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ABSTRACT 

Aim: To report on the effectiveness of mass drug administration (MDA) in reducing 

the prevalence of scabies and strongyloidiasis in a remote Australian Aboriginal 

community. 

Method: A population census and MDA was conducted at month 0 and 12 to screen 

participants for scabies and strongyloidiasis and administer medications.  Scabies 

was diagnosed clinically, strongyloidiasis serologically or from coprological 

examination.  Participants were administered a stat dose of 200 μg/kg ivermectin 

unless their weight was <15 kg or were pregnant. Participants diagnosed with scabies 

and/or strongyloidiasis received a 2nd treatment 2-3 weeks after the first medication 

was administered.  Two cross sectional surveys were conducted six months after the 

MDAs to determine treatment failures, disease acquisition and an estimation of 

disease prevalence. 

Results: At the population census and MDA at month 0, 1012 (80%) participants 

were screened.  Scabies prevalence was 4% and strongyloidiasis was 21%.  At month 

12, 1060 participants were screened, 702 that had been seen previously and 358 new 

entries.  The prevalence of scabies increased to 9% from an outbreak associated with 

a crusted scabies participant whilst strongyloidiasis prevalence decreased to 6%. 

At the cross sectional surveys at month 6 and 18 the treatment failures remained 

constant at 6% and 7% for scabies and increased slightly but not significantly from 
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17% to 23% for strongyloidiasis.  Scabies acquisition increased but not significantly 

from 3% to 5% and decreased from 4% to 1% for strongyloidiasis.  Scabies 

prevalence decreased significantly at both cross sectional surveys from 4% (month 0) 

to 1% (month 6) and 9% (month 12) to 2% (month 18).  Strongyloidiasis prevalence 

decreased significantly from 21% (month 0) to 6% (month 6) which was sustained 

for the duration of the project. 

Conclusion: Scabies and strongyloidiasis are neglected tropical conditions that are 

endemic in remote Aboriginal communities in Australia.  MDA did have some 

success as a public health measure in reducing the prevalence of both parasitic 

infections.   
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1. INTRODUCTION 

The aim for the project of my PhD candidature and this thesis was to determine if a 

mass drug administration (MDA) program incorporating ivermectin would be an 

effective public health measure to reduce the prevalence of scabies and 

strongyloidiasis in a remote Indigenous community setting where both conditions are 

endemic.  My thesis outlines the ‘behind the work scenes’ that were led by me with 

support from the other investigators and my supervisors to implement a project of 

this magnitude in a remote Australian Aboriginal community. 

 

1.1 SCABIES 

Scabies infests up to 300 million people worldwide and is endemic in many remote 

Aboriginal communities.1-3  The disease burden is predominantly in children and is 

associated with overcrowding and poverty.4-6  Controlling scabies improves skin 

health but is also central to efforts aimed at reducing renal and heart disease 

particularly in Indigenous Australians.7,8  In our skin health studies in the East 

Arnhem region of the NT, repeated annual MDAs using topical permethrin, as per 

NT government guidelines, had no discernable effect on clinically diagnosed 

scabies.1,9  In contrast, a single ivermectin MDA in the Solomon Islands reduced 

scabies prevalence markedly (Figure 1.1).10   
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Figure 1.1.  Comparison of scabies prevalence amongst children following the introduction 

of an ivermectin MDA in the Solomon Islands and a topical 5% permethrin MDA in the 

East Arnhem Region. 

 

Other studies in scabies control in the NT have had varying degrees of success.1,11,12  

From East Arnhem, a nested study demonstrated that treatment of all household 

contacts in accordance with the guidelines did reduce the risk of secondary 

transmission (six fold) but few households (44%) managed to comply with this 

onerous task.13  Given the overcrowding in remote communities, treating all 

household contacts with scabicide cream is challenging and often impractical and 

unachievable.13  In addition to issues of medication uptake now there is emerging 

evidence of permethrin resistant mites.14  

 

Scabies in humans is caused by Sarcoptes scabiei var hominis and is not to be 

confused with S. scabiei var canis that is unable to reproduce on the human host.15,16  

The mite is predominantly transmitted by close personal contact and infests the host 

by burrowing into the skin and consuming the epidermis and sera.16  Most infections 
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are diagnosed clinically from papules and itch however, asymptomatic infections 

have been reported.17-19  The papules and pruritis caused by the scabies mite can 

become secondarily infected with Group A Streptococcus (GAS) and/or 

Staphylococcus aureus.2,20,21  GAS pyoderma has been associated with Acute Post 

Streptococcal Glomerulonephritis (APSGN) and recent work has also linked this 

with Acute Rheumatic Fever (ARF) for which Indigenous Australians have one of 

the highest rates of disease in the world.22,23  

 

S. scabiei is an eight legged microscopic ectoparasite that is an obligate human 

parasite living in tunnels in the upper layers of the epidermis.24-26  After male and 

female mites mate, the adult female lays 1-3 eggs each day in the tunnels for the next 

4-6 weeks (Figure 1.2).16,24,25  The body’s reaction to the burrowing mite manifests 

as papules on the skin’s surface.16  The eggs hatch after 3-4 days and mature after 

completing two further developmental stages (protonymphs and trionymphs).16,24,25  

All stages of the life cycle are completed on humans with the longevity of mites 

being 30-60 days (Figure 1.3).16,24,25,27 

 

 

Figure 1.2.  Scabies mite, eggs and faeces.24 
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Figure 1.3.  Scabies life cycle.27 

 

In the NT, classical scabies is the most commonly seen S. scabiei infestation, 

whereas crusted scabies (formerly known as Norwegian scabies) is less common and 

manifests quite differently (Figure 1.4 & 1.5).28  Classical scabies generally presents 

with pruritis, which is often worse at night from the inflammatory and allergic 

response to the mite and its products.16  The initial infection can take up to four to six 

weeks to manifest with raised erythematous papules and macules, scales, vesicles, 

bullae, crusts, pustules, nodules and excoriations generally found in the finger web 

spaces, flexor surfaces of the wrists and elbows, axillae, male genitalia, female 
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breasts and on the head, feet, palms and buttocks in children.29-31  After the initial 

infection, subsequent infections are generally symptomatic within 24-48 hrs.15  On 

average there are only 5-15 mites that cause either a local or generalized 

inflammatory response.16  Classical scabies is generally diagnosed clinically as it can 

be difficult to extract mites from the burrows for laboratory confirmation.16,28   

 

In contrast, crusted scabies cases have many mites infesting a single host, often no 

pruritis and prior to 1996 in the NT a mortality rate of up to 50% over five years.18,31-

33  Cases generally have thick crusted lesions on either the hands, feet, scalp, 

buttocks and shoulders, or the entire body can be covered with a thick flaky crust 

with skin fissuring.31,34  Crusted scabies diagnosis is confirmed with laboratory 

identification of the mites as many live mites are able to be retrieved from skin 

scrapings of the shedding skin.32,35  Crusted scabies cases are highly infectious and 

have been identified as core transmitters in scabies epidemic cycles in the NT and 

institutional outbreaks.2,32,36   

 

To reduce the prevalence of scabies and its sequelae in Australia, consultation with 

Aboriginal and Torres Strait Islander people is needed to find an appropriate and 

acceptable treatment regime that complements the Australian Government’s efforts 

to improve overcrowded housing conditions, educational attainment and socio-

economic status.37,38  

 



7 
 

                                    

Figure 1.4.  Classical scabies with secondary bacterial infection. 

 

 

Figure 1.5.  Crusted scabies. 

 

1.2 STRONGYLOIDES STERCORALIS 

S. stercoralis is hyper-endemic in rural and remote Indigenous communities in 

tropical north and central Australia, and is associated with high mortality in 

immunosuppressed individuals.39,40  Strongyloides infects an estimated 30-100 

million people worldwide with a least two species known to parasitize humans, S. 

stercoralis and S. fuelleborni.39,41  Due to its ability to auto-infect, individuals can 

have very long lived infections as the effete adult worms are replaced by new 

worms.40  Infection can therefore be for life unless the individual has received 

adequate treatment and follow up to document cure.42  
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Infections with S. stercoralis 
1(strongyloidiasis) can present as asymptomatic, acute, 

chronic or disseminated (hyperinfective syndrome) strongyloidiasis.40,43  Acute 

infections can result in significant morbidity and have been reported most commonly 

in children.40  Chronic uncomplicated infections form the bulk of clinical cases and 

can range from a minor inconvenience to a condition with significant morbidity.41,44  

Disseminated disease can evolve from asymptomatic, acute or chronic infections and 

is due to uncontrolled autoinfection with massive numbers of parasites.41  Most 

organs of the body can be affected including the skin, respiratory tract, 

gastrointestinal tract, genitourinary tract and central nervous system.41  Disseminated 

strongyloidiasis often presents with sepsis due to enteric bacteria and is most 

common in immunosuppresssed individuals.45,46  

 

There is no gold standard test for diagnosing S. stercoralis.39,47  Stool examination 

tends to underestimate the prevalence of the parasite in population-based studies, 

whilst the serological test gives a higher prevalence.48  When examining stools the 

larval density in faeces is often low, resulting in variation in detection between 

samples in the same individuals.49  Single stool specimens examined using routine 

microscopy has a low sensitivity in chronic cases and can fail to detect larvae in up 

to 70% of cases.39,49  The use of the agar culture plate test has improved detection in 

chronic S. stercoralis, with a sensitivity of 96% when compared with direct fecal 

smear, formalin-ethyl acetate concentration and Harada-Mori filter paper 

                                                 
1 Strongyloidiasis is an infection with Strongyloides.  It requires no clinical aspect and can then 

be classified according to clinical disease.  Usual classification is: asymptomatic strongyloidiasis, 

acute strongyloidiasis, chronic strongyloidiasis, hyperinfection / disseminated strongyloidiasis. 
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culture.39  A practical problem for the agar plate test is that viable larvae are required 

for culture and that is problematic for specimens that involve long delays (transport 

or otherwise) in reaching the laboratory. 

 

Serological examination for S. stercoralis antibodies improves detection in those 

with chronic infection; however it may not readily detect those with acute infection 

as the prepatent period can take up to 28 days.47,50  The ELISA detects anti-

Strongyloides IgG using sonicated S. ratti antigen with a sensitivity of 93% and 

specificity of 95%.47,51  The ELISA test is unable to detect infections where antibody 

is not present, i.e., acute infections (probably <3 months duration) and some cases of 

hyperinfection.47  Although it has been stated that the Strongyloides ELISA does not 

differentiate between past and present infection, evidence against this statement is 

strengthening.  A case series in Australia involving an East Arnhem population 

amongst others, showed that failure of serology to revert to negative indicated 

inadequate treatment, confirming similar studies overseas.42,52-55  

 

Unlike scabies, strongyloidiasis prevalence has not been monitored for extended 

periods of time or for a large number of people in the NT.  Prevalence in the 

disparate surveys reported for the NT were largely in the hyper-endemic range (by 

definition >5%), irrespective of the diagnostic method (Table 1.1).40,42,56,57  Very few 

of these studies reported on symptoms and so the morbidity of chronic infection has 

not been established to support population control strategies.  Controversy exists 

among Australian health professionals about screening and treating for 

strongyloidiasis if participants are asymptomatic. 
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Table 1.1.  Strongyloidiasis studies conducted in the NT 

 Year Method % positive Author 

Clinical audit of Miwatj 

electronic database  

1996-2002 (n=508)  

2006 Serology 35% Page et al.42 

Royal Darwin Hospital  

admissions for children 

aged<5 years 1998-2000 

(n=291)  

2002 Stool microscopy 7.2% Kukuruzovic et al.58 

Clinical audit by GP 

members of the Top End 

Division of General 

Practice (n=46) 

2001 Serology 56% Page (unpublished) 

East Arnhem Community 

1 (n=~300) 

1996 Harada-Mori  

Culture (single stool)  

15% Aland 59 

East Arnhem Community 

2 (n=411) 

1993 Single stool 

microscopy  

Serology 

41% 

(n=12/29) 

59.6% 

Flannery et al.56 

 

S. stercoralis is a microscopic parasitic nematode, also referred to as a round worm 

or threadworm that has a life cycle more complex than that of most nematodes as it 

can alter between free-living and parasitic cycles, and can infect from the 

environment or from autoinfection and multiplication within the human host (Figure 

1.6).27,51  In the free-living cycle the rhabdiform larvae (non-infective larvae) passed 

in the stool can either molt twice and become infective filariform larvae (direct 

development) or molt four times and become free living adult males and females that 

mate and produce eggs from which rhabditiform larvae hatch.27  Rhabditiform larvae 

can either develop into a new generation of free-living adults or into filariform larvae 
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that penetrate the skin of the human host to initiate a parasitic cycle.27  S. stercoralis 

is the most common larvae found in human stool specimens and depending on the 

transit time through the intestine both rhabditiform but rarely flilariform larvae may 

be present.26  In the environment S. stercoralis exists where faeces have been 

deposited as the larvae of S. stercoralis feed on faecal bacteria and require faeces in a 

humid microenvironment to survive.48  

 

In the parasitic cycle, filariform larvae penetrate a host’s intact skin, enter the blood 

stream and are transported to the lungs where they penetrate alveolar spaces and are 

carried through the bronchial tree to the pharynx, coughed up and then swallowed to 

migrate and live in the mucosa of the small intestine.27,48  In the small intestine the 

filariform larvae molt twice and become adult female worms that are threaded in the 

epithelium of the small intestine and by parthenogenesis produce eggs which develop 

into rhabditiform larvae.27  The rhabditiform larvae can either be passed in the stool 

or develop into filariform larvae in the small intestine and cause autoinfection.27 

 

Autoinfection occurs when the filariform larvae in the small intestine penetrate the 

intestinal mucosa (internal autoinfection) or the skin of the perianal area (external 

autoinfection) and enter the circulatory system to be carried to the lungs, bronchial 

tree, pharynx and the small intestine where they mature into adults or the larvae can 

disseminate widely and profusely in the body.27,48  Autoinfection contributes to 

persistent infections for persons who live in non-endemic areas but acquired 

strongyloidiasis many years before in an endemic area and hyperinfections, 

particularly in immunosuppressed individuals.48,60 
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Figure 1.6.  Life Cycle of Strongyloides stercoralis
27

 

 

1.3 MASS DRUG ADMINISTRATION (MDA) 

MDA is the distribution of drugs to an entire population and has been used for over 

20 years for the control and elimination of highly prevalent diseases particularly 

those that are neglected tropical diseases (NTD).61,62  There are 17 NTD that include 

soil transmitted helminths of which strongyloidiasis is not listed; however, it is listed 

as one of the five “other neglected conditions”.63  Scabies has also very recently been 

included as a NTD after the International Alliance for the Control of Scabies (IACS) 

advocated for its recognition as a NTD.63,64 

 

Medications used in MDA distribution generally focus on more than one disease. 

Ivermectin and albendazole are two of the most commonly used drugs world wide 

for population based parasitic control programs.62,65  Ivermectin was first used for 

onchocerciasis (river blindness) in humans in 1982.66  Since 1987 it has been used 

extensively in Africa and Latin America MDAs to control endemic onchocerciasis.67  
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As of 2003, an estimated six million people worldwide had taken ivermectin for 

various parasitic infestations with no serious drug-related adverse events reported.68  

In 2008, the Global Programme to Eliminate Lymphatic Filariasis reported the 

administration of >1.9 billion treatments with albendazole, ivermectin and 

diethylcarbamazine to a minimum of 570 million individuals in the Americas, Africa, 

Eastern Mediterranean, South-east Asia and Western Pacific.65  The drugs were 

administered through yearly MDA and are reported to have averted 32 million 

Disability Adjusted Life Years (DALYs).65   

 

Ivermectin registered as Stromectol
®
 in Australia, is a synthetic derivative of a 

broad-spectrum antiparasitic class of macrocyclic lactones known as avermectins.69  

It acts by binding selectively to specific neurotransmitter receptors that function in 

the peripheral motor synapses of parasites causing paralysis and death.69  Ivermectin 

is used against a wide range of endoparasites (e.g., S. stercoralis) and ectoparasites 

(e.g., S. scabiei) in both animals and humans.67  Ivermectin has been shown to be 

safe and effective when used in mass drug treatment programs and, as a single oral 

dose, is easily administered and ideally suited for MDA. 68,70 

 

1.3.1 Ivermectin MDA for scabies and/or strongyloidiasis 

A review of the literature from Medline with full text 1968-2013, Cochrane Central 

Register of Controlled Trials Issue 9 of 12, September 2013, Cochrane Database of 

Systematic Reviews Issue 10 of 12, October 2013 and reference lists from articles 

included for review was conducted to identify previous studies that had used 

ivermectin mass drug administration for scabies or strongyloidiasis.   
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Search terms of “ivermectin MDA OR mass drug administration AND scabies AND 

humans” and “2ivermectin mass treatment AND strongyloidiasis AND humans” were 

used to identify relevant articles (Figure 1.7 & Figure 1.8).  The article titles were 

then reviewed for words that included ivermectin mass drug administration or MDA 

or mass treatment and scabies or strongyloidiasis.  Abstracts of titles with these 

keywords were read and included if the article was an ivermectin mass drug 

administration program or epidemiological study for scabies or strongyloidiasis.  The 

reference list of abstracts not excluded was reviewed to identify other studies that 

had used community wide treatments for scabies or strongyloidiasis that were not 

identified with the search terms. 

 

Figure 1.7.  Flow chart of scabies articles included and excluded. 

 

                                                 
2 MDA or mass drug administration terms were not used for strongyloidiasis as the results of the 

search included over 2000 articles that were not mass drug administrations for strongyloidiasis.  

36 records identified through database search 

2 titles selected for review of abstract 

3 articles reviewed 

1 article excluded (was not a MDA) 

2 extra articles included from reference list 

34 titles excluded (were not scabies studies) 
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Figure 1.8.  Flow chart of strongyloidiasis articles included and excluded. 

 

Four articles were identified; three from the scabies search strategy and one from 

strongyloidiasis (Table 1.2). 

