, Counahan ML: 
The prevalence of common skin infections in four districts in Timor-Leste: a cross 
sectional survey. BMC infectious diseases 2010, 10(1):61. 

85. Lawrence G, Leafasia J, Sheridan J, Hills S, Wate J, Wate C, Montgomery J, Pandeya 
N, Purdie D: Control of scabies, skin sores and haematuria in children in the 
Solomon Islands: another role for ivermectin. Bulletin of the World Health 
Organization 2005, 83(1):34-42. 

86. Romani L, Steer AC, Whitfeld MJ, Kaldor JM: Prevalence of scabies and impetigo 
worldwide: a systematic review. The Lancet Infectious Diseases 2015, 15(8):960-
967. 

87. El‐Khateeb EA, Lotfi RA, Abdel‐Aziz KM, El‐Shiekh SE: Prevalences of skin diseases 
among primary schoolchildren in Damietta, Egypt. International journal of 
dermatology 2014, 53(5):609-616. 

88. Makigami K, Ohtaki N, Yasumura S: A 35‐month prospective study on onset of 
scabies in a psychiatric hospital: Discussion on patient transfer and incubation 
period. The Journal of dermatology 2012, 39(2):160-163. 

89. Talukder K, Talukder M, Farooque M, Khairul M, Sharmin F, Jerin I, Rahman M: 
Controlling scabies in madrasahs (Islamic religious schools) in Bangladesh. Public 
health 2013, 127(1):83-91. 

90. Anwar K, Karim S, Mollah M: Socio-Demographic Characteristics of Children 
Infested with Community Acquired Scabies in Densely Populated Residential 
Institutions in Dhaka, Bangladesh. Pediatric Research 2011, 70:292-292. 

91. Scheinfeld N: Controlling scabies in institutional settings. American journal of 
clinical dermatology 2004, 5(1):31-37. 

92. Control CfD: Scabies. In. Edited by Health Do. Darwin, Australia; 2015. 
93. McMeniman E, Holden L, Kearns T, Clucas DB, Carapetis JR, Currie BJ, Connors C, 

Andrews RM: Skin disease in the first two years of life in Aboriginal children in 
East Arnhem Land. Australasian Journal of Dermatology 2011, 52(4):270-273. 

94. Firth N: The scourge of scabies. Australian Pharmacist 2011, 30(1):36. 
95. American Public Health Association: Control of Communicable Diseases Manual, 

19th edn: American Public Health Association; 2008. 
96. Parasites - Scabies - Biology [http://www.cdc.gov/parasites/scabies/biology.html] 
97. Hay R, Steer A, Engelman D, Walton S: Scabies in the developing world—its 

prevalence, complications, and management. Clinical Microbiology and Infection 
2012, 18(4):313-323. 

98. Hegab DS, Kato AM, Kabbash IA, Dabish GM: Scabies among primary 
schoolchildren in Egypt: sociomedical environmental study in Kafr El-Sheikh 
administrative area. Clinical, cosmetic and investigational dermatology 2015, 
8:105. 

99. Sladden MJ, Johnston GA: Common skin infections in children. BMJ 2004, 
329(7457):95-99. 

100. Jenney A, Holt D, Ritika R, Southwell P, Pravin S, Buadromo E, Carapetis J, Tong S, 
Steer A: The clinical and molecular epidemiology of Staphylococcus aureus 
infections in Fiji. BMC infectious diseases 2014, 14(1):160. 

101. Mika A, Reynolds SL, Pickering D, McMillan D, Sriprakash KS, Kemp DJ, Fischer K: 
Complement inhibitors from scabies mites promote streptococcal growth–a novel 



76 
 

mechanism in infected epidermis? PLoS neglected tropical diseases 2012, 
6(7):e1563. 

102. Swe PM, Fischer K: A scabies mite serpin interferes with complement-mediated 
neutrophil functions and promotes staphylococcal growth. PLoS neglected tropical 
diseases 2014, 8(6):e2928. 