Table 1.2.  Scabies and strongyloidiasis articles reviewed. 

1. Title   Treatment with ivermectin reduces the high prevalence of scabies in a 

village in Papua New Guinea. 

Authors Bockarie MJ., Alexander ND., Kazura JW., Bockarie F., Griffin L and 

Alpers MP. 

Year published 2000 

Search Identified from reference list of scabies article 

2. Title   Selective mass treatment with ivermectin to control intestinal helminthiasis 

and parasitic skin diseases in a severely affected population. 

Authors Heukelbach J., Winter B., Wilcke T., Muehlen M., Albrecht S., de Oliveira 

FAS., Kerr-Pontes LRS., Liesenfeld O and Feldmeier H. 

Year published 2012 

Search Identified from strongyloidiasis search terms 

3 records identified through database search 

1 title selected for review of abstract 

1 article reviewed 

0 article excluded 

2 titles excluded (were not strongyloidiasis studies) 
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3. Title   Control of scabies, skin sores and haematuria in children in the Solomon 

Islands, another role for ivermectin 

Authors Lawrence G., Leafasia J., Sheridan J., Hills S., Wate J., Wate C., 

Montgomery J., Pandeya N. and Purdie D 

Year published 2005 

Search Identified from reference list of scabies article 

4. Title   Soil transmitted helminths and scabies in Zanzibar, Tanzania following 

mass drug administration for lymphatic filariasis--a rapid assessment 

methodology to assess impact. 

Authors Mohammed KA., Deb RM., Stanton MC. and Molyneux DH. 

Year published 2012 

Search Identified from scabies search terms 

 

Bockarie et al. (2000) conducted a pilot study to determine the impact of community-

based treatment with ivermectin on the prevalence of scabies in a previously 

untreated village.71  Residents from two villages in Papua New Guinea were 

included; Warasikau residents who were administered ivermectin 400 µg/kg 

(n=23/31) and Mimbiok residents who were the control group (n=25).  Scabies was 

diagnosed clinically in 87% of Warasikau residents that reduced to 44% (p=0.0017) 

one month after a single dose of ivermectin; with a further reduction to 26% when 

participants were reviewed five months after treatment.  The lowest monthly 

prevalence of 7% was observed two months after treatment and no adverse side 

effects were reported.  In the untreated village of Mimbiok scabies prevalence was 

52% at baseline and 60% one month later.   

 

Heukelback et al. (2004) conducted a selective mass treatment study with ivermectin 

200 µg/kg to control intestinal helminthiasis and parasitic skin disease amongst an 
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economically disadvantaged fishing village in Brazil.72  The population of 605 were 

screened clinically for scabies, with S. stercoralis being diagnosed by the Hoffman 

sedimentation method or if negative the Baermann method, from three consecutive 

stool samples 3-4 days apart, with follow up at one month and nine months.  

Treatment was administered to 535 residents with the majority receiving two doses 

of ivermectin 10 days apart for participants >15 kg.  Treatment was given to an entire 

household if one member was found to be positive for disease.  Those not eligible for 

ivermectin were treated with albendazole or mebendazole for intestinal helminthes 

and topical deltamethrin for skin parasites.   

 

S. stercoralis prevalence reduced from 11.0% to 0.6% at one month and to 0.7% at 

nine months.  Scabies reduced from 3.8% to 1.0% at one month and increased 

slightly to 1.5% at nine months.  Adverse reactions following both doses of 

ivermectin were reported as mild to moderate in 64 participants receiving the first 

dose and in 21 receiving the second dose.  Adverse reactions reported after the 

second dose of ivermectin were significantly less than those reported after the first 

dose.  Abdominal pain or discomfort was the most commonly reported adverse 

event, occurring amongst 36% (23/64) of those receiving the first dose and 48% 

(10/21) of those receiving the second dose.  The majority of adverse reactions were 

reported amongst those with nematode eggs in their stools. 

 

Lawrence et al. (2005) conducted a three year programme aimed at controlling 

scabies on five small islands in the Solomon Islands using ivermectin 160-250 

µg/kg.10  The total population was 1558, with 95% of residents receiving either a 

single dose of ivermectin or two doses two weeks apart if participants were >15 kg 
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and not pregnant.  The authors indicated that “just over half” of the population 

received two treatments but did not specify the actual uptake.  The prevalence of 

scabies reduced from 25% to <1% after three years for children aged<12 years with 

no adverse reactions reported.  Each island received a single MDA with the first 

follow up occurring after 3-4 months in which only scabies cases and their contacts 

were treated.  Further follow up visits over the ensuing three years included 

treatment of scabies cases and their contacts but the MDA was not repeated during 

this time. 

 

Mohammed et al. (2012) assessed the impact of MDA for lymphatic filariasis on 

health centre presentations for soil transmitted helminths and scabies at 50 health 

centres in Zanzibar from 2000-2005.73  The MDA was conducted annually for six 

years administering ivermectin 150 µg/kg and 400 mg albendazole to residents 

who’s height was >90 cm (surrogate measure for age of 5 years and over).  Health 

centre records showed a consistent and statistically significant decline in the number 

of cases of intestinal helminths and scabies diagnosed by community health workers 

after six MDAs.  A 90-98% decline in health centre presentations for soil transmitted 

helminths and 68-98% decline in scabies presentations was reported (included 

children aged 0-5 years who were not eligible for MDA). 

 

All four articles reported a reduction in the prevalence or presentations of scabies 

and/or strongyloidiasis, however the reduction varied between the studies as did the 

µg/kg and number of ivermectin doses administered.  The studies, whilst 

informative, were not robust in design to provide conclusive evidence for 
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administering a single dose of ivermectin to a population where both infections are 

endemic.  

 

1.3.2 Use of ivermectin in children 

Ivermectin is not registered for use in children who are <5 years and weighing <15 

kg due to the paucity of studies showing safety for children in this weight and age 

range.69  Initially there were concerns about ivermectin crossing the blood brain 

barrier in children; however, there are several case series that have used ivermectin 

in infants to treat scabies and other skin conditions that have not reported any serious 

adverse events.74,75   

 

A review of the literature from Medline with full text 1968-2013, Cochrane Central 

Register of Controlled Trials Issue 9 of 12, September 2013, Cochrane Database of 

Systematic Reviews Issue 10 of 12, October 2013 and reference lists from articles 

included for review was conducted to identify previous studies that had used 

ivermectin for children with scabies or strongyloidiasis.   

 

Search terms of “ivermectin AND children AND scabies” and “ivermectin AND children 

AND strongyloidiasis” were used to identify relevant articles ( 

Figure 1.9 & Figure 1.10).  The article titles were then reviewed for words that 

included ivermectin and children and scabies or strongyloidiasis.  Articles that were 

exclusively related to crusted scabies were excluded.  If children were not mentioned 

in the title but scabies and ivermectin were, the “subjects” category was used to 

identify if the study included children.  Abstracts of titles with these keywords were 

read and included if the article was an epidemiological study for scabies or 
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strongyloidiasis.  The reference list of abstracts not excluded was reviewed to 

identify other studies that were not identified with the search terms. 

 

 

 

Figure 1.9.  Flow chart of scabies articles included and excluded. 

 

 

Figure 1.10.  Flow chart of strongyloidiasis articles included and excluded. 

30 records identified through database search 

6 titles selected for review of abstract 

6 articles reviewed 

1 article excluded (was not an 

epidemiological study) 

1 article included from reference list 

24 titles excluded (16 did not include ivermectin in 

the title, 4 did not include children in the title or 

subjects, 1 was for topical ivermectin and 3 were 

crusted scabies studies) 

10 records identified through database search 

1 title selected for review of abstract 

1 article reviewed 

0 articles excluded 

9 titles excluded (7 did not include ivermectin in the 

title and 2 were not strongyloidiasis) 
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Eight articles were identified; seven from the scabies search strategy and one from 

strongyloidiasis (Table 1.3). 

 

Table 1.3.  Scabies and strongyloidiasis articles reviewed. 

1. Title   Comparative trial of a single-dose of ivermectin versus three days of 

albendazole for treatment of Strongyloides stercoralis and other soil-

transmitted helminth infections in children. 

Authors Marti H., Haji H., Savioli L., Chwaya HM., Mgeni AF., Ameir J. and Hatz C. 

Year published 1996 

Search Identified from strongyloidiasis search terms 

2. Title   A comparative study of oral ivermectin and topical permethrin cream in 

the treatment of scabies 

Authors Usha V. and Nair T. 

Year published 2000 

Search Identified from reference list of scabies article 

3. Title   Ivermectin is better than benzyl benzoate for childhood scabies in 

developing countries. 

Authors Brooks P and Grace R. 

Year published 2001 

Search Identified from scabies search terms 

4. Title   Treatment of 18 children with scabies or cutaneous larva migrans using 

ivermectin. 

Authors del Mar Sáez-De-Ocariz M., McKinster C., Durán Orozco-Covarrubias L., 

Tamayo-Sánchez L. and Ruiz-Maldonado R. 

Year published 2002 

Search Identified from scabies search terms 
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5. Title   *Control of scabies, skin sores and haematuria in children in the Solomon 

Islands, another role for ivermectin 

Authors Lawrence G., Leafasia J., Sheridan J., Hills S., Wate J., Wate C., 

Montgomery J., Pandeya N. and Purdie D 

Year published 2005 

Search Identified from reference list of scabies article 

6. Title   Efficacy of permethrin Cream and Oral Ivermectin in Treatment of 

Scabies. 

Authors Abedin S., Narang M., Gandhi V. and Narang S. 

Year published 2006 

Search Identified from scabies search terms 

7. Title   Treatment of scabies with oral ivermectin in 15 infants: a retrospective 

study on tolerance and efficacy. 

Authors Bécourt C., Marguet C., Balguerie X. and Joly P. 

Year published 2013 

Search Identified from scabies search terms 

*Article discussed above in 1.3.1. 

 

Marti et al. (1996) conducted a randomized control trial in Zanzibar to determine the 

efficacy of single dose ivermectin 200 µg/kg versus three days of albendazole 

400mg/day against S. stercoralis infections.76  The trial included 301 school age 

children infected with S. stercoralis and reported cure rates of 83% for ivermectin 

and 45% for albendazole.  One hundred and nine (33%) children reported adverse 

effects for both drugs however all were reported as mild and transient (non-serious).  

The assessment for side effects was done three days after first treatment and again at 

the follow up of stool specimens three weeks after treatment.  Symptoms reported 

before treatment and three weeks after treatment that may have been attributable to 
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infection with S. stercoralis included cough without evidence of a cold (before 18%, 

after 6%), abdominal distension (before 11%, after 3%), diffuse itching (before 5%, 

after 2%), visible urticaria (before 3%, after 0.6%) and larva migrans (before 3%, 

aftre 0%).  

 

Usha et al. (2000) conducted a comparative study of oral ivermectin 200 µg/kg and 

topical 5% permethrin cream in the treatment of scabies for those aged >5 years and 

found that two doses of ivermectin was as effective as a single application of 

permethrin.77  Eighty-five consecutive participants were randomized into two groups, 

40 cases and their contacts received ivermectin and 45 cases and contacts received 

5% permethrin cream.  Scabies cases were followed up at 1, 2, 4 and 8 weeks.  

Ivermectin had a cure rate of 70% after a single dose that increased to 95% with two 

doses, two weeks apart.  Permethrin was effective in 98% of participants.  

Participants using permethrin recovered earlier than those treated with ivermectin 

and there were no major side effects reported. 

 

Brooks et al. (2002) conducted an observer-blinded randomized controlled trial to 

compare the efficacy of single dose ivermectin 200 µg/kg with 10% benzyl benzoate 

for patients aged six months to 15 years in a hospital in Vanuatu.78  One hundred and 

ten children were enrolled of whom 80 received follow-up care.  Of the 80 children, 

43 received ivermectin (mean age of 5.1 years) and 37 received benzyl benzoate 

(mean age of 4.7 years).  At week three, 56% of children who received ivermectin 

were cured which was not statistically different to 51% cured with benzyl benzoate.  

No serious adverse events were reported for either treatment however, benzyl 
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benzoate was significantly more likely to produce a local skin reaction (OR 6.4, 

p=0.004). 

 

del Mar Saez-de-Ocariz et al. (2002) presented a case series of ivermectin  150-200 

µg/kg administered to 11 consecutive patients aged 14 months to 16 years with 

scabies and seven patients aged 14 months to 17 years with larva migrans.  The 

children presented to the dermatology department at the National Institute of 

Pediatrics in Mexico.  Of the 11 children with scabies, eight were cured after one 

dose of ivermectin and the other three, who had crusted scabies, were cured after two 

doses.  All seven children with larva migrans were cured after a single dose of 

ivermectin.  One child reported side effects of a mild transient headache and 

dizziness lasting four hours. 

 

Abedin et al. (2007) conducted a small comparative trial of oral ivermectin 200 

µg/kg and topical 5% permethrin in an urban child hostel in Delhi.79  Eighty-four 

boys aged 6-17 years were treated with 5% permethrin in June 2004 after which 22 

(26%) cases were reported in the following six months.  In December 2004, two 

doses of ivermectin 200 µg/kg were given two weeks apart with one case of scabies 

reported in the following six months.  A 95% reduction in the incidence of scabies 

six months after treatment with ivermectin was reported with no serious adverse 

events.  

 

Bécourt et al. (2013) conducted a retrospective study to report on the safety and 

efficacy of oral ivermectin 200 µg/kg administered to infants with refractory scabies 

who had presented to the Dermatology and Paediatrics Departments of Rouen 
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University Hospital from 2009-2012.  Fifteen patients with a median age of 10 

months and median weight of 8kg received two doses of ivermectin 14 days apart.  

After one month, 12 infants were scabies free, two had still had scabies and one 

infant was lost to follow-up.  Two transient side effects were reported; one infant 

seemed nervous and irritable and the other one scratched intensely for several days 

after receiving ivermectin. 

 

Ivermectin has been administered to a limited number of children aged ≤5 years with 

no serious adverse events reported.  Whilst the case series supporting the use of 

ivermectin in young children is encouraging evidence from larger studies is still 

needed. 

 

1.3.3 Use of ivermectin in pregnancy 

In Australia, ivermectin is a category B3 for pregnancy which means that it has been 

taken by a limited number of pregnant women and women of childbearing age, 

without an observed increase in the frequency of malformation or other direct or 

indirect harmful effects on the human fetus.80  Due to the B3 category treatment for 

those infected with S. stercoralis is not recommended until after delivery.69  Most 

infections are treated post delivery when the infant is older than 1 week as the bio-

availability of ivermectin in breast milk is considered to be negligible.62   

 

A review of the literature from Medline with full text 1968-2013 and reference lists 

from articles included for review was conducted to identify previous studies that had 

administered ivermectin to pregnant women.  Search terms of “ivermectin AND 

pregnant AND human” were used to identify relevant articles (Figure 1.11).  The 
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article titles were then reviewed for words that included ivermectin and pregnant.  If 

pregnancy was not included in the title the subjects category was used to identify if 

the study included pregnancy.  Abstracts of titles with these keywords were read and 

included if the article was an epidemiological study.  The reference list of abstracts 

not excluded was reviewed to identify other studies that were not identified with the 

search terms. 

 

Figure 1.11.  Flow chart of ivermectin and pregnancy articles included and excluded. 

 

Three articles were identified from the search strategy (Table 1.4). 

Table 1.4.  Ivermectin and pregnancy articles reviewed. 

1. Title   Pregnancy outcome after inadvertent ivermectin treatment during 

community-base distribution. 

Authors Pacqué M., Muñoz B., Poetschke G., Foose J., Greene BM. and Taylor HR. 

Year published 1990 

Search Identified from reference list 

32 records identified through database search 

3 titles selected for review of abstract 

3 articles included 

1 article excluded (was not an epidemiological study) 

1 article included from reference list 

28 titles excluded (14 did not include ivermectin in the 

title, 13 did not include pregnancy in the title or subjects 

& 2 did not administer ivermectin if pregnant) 
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2. Title   Inadvertent exposure of pregnant women to ivermectin and albendazole 

during mass drug administration for lymphatic filariasis. 

Authors Gyapong JO., Chinbuah MA. and Gyapong M. 

Year published 2003 

Search Identified from search terms 

3. Title   Efficacy of Ivermectin and Albendazole Alone and in Combination for 

Treatment of Soil-transmitted Helminths in Pregnancy and Adverse 

Events: A Randomized Open Label controlled Intervention Trial in 

Masindi district, Western Uganda. 

Authors Ndyomugyenyi R., Kabatereine N., Olsen A. and Magnussen P. 

Year published 2008 

Search Identified from search terms 

 

Pacqué et al. (1990) followed up 203 children born within 40 weeks of their mothers 

inadvertently receiving ivermectin 150 µg/kg treatment during pregnancy and 

compared congenital abnormality outcomes with children born to mothers who had 

not received treatment.81  There were no significant differences in birth defects 

between women in the same population who did and did not receive treatment or 

with a reference population.  There was also no difference in child development or 

disease status for child born to mothers who were and were not administered 

ivermectin. 

 

Gyapong et al. (2003) documented the inadvertent exposure of pregnant women to 

albendazole 400mg and ivermectin 150 µg/kg during a MDA for lymphatic filariasis 

in Ghana.82  Three hundred and forty three women were pregnant of which 50 were 

exposed to treatment during the first trimester.  There were six children identified 

with congenital abnormalities of which one had been exposed to treatment.  The 
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relative risk for congenital malformations was 1.05 and found to be not statistically 

different from the normal population.  There were nine spontaneous abortions of 

which two had been exposed to the drugs.  The relative risk was 1.67 but was 

inconclusive because of the small numbers. 

 

Ndyomugyenyi et al.(2008) conducted a randomized open label trial in Western 

Uganda to examine the efficacy and adverse events of ivermectin (dose administered 

according to height) and albendazole 400 mg on soil transmitted helminths in the 

second trimester of pregnancy.83  The study included 834 women for which efficacy 

and adverse events were reported and a reference group that did not receive treatment 

and did not have a STH diagnosed.  No women reported any severe adverse event, 47 

reported having experienced mild and short lived reactions that were significantly 

different (p<0.001), being greater in the ivermectin group at 49% compared to 34% 

in the albendazole group and 17% in the ivermectin and albendazole group.  There 

was one abortion reported (albendazole group), 10 stillbirths (one in the ivermectin 

group, five in the albendazole group, three in the combination group and one in the 

reference group) and two babies with congenital abnormalities (one in the ivermectin 

group and one in the reference group).  There were no significant differences in the 

intervention groups and the reference group for abortion, stillbirths and congenital 

abnormalities nor were there any significant difference in maternal and neonatal 

mortality between the treatment groups and reference group.   

 

There is a growing body of evidence from the three studies identified that ivermectin 

administered during pregnancy is not associated with an increased risk of adverse 
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outcomes for the mother or child.   Further studies are needed to substantiate these 

early findings before treatment indications for pregnancy can be changed. 

 

1.3.4 Ivermectin use in Australia 

Ivermectin is an oral medication that up until 2013 was licensed in Australia to treat 

onchocerciasis and strongyloidiasis.84  Prior to 2013 approval had been sought under 

the Therapeutic Goods Authority Special Access Scheme for ivermectin to be used in 

the treatment of refractory crusted scabies cases on compassionate grounds.85  In 

2013 Merck Sharp & Dohme reviewed the indications for use to include crusted 

scabies and human S. scabiei infections (where prior topical treatment has failed).69  

In the NT, the Central Australian Rural Practitioners Association (CARPA) standard 

treatment manual is a clinical manual used by primary health care practitioners in 

remote and rural communities to diagnose and treat commonly seen conditions.31  In 

CARPA, ivermectin is recommended for the treatment of strongyloidiasis in children 

>5 years of age and for crusted scabies cases.31,84   

 

Although ivermectin is the drug of choice in other MDA programs for parasite 

control, it has only been used in Australia for MDA in an unpublished study in a 

Queensland community in June 2004.  Previous attempts to introduce an ivermectin 

MDA for scabies control in Australian Indigenous communities were undermined in 

the early 90’s by concerns about medication safety.  Since that time, considerable 

further experience has given reassurance regarding safety; making ivermectin MDAs 

an option in addressing the operational problems of current approaches that use 

topical therapy.  For parasitic community control programs a one or two dose 
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regimen of ivermectin 200 µg/kg has been used extensively overseas for both scabies 

and/or strongyloidiasis with successful outcomes.10,72,76,86 

 

In 2008 an East Arnhem community invited us to develop a proposal for an 

ivermectin MDA targeting both scabies and strongyloidiasis.  Due to the troubled 

history of previous attempts to introduce an ivermectin MDA in Australia, it was 

important for this study to be introduced in a well planned process that involved 

community input and support with a rigorous evaluation process.  The need for 

carefully designed studies to evaluate the effectiveness of community wide 

ivermectin use for scabies and strongyloidiasis has been expressed by other 

Australian parasitology and public health experts.87,88  
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1.4 BACKGROUND TO PROJECT 

1.4.1 Study Location 

Galiwin’ku community is located on Elcho Island in East Arnhem land and was first 

established in 1942 as a refuge from bombing during World War II.89  Elcho Island is 

at the southern end of the Wessel Island group with the Arafura sea on the west and 

Cadell Strait on the east (Figure 1.12).89  Galiwin’ku is only accessible by aeroplane 

or boat and is 150 km north-west of Nhulunbuy and 550 km north-east of Darwin.89  

The Methodist mission was established in 1947 and ended when self-government 

commenced in the 1970s.89  Galiwin’ku is home to the Yolngu people who have 

English as another language to the locally spoken Djambarrpuyngu language.89  The 

community has a fluid population of approximately 2000 people with a further 400 

living in 10 homelands or outstation posts.90  .  

 

Figure 1.12.  Aerial photo of Galiwin’ku, 2010. 
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1.4.2 Research translation and community consultation 

The community consultation for this MDA project arose from research translation 

activities that I had delivered for a previous study in Galiwin’ku called the East 

Arnhem Healthy Skin Project (EAHSP).  The EAHSP (2004-2007) project reported a 

significant reduction in the regional prevalence of skin sores but no sustained change 

in scabies prevalence.1  We had recommended exploring the use of an alternative 

oral treatment (ivermectin) as the uptake of the topical treatment (5% permethrin) in 

the current treatment guidelines was low.13   

 

I had reported the results back to the participating East Arnhem communities in late 

2007 and in March 2008 we received an invitation from Galiwin’ku community to 

discuss the possibility of implementing a MDA to reduce the prevalence of both 

scabies and stronglyloidiasis.  Ross Andrews, my primary supervisor, and myself 

were in attendance at the meeting as Menzies School of Health Research (Menzies) 

representatives.  Other organisations with representation at the March 2008 meeting 

included: James Cook University, Aboriginal Resource Development Services, 

Ngalkanbuy Health Service, Marthakal Homelands Health Service, NT DoH, 

Australian College of Dermatologists, Strongyloides Working Group and Miwatj 

Health.  At the conclusion of this meeting Menzies was nominated as the lead 

organization to prepare a project proposal for wider community consultation and to 

secure funding.   

 

From August - October 2008, I lead a team of local community workers in 

Galiwin’ku to consult with community members, elders and local organizations 

(Alpa store, child care centre, women’s resource centre, Yalu Marrgithinyaraw 
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Nurturing Centre (Yalu) and the health services), to refine the scope and 

implementation processes of the project.  One major outcome of the consultation 

process was that the community wanted the project to be implemented by local 

researchers (male and female) who would receive recognised training that would 

provide them with employment opportunities after the project was completed. 

 

1.4.3 Funding, ethics and trial registrations 

I facilitated the process for three grants with the Cooperative Research Centre for 

Aboriginal Health (CRCAH) to fund the development of the project proposal that 

included community consultations, development of resources to explain the project 

to the community and the development and delivery of the nationally accredited 

training program – “Certificate II in Child Health Research” (Table 1.5).  I 

coordinated the successful application for $50,000 funding support from the Ochre – 

“Supporting Indigenous Health through Art” fund in 2008 that was for project 

preparation and implementation costs.  I was the principal investigator for The 

Northern Territory Research and Innovation Board and Fund (NTRIBF) grant that 

was awarded to employ a male Aboriginal Health Worker to implement the NHMRC 

project.  I was CIF and coordinating author for the NHMRC project grant application 

titled: “Impact of an ivermectin mass drug administration program against endemic 

scabies and strongyloidiasis”, which was submitted in March 2009 and awarded in 

November 2009.   

 

I facilitated and was the corresponding author for the ethics application that was 

submitted soon after the community consultations in 2008 to the Human Research 

Ethics Committee (HREC) of the Northern Territory Department of Health and 
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Menzies School of Health Research (HREC-EC00153).  The application received 

approval on 14 May 2009 (HREC-09/94). 

 

In March 2009 I submitted an application for the “Notification of Intent to Supply 

unapproved Therapeutic Goods under the Clinical Trial Notification (CTN) Scheme” 

to the Australian Government Department of Health and Ageing Therapeutic Goods 

Administration Clinical Trial Notification Scheme that was approved in July 2009. 

 

In June 2009 I submitted our clinical trial protocol to the Australian New Zealand 

Clinical Trial Register and received notification of registration in August 2009 

(ACTRN -12609000654257). 

 

Table 1.5.  Project grants. 

 Date Funder Amount 

Development of a 

research proposal 

September 2008 CRCAH $60,000 

Project Preparation and 

Implementation 

October 2008 Menzies Ochre Funds $50,000 

Employment of Male 

Aboriginal Health 

Worker 

November 2008 NTRIBF $46,000 

Development  of 

Training Program 

June 2009 CRCAH $42,000 

Project Funds October 2009 NHMRC $1,257,125 

Delivery of Training 

Program 

January 2010 CRCAH $165,460 

Total   $1,620,585 
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1.4.4 Development of Resources 

During the consultation process Yalu, a community organization that is an interface 

between health and education, indicated that they would like to be involved in the 

development of the resource materials that would be needed by the project to explain 

the research story to the community.  I was the primary Menzies representative in 

collaborations that were formed between Menzies, ARDS and Yalu to implement a 

Memorandum of Understanding (MOU) for the development of a flipchart and 

participant information sheet, which we used to explain the research story.  A talking 

story board was also later developed by One Talk Technology.  All resources were in 

both English and Djambarrpuyngu, the most commonly used language in 

Galiwin’ku.   

 

Our approach to informing the community about the research was built on a 

traditional Yolngu story, for which we had consent from the traditional owner of the 

story and approval from the HREC.  Ḏinguwuy Dhäwu is a traditional story about 

collecting cycad nuts and leaching out the poison in running water to prepare a safe, 

delicious and nutritious food.  This formed an analogy for the project to explain 

testing and treating people with ivermectin to eliminate scabies and strongyloidiasis 

from the body.  The story in the flip chart also encouraged people to do the work to 

stop the transmission of these diseases by carrying out hygienic practices and 

keeping everything clean and dry.  The story proved to be a very successful strategy 

to help the community understand the research project and the diseases (Appendix 1 

– Flipchart).  
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1.4.5 Training Program 

From the community consultation it was agreed that an accredited training 

programme needed to be developed that provided local community people with skills 

that would allow them to be employed at the end of the project.  A learning strategy 

had been developed for the EAHSP that was adapted and nationally accredited for 

this project.  I contracted the Human Services Training Advisory Council (HSTAC) 

to assist me with the development and process of having the Certificate II in Child 

Health Research 70131NT nationally accredited, which was achieved in 2009.   

 

The four units of competency included in the training package can be used as credits 

in other Primary Health Care Courses and include: 

1.  HLTPOP306C – Establish agent of disease transmission and mode of control. 

2.  BSBWOR202A – Organize and complete daily work activities. 

3.  HLTAHW301B – Work in Aboriginal and/or Torres Strait Islander Primary 

Health Care context. 

4.  CHCPROM401C – Share health information. 

 

In 2010 the Certificate II in Child Health Research was put on scope with the 

Northern Territory Department of Health and Families as the Registered Training 

Organization provider (provider no. 0385).  I coordinated the MOU negotiating for 

myself and two others to deliver and assess the training for Menzies projects until 

2014.  For Menzies to deliver and assess the training I and four others had to 

complete the Certificate IV TAA40104 in Training and Assessment for which I 

assisted in contracting Biznorth to deliver the training to meet our specific needs.  At 

the end of the three one week intensives conducted over three months we were 
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awarded with a “Commendation” for being self-directed, focussed and determined 

(Appendix 2 – Commendation). 

 

The Certificate II in Child Health Research was delivered as two weeks “off the job” 

training in the class room with up to ten weeks “on the job” training (Figure 1.13).  I 

recruited to the training program after having discussions with community 

organizations (Community Development Employment Program, Marthakal 

Homelands Health Service, Ngalkanbuy Health Service, Job Find Centre) and by 

word of mouth.  The “off the job” classroom training I delivered with four other 

facilitators in Galiwinku from 1 February 2010 – 12 February 2010 to 15 participants 

of whom 12 were employed on the “Scabies and Strongyloides” project as 

Aboriginal Community Workers (ACWs).  The ACWs were then observed and 

assessed over the next 10-12 weeks implementing the classroom learnings “on the 

job”.    

 

 

Figure 1.13.  Aboriginal Community Workers attending the “off the job training” for 

Certificate II in Child Health Research, Galiwin’ku 2010. 
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The demands of the project, project staffing abilities and availabilities necessitated 

that I further up-skill the ACWs in venepuncture and medication administration.  

From 16-18 June 2010 Alison Mann the project coordinator conducted the training to 

teach the ACWs venepuncture.  I arranged the MOU with Henge Education for 

Menzies to deliver three units of competency from the Certificate III in Pathology 

and assisted with the preparation of the teaching materials for the following units: 

1. HLTPAT304B – Collect pathology specimens other than blood. 

2. HLTPAT306B – Perform blood collection. 

3. HLTPAT308B – Identify and respond to clinical risks associated with 

pathology specimen collection. 

Six ACWs completed the training in Galiwin’ku and received Statements of 

Attainment for the three units. 

 

From 22-26 November 2010 Alison Mann conducted training in Galiwin’ku to teach 

the ACWs how to assist with medication administration (Figure 1.14).  The MOU 

with Henge Education was adapted to include the delivery of a Medication 

Assistance skill set from the Certificate III in Aged Care: 

1. HLTAP301A – Recognise health body systems in a health care context 

2. CHCCS305A – Assist clients with medication 

Two ACWs successfully completed the training. 
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Figure 1.14.  ACWs Roslyn and George attending the ‘Assist with Medication’ training in 

Galiwinku. 

 

1.4.6 Community Information Sessions 

In collaboration with a husband and wife linguistic team from ARDS, I facilitated for 

the Menzies ACWs to go house to house to discuss the research project in local 

language with each family using flipcharts, participant information sheets and video 

clips on laptops (Figure 1.15).  The ACWs separated into male and female groups as 

the women’s business (pregnancy testing from urine) could not be discussed with 

certain males (brothers, uncles) in attendance.  The ACWs visited 111 (70%) of the 

159 houses in Galiwinku from 15 February 2010 to 1 April 2010. 
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Figure 1.15.  Community information sessions - women’s group in top left corner, men’s 

group in right corner, 2010. 

 

ABC Stateline visited the community in March 2010, interviewing community 

members and researchers about the project (Appendix 3 – ABS Stateline Transcrip). 

The report was televised on Friday 26 March 2010 and viewed by many community 

residents (Figure 1.16).  Links to the website report were available on the laptops 

used by the researchers and provided an additional resource to use for the community 

information sessions and when obtaining informed consent.91 
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Figure 1.16.  Menzies webpage for the scabies and strongyloides ABC Stateline report. 

 

1.4.7 Research Team and Facilities 

I was the PhD Scholar/Epidemiologist/ Registered Nurse/Midwife/Emergency 

Parasitologist and On-site Chief Investigator living in Galiwinku in 2010 and for 

most of 2011.  I was responsible for employing the multidisciplinary research team 

that would implement the project and included: Parasitologists, Registered 

Nurse/Project Coordinator, Aboriginal Health Workers, Aboriginal Community 

Workers, Pharmacy Students (Charles Darwin University and Charles Stuart 

University), Project Manager, Administration Assistant, Paediatric Phlebotomist and 

in the last year a Driver.  Before the project commenced in April 2010 I organized 

for the research staff  to attend a three day First Aid Training Course and two day 

Study Initiation Meeting. 
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The office I had rented for the research team to work from was a single bedroom 

donger with an ensuite and verandah from 1 March 2010 - 30 August 2011.  The 

single bedroom demounable was rented from Miwatj Health Service and was multi-

purpose containing the pharmacy, field testing station, specimen storage facility and 

general office equipment (Figure 1.17 &Figure 1.18).  Portable work stations were 

set up on the verandah each day to conduct the morning meetings and enter the data 

at the end of the day (Figure 1.19).  An unused shipping container was secured from 

the Shire to use as a storage container for the portable equipment and other supplies.  

From 1 September 2011 – 7 September 2012 the office moved to a new location at 

Marthakal Homelands Health Service that was more appropriate for our project 

needs. 

 

 

Figure 1.17.  Thérèse showing Cath (pharmacy student from Charles Darwin University) 

how to do a blood smear with assistance from Lauren (pharmacy student from Charles 

Sturt University) and Roslyn (Senior ACW) in our outdoor field testing station at Miwatj. 
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Figure 1.18.  Kath (Project Manager) in our indoor office space at Miwatj. 

 

 

 

Figure 1.19.  Linda (paediatric phlebotomist) and Marilyn (ACW) updating participant 

files on verandah of our Miwatj office. 
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1.5 STUDY AIMS and OBJECTIVES 

1.5.1 Primary Aims 

1. At month 12, demonstrate: 

a) a reduction in scabies prevalence from 13% at month 0 to 8% or less; and 

b) a reduction in strongyloidiasis from 40% prevalence at month 0 to 20% or 

less 

 

1.5.2 Secondary Aims 

1. At month 6, determine: 

a) the failure rate of MDA treatment for scabies and strongyloidiasis 

respectively; and 

b) the acquistion rate of scabies and strongyloidiasis respectively. 

2. At month 18, determine: 

a) the failure rate of MDA treatment for scabies and strongyloidiasis 

respectively; and 

b) the acquistion rate of scabies and strongyloidiasis respectively. 

3. Describe the epidemiology of scabies and strongyloidiasis in a remote Indigenous 

community. 

 

1.5.3 Objectives 

 Conduct a population census at month 0 and 12 to collect data on scabies and 

strongyloidiasis.  

 Implement a community-wide MDA with ivermectin at month 0 and 12. 
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 Conduct a cross sectional survey at month 6 with participants who were positive 

for scabies and/or strongyloidiasis at month 0 to determine treatment failure 

rates.  This will be repeated at month 18 for those positive at month 12.  

 Screen a percentage of negative people at month 6 and 18 to determine 

acquisition rates. 

 

1.5.4 Participant Inclusion Criteria 

 All residents in Galiwin’ku and the surrounding Marthakal homelands that have 

given written informed consent to participate. 

 

1.5.5 Participant Exclusion Criteria for Treatment 

 Allergy to any of the components of the allocated drug regimen. 

 Currently on, or has taken ivermectin in the previous 7 days.  

 Currently on, or has taken albendazole in the previous 7 days (is still eligible for 

5% permethrin but not albendazole).  

 Has had topical 5% permethrin or 10% crotamiton applied within previous 7 days 

(is still eligible for albendazole). 