103. Karthikeyan K: Crusted scabies. Indian Journal of Dermatology, Venereology, and 
Leprology 2009, 75(4):340. 

104. Lokuge B, Kopczynski A, Woltmann A, Alvoen F, Connors C, Guyula T, Mulholland E, 
Cran S, Foster T, Lokuge K: Crusted scabies in remote Australia, a new way 
forward: lessons and outcomes from the East Arnhem Scabies Control Program. 
The Medical journal of Australia 2014, 200(11):644-648. 

105. Roberts L, Huffam S, Walton SF, Currie BJ: Crusted scabies: clinical and 
immunological findings in seventy-eight patients and a review of the literature. 
Journal of Infection 2005, 50(5):375-381. 

106. Gilmore SJ: Control strategies for endemic childhood scabies. PloS one 2011, 
6(1):e15990. 

107. Brooks P, Grace R: Ivermectin is better than benzyl benzoate for childhood scabies 
in developing countries. Journal of paediatrics and child health 2002, 38(4):401-
404. 

108. Sule HM, Thacher TD: Comparison of ivermectin and benzyl benzoate lotion for 
scabies in Nigerian patients. The American journal of tropical medicine and hygiene 
2007, 76(2):392-395. 

109. Chhaiya SB, Patel VJ, Dave JN, Mehta DS, Shah HA: Comparative efficacy and safety 
of topical permethrin, topical ivermectin, and oral ivermectin in patients of 
uncomplicated scabies. Indian Journal of Dermatology, Venereology, and Leprology 
2012, 78(5):605. 

110. Engelman D, Martin DL, Hay RJ, Chosidow O, McCarthy JS, Fuller LC, Steer AC: 
Opportunities to investigate the effects of ivermectin mass drug administration 
on scabies. Parasites & vectors 2013, 6(1):106. 

111. Sharma R, Singal A: Topical permethrin and oral ivermectin in the management of 
scabies: a prospective, randomized, double blind, controlled study. Indian Journal 
of Dermatology, Venereology, and Leprology 2011, 77(5):581. 

112. Strong M, Johnstone P: Interventions for treating scabies. The Cochrane Library 
2007. 

113. Empinotti JC, Uyeda H, Ruaro RT, Galhardo AP, Bonatto DC: Pyodermitis. Anais 
brasileiros de dermatologia 2012, 87(2):277-284. 

114. Pereira LB: Impetigo-review. Anais brasileiros de dermatologia 2014, 89(2):293-
299. 

115. Cunningham MW: Pathogenesis of group A streptococcal infections. Clinical 
microbiology reviews 2000, 13(3):470-511. 

116. Elliot AJ, Cross KW, Smith GE, Burgess IF, Fleming DM: The association between 
impetigo, insect bites and air temperature: a retrospective 5-year study (1999–
2003) using morbidity data collected from a sentinel general practice network 
database. Family practice 2006, 23(5):490-496. 

117. Bessen DE, Carapetis JR, Beall B, Katz R, Hibble M, Currie BJ, Collingridge T, Izzo 
MW, Scaramuzzino DA, Sriprakash KS: Contrasting molecular epidemiology of 
group A streptococci causing tropical and nontropical infections of the skin and 
throat. Journal of Infectious Diseases 2000, 182(4):1109-1116. 

118. Bowen AC, Tong SY, Chatfield MD, Carapetis JR: The microbiology of impetigo in 
Indigenous children: associations between Streptococcus pyogenes, 
Staphylococcus aureus, scabies, and nasal carriage. BMC infectious diseases 2014, 
14(1):727. 



77 
 

119. Parnaby MG, Carapetis JR: Rheumatic fever in indigenous Australian children. 
Journal of paediatrics and child health 2010, 46(9):527-533. 

120. Andrews RM, Kearns T, Connors C, Parker C, Carville K, Currie BJ, Carapetis JR: A 
regional initiative to reduce skin infections amongst aboriginal children living in 
remote communities of the Northern Territory, Australia. PLoS neglected tropical 
diseases 2009, 3(11):e554. 

121. Currie BJ, Carapetis JR: Skin infections and infestations in Aboriginal communities 
in northern Australia. Australasian Journal of Dermatology 2000, 41(3):139-143. 

122. Spurling G, Askew D, King D, Mitchell GK: Bacterial Skin Infections: An 
Observational Study. Australian family physician 2009, 38(7):547. 