 Clinical diagnosis of crusted scabies. Participants with crusted scabies will be 

referred to the local health service for laboratory confirmation and intensive 

treatment (+/- hospitalization as required). Efforts will be made to control these 

cases intensively to prevent the high force of infection associated with these 

crusted cases from diminishing the effect of the MDA. 
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Schematic Diagram of Project  
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2 METHODS 

2.1 Recruitment and Enrolment  

Recruitment of participants for the population census and MDA at month 0 and 12 

was by house lot number in Galiwin’ku community and by the name of the homeland 

for the outstation visits.  A map of the community houses was used to determine 

which houses the ACWs would approach each day to obtain permission for the 

research team to visit (Appendix 4 – Galiwin’ku Community Map).  If the family 

consented to being part of the project the ACWs would compile a house list of who 

was living there at that point in time and arrange the time and date we would visit to 

set up our portable work stations and implement the project.   

 

Recruitment of households from the surrounding homelands was initiated after 

obtaining permission from a central contact person (for that homeland) for the 

research team to visit.  The contact people were telephoned to discuss if they wanted 

the research team to visit and an appropriate date and time was arranged if 

permission was given.  When the research team arrived at the homeland the contact 

person directed them to a central place where the portable workstations could be 

erected before approaching each of the households.  As many of the homelands only 

had a few houses, most residents knew of the projects impending visit. 

 

Portable work stations were erected each day at the consenting households in 

Galwin’ku (Figure 2.1).  The first station was the enrolment table where the ACW 

explained the research project in language to each participant and informed consent 

obtained if it had not been given at the household visit the previous day (Appendix 5 
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– Participant Information Sheet & Appendix 6 – Child consent form).  Male and 

female ACWs were situated at separate enrolment stations so women’s business 

could be discussed in privacy.   

 

 

Figure 2.1.  Portable work stations - consenting and information table in front, pharmacy 

tent at the back left and female assessment table in the middle, 2010. 

 

2.2 Diagnosis, Specimen Storage and Transport 

Pregnancy testing: After female participants had been enrolled, consenting females 

aged 12-45 years were offered screening for pregnancy by detecting ß-HCG in a 

fresh urine specimen.  During the consenting/assenting process participants and their 

parent/carers were informed that females aged 12-16 years found to be pregnant had 

to be reported to Central Intake at the Department of Health and Families under 

Northern Territory laws.  Pregnancy testing and counselling was performed in the 

privacy of a tent using a commercially available kit (INSTALERT- hCG One Step 

Pregnancy Test Device) that was stored below 30°C.   
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Those identifying the use of contraception (implanon, tubal ligation, depo provera, 

medically diagnosed as unable to have children) or were menstruating at the time 

were considered not pregnant.  Participants who did not supply urine or we were 

unable to determine their pregnancy status were eligible for inclusion but received 

treatment as if pregnant.  Screening all females of child bearing age was a directive 

from the community during the consultation process.  To keep the results of the 

testing confidential it was recommended that drug administration occur in a private 

portable booth so that the status of pregnant females was not known by other family 

members.  If a new pregnancy was diagnosed participants were counselled by the 

research staff and encouraged to attend the health service for appropriate care.  If 

strongyloidiasis was diagnosed during pregnancy participants were put on our 

follow-up list to receive ivermectin treatment one week after delivery if they had not 

already been treated by the hospital or health service.   

 

Scabies screening: Participants enrolled to the study had scabies lesions identified 

clinically by the research staff who had attended the Certificate II in Child Health 

Research training (ACWs, Pharmacy students) or were qualified in the diagnosis of 

scabies (RN, AHWs).  Lesions were identified from visible skin and skin that 

participants were comfortable to expose at the portable work stations.  Lesions and 

body locations characteristic of scabies infections included burrows, erythematous 

papules and macules, scales, vesicles, bullae, crusts, pustules, nodules and 

excoriations located in the finger web spaces, flexor surfaces of the wrists and 

elbows, axillae, male genitalia, female breasts and on the head, feet, palms and 

buttocks in children.29,30,92.  All scabies like lesions identified by the researchers were 

treated as scabies. 
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Categories of scabies severity were determined based on the nature and distribution 

of characteristic lesions, with specific differentiation of infected scabies and crusted 

scabies. Infected scabies were pus filled sores or crusted sores within the collection 

of scabies lesions.  Crusted scabies case presentations were more likely to include 

thick crusted lesions on either the hands, feet or scalp with or without nail dystrophy 

or generalized erythematous scaling eruptions.30,92,93 Crusted scabies cases were to be 

confirmed by clinical and laboratory diagnosis where possible.  Skin scrapings were 

taken and tested at the field testing station if crusted scabies was suspected by the 

research staff, however the local health services did refer suspected crusted scabies 

cases and their families to the research project, often after treatment had commenced. 

 

A case definition for participants with a mean age of 18 years that had previously 

been demonstrated to be highly sensitive and specific for scabies endemic areas 

based on clinical signs and symptoms of diffuse itching with visible lesions with 

either: at least two typical locations of scabies or presence of a household member 

with itch was identified and included in the project protocol (sensitivity 100%, 

specificity 96.9%).94  This definition however was modified for the analysis in my 

thesis as over a quarter of the scabies lesions identified at month 0 did not report an 

itch when screened during the day (scabies is known for its nocturnal pruritis) and 

were children aged less than 13 years. 29,30   

 

Strongyloides screening: After the skin had been screened for scabies most 

participants consented to venous blood collection for Strongyloides serology.  

Venous blood for S. stercoralis serology was extracted from consenting participants 

into a 5ml SST vacutainer and stored in ice brick cooled insulated containers (eskies) 
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in the field (Figure 2.2).  The eskies were taken to the testing station at lunch time 

after the morning screening was completed and again at around 5pm at the end of the 

afternoon screening.  On arrival at the local testing station the SST tubes were 

centrifuged for 10 minutes at 3000 rpm and refrigerated overnight at 2-8°C.  The 

next day the SST tubes were transported to Darwin by air (2hrs) and road (12km) and 

sorted at Western Diagnostic Pathology (WDP) before being sent by air (4hrs) the 

following day to PathWest in Perth.  At PathWest the samples were batched and 

tested once a week using the quantitative Australian Strongyloides ELISA test that 

has a sensitivity of 93% and specificity of 95% using sonicated S. ratti antigen to 

detect anti-Strongyloides IgG.47  The results were reported as an optical density and 

interpreted as negative (0-<0.25), equivocal (0.25-0.45) or positive (>0.45). 

 

S. stercoralis was also identified in young children from fresh faecal specimens.  A 

field testing station was set up in Galiwin’ku for participants to drop off fresh faecal 

samples or alternatively participants telephoned one of the research staff who would 

pick up the specimen and drop off at the testing station.  Faecal specimens were 

reviewed by a parasitologist in the field testing station.  A pea size of faeces was put 

onto a slide with Normal Saline and the wet preparation was examined using direct 

microscopy to identify parasites within 4 hours of collection.  The faeces were also 

inoculated onto a Mueller Hinton agar plate for culture and transported by air (2hrs) 

to Darwin then by road (16km) to Menzies laboratory the following day or on 

Monday if collected over the weekend.  The agar plates once innoculated were held 

at room temperature for 5 days and examined on days 2, 3, 4 and 5 post collection. 
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Parasites that could be diagnosed from direct microscopy included: Strongyloides 

stercoralis, hookworm, Giardia lamblia, Trichurus trichuria, Rodentolepis nana and 

Entamoeba (species not identified as dispar or histolytica).   

   

Haemoglobin and Eosinophil screening: From the 6 month cross sectional survey, 

venous blood was extracted into a 4ml K2EDTA tube for Haemoglobin (Hb) and 

Eosinophil counts and transported to Western Diagnostic Pathology in Darwin for 

testing.  The K2EDTA tube was inverted several times after the venous blood had 

been collected before being stored in the ice brick chilled eskies in the field.  The 

K2EDTA tubes needed to be kept below 8°C so the eskies were monitored for 

temperature control.  Twice a day the eskies were taken back to the testing station 

and the K2EDTA tubes were stored in the refrigerator overnight at 2-8°C before 

being transported to Darwin.    

 

 

Figure 2.2.  Venous blood collection in the field by Thomas (ACW) with Alicia (AHW) 
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2.3 Laboratory Measures for Interpretation of Results 

The WDP reference ranges were used to determine population prevalence of anaemia 

and eosinophilia by age and sex for the NT context (Appendix 7 – WDP FBC 

ranges).  The WDP laboratory reference range for Hb and eosinophils was used to 

treat and refer participants during the study.  The Hb g/L and the eosinophil count 

determined by WDP were referenced with the WHO Hb threshold used to define 

anaemia and the The Royal College of Pathologists of Australasia (RCPA) reference 

intervals for leucocyte differential counts for eosinophilia (Table 2.1 & Table 2.2) 

 

Table 2.1.  WHO Haemoglobin thresholds used to define anaemia.95 

Age or gender group Haemoglobin threshold (g/l) 

Children (0.5-4.99 yrs) 110 

Children (5.00-11.99 yrs) 115 

Children (12.00-14.99 yrs) 120 

Non-pregnant women (≥15.00 yrs) 120 

Pregnant women 110 

Men (≥15.00 yrs) 130 
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Table 2.2.  The Royal College of Pathologists of Australasia reference intervals for 

leucocyte differential counts.96 

Age  Eosinophils cell count x 109/L 

Neonate <2.0 

Children (1-3 yrs) 0.1-0.5 

Children (4-7 yrs) 0.1-1.4 

Children (8-12 yrs) 0.04-0.75 

Adult 0.04-0.4 

 

2.4 Treatment Regimen 

The four drugs used in the study were: 

 Ivermectin (Stromectol®): 200µg/kg 

 Albendazole (Zentel®): 200mg or 400mg 

 Topical 5% permethrin (Lyclear®) 

 Topical 10% crotamiton (Eurax®) 

 

The route of administration, dosage, dosage regimen and treatment periods were 

determined firstly on pregnancy status and secondly on weight for MDA #1 and #2 

(Table 2.4).  Participants were administered medication on Day 1 if they had not 

received the eligible medication within the previous seven days.  All participants 

diagnosed with scabies lesions were administered two treatments according to 

pregnancy status and weight.  At the first population census and MDA #1 all 

participants with equivocal and positive S. stercoralis results were treated with two 

administrations of the eligible medication.  At month 0 where the baseline data was 

collected, it was unknown what the equivocal results meant as there were no 
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previous results to compare with, so all equivocal results were treated as positive.  At 

month 6 participants with an equivocal result only received one treatment if they 

were previously negative, all other participants with an equivocal result who had 

received adequate treatment previously received no treatment unless scabies was also 

diagnosed (Table 2.3).   

 

At month 12 equivocal results were treated according to the following regimen: 

- Seen for the first time- treat with two doses of ivermectin (day 1 and day 10-

42) or two courses of albendazole for three days (starting day1 and then day 

10-42). 

- Previously negative- treat with two doses of ivermectin (day 1 and day 10-42) 

or two courses of albendazole daily for three days. 

- Previously equivocal- treat with two doses of ivermectin or two courses of 

albendazole for three days if participant did not receive two doses at MDA #1 

and one dose at 6 months.  If adequate treatment received at MDA #1 and 

month 6 then only treat with one dose of ivermectin or one course of 

albendazole. 

 

At month 18 equivocal results were treated as: 

- Seen for the first time- treat with two doses of ivermectin (day 1 and day 10-

42) or two courses of albendazole for three days (starting day1 and then day 

10-42). 

- Previously negative- treat with two doses of ivermectin (day 1 and day 10-42) 

or two courses of albendazole daily for three days. 
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- Previously equivocal- treat with two doses or two courses of albendazole for 

three days if participant did not receive adequate treatment at MDA #2.  If 

adequate treatment received at MDA #2 then only treat with one dose of 

ivermectin or one course of albendazole. 

 

Where treatment did not follow the recommended regimen consultation with the 

onsite investigator (myself) or Study Medical Officers was sought for interpretation 

of the results and recommended treatment regimen.  

 

Table 2.3.  Treatment for Equivocal Strongyloides results at months 6, 12 and 18. 

 Month 6 Month 12 Month 18 

Seen for the first time 2 Rx* 2 Rx 2 Rx 

Previously negative 1 Rx 2 Rx 2 Rx 

Previously equivocal No Rx  2 Rx if per protocol Rx 

was not given at month 

0 and/or 6. 

 1 Rx if per protocol Rx 

at month 0 and/or 6. 

 2 Rx if per protocol 

Rx was not given at 

month 12. 

 1 Rx if per protocol 

Rx at month 12 

*Rx - treatment 

 

 

 

 

 

 

 

 

 



60 
 

Table 2.4.  Drug regimen for MDAs and treatment of scabies and strongyloidiasis. 

Group Regimen delivered at MDA #1 

& #2 

Retreatment at 10-42 days for those 

diagnosed with scabies and/or 

strongyloidiasis 

Not-pregnant  Day 1-3 Day 10-42 

≥15 kg Oral Ivermectin 200 µg/kg stat Scabies and/or Strongyloidiasis - Oral 

Ivermectin 200 µg/kg stat 

6 kg <15 kg Topical 5% permethrin stat & 

200 mg (6-10 kg) or 400 mg (10-

<15 kg) oral albendazole daily for 

3 consecutive days 

Scabies - Topical 5% permethrin 

Strongyloidiasis – 200 mg (6-10 kg) or 

400 mg (>10 kg) oral albendazole daily for 

3 consecutive days 

3.5 kg<6 kg Topical 5% permethrin stat Scabies - Topical 5% permethrin 

Strongyloidiasis - discuss with CI. 

<3.5 kg Topical 10% crotamiton daily for 

3 consecutive days 

Scabies – Topical 10% crotamiton daily 

for 3 consecutive days 

Strongyloidiasis - discuss with CI. 

Pregnant  Topical 5% permethrin stat Scabies – Topical 5% permethrin   

Strongyloidiasis - Pregnant females will be 

treated with oral ivermectin 1 week after 

delivery at 200 µg/kg stat 

 

Oral medication administered at the MDA was directly observed therapy in a private 

portable booth.  The majority of albendazole doses required on Day 2 and 3 were 

given as directly observed therapy, however if the child was going to be absent from 

the community then the remaining doses were given to the parent/caregiver to 

administer.  The topical medication, 5% permethrin, was given to the 

parents/caregivers/pregnant women to be administered at night and washed off the 
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next morning.  For children requiring 10% crotamiton, the medication was given to 

the parent/caregiver each day for three days to apply at night.   

 

On Day 2 or 3 research staff returned to the house to determine if any family 

members had experienced any adverse events after the MDA.  A list of questions 

about symptoms was asked on Day 1 before the medication was administered and the 

same questions were asked again on Day 2 or 3 for participants that were at home 

(Appendix 8 – Workbook for data collection).  The family members at home were 

also asked if any others in the household that were not at home had complained of 

any change in symptoms, if yes these participants were actively followed up. 

 

Participants diagnosed with scabies or strongyloidiasis were followed up 10 - 42 

days after the MDA for a retreatment of the medication received previously (Table 

2.4).  If participants were unable to be located by Day 42 a protocol deviation was 

written to explain why the treatment protocol had not been adhered to.  Participants 

that re-presented requesting treatment after Day 42 were recommenced on the 

treatment regimen receiving two administrations of the eligible medication according 

to pregnancy status and weight.  The CARPA treatment manual recommends repeat 

treatment after 7 days however the time from specimen collection until S. stercoralis 

serology results were available was 10-14 days.  The second treatment was extended 

to 42 days for logistical and pragmatic reasons; it was not an evidence based 

decision.   

   

At month 6 and 18 cross sectional surveys all those diagnosed with scabies lesions 

and/or those with equivocal or positive S. stercoralis serology or positive S. 
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stercoralis microscopy or culture at the population census six months prior were 

actively followed up by the researchers to determine treatment failures.  Participants 

were screened for scabies and strongyloidiasis and treatment was only given if 

disease was diagnosed.  The participants received two treatments 10-42 days apart 

according to pregnancy status and weight.  Household contacts of all persons 

diagnosed with scabies at month 6 and 18 were offered screening for scabies and 

strongyloidiasis.  Treatment was administered according to pregnancy status and 

weight as a household contact of a scabies case.  Household contacts only received 

one treatment unless they were diagnosed with scabies and/or strongyloidiasis. 

 

At month 6 a list of 160 participants who were negative for both scabies and 

strongyloidiasis at month 0 was randomly computer generated as well as 40 reserve 

names to be used if not all of the 160 participants could be located.  At month 18 the 

same process was conducted using those negative for both scabies and 

strongyloidiasis at month 12.  The randomly selected negative participant results 

were used to determine new disease acquisition. 

 

At MDA #1 all participants diagnosed with Giardia were treated with metronidazole 

that was supplied by the local health centre and administered by the research staff.  

Due to a change in insurance policies research staff after MDA #1 was unable to 

administer medications that were not included in the study protocol.  From month 6 

Giardia and T. trichuris infections diagnosed from faecal samples were treated with 

albendazole daily for 3 days.   
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Albendazole is not the recommended treatment for Giardia in the CARPA manual 

however after a review of the literature (3 days of albendazole 88% efficacy) and 

discussions with the Study Medical Officers and a Paediatric Infectious Disease 

Consultant it was deemed appropriate for use in our study.97,98  Participants were 

informed to seek clinic care if they were symptomatic with R. nana or if the 

diarrhoea from other parasites diagnosed did not subside after treatment with 

albendazole, or they had any other health concerns.  Results of the direct microscopy 

and treatment were reported in the electronic health centre records. 

 

Participants diagnosed with eosinophilia were administered three consecutive days of 

albendazole if strongylodiasis had not been diagnosed and adequately treated.  

Participants diagnosed with anaemia were informed of their results and referred to 

the clinic for follow-up care.  

 

2.5 Data entry and storage 

Data from the population census, MDA and cross sectional surveys was collected in 

hard copy workbooks and then entered into an access database.  The database was 

password protected on Menzies secure network.  Data entry was performed by the 

Pharmacy Students, Registered Nurses, Aboriginal Health Workers and the Project 

Managers.  Validation of data entry was performed by double entry of 200 records 

for month 0 and 12.  Anything with more than 10% error rate was investigated for an 

explanation of the difference and corrected accordingly.   