123. Bowen AC, Mahé A, Hay RJ, Andrews RM, Steer AC, Tong SY, Carapetis JR: The 
Global Epidemiology of Impetigo: A Systematic Review of the Population 
Prevalence of Impetigo and Pyoderma. PloS one 2015, 10(8):e0136789. 

124. Luby S, Agboatwalla M, Schnell BM, Hoekstra RM, Rahbar MH, Keswick BH: The 
effect of antibacterial soap on impetigo incidence, Karachi, Pakistan. The 
American journal of tropical medicine and hygiene 2002, 67(4):430-435. 

125. Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, Hoekstra RM: 
Effect of handwashing on child health: a randomised controlled trial. The Lancet 
2005, 366(9481):225-233. 

126. George A, Rubin G: A systematic review and meta-analysis of treatments for 
impetigo. British journal of general practice 2003, 53(491):480-487. 

127. Koning S, Verhagen AP, van Suijlekom‐Smit LW, Morris AD, Butler C, van der 
Wouden JC: Interventions for impetigo. In: The Cochrane Database of Systematic 
Reviews. 2003. 

128. Cole C, Gazewood J: Diagnosis and treatment of impetigo. Am Fam Physician 2007, 
75(6):859-864. 

129. Kumar R, Chakraborti A, Aggarwal A, Vohra H, Sagar V, Dhanda V, Sharma Y, 
Majumdar S, Hoe N, Krause R: Streptococcus pyogenes pharyngitis & impetigo in a 
rural area of Panchkula district in Haryana, India. The Indian journal of medical 
research 2012, 135(1):133. 

130. Iovino SM, Krantz KD, Blanco DM, Fernández JA, Ocampo N, Najafi A, Memarzadeh 
B, Celeri C, Debabov D, Khosrovi B: NVC-422 topical gel for the treatment of 
impetigo. International journal of clinical and experimental pathology 2011, 
4(6):587. 

131. Smeesters PR, Vergison A, Campos D, De Aguiar E, Deyi VYM, Van Melderen L: 
Differences between Belgian and Brazilian group A Streptococcus epidemiologic 
landscape. PLoS One 2006, 1(1):e10. 

132. Valery PC, Wenitong M, Clements V, Sheel M, McMillan D, Stirling J, Sriprakash K, 
Batzloff M, Vohra R, McCarthy JS: Skin infections among Indigenous Australians in 
an urban setting in far North Queensland. Epidemiology and infection 2008, 
136(08):1103-1108. 

133. Tong SY, Andrews RM, Kearns T, Gundjirryirr R, McDonald MI, Currie BJ, Carapetis 
JR: Trimethoprim‐sulfamethoxazole compared with benzathine penicillin for 
treatment of impetigo in Aboriginal children: A pilot randomised controlled trial. 
Journal of paediatrics and child health 2010, 46(3):131-133. 

134. Tong SY, McDonald MI, Holt DC, Currie BJ: Global implications of the emergence of 
community-associated methicillin-resistant Staphylococcus aureus in indigenous 
populations. Clinical infectious diseases 2008, 46(12):1871-1878. 

135. Nakaminami H, Noguchi N, Ikeda M, Hasui M, Sato M, Yamamoto S, Yoshida T, 
Asano T, Senoue M, Sasatsu M: Molecular epidemiology and antimicrobial 
susceptibilities of 273 exfoliative toxin-encoding-gene-positive Staphylococcus 



78 
 

aureus isolates from patients with impetigo in Japan. Journal of medical 
microbiology 2008, 57(10):1251-1258. 

136. Patel JB, Gorwitz RJ, Jernigan JA: Mupirocin resistance. Clinical infectious diseases 
2009, 49(6):935-941. 

137. FitzGerald D, Grainger RJ, Reid A: Interventions for preventing the spread of 
infestation in close contacts of people with scabies. In: The Cochrane Database of 
Systematic Review. 2014. 

138. McDonald MI, Towers RJ, Andrews RM, Benger N, Currie BJ, Carapetis JR: Low rates 
of streptococcal pharyngitis and high rates of pyoderma in Australian aboriginal 
communities where acute rheumatic fever is hyperendemic. Clinical infectious 
diseases 2006, 43(6):683-689. 