 

The research staff also entered the relevant screening (skin checks, FBC and 

Strongyloides results) and treatment information into Communicare, the electronic 
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health record system used by both health services.  In Communicare, strongyloidiasis 

has its own specific recall that the research staff activated after screening and 

treatment had commenced so that health staff did not repeat any screening or 

treatment already conducted by the research team.   

 

2.6 Statistical Analysis 

Data were analysed in Stata 13.99  Survey data computations were used to determine 

prevalence at the months 0 and 12 (population census) and at months 6 and 18 (cross 

sectional surveys).100  For each population census we described both the proportion 

of households visited and the proportion of members of each household who were 

screened during the census period.  Given the different geographical profile we 

calculated disease prevalence using the household level data in two strata: 1) was the 

percentage of houses visited in the community and 2) the percentage of homelands 

visited.  We calculated the participation rate within each household using the house 

list population as the denominator.  We assumed that occupants of non-participating 

households as well as participants who were known to be members of participating 

households, but were not seen during the course of the census, were at similar risk of 

scabies and/or strongyloidiasis.  That is, that the prevalence of scabies and 

strongyloidiasis amongst study participants was representative of the whole 

population.  Issues in relation to these assumptions are discussed under the 

limitations. 

 

A test of independence was performed using chi squared test to determine if there 

was a cross sectional association between scabies and strongyloidiasis at month 0 

and 12.  As no relationship was evident at month 0 (p=0.89) or month 12 (p=0.28), 
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data at the month 6 and 18 cross sectional surveys was analysed assuming simple 

random sampling with a one stage sampling design.  The strata to estimate 

prevalence was defined as “those with scabies/strongyloidiasis or those with no 

scabies/strongyloidiasis” in the community at the census six months prior regardless 

of whether we saw them at the last census. 

 

At the cross sectional surveys at month 6 and 18 disease acquisition for scabies and 

strongyloidiasis was calculated using the number of new cases of scabies and 

strongyloidiasis diagnosed as the numerator divided by the number of randomly 

selected participants that were negative for both scabies and strongyloidiasis at the 

population census six months prior as the denominator.  Treatment failures were 

calculated by dividing the number of participants that were still positive for scabies 

and strongyloidiasis by the number of participants screened for that disease that had 

been positive at the census six months prior. 

 

Continuous skewed data were expressed as medians (interquartile range (IQR)) and 

dichotomous data as percentages.  Comparison of unpaired means was conducted 

using the Fisher’s Exact test or chi square and the Students t test for paired means to 

test the significance of associations.  For comparison of proportions between two 

binary variables the prtest was used to calculate confidence intervals (CI) and z score 

used to test the significance of the difference in the means for unpaired data.  

Comparison of unmatched medians was conducted using the Mann-Whitney test. 

Relative risk was calculated to determine if there was an association between scabies 

and strongyloidiasis with 95% confidence intervals. 
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Photos of scabies like lesions were reviewed by a Paediatrician, Infectious Disease 

Physician and Paediatric Registered Nurse, all photos of scabies like lesions were 

classified as scabies and each expert indicated that they would have treated the 

participant regardless of whether an itch or more than one typical site was reported.  

A literature review was conducted to determine if subjective reporting of itch by 

parents and/or their child was a reliable measure of itch (Appendix 9 – Literature 

Review).   

 

As asymptomatic and aberrant infections have been reported in the literature and the 

unreliability of the subjective reporting of itch, particularly in children, a revised case 

definition of probable cases was used for those not reporting an itch or if the lesions 

reported were only identified on one site.17,18  The probable scabies case definition 

included participants with scabies like lesions that had either an itch or lesions were 

in a typical location or a household member had an itch.  All probable scabies cases 

were reviewed individually by myself and Ross Andrews before being included or 

excluded from the analysis as scabies case. 

 

Regression to the mean is a phenomenon at play in our study indicating that an 

apparent decline will be expected in the positive group even if the mean score of all 

test results at month 0 was unchanged at month 12.  Random number simulations 

were conducted using the same mean and standard deviation at month 0, assuming a 

normal distribution on the transformed scale (log of the optical density +0.01) with 

no decline in time irrespective of treatment, and 0.5 correlation between the optical 

density at month 0 and 12 as seen in the actual data.   
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3 RESULTS 

3.1 Enrolment of Study Population 

Galiwin’ku has a catchment population of approximately 2000 people that live in the 

main community and almost 400 in the 10 surrounding homelands 90.  At the first 

population census and mass drug administration (MDA) that commenced in March 

2010 there were 1012 (81%) consenting participants enrolled from a house list 

population of 1251 (Table 3.1).  The researchers visited 127 (80%) of the 159 houses 

in Galiwin’ku community and seven of the 10 inhabited homelands.  The median 

number of people seen living in the houses in Galiwin’ku at this time was 13 (IQR 9-

16).  The median age of 212 (89%) of the 239 participants not seen at month 0 was 

17 years (IQR 8-32 years).  Data on gender was not available to be able to determine 

if there was a difference in males and females not seen.  

 

From the house lists collected at the second population census and MDA #2 there 

were 1110 consenting participants of whom 1060 (95%) participated.   Of the 1060 

participants seen at month 12, 702 (66%) were participants seen at month 0 and 358 

(33%) were new participants that had not been seen previously (Table 3.1).  Of the 

358 new participants seen at month 12, 64 (18%) were listed on the house list from 

month 0 and the other 294 were new participants.  The median age of participants not 

seen at month 12 was consistent with those seen previously and the new participants 

seen for the first time at month 12.  We visited 133 (81%) of the 165 houses (six new 

houses had been built during the year) in Galiwin’ku and four of the 10 inhabited 

homelands.  The median number of people seen in the Galiwin’ku houses at the 

second population census was 11 (IQR 4-16).    
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Table 3.1.  Participant details for the population censuses at month 0 and 12.  

Month 0 Month 12 

 

 

Seen 

n=1012 (%) 

Seen at Month 0 

n=702 (%) 

New at Month 12 

n=358 (%) 

Seen Month 0 not 

Month 12, n=310 (%) 

Age     

Median age 

(IQR) 

20  

(9-36) 

22  

(9-37) 

18  

(9-32) 

20  

(9-39) 

0-<5 years 115 (11) 60 (9) 48 (13) 29 (9) 

5-<15 years 300 (30) 212 (30) 105 (30) 102 (33) 

≥15 years 597 (59) 430 (61) 205 (57) 179 (58) 

Gender     

Male 498 (49) 349 (50) 188 (53) 149 (48) 

Female 514 (51) 353 (50) 170 (47) 161 (52) 

 

At the completion of the second population census implemented at month 12 there 

were 1394 consenting participants (Figure 3.1).  This was 58% of the estimated 

catchment population.  Assuming a similar occupancy of the 32 missed houses at the 

first population census this gives an adjusted estimate of 1655 for the catchment 

population based on the median household size or 1815 for the catchment population 

estimated from the 75th percentile of the household size.  Under either of these 

adjusted estimates, the participation rate was 61% (1011/1655) or 55% (1011/1815) 

at the first population census and 82% (1365/1655) or 75% (1365/1815) overall.  If 

we do the same calculations for the second population census an adjusted estimate of 

the catchment population is 1462 based on the median household size of 11 and the 

household occupancy list of 1110 or 1622 estimated from the 75th percentile.  Under 

either of these adjusted estimates at the second population census the participation 

rate was 75% (1060/1462) or 65% (1060/1622).  
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From the 2009 Galiwinku Shire Survey the consenting population was 71% of those 

aged 0-4 years, 67% of those aged 5-18 years, 66% of those aged 19-49 years and 

82% of those aged ≥50 years.   

 

 

Figure 3.1  Population pyramid of consenting participants. 

 

3.2 Population census and MDA at month 0 and 12 

The population census and MDA at month 0 was implemented over five months and 

seven months at month 12.  Over three quarters of the houses in the community were 

visited.  There were very few houses that refused to participate, however of the 

houses not visited most were non-Indigenous contract workers.  The median age of 

participants at the first and second population census was 20 years (IQR 9-36) with 

an equal number of male and female participants (male n=1035, female n=1037) 

(Table 3.2).  Almost all participants received a skin check for scabies at both 

population censuses (99% & 100% respectively) with an improvement in screening 

for strongyloidiasis from 85% at the first population census to 91% at the second 
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census.  Testing of haemoglobin and eosinophils did not commence until the cross 

sectional survey at month 6.  At month 12, 80% of participants had a haemoglobin 

result and 70% had an eosinophil count.  From both MDAs there were 1863 

participants eligible for ivermectin of whom 99% received the medication.  Only 4% 

of eligible participants received no medication.    
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Table 3.2.  Participant details for the population censuses at month 0 and 12 and MDAs.  

 Month 0 Month 12 

  

n=1012 (%) 

Seen month 0 
n=702 (%) 

New month 12 
n=358 (%) 

Total  
n=1060 (%) 

Age     

Median age (IQR) 20 (9-36) 22 (9-37) 18 (9-32) 20 (9-35) 
0-<5 years (preschool)     
0-<15 years (school age) 415 (41) 272 (39) 153 (43) 425 (40) 
≥15 years (adults) 597 (59) 430 (61) 205 (57) 635 (60) 
Gender     

Male 498 (49) 349 (50) 188 (53) 537 (51) 
Female 514 (51) 353 (50) 170 (47) 523 (49) 
Diagnostic Tool     

Skin check for scabies 999 (99) 702 (100) (358) 1060 (100) 
Serology for S. stercoralis 810 (80) 619 (88) 296 (83) 915 (86)* 
Faecal microscopy/culture 

for S. stercoralis 
46 (5) 23 (3) 24 (7) 47 (4)* 

No test for S. stercoralis 156 (15) 65 (9) 41 (11) 106 (10)* 
Haematology for Hb - 588 (84) 282 (79) 870 (82) 
Haematology - Eosinophils - 503 (72) 239 (67) 742 (70) 
Medication administered MDA #1 MDA #2   

Ivermectin  (eligible 

MDA#1-n=900, #2-n=963) 
889 (88) 642 (92) 316 (88) 958 (90) 

Albendazole and Lyclear   
(eligible MDA #1- n=91, 

MDA #2-n=74) 

86 (8)  34 (5) 27 (8) 61 (6)  

Lyclear (eligible MDA#1- 

n=1, MDA #2-n=6 ) 
1  0 4 (1) 4   

Eurax (eligible n=0) 0  1 1** 

No treatment or incomplete 36 (4) 26 (4) 10 (3) 36 (3) 
* Eight participants had both a serology and faecal specimen collected 

**Protocol deviation - child was >3.5kg but less than 2 months of age, new researcher was using 

CARPA Treatment Manual guidelines instead of research drug administration protocol. 
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3.3 Scabies Case Definition  

The case definition in the protocol was defined as diffuse itching with visible lesions 

with either: at least two typical locations of scabies or presence of a household 

member with itch.  There were 43 participants identified with scabies lesions at 

month 0 and 114 at month 12 of which almost one quarter did not report an itch 

(Table 3.3).  At both population censuses itch was reported incrementally more 

frequently with age (Figure 3.2).  More participants at the population census at 

month12 reported an itch than at the first population census at month 0 (Table 3.4). 

 

Table 3.3.   Scabies lesion/s and symptoms for meeting the case definition. 

 

 

 

 

 

 

 

 

*Sites are typical body sites where scabies lesions would expect to be seen. 

 

 Month 0   Month 12 

Scabies like lesion/s 43  114  

Scabies like lesion/s & itch 32  96  

Scabies lesion & itch &/or (≥2 

sites* or household itch) 

24 93 

Probable cases (lesion&/or itch or 

typical site or household itch) 

15 21 

Scabies Cases 39 114 
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Figure 3.2.  Percentage of participants with scabies who reported symptoms by age group 

at month 0 and 12. 

 

Table 3.4.  Percentage of participants with scabies like lesion/s and itch. 

 Month 0    Month 12    

Lesion/s % Yes % No p % Yes % No p 

Itch 76.2 

(CI 63.3,89.1) 

6.1  

(CI 4.6,7.7) 

<0.001 82.5 

(CI 75.2,89.9) 

10.6 

(CI 8.6,12.6) 

<0.001 

 

Due to the high proportion of children not reporting an itch and those not meeting the 

case definition of two typical sites or a household itch an individual review of these 

participants (19 at month 0 and 21 at month 12) was conducted (Table 3.5 & 3.6). 

There were an extra 15 probable cases identified at month 0 and 21 at month 12 that 

were included as scabies cases meeting the revised case definition.  At month 0, 91% 

of scabies like lesions met the case definitions and were included in the analysis as 

scabies cases (Table 3.5).  At month 12 after review of all scabies like lesions with 
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no itch or only one site identified, all were classified as scabies and included in the 

analysis (Table 3.6). 

 

Table 3.5.  Classification of probable scabies cases at month 0 for participants with scabies 

like lesions. 

Age in 

years 

Typical 

site 

No. sites Itch House 

Itch 

Probable scabies 

case 

0.5 Yes 2 Unknown Yes Yes 

0.8 Yes 7 No No Yes 

1 Yes 1 No No Yes 

2 Yes 3 No Yes Yes 

5 Unknown Unknown No No No 

5 Yes 14 No Yes Yes 

8 Yes 1 No Yes Yes 

8 Yes 1 Yes No Yes 

8 Yes 4 No Yes Yes 

9 Yes 1 Yes No Yes 

10 Yes 1 No No Yes 

11 Yes 1 No No Yes 

13 Unknown Unknown Yes No No 

17 Yes 1 Yes No Yes 

27 Yes 1 Yes No Yes 

37 Yes 2 No No Yes 

37 Yes 1 Yes No Yes 

45 Unknown Unknown Yes Yes No 

53 No 4 Yes No No 
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Table 3.6.  Classification of probable scabies cases at month 12 for participants with scabies 

like lesions. 

Age in 

years 

Typical 

site 

No. sites Itch House 

Itch 

Probable scabies 

case 

0.2 Yes 2 No Yes Yes 

0.9 Yes 3 No Yes Yes 

1 Yes 1 No Yes Yes 

2 Yes 2 No Yes Yes 

2 Yes 1 No Yes Yes 

6 Yes 1 No Yes Yes 

6 Yes 1 Yes No Yes 

7 Yes 1 Unknown Yes Yes 

8 Yes 1 No Yes Yes 

8 Yes 2 No No Yes 

8 Yes 4 No No Yes 

8 Yes 2 Unknown Unknown Yes 

9 Yes 1 No Yes Yes 

10 Yes 1 Yes No Yes 

10 Yes 4 No Yes Yes 

13 Yes 1 No Yes Yes 

14 Yes 2 No Yes Yes 

17 Yes 2 No No Yes 

22 Yes 1 Yes No Yes 

26 Yes 4 only 1 

site 

typical 

No No Yes 

53 Yes 1 No No Yes 
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3.3.1 Scabies  

The prevalence of scabies at the first population census at month 0 was 4% (95% CI 

3.2, 4.7) reducing to 1% (95% CI 0.6%, 2.7%) at month 6 and increasing to 9% (95% 

CI 8.0, 10) at month 12 for participants that had been seen previously (Figure 3.3).  

For new participants seen for the first time at month 12 the baseline prevalence was 

15% (95% CI 11.7, 18.1) reducing to a point prevalence of 3% (95% CI 1.8, 6.3%) at 

month 18.  For participants that had been seen previously the point prevalence of 

scabies reduced from 9% (95% CI 8.0%, 10%) at month 12 to 2% (95% CI 1, 5.1) at 

month 18.  The increase in scabies prevalence from month 0 to 12 was declared an 

outbreak and is discussed in further detail at 3.6.1. 

 

 

Figure 3.3.  Prevalence of scabies at months 0, 6, 12 & 18 for participants seen previously 

and new entries at month 12. 

 

At month 0, scabies were detected in all age groups however it was greater in those 

participants who were aged <10 years and ≥50 years (Figure 3.4).  At month 12 there 
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was a much higher proportion of participants aged 0-<20 years and ≥50 years 

identified with scabies lesions (Figure 3.5).  In particular there was a significant 

increase in prevalence for participants seen at month 0 and 12 aged 10-<20 years 

from 3% (95% CI 0,6.3) at month 0 to 13% (95% CI 7.7, 18.7) at month 12.  Despite 

an increase in scabies prevalence in the 10-<20 year age group at month 12, the 

median age of participants with scabies only increased by one year from 10 years 

(IQR 5-37) at month 0 to 11 (IQR 6-19) years at month 12 (Table 3.7 & Table 3.8).   

 

At month 0 there was a disproportionally higher diagnosis of scabies in females 

compared to males (6% vs 2% respectively) that was not evident at month 12 (10% 

vs 11% respectively).  Coinfection with strongyloidiasis was diagnosed in 21% of 

those with scabies that reduced to 3% at month 12 for participants who had been seen 

previously.  For new participants seen at month 12, 27% of those diagnosed with 

scabies were also coinfected with strongyloidiasis.  Participants with scabies were no 

more likely to have strongyloidiasis than participants who had no scabies at month 0 

or 12 (Table 3.9).  Although there was an increased risk for new participants at 

month 12 (RR 1.48) the result was not significant.  A test of independence performed 

found no association between scabies and strongyloidiasis at month 0 (p=0.89) or 

month 12 (p=0.28). 

 

The per protocol treatment (two doses of ivermectin or two applications of 5% 

permethrin) increased from 69% at month 0 to 78% at month 12.  The median time 

interval between treatments for participants with scabies receiving ivermectin was 13 

days (IQR 12-20 days) at month 0, 16 (IQR 12-27 days) at month 12 for participants 
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who had been seen previously and 15 (IQR 12-23 days) for participants seen for the 

first time at month 12.   

 

 

Figure 3.4.  Prevalence of scabies at first population census at month 0. 

 

 

Figure 3.5.  Prevalence of scabies at second population census at month 12 for participants 

seen previously at month 0 and new entries at month12. 

7%

3% 3%

2%

3%

5%

6%

0%

5%

10%

15%

20%

0

50

100

150

200

250

300

0-<10 10-<20 20-<30 30-<40 40-<50 50-<60 60+

%
 S

c
a

b
ie

s
 p

e
r 
a

g
e

 g
ro

u
p

N
u

m
b

e
r 
o

f 
s

k
in

 c
h

e
c

k
s

Age Groups

No Scabies 

Yes Scabies 

% Scabies

------- Mean Prevalence

14%
13%

5%

2%

5%

11%

10%

25%

19%

5%

7%

0%

6%

0%

0%

5%

10%

15%

20%

25%

30%

0

50

100

150

200

250

300

0-<10 10-<20 20-<30 30-<40 40-<50 50-<60 60+

%
 S

c
a

b
ie

s
 p

e
r 
a

g
e

 g
ro

u
p

N
u

m
b

e
r 
o

f 
s

k
in

 c
h

e
c

k
s

Age Groups

No Scabies 

Yes Scabies

% Scabies  Seen Previously

% Scabies New Entries

------- Mean Prevalence



82 
 

Table 3.7.  Participant details for population census at month 0 and MDA #1. 

 Yes scabies    

n=39 (%) 

No scabies 

n=957 (%) 

Unknown 

n=16 (%) 

Total  

n=1012 (%) 

Age     

Median age (IQR)* 10 (5-37)* 21 (9-36)* 8 (2-21)* 20 (9-36)* 

0-<5 years (preschool) 7 (18) 102 (11) 6 (38) 115 (11) 

5-<15 years (school age) 15 (38) 280 (29) 5 (31) 300 (30) 

≥15 years (adults) 17 (44) 575 (60) 5 (31) 597 (59) 

Gender     

Male 9 (23) 483 (50) 6 (38) 498 (49) 

Female 30 (77) 474 (50) 10 (62) 514 (51) 

Per protocol treatment     

Ivermectin or 5% permethrin 27 (69) 932 (97) - 959 (95) 

Strongyloides     

Negative 21 (54) 528 (55) 11 (69) 560 (55) 

Equivocal  4 (10) 113 (12) 2 (12) 119 (12) 

Positive 8 (21) 171 (18) 0 179 (18) 

Unknown 6 (15) 145 (15) 3 (19) 154 (15) 

Treatment MDA #1     

Ivermectin - 1 dose 8 (21) 595 (62) 2 (13) 605 (60) 

Ivermectin - 2 doses 24 (62) 256 (27) 4 (25) 284 (28) 

Median time in days B/W the 2 

doses (IQR) 

13 (12-20)* 17 (13-22)* 14 (11-16)* 17 (13-22)* 

5% permethrin - 1 app 1 (3) 81 (8) 0 82 (8) 

5% permethrin – 2 apps 3 (7) 0 0 3 (0) 

Median time in days B/W the 2 

applications (IQR) 

14 (12-21)* 0 0 14 (12-21)* 

No ^Rx recorded 3 (7) 25 (3) 10 (77) 39 (4) 

* IQR – interquartile range, ^Rx - treatment 
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Table 3.8.  Participants details for population census at month 12 and MDA #2. 

 YES SCABIES NO SCABIES  

 Seen 0&12 

n=63 (%) 

New entries  

n=51 (%) 

Seen 0&12 

n=639 (%) 

New entries  

n=307 (%) 

Total 

n=1060 (%) 

Age      

Median age (IQR)* 11 (6-26)* 10 (3-14)* 23 (10-37)* 20 (10-34)* 20 (9-35)* 

0-<5 yrs (preschool) 8 (13) 15 (29) 52 (8) 33 (11) 108 (10) 

5-<15 yrs (school) 28 (44) 25 (49) 184 (29) 80 (26) 317 (30) 

≥15 yrs (adults) 27 (43) 11 (22) 403 (63) 194 (63) 635 (60) 

Gender      

Male 32 (51) 28 (55) 317 (50) 160 (52) 537 (51) 

Female 31 (49) 23 (45) 322 (50) 147 (48) 523 (49) 

Per protocol treatment     

Ivermectin or 5% 

permethrin 

49 (78) 37 (73) 626 (98) 303 (99) 1015 (96) 

Strongyloides      

Negative 44 (70) 22 (42) 494 (77) 180 (59) 740 (70) 

Equivocal  7 (11) 3 (6) 56 (9) 38 (12) 104 (10) 

Positive 2 (3) 13 (27) 34 (5) 61 (20) 110 (10) 

Unknown 10 (26) 13 (25) 55 (9) 28 (9) 106 (10) 

Treatmen MDA #2      

Ivermectin -1 dose 9 (14) 7 (14) 516 (81) 198 (64) 730 (69) 

Ivermectin - 2 doses 47 (75) 31 (61) 70 (11) 80 (26) 228 (22) 

Median time in days 

B/W the 2 doses  

16 (12-27) 15 (12-23) 23 (17-34) 23 (20-29) 21 (15-28)* 

1 app -5% permethrin  4 (6) 6 (12) 40 (6) 25 (2) 75 (7) 

2 app -5% permethrin  2 (3) 6 (12) 0 0 8 (1) 

Median time in days 

B/W the 2 apps  

14 (12-16) 22 (15-23)   19 (14-22)* 

No Rx recorded 1 (2) 1 (2) 13 (2) 4 (1) 19 (2) 

* IQR – interquartile range 
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Table 3.9.  Relative risk of scabies cases being coinfected with strongyloidiasis. 

 RR 95% CI 

Month 0 0.88 0.5 - 1.6 

Seen at month 0 & 12 0.68 0.42 - 1.1 

New participants at month 12 1.48 0.36 - 5.96 

 

There was no significant difference in symptoms reported between participants with 

scabies and those with no scabies except for the symptoms that are characteristic of 

scabies (itch and rash) (Table 3.10).  At month 12 participants with scabies also 

reported significantly higher joint pain and nausea than participants with no scabies. 
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Table 3.10.  Participant symptoms for those with scabies and no scabies at month 0, 12 & 18 

(excluding those equivocal or positive for S. stercoralis). 

 

There was no evidence that scabies had a substantial impact on Hb for male or 

female participants (Figure 3.6 & Figure 3.7).  Referencing to the WHO Hb 

threshold for anaemia, females aged 12-<15 years had a median Hb equal to 120g/L 

indicating that 50% of the females in this age group would be classified as anaemic 

using the WHO reference. 

 Month 0 

n=513 (%) 

 Month 12 

(n=694) 

 Month 18 

(n=238) 

 

 Scabies No scabies  P value Scabies No scabies  P value Scabies No scabies  P value 

Dizzy 1 (6) 49 (10) 1.0 5 (8) 53 (8) 1.0 0 16 (7) 1.0 

Diarrhoea 1 (6) 9 (2) 0.3 2 (3) 12 (2) 0.33 0 2 (1) 1 

Abdominal 

pain/bloating 

1 (6) 21 (4) 0.5 3 (5) 28 (4) 0.7 0 7 (3) 1.0 

Headache 4 (22) 43 (9) 0.07 8 (14) 51 (8) 0.14 0 23 (10) 1.0 

Fever 2 (11) 22 (4) 0.2 5 (8) 28 (4) 0.18 0 11 (5) 1.0 

Itch  14 (78) 36 (7) <0.001 48 (84) 69 (11) <0.001 8 (100) 20 (9) <0.001 

Rash 0 44 (9) 0.3 11 (19) 29 (5) <0.001 2 (25) 8 (3) 0.04 

Joint pain 3 (17) 46 (9) 0.4 8 (14) 38 (6) 0.04 0 16 (7) 1.0 

Muscle pain 0 35 (7) 0.6 8 (14) 47 (7) 0.1 0 10 (4) 1.0 

Lethargic 2 (11) 48 (10) 0.7 9 (15) 77 (12) 0.5 1 (12) 34 (15) 1.0 

Swelling 1 (6) 10 (2) 0.3 2 (3) 7 (1) 0.2 0 2 (1) 1.0 

Nausea 1 (6) 14 (3) 0.4 5 (8) 10 (2) 0.006 0 2 (1) 1.0 

Sore throat 0 19 (4) 1.0 3 (5) 21 (3) 0.4 0 9 (4) 1.0 

Cough 3 (17) 70 (14) 0.7 10 (17) 114 (18) 1.0 3 (38) 32 (14) 0.09 
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Figure 3.6.  Haemoglobin g/L distribution for all male participants with and without scabies 

(excludes those equivocal or positive for S. stercoralis) and WHO Hb age threshold for 

anaemia. 

 
Figure 3.7.  Haemoglobin distribution for all female participants with and without scabies 

(excludes those equivocal or positive for S. stercoralis) and WHO Hb age threshold for 

anaemia. 
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The median eosinophil count for male participants was higher for those with no 

scabies compared to those with scabies across all age groups except for those aged 4-

7 years where there were no scabies cases (Figure 3.8).  For all male age groups 

except those aged 4-7 years and those with scabies in the 8-12 year age group, the 

median eosinophil count was equal to or above the RCPA reference point indicating 

that 50% or more of the males in these groups would be diagnosed with eosinophilia 

using the RCPA reference.   

 

Figure 3.8.  Eosinophil x109/L distribution for male participants by scabies status (excludes 

those equivocal or positive for S. stercoralis) using the RCPA age reference for eosinophils. 

 

Female participants had the opposite result to males, females with scabies had a 

higher median eosinophil count than those with no scabies for all age groups except 
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indicating that 50% or more of females would be diagnosed with eosinophilia using 

this reference. 

 

Figure 3.9.  Eosinophil x109/L distribution for female participants by scabies status 

(excludes those equivocal or positive for S. stercoralis) using the RCPA age reference for 

eosinophils. 
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For participants seen at month 0 and 12 the population prevalence of strongyloidiasis 
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Figure 3.10.  Strongyloidiasis prevalence at months 0, 6, 12 & 18 for participants seen 

previously and new entries at month 12. 

 

The median age of participants with strongyloidiasis at month 0 was 20 years (IQR 

12-29) with a significantly higher proportion of males having a positive result 

compared to females (20% vs 15% p=0.04) (Table 3.11).  At month 12 the median 

age of participants that had been seen at month 0 with strongyloidiasis reduced by six 

years to 14 years (IQR 8-33), however the difference was not significant (p>0.05) 

(Table 3.12).  The proportion of the male population with strongyloidiasis at month 

12 did not differ greatly from the female population (6.4% vs 4.9%) for participants 

seen previously at month 0 and for new participants seen for the first time at month 

12 (24% vs 22%) unlike that observed at month 0 (Table 3.11& Table 3.12 & Table 

3.13).   
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concurrently diagnosed with scabies than participants who were negative for S. 

stercoralis at month 0 & 12 (Table 3.14).  There was an increased risk of coinfection 

for new participants (RR 1.47) but the result was not significant. 

 

The per protocol treatment of two doses of ivermectin or two courses of three days of 

consecutive albendazole 10-42 days apart for positive or equivocal S. stercoralis 

results was administered to 90% of participants at MDA #1 with a median of 17 days 

(IQR 13-23) between ivermectin doses and 11 days (IQR 11-13) between the three 

two course doses of albendazole (Table 3.11).  At MDA #2 the per protocol 

treatment varied slightly and only participants with equivocal results that had not 

been seen previously or did not receive the per protocol treatment at MDA #1 and/or 

the six month cross sectional survey received two consecutive treatments 10-42 days 

apart.  For all participants seen at month 12, over 90% received the per protocol 

treatment with a median of 21 days (IQR 15-28) between ivermectin doses.   
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Table 3.11.  Participant details for the first population census at month 0 & MDA #1. 

 S. stercoralis 

negative 

n=560 (%) 

S. stercoralis 

equivocal 

n=119 (%) 

S. stercoralis 

positive 

n=179 (%) 

Unknown 

 

n=154 (%) 

Total 

  

n=1012 (%) 

Median age (IQR)* 25 (11-41)* 29 (14-44)* 20 (12-30)* 5 (3-8)* 20 (9-36)* 

0-<5 years  45 (8) 1 (1) 3 (2) 66 (43) 115 (11) 

5-<15 years 132 (24) 29 (24) 64 (36) 75 (49) 300 (30) 

15+ years 383 (68) 89 (75) 112 (62) 13 (8) 597 (59) 

Gender      

Male 252 (45) 61 (51) 101 (56) 84 (55) 498 (49) 

Female 308 (55) 58 (49) 78 (44) 70 (45) 514 (51) 

Scabies       

No 528 (94) 113 (95) 171 (96) 145 (94) 957 (95) 

Yes  21 (4) 4 (3) 8 (4) 6 (4) 39 (4) 

Unknown 11 (2) 2 (2) 0 3 (1) 16 (1) 

Per protocol 

treatment 

     

Ivermectin or 

albendazole 

534 (95) 107 (90) 162 (90) 133 (86) 936 (92) 

Treatment MDA #1      

IV – 1 dose 495 (88) 11 (10) 15 (8) 84 (55) 605 (60) 

IV – 2 doses 11 (2) 107 (89) 160 (90) 6 (4) 284 (28) 

Median time in days 

B/W the 2 doses 

 

13 (12-17)* 

 

17 (13-22)* 

 

17 (13-22)* 

 

17 (12-19)* 

 

17 (13-22)* 

Day 1-3      

Alb – 1 dose 0 0 0 3 (2) 3 (0) 

Alb – 2 doses 6 (1) 0 1 (1) 3 (2) 10 (1) 

Alb – 3 doses 28 (5) 0 2 (1) 43 (27) 73 (7) 

Day 10-12       

Alb – 1 dose 0 0 0 0  

Alb – 2 doses 0 0 0 0  

Alb – 3 doses 0 0 3 1 4** 

Median time in days 

B/W the 2 courses 

 

0 

 

0 

 

12 (11-13)* 

 

12(12-12)* 

 

11 (11-12)* 

No treatment 20 (4) 1 (1) 1 (0) 15 (10) 37 (4) 

* IQR – Interquartile range 

**These participants are also included in the albendazole Day 1-3 doses 
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Table 3.12.  Participant details for second population census and MDA #2 at month 12 for 

participants that had been seen at month 0 

 S. stercoralis 

negative 

n=538 (%) 

S. stercoralis 

equivocal 

n=63 (%) 

S. stercoralis 

positive 

n=36 (%) 

Unknown 

 

n=65 (%) 

Total 

  

n=702 (%) 

Median age (IQR)* 24 (11-38)* 29 (10-42)* 14 (8-33)* 4 (2-7)* 22 (9-37)* 

0-<5 years  20 (4) 2 (3) 2 (6) 36 (55) 60 (9) 

5-<15 years 156 (29) 19 (30) 16 (44) 21 (32) 212 (30) 

15+ years 362 (67) 42 (67) 18 (50) 8 (12) 430 (61) 

Gender      

Male 262 (49) 30  (48) 20 (56) 37 (57) 349 (50) 

Female 276 (51) 33 (52) 16 (44) 28 (43) 353 (50) 

Scabies       

No 494 (92) 56 (89) 34 (94) 55 (85) 639 (91) 

Yes  44 (8) 7 (11) 2 (6) 10 (15) 63 (9) 

Per protocol 

treatment 

     

Ivermectin or 

albendazole 

522 (97) 57 (90) 30 (83) 56 (86) 657 (94) 

Treatment MDA #2      

IV – 1 dose 478 (89) 13 (21) 6 (8) 28 (43) 525 (75) 

IV – 2 doses 34 (6) 49 (78) 29 (90) 5 (8) 117 (17) 

Median time in days 

B/W the 2 doses 

 

16 (12-25)* 

 

23 (19-36)* 

 

20 (15-29)* 

 

15 (12-21)* 

 

21 (14-30)* 

Day 1-3      

Alb – 1 dose 2 0 0 1 (2) 3 (0) 

Alb – 2 doses 0 0 0 1 (2) 1 (0) 

Alb – 3 doses 10 (2) 0 1 23 (37) 34(5) 

Day 10-12       

Alb – 1 dose 0 0 0 0  

Alb – 2 doses 0 0 0 0  

Alb – 3 doses 1 0 1 0 2** 

Median time in days 

B/W the 2 courses  

 

26 

 

0 

 

12  

 

 

 

19 (12-26)* 

No treatment 16 (3) 1 (1) 0 5 (8) 22 (3) 

* IQR – Interquartile range 

**These participants are also included in the albendazole Day 1-3 doses 
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Table 3.13.  Participants details for second population census and MDA #2 at month 12 for 

participants that were seen for the first time at month 12. 

Characteristics at 

MDA #1 

S. stercoralis 

negative 

n=202 (%) 

S. stercoralis 

equivocal 

n=41 (%) 

S. stercoralis 

positive 

n=74 (%) 

Unknown 

 

n=41 (%) 

Total 

  

n=358 (%) 

Median age (IQR)* 22 (11-35)* 24 (13-35)* 15 (10-30)* 4 (1-7)* 18 (9-32)* 

0-<5 years  22 (12) 0 1 (1) 23 (56) 48 (13) 

5-<15 years 46 (23) 11 (27) 34 (46) 14 (324) 105 (29) 

15+ years 132 (65) 30 (73) 39 (53) 84 (10) 205 (57) 

Gender      

Male 107 (53) 22  (54) 41 (55) 18 (44) 188 (53) 

Female 95 (47) 19 (46) 33 (45) 23 (56) 170 (47) 

Scabies       

No 180 (89) 38 (93) 61 (82) 28 (68) 307 (86) 

Yes  22 (11) 3 (7) 13 (18) 13 (32) 51 (14) 

Per protocol 

treatment 

     

Ivermectin or 

albendazole 

192 (95) 31 (76) 65 (90) 36 (88) 324 (91) 

Treatment MDA #2      

IV – 1 dose 168 (83) 10 (24) 9 (8) 18 (20) 205 (57) 

IV – 2 doses 9 (5) 31 (76) 65 (90) 6 (15) 111 (31) 

Median time in days 

B/W the 2 doses  

 

15 (12-18)* 

 

24 (21-31)* 

 

21 (18-27)* 

 

14 (13-23)* 

 

22 (16-27)* 

Day 1-3      

Alb – 1 dose 0 0 0 0 0 

Alb – 2 doses 0 0 0 0 0 

Alb – 3 doses 15 (7) 0 0 12 (29) 27(8) 

Day 10-12       

Alb – 1 dose 0 0 0 0  

Alb – 2 doses 0 0 0 0  

Alb – 3 doses 0 0 0 0 ** 

No treatment 10 (5) 0 0 5 (12) 15 (4) 

* IQR – Interquartile range 

**These participants are also included in the albendazole Day 1-3 doses 
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Table 3.14.  Relative risk of participants with strongyloidiasis being coinfected with scabies. 