139. McDonald M, Towers R, Andrews R, Benger N, Fagan P, Currie B, Carapetis J: The 
dynamic nature of group A streptococcal epidemiology in tropical communities 
with high rates of rheumatic heart disease. Epidemiology and infection 2008, 
136(04):529-539. 

140. Kearns TM, Speare R, Cheng AC, McCarthy J, Carapetis JR, Holt DC, Currie BJ, Page 
W, Shield J, Gundjirryirr R: Impact of an ivermectin mass drug administration on 
scabies prevalence in a remote Australian Aboriginal community. PLoS Negl Trop 
Dis 2015, 9(10):e0004151. 

141. Statistics ABo: 2011 Census. In. Edited by Statistics ABo; 2011. 
142. Kearns T: A before and after study of scabies and strongyloidiasis prevalence in a 

remote Aboriginal community following the introduction of an ivermectin mass 
drug administration (MDA) delivered at months 0 and 12. In. Northern Territory, 
Australia: Northern Territory Research and Innovation Board; 2009. 

143. Statacorp: Stata Statistical Software: Release 14. In. College station, TX: StataCorp 
LP; 2015. 

144. Google: Google Maps. In. Mountain View, CA; 2015. 
145. ESRI: ArcGIS 10.3. In. Redlands, CA, USA: ESRI; 2014. 
146. Microsoft: Microsoft Office - Excel. In. Redmond, WA: Microsoft; 2013. 
147. Gray A: Definitions of crowding and the effects of crowding on health: A literature 

review: Ministry of Social Policy; 2001. 
148. McDonald E, Bailie R, Grace J, Brewster D: A case study of physical and social 

barriers to hygiene and child growth in remote Australian Aboriginal 
communities. BMC Public Health 2009, 9(1):346. 

149. Olsen A, van Lieshout L, Marti H, Polderman T, Polman K, Steinmann P, Stothard R, 
Thybo S, Verweij JJ, Magnussen P: Strongyloidiasis–the most neglected of the 
neglected tropical diseases? Transactions of the Royal Society of Tropical Medicine 
and Hygiene 2009, 103(10):967-972. 

150. Dantas-Torres F, Otranto D: Dogs, cats, parasites, and humans in Brazil: opening 
the black box. Parasit Vectors 2014, 7:22. 

151. Zanzani SA, Di Cerbo AR, Gazzonis AL, Genchi M, Rinaldi L, Musella V, Cringoli G, 
Manfredi MT: Canine Fecal Contamination in a Metropolitan Area (Milan, North-
Western Italy): Prevalence of Intestinal Parasites and Evaluation of Health Risks. 
The Scientific World Journal 2014, 2014. 

152. Gaunt MC, Carr AP: A survey of intestinal parasites in dogs from Saskatoon, 
Saskatchewan. The Canadian Veterinary Journal 2011, 52(5):497. 

153. Walton SF, Choy JL, Bonson A, Valle A, McBroom J, Taplin D, Arlian L, Mathews JD, 
Currie B, Kemp DJ: Genetically distinct dog-derived and human-derived Sarcoptes 
scabiei in scabies-endemic communities in northern Australia. The American 
journal of tropical medicine and hygiene 1999, 61(4):542-547. 

154. Currie B: Dog Health and Zoontoci Diseases - A Review from a Northern Australian 
Perspective. A Better Dogs Life 2000. 



79 
 

155. Speare R, Durrheim D: Strongyloides serology–useful for diagnosis and 
management of strongyloidiasis in rural Indigenous populations, but important 
gaps in knowledge remain. Rural Remote Health 2004, 4:264. 

156. Walton SF, Currie BJ: Problems in diagnosing scabies, a global disease in human 
and animal populations. Clinical microbiology reviews 2007, 20(2):268-279. 

157. Haar K, Romani L, Filimone R, Kishore K, Tuicakau M, Koroivueta J, Kaldor JM, Wand 
H, Steer A, Whitfeld M: Scabies community prevalence and mass drug 
administration in two Fijian villages. International journal of dermatology 2014, 
53(6):739-745. 

 