 RR 95% CI 

Month 0 0.86 0.39 - 1.89 

Seen at month 0 & 12 0.61  0.32 - 1.15 

New participants at month 12 1.47 0.37 – 5.8 

 

S. stercoralis was ubiquitous in all age groups peaking in those aged between 10-<20 

years at month 0 and for participants seen for the first time at month 12 (Figure 3.11 

& Figure 3.12).  At month 0, 29.5% (95% CI 25.3,33.7) of those aged <30 years 

were positive for S. stercoralis compared to 15.5% (95% CI 11.3,19.7) aged ≥30 

years with a significant difference of 14% (95 % CI 8.0,19.9, p<0.001).  At month 12 

strongyloidiasis reduced significantly in all age groups, except those aged ≥50 years, 

for participants seen previously at month 0 (Table 3.15).  For new participants at 

month 12 there were no significant differences in age groups for strongyloidiasis 

between those being seen for the first time at month 0 or 12 (Table 3.16).   
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Figure 3.11.  Strongyloidiasis by 10 year age groups at month 0. 

 

 

 

Figure 3.12.  Strongyloidiasis by 10 year age groups at month 12 for participants seen 

previously at month 0 and new participants at month 12. 
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Table 3.15.  Strongyloidiasis by age group for participants seen at month 0 and 12. 

Age in 

years 

Month 0 

% (95% CI) 

Month 12 

% (95% CI) 

Absolute difference 

% (95% CI) 

p 

0-<10 22 (15,30) 10 (5,15) -12 (-21, -3) 0.009 

10-<20 33 (25,42) 6 (2,10) -27 (-37,-18) <0.001 

20-<30 23 (15,30) 3 (0,7) -19 (-27,-11) <0.001 

30-<40 13 (6,19) 5 (1,9) -8 (-15,0) 0.04 

40-<50 14 (7,22) 4 (0,8) -11 (-20,-2) 0.02 

50-<60 15 (4,25) 5 (-2,23) -10 (-23,2) 0.11 

≥60 16 (-1,32) 5 (-5,15) -11 (-30,8) 0.27 

 
Table 3.16.  Strongyloidiasis by age group for participants seen at month 0 and new 

participants at month 12. 

Age in 

years 

Month 0 

% (95% CI) 

Month 12 

% (95% CI) 

Absolute difference 

% (95% CI) 

p 

0-<10 19 (13,25) 22 (12,32) 3 (-8, 15) 0.58 

10-<20 32 (25,39) 34 (24,44) 2 (-10,14) 0.73 

20-<30 26 (20,33) 16 (6,25) -10 (-22,1) 0.1 

30-<40 15 (9,21) 25 (13,36) 9 (-4,22) 0.13 

40-<50 13 (6,19) 19 (4,33) 6 (-10,22) 0.44 

50-<60 11 (3,18) 6 (-5,16) -5 (-18,8) 0.52 

≥60 11 (1,22) 13 (-10,35) 1 (-24,26) 0.93 

 

Participants reported symptoms that were not significantly associated with being 

negative, equivocal or positive for S. stercoralis (P>0.05 for all symptoms) (Figure 

3.13).  When stratified by age group the following findings of importance were found 

for participants aged: 
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1. 0-<10 years – reported more fever if they had equivocal or positive results for S. 

stercoralis than children with negative results (negative 1%, equivocal 4%, 

positive 6%, p=0.05).   

2. 10-<20 years – reported more dizziness (negative 4%, equivocal 8%, positive 

0%, p=0.03) and cough (negative 13%, equivocal 13%, positive 5%, p=0.05) in 

participants with equivocal and negative results compared to those with positive 

S. stercoralis results. 

3.  20-<30 years – no significant difference in symptoms reported between those 

with negative, equivocal and positive S. stercoralis results. 

4. 30-<40 years – reported swelling of limbs more frequently in participants with 

positive and equivocal results compared to those with negative S. stercoralis 

results (negative 1%, equivocal 3%, positive 8%, p=0.04). 

5. 40-<50 years – no significant difference in symptoms reported between those 

with negative, equivocal and positive S. stercoralis results. 

6. 50-<60 years – reported a sore throat (negative 3%, equivocal 13%, positive 

17%, p=0.05) and nausea (negative 0%, equivocal 8%, positive 17%, p=0.05). 

more frequently in participants with positive and equivocal results compared to 

those with negative S. stercoralis results. 

7. ≥60 years – no significant difference in symptoms reported between those with 

negative, equivocal and positive S. stercoralis results. 
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Figure 3.13.  Summary of symptoms reported from months 0, 12 & 18 (data not collected at 

month 6) by S. stercoralis status (excluding scabies cases). 

 

There was no evidence that strongyloidiasis had any impact on Hb when stratified by 

gender and age group (excluding 1 male with strongyloidiasis aged 0-4 years) 

(Figure 3.14 & Figure 3.15).  The eosinophil count referenced to the RCPA age 

reference point identified over 50% eosinophilia irrespective of strongyloidiasis 

status in all male and female age groups except those 4-7 years (Figure 3.16 & 

Figure 3.17).  For females and males aged ≥8 years the median eosinophil count was 

greater for participants positive for S. stercoralis compared to those with negative 

results.  Overall eosinophilia was identified in 59% (95% CI 56,62) of participants 

negative for S. stercoralis and 82 % (95% CI 75,89) with positive results using the 

RCPA reference point.  The difference of 22% (95% CI 15,30) was statistically 

significant (p<0.001). 
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Figure 3.14.  Haemoglobin g/L distribution for males by S. stercoralis status (excludes 

participants with scabies and those with equivocal Strongyloides results) reference to the 

WHO Hb age threshold for anaemia. 

 
Figure 3.15.  Haemoglobin g/L distribution for females by S. stercoralis status (excludes 

participants with scabies and equivocal Strongyloides results) referenced to the WHO Hb 

age threshold for anaemia. 
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Figure 3.16.  Eosinophils x109/L distribution for males by S. stercoralis status (excludes 

participants with scabies and those with equivocal results) referenced to the RCPA age 

reference point for leucocyte differential counts. 

 

Figure 3.17.  Eosinophil x109/L distribution for females by S. stercoralis status (excludes 

participants with scabies and equivocal Strongyloides serology results) referenced to the 

RCPA age group reference point for leucocyte differential counts. 
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There were 510 participants seen at months 0 and 12 who did not receive any 

treatment at month six for whom we have paired serology results.  The median 

optical density for those negative at month 0 remained unchanged at month 12 for 

the majority of participants with the exception of 21 (6%) who had received only one 

dose of ivermectin and had an increase in optical density above the negative cut-off 

of 0.25 (Figure 3.18).  Participants with equivocal results at month 0 had an equal 

decrease in optical density at month 12 after receiving either one or two doses of 

ivermectin (Figure 3.19).  Participants with positive serology at month 0 had a 

greater decrease in optical density at month 12 than equivocal participants for both 

one and two doses of ivermectin.  There was no significant difference in the optical 

density change for participants with positive serology receiving either one or two 

doses of ivermectin, 0.21 (95% CI -0.11,0.53) (Figure 3.19).   

 

The regression to the mean simulations showed that this phenomenon explains about 

50% of the reduction in the optical density, meaning that the other 50% is attributed 

to our mass drug administration, under the assumption that if we had not given 

ivermectin there would be no change in the optical density.   
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Figure 3.18.  Optical density for S.stercoralis serology for participants seen at month 0 and 

12 by number of ivermectin doses and disease status at month 0 (n=510, excludes those 

treated at month 6). 

 

 
Figure 3.19.  Optical density change difference for S. stercoralis serology for participants 

seen at month 0 and 12 by number of ivermectin doses given and disease status at month 0 

(n=510, excluding those treated at month 6). 
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3.5 Cross sectional surveys 

At the month 6 cross sectional survey there were 325 participants that had scabies 

lesions and/or were positive or equivocal for S. stercoralis from the first population 

census and 303 from the month 18 cross sectional survey from the second population 

census that required follow-up screening (Table 3.17 & Table 3.18).  Over three 

quarters of the participants requiring follow-up for their disease status from the 

population census six months prior were seen at the cross sectional surveys.  Almost 

an equal number of males and females were seen at each survey and equal numbers 

from each age group, except for those aged 0-<5 years where more participants were 

followed up at month 18 compared to month 6. 

 

Table 3.17.  Age and gender of participants with equivocal or positive S. stercoralis results 

and/or scabies from month 0 that were to be reviewed at month 6 cross sectional survey 

(n=325). 

 Seen at month 6 (%) Not seen at month 6 (%) 

Age Groups   

0-<5 years (n=11) 5(46) 6 (54) 

5-<15 years (n=102) 79 (78) 23 (22) 

≥15 years (n=212) 163 (77) 49 (23) 

Gender   

Male (n=170) 127 (75) 43 (25) 

Female (n=155) 120 (77) 35 (23) 

Total (n=325) 247 (76) 78 (24) 
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Table 3.18.  Age and gender of participants with equivocal or positive S. stercoralis results 

and/or scabies from month 12 that were to be reviewed at month 18 cross sectional survey 

(n=303). 

 Seen at month 18 (%) Not seen at month 18 (%) 

Age Groups   

0-<5 years (n=28) 24 (86) 4 (14) 

5-<15 years (n=114) 90 (79) 24 (21) 

≥15 years (n=161) 123 (76) 38 (24) 

Gender   

Male (n=155) 120 (77) 35 (23) 

Female (n=148) 117 (79) 31 (23) 

Total (n=303) 237 (78) 66 (22) 

 

Included in the cross sectional survey samples were 272 participants (141 at month 6 

and 131 at month 12) that were randomly selected from computer generated lists of 

200 at month 6 and 18, who were known to have no scabies and were negative for S. 

stercoralis at the population census six months prior (Table 3.19).  The median age 

of participants seen at the cross sectional surveys decreased from month 6 to 18.  In 

both surveys the participants with scabies and/or were equivocal or positive for S. 

stercoralis were younger than those with no disease.  The majority of participants in 

the surveys were aged ≥15 years with an almost equal number of male and females 

participants.   
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Table 3.19.  Participant details for those followed up at month 6 and 18 cross sectional 

surveys. 

Characteristic Randomly selected negative 

for both diseases (%) 

Equivocal or positive for one or 

both diseases (%) 

Month  6 18 6 18 

No. seen n=141 n=131 n=247 n=237 

Age     

Median age (IQR) 30 (14-40) 26 (17-41) 23 (11-36) 15 (8-31) 

0-<5 years 2 (1) 1 (1)   

5-<15 years 37 (26) 25 (19) 84 (34) 114 (48) 

≥15 years 102 (72) 105 (80) 163 (66) 123 (52) 

Gender     

Male 67 (48) 57 (43) 126 (51) 120 (51) 

Female 74 (52) 74 (55) 121 (49) 117 (49) 

 

At both cross sectional surveys 80% of participants were located for follow-up, 

388/485 at month 6 and 368/463 at month 18 (Table 3.20).  Extra participants seen at 

the cross sectional surveys that were not included in analysis of prevalence at months 

6 and 18 were household contacts of scabies cases diagnosed at the cross sectional 

surveys.  At the first cross sectional survey at month 6 most of the participants 

requiring follow-up had previously been equivocal or positive for S. stercoralis, 

however at month 18 there was almost a three fold increase in those requiring 

follow-up for a previous scabies diagnosis from month 6. 
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Table 3.20.  Characteristics from population census six months previous for those seen at 

the cross sectional surveys. 

 Month 6 Month 18 

Randomly selected negative 141 131 

Scabies  25 73 

Positive S.stercoralis 128 71 

Equivocal S.stercoralis 83 74 

Equivocal or positive S.stercoralis and scabies 11 19 

Total requiring follow –up that were seen 388 368 

Extras   

*Household contacts of scabies cases 

diagnosed at cross sectional surveys  

7 19 

Total seen 395 387 

*Extra participants not part of the cross sectional survey sample that were screened and treated if 

disease present but were excluded from the analysis of prevalence. 

 

3.5.1 Disease acquisition and treatment failures 

Of the 395 participants seen at the first cross sectional survey at month 6, four of the 

141 randomly selected negatives were diagnosed with scabies and five were positive 

for S. stercoralis.  The acquisition rate for scabies at month 6 was 3% and 4% for 

strongyloidiasis (Table 3.21).  For the 36 participants that were previously diagnosed 

with scabies, two (6%) had scabies at month 6 and were considered treatment 

failures.  Of the 135 participants seen (male n=75, female n=60) that were previously 

positive for S. stercoralis (seven also had scabies) at month 0, 23 (17%) remained 

positive and were considered treatment failures.  For strongyloidiasis male treatment 

failure of 21% (n=16) was almost double that of females at 12% (n=7). 
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For the two scabies cases that were treatment failures at month 6 both participants 

had received per protocol treatment at month 0, one participant received two 

applications of 5% permethrin 21 days apart and the other participant received two 

doses of ivermectin 13 days apart (Table 3.22).  Of the 23 participants positive for S. 

stercoralis at month 0 and 6, 20 had received two doses of ivermectin at month 0 and 

the remaining three had received only one dose of ivermectin.  The median time 

between ivermectin treatments was 15 days (IQR 12-21).  The median time interval 

from the first population census at month 0 to the first cross sectional survey at 

month 6 was 5.1 months (IQR 5-8). 

 

Of the 387 participants seen at the second cross sectional survey at month 18, four of 

the 131 randomly selected negatives were diagnosed with scabies and one was 

positive for S. stercoralis.  The acquisition rate for scabies at month 18 was 5% and 

1% for strongyloidiasis.  For the 92 participants that were previously diagnosed with 

scabies, six (7%) had scabies at month 12 and were considered treatment failures.  Of 

the 78 participants (male n=42, female n=36) seen that were previously positive for 

S. stercoralis (six also had scabies) at month 12, 18 (23%) remained positive and 

were considered treatment failures.  For strongyloidiasis male treatment failure of 

18% (n=8) was less than females at 28% (n=10). 

 

For the six scabies cases that were treatment failures at month 18, four participants 

had received per protocol treatment at month 0, one participant received two 

applications of 5% permethrin 28 days apart and the other three participants received 

two doses of ivermectin with a median of 20 days (IQR 14-27) between doses.  For 
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the two participants not receiving per protocol treatment one had received one dose 

of ivermectin and the other had received one application of 5% permethrin.   

 

Of the 18 participants positive for S. stercoralis at month 12 and 18, 15 had received 

two doses of ivermectin at month 12 and the remaining three had received only one 

dose of ivermectin.  The median time between ivermectin treatments was 23 days 

(IQR 17-28).  The median time interval from the second population census at month 

12 to the second cross sectional survey at month 18 was 7.9 months (IQR 6-11). 

 

The marginal increase in scabies acquisition and decrease in strongyloidiasis 

acquisition between the cross sectional surveys were not significant nor were the 

slight increases in treatment failures (Table 3.21).  Treatment with one or two doses 

of ivermectin made no significant difference to treatment failure or cure rates, nor 

did the difference in median time interval between treatments significantly alter the 

treatment outcome (Table 3.22).  

 

Table 3.21.  Scabies and strongyloidiasis acquisition rates and treatment failures. 

 Month 6 95% CI Month 18 95% CI 

Acquisition  n=141  n=131  

Scabies 4 (3%) 0.2,5.8 6 (5%) 1.3,8.7 

Strongyloidiasis 5 (4%) 0.8,7.2 1 (1%) -0.7,2.7 

Treatment failures     

Scabies (M6 n=36, M18 n=92) 2 (6%) -1.8,13.8 6 (7%) 1.7,12.2 

Strongyloidiasis (M6 n=135, M18 n=78) 23 (17%) 10.7,23.3 18 (23%) 13.7,32.3 
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Table 3.22.  Median time interval in days between the first and second dose of ivermectin 

and number of doses given. 

 MONTH 6   MONTH 18  

   Est. dif^   Est. dif 

 Rx failure Cured 95% CI Rx failure Cured 95% CI 

Scabies (IQR) 

No. Participants 

13 days 

n=1 

14 (12-20) 

n=23 

Too few 

data  

20 (14-27) 

n=3 

16 (12-27) 

n=56 

-1.5 

(-12,13) 

One treatment 0 6 (21%) - 1 (25%) 13 (19%) p=0.8 

Two treatments 1 (100%) 23 (79%) - 3 (75%) 56 (81%) p=0.8 

Strongyloidiasis* 

No. Participants 

15 (12-21) 

n=20 

16 (13-22) 

n=70 

1 

(-1,3) 

23 (17-28) 

n=15 

21 (15-30) 

n=37 

0 

(-6,5) 

One treatment 3 (13%) 3 (4%) p=0.1 3 (17%) 3 (8%) p=0.3 

Two treatments 20 (87%) 70 (96%) p=0.1 15 (83%) 37 (92%) p=0.3 

^Estimated difference in median days between treatments with 95% CI. 

*Excludes equivocal results. 
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3.6 OTHER FINDINGS 

3.6.1 Scabies Outbreak  

At the beginning of the second population census in March-April 2011 there was a 

noticeable increase in scabies lesions compared with the same time in 2010 at the 

first population census (Figure 3.20 & Figure 3.21).  The lesions were identified on 

more body sites and in more household members than at the previous census.  A 

suspected crusted scabies participant was identified by the school nurse on 5 May 

2011 and evacuated to the Royal Darwin Hospital 7 May 2011.  Skin scrapings were 

collected from the index crusted scabies case and put in the freezer in Galiwin’ku as 

the parasitologist was not available that day.    

 

 

Figure 3.20.  Comparison of scabies case reported each month for 2010 and 2011. 
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Figure 3.21.  Comparison of scabies cases reported each month for participants seen at 

month 0 & 12 and new entries at month 12. 

 

The school nurse screened the other children in the classroom as the crusted scabies 

student had stated no-one would sit next to her at school.  There were 10 other 

children in the classroom with scabies.  After the school nurse had informed me of 

the number of cases from the classroom it was decided between Menzies and the 

Centre for Disease Control in Darwin that an outbreak would be declared.  I was 

delegated the responsibility of coordinating and implementing the outbreak response.   

 

On 9 May 2011 a charter plane left Darwin for Galiwin’ku with: a postdoctoral 

expert on laboratory and clinical aspects of crusted scabies, a parasitologist, an 

epidemiologist (myself), 2 medical officers, a Registered Nurse, a database manager 

and an office administrator (Figure 3.22).  On arrival we were greeted at the airport 
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Figure 3.22.  Outbreak response team setting up at the Miwatj office. 

 

The index crusted scabies case was a 15 year old female who had been seen by the 

research team on 21/01/2011 with no scabies reported.  On the 3/2/2011 she 

presented to the school nurse with scabies and was given topical 5% permethrin and 

her left elbow was covered with a dressing.  Eight days later on the 11/03/2011 she 

presented to the school nurse again with scabies on her hands and an infected left 

elbow and stated that she had used 5% permethrin the night before.  Six days after 

the second presentation to the school nurse (17/03/2011) she was given a dressing to 

cover her left elbow as the crusted lesions were catching on her clothing.  Twenty-

two days (8/4/2011) after the third presentation at school she presented to the clinic 

and was diagnosed with infected scabies and given benzathine penicillin and 

paracetamol (no mention of 5% permethrin).  On 5/5/2011(27 days after fourth 
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presentation) she presented to the school nurse who referred her to the medical 

officer (MO) at the clinic.  The MO diagnosed crusted scabies and treated her with 

LAB and ivermectin.  The young school girl was seen by the research team 6/5/2011 

confirming possible crusted scabies on her left elbow and administered a second dose 

of ivermectin.  On 7/5/2011 she was evacuated to Royal Darwin Hospital for 

isolation and further treatment. 

 

There were 13 priority houses identified, three that the index crusted scabies 

participant had been living in and 10 others that were the school contacts with 

scabies lesions.   In total there were 184 participants listed for the 13 outbreak houses 

of whom 153 (83%) were seen, 96 by the outbreak team in the first four days (Figure 

3.23).  The median number of participants seen in each house was 14 (IQR 11-21).  

The scabies prevalence in the outbreak houses combined was 17% (n=26).  Almost 

half of the participants (n=73) were seen again after a median of 36 days (IQR 16-41) 

and of the 26 participants with scabies on Day 1, almost half of them (n=12) still had 

lesions when reviewed.  There were 30 participants that were reviewed again after a 

median of 23 days (IQR 16-38) for whom two still had lesions. 

 

Of the 153 participants that were screened 151 (98%) received treatment at the initial 

visit, the two people that did not get treatment did not have lesions and left before the 

eligible medication could be dispensed.  Of the 26 participants with scabies lesions, 

19 (73%) received two treatments.  The participant that was positive on three visits 

received ivermectin by research staff on the initial visit. Then the day before the 

researchers attended for the second visit 5% permethrin had been dispensed by the 

local health service; so no medication was given to the participant.  On the third visit 
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the participant was given the second dose of ivermectin as it had been <42 days since 

receiving the first dose and more than seven days since the 5% permethrin had been 

applied.  On the fourth visit, 19 days after the third visit the participant had no 

lesions. 

 

The participant who had no scabies lesions on the first visit that were then detected 

on the second and third visit had received ivermectin on the first and second visit for 

strongyloidiasis but was given 5% permethrin on the third visit which was a protocol 

deviation as a third dose of ivermectin should have been given for the scabies lesions 

that were diagnosed 27 days after the first dose of ivermectin had been given.  On the 

fourth visit, 7 days after the third visit there were no lesions detected. 

 

The outbreak response took almost two months to complete with the first screening 

occurring on 9 May 2011 and the last screen of outbreak participants on 4 July 2011.   
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Figure 3.23.  Flowchart of scabies outbreak response with median time between visits.  
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3.6.2 Anaemia and Eosinophilia 

Additional venous blood was collected from the six month cross sectional survey to 

determine the prevalence of anaemia and eosinophilia and its association with 

scabies and strongyloidiasis for Aboriginal people living remotely.  There were 

fewer results for eosinophils than haemoglobin recorded due to incorrect storage and 

delayed transport to the laboratory.   

 

In total there were 1448 specimens collected from 972 participants that measured Hb 

and 1252 specimens from 884 participants that measured eosinophils.  The WDP Hb 

g/L and eosinophil counts when referenced against WHO anaemia threshold and 

RCAP leucocyte differential counts respectively diagnosed less anaemia and 

eosinophilia, except for those aged 4-7 years tested for eosinophilia (Figure 3.24 & 

Figure 3.25). 

 

Figure 3.24.  Comparison of anaemia using WHO Hb threshold for anaemia and WDP Hb 

reference range, by WHO age groups (n=1448). 
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Figure 3.25.  Comparison of eosinophilia using two different references, RCPA and WDP 

by RCPA age groups (n=1252). 
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g/L of median 10.5g/L (IQR 1-17.5) than participants administered two doses who 

had an increase of median 4.5g/L (IQR -1-8), difference 6g/L (95% CI 0,13).  

Participants receiving two doses of ivermectin had more scabies and strongyloidiasis 

than participants administered one dose.  For the 20 participants who received two 

doses of ivermectin two had no scabies or strongyloidiasis, six had scabies, three had 

strongyloidiasis, seven had an equivocal S. stercoralis result and two had scabies and 

a positive and equivocal result for S. stercoralis.  For the 20 participants that were 

anaemic who received one dose of ivermectin 16 had no scabies or strongyloidiasis, 

two had equivocal S. stercoralis results, one had strongyloidiasis and one had 

scabies.   

 

Figure 3.26.  Haemoglobin distribution for male participants from first sample collected by 

WHO age groups.  
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Figure 3.27.  Haemoglobin distribution for female participants from first sample collected 

by WHO age groups (excludes pregnant females).  

 

Figure 3.28.  Change in Hb g/L at month 18 for participants who were tested for anaemia at 

month 12 by number of ivermectin doses using WDP reference for anaemia. 
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The median eosinophil count for both males and females was greater than the RCPA 

age reference point for all age groups except those 4-7 years (Figure 3.29 & Figure 

3.30).  Using the WDP reference for eosinophilia a decrease in the eosinophil count 

was observed at month 18 for participants that had eosinophilia at month 12 who 

were administered ivermectin (Figure 3.31).  The decrease in eosinophil count was 

greater for participants receiving one dose of ivermectin compared to those receiving 

two doses however the difference of -1 (95% CI -3, 1) was not significant. 

 

Figure 3.29.  Eosinophil x109 g/L distribution for male participants from first sample 

collected by RCPA age reference for eosinophilia.  
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Figure 3.30.  Eosinophil x109 g/L distribution for female participants from first sample 

collected by RCPA age reference for eosinophilia.  

 

Figure 3.31.  Change in eosinophil count at month 18 for participants tested for eosinophilia 
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3.6.3 Faecal specimens 

There were 92 faecal specimens collected from children aged 0-15 years, 46 at the 

first population census at month 0 and 46 at the second population census at month 

12 (Figure 3.32).  An equal number of specimens were infected with Trichuris. 

trichiura (50%) and Giardia lamblia (30%) at each of the censuses.  The percentage 

of samples positive for Blastocystis hominis (B. hominis) and S. stercoralis decreased 

from month 0 to month 12 but not significantly (B. hominis -6.5 CI -26.5,13.4 S. 

stercoralis -6.5 CI -15.7,2.6).  There was more Hookworm and Rodentolepis nana 

(R. nana) identified at month 12 compared to month 0 but the difference was not 

significant (Hookworm 2.1 CI -2.0,6.0 R.nana 6.5 CI -11.0,24.0)  The median 

number of parasites detected per specimen was two (IQR 0-2) with a maximum of 

four (Table 3.23).  Just over a quarter (26%) of specimens had no parasites detected. 

 

 

Figure 3.32.  Percentage of parasites diagnosed from at total of 92 faecal specimens 

collected at month 0 and month 12. 
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Table 3.23.  Number of parasites detected in faecal specimens collected at month 0 and 12. 

Number of 

Parasites 

Number of 

Specimens 

Percentage 

0 24 26 

1 19 21 

2 31 34 

3 13 14 

4 5 5 

Total 92 100 

 

Symptoms for 82 of the 92 faecal specimens were recorded from children and/or 

their parent/carers on the day the faecal specimen was collected.  Cough and 

diarrhoea were the most commonly reported symptoms followed by rash, lethargy 

and headache for participants with no parasites detected (Figure 3.33).   

 

Figure 3.33.  Symptoms by presence of parasite for 82 faecal specimens collected at month 0 

and 12. 
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3.6.4 Symptoms asked of participants 

There were 14 symptoms asked of participants at month 0, 12 and 18 before 

medication was administered (Table 3.24).  Cough (15%) and lethargy 10%) were 

the two most commonly reported symptoms, followed by dizziness (8%), headache 

(8%) and pruritis (8%) unrelated to scabies.  From the symptoms reported at the 

population censuses at month 0 and 12 there was a statistically significant increase in 

skin pruritis, muscle pain and cough but a decrease in skin rash from month 0 to 12 

(Figure 3.34).  For participants that reported symptoms at both months 0 and 12, a 

statistically significant decrease in diarrhoea and skin rash was observed (Figure 

3.35).  There were no adverse events reported after administration of any of the 

medications.   
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Table 3.24.  Symptoms reported before medication was administered at months 0, 12 and 

18. 

Symptom Month 0 

n=990 (%) 

Month 12 

n=1048 (%) 

Month 18 

n=375 (%) 

Total 

n=2413 (%) 

Dizziness 75 (8) 79 (8) 27 (7) 181 (8) 

Diarrhoea 29 (3) 21 (2) 3 (1) 53 (2) 

Abdominal 

pain/bloating 

44 (4) 45 (4) 10 (3) 99 (4) 

Headache 70 (7) 84 (8) 32 (9) 186 (8) 

Fever 35 (4) 45 (4) 15 (4) 95 (4) 

Pruritis – no 

scabies 

58 (6) 99 (10) 30 (8) 187 (8) 

Rash 85 (9) 64 (6) 23 (6) 172 (7) 

Joint pain 71 (7) 66 (6) 22 (6) 159 (7) 

Muscle pain 53 (5) 79 (8) 15 (4) 147 (6) 

Lethargy 84 (9) 113 (11) 46 (12) 243 (10) 

Oedema 16 (2) 10 (1) 4 (1) 30 (1) 

Nausea 25 (3) 19 (2) 4 (1) 48 (2) 

Sore throat 27 (3) 33 (3) 11 (3) 71 (3) 

Cough 128 (13) 184 (18) 44 (12) 356 (15) 
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Figure 3.34.  Symptoms reported from participants at month 0 and 12. 

 

 

Figure 3.35.  Difference in symptoms reported for the same participants seen at month 0 

and 12 (n=672). 
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The symptoms reported varied by age groups 0-<5 years (preschool children) 5-<15 

years (school age children) and ≥15 years (adults) with adults reporting the most 

symptoms apart from diarrhoea and skin rash that was reported more frequently in 

preschool children than any of the other two age groups (Table 3.25). 

For each of the three age groups there were no difference in the symptoms reported 

between the two population census at month 0 and 12 for children aged <15 years 

(Table 3.26 & Table 3.27).  Although diarrhoea in preschool children reduced 

substantially between the two population censuses the reduction was not statistically 

significant.  At month 12 adults reported significantly more pruritis, cough and 

muscle pain than that reported at month 0 (Table 3.28).   
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Table 3.25.  Symptoms reported from months 0, 12 and 18 before medication was 

administered by age group. 

 0-<5 years 

n=226 (%) 

5-<15 years 

n=726 (%) 

≥15 years 

n=1461 (%) 

Total 

n=2413 (%) 

Dizziness 3(1) 17 (2) 161 (11) 181 (8) 

Diarrhoea 18 (8) 5 (1) 30 (2) 53 (2) 

Abdominal pain/bloating 6 (3) 17 (2) 76 (5) 99 (4) 

Headache 4 (2) 2 (3) 162 (11) 186 (8) 

Fever 4 (2) 12 (2) 79 (5) 95 (4) 

Pruritis – no scabies 7 (3) 36 (5) 144 (9) 187 (8) 

Rash 23 (10) 32 (4) 117 (8) 172 (7) 

Joint pain 0 (0) 11 (2) 148 (10) 159 (7) 

Muscle pain 0 (0) 9 (1) 138 (10) 147 (6) 

Lethargy 4 (2) 15 (2) 224 (15) 243 (10) 

Oedema 0 (0) 2 (0) 28 (2) 30 (1) 

Nausea 4 (2) 3 (0) 41 (3) 48 (2) 

Sore throat 0 (0) 2 (0) 69 (5) 71 (3) 

Cough 26 (12) 50 (7) 280 (20) 356 (15) 
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Table 3.26.  Symptoms reported by parents for preschool children before medication was 

administered at Months 0 and 12. 

0-<5 years Month 0 

n=102 (%) 

Month 12 

n=104 (%) 

Fisher exact 

Dizziness 2 (2) 0 (0) 0.24 

Diarrhoea 12 (12) 5 (5) 0.08 

Abdominal pain/bloating 4 (4) 2 (2) 0.44 

Headache 2 (2) 2 (2) 1.0 

Fever 2 (2) 2 (2) 1.0 

Pruritis – no scabies 3 (3) 1 (1) 0.36 

Rash 13 (13) 8 (8) 0.26 

Joint pain 0 (0) 0 (0) - 

Muscle pain 0 (0) 0 (0) - 

Lethargy 1 (1) 3 (3) 0.62 

Oedema 0 (0) 0 (0) - 

Nausea 3 (3) 1 (1) 0.37 

Sore throat 0 (0) 0 (0) - 

Cough 12 (12) 13 (13) 1.0 
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Table 3.27.  Symptoms reported by parents and/or their school-age children before 

medication was administered at Months 0 and 12. 

5-<15 years Month 0 

n=298 (%) 

Month 12 

n=314 (%) 

Fisher Exact 

Dizziness 6 (2) 9 (3) 0.6 

Diarrhoea 2 (1) 3 (1) 1.0 

Abdominal pain/bloating 6 (2) 8 (3) 0.79 

Headache 7 (2) 11 (4) 0.45 

Fever 4 (1) 7 (2) 0.55 

Pruritis – no scabies 9 (3) 20 (6) 0.06 

Rash 13 (4) 14 (5) 1.0 

Joint pain 3 (1) 7 (2) 0.34 

Muscle pain 6 (2) 3 (1) 0.33 

Lethargy 5 (2) 6 (2) 1.0 

Oedema 2 (1) 0 (0) 0.24 

Nausea 1 (0) 2 (1) 1.0 

Sore throat 1 (0) 1 (0) 1.0 

Cough 17 (6) 26 (8) 0.27 
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Table 3.28.  Symptoms reported by adults before medication was administered at Months 0 

and 12. 

≥15 years 

 

Month 0 

n=590 (%) 

Month 12 

n=630 (%) 

Fisher Exact 

Dizziness 67 (12) 70 (11) 0.93 

Diarrhoea 15 (3) 13 (2) 0.7 

Abdominal pain/bloating 34 (6) 35 (6) 0.9 

Headache 61 (10) 71 (11) 0.65 

Fever 29 (5) 36 (6) 0.61 

Pruritis – no scabies 46 (8) 78 (12) 0.01 

Rash 59 (10) 42 (7) 0.04 

Joint pain 68 (12) 59 (9) 0.22 

Muscle pain 47 (8) 76 (12) 0.02 

Lethargy 78 (13) 104 (17) 0.13 

Oedema 14 (2) 10 (2) 0.41 

Nausea 21 (4) 16 (3) 0.32 

Sore throat 26 (4) 32 (5) 0.59 

Cough 99 (17) 145 (23) 0.008 
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4 DISCUSSION 

Our primary aim was to reduce the prevalence of scabies from an expected 13% at 

month 0 to 8% or less at month 12.  In fact, the baseline prevalence at month 0 was 

much lower than anticipated at 4%.  From this lower baseline, we found a significant 

reduction in scabies prevalence at month 6 but a substantive increase to 9% for 

participants who had been seen previously, and 15% for participants that were new 

entries at month 12.  We traced the increase in prevalence to an outbreak associated 

with exposure to a crusted scabies participant.  By month 18, scabies prevalence had 

reduced from 9% to 2% for participants seen at months 0 and 12 and from 15% to 

3% for participants that were new entries at month 12.   

 

Our primary aim was to reduce the prevalence of strongyloidiasis from an expected 

40% at month 0 to 20% or less at month 12.  Whilst the prevalence at month 0 was 

lower than anticipated at 21%, we were able to demonstrate a significant reduction to 

6% at month 12 after a single MDA.  Lower prevalence (predominantly from ser-

positivity) was maintained throughout the study period at months 6, 12 and 18. 

 

4.1 Recruitment and Enrolment 

The annual population census at months 0 and 12 as well as the corresponding 

MDAs were implemented as a rolling house-house strategy.  The roll-out for month 

0 occurred over a period of five months, whereas the repeat scheduled as month 12 

occurred over a period of seven months.  The enrolment rate and demographic 

profile both indicate that a representative survey population was achieved.  At the 

household level, we had very high consent rates with 81% of all households in the 
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community agreeing to participate.  At the individual level, using the house list 

population ascertained at each household, we then achieved a consent rate of 80% at 

month 0 and 95% at month 12.  Potential bias resulting from differential participation 

would therefore seem likely to be minimal. 

 

The strategy for engagement with households, and the occupants thereof, emerged as 

a locally directed initiative under the guidance of the local ACWs.  In order to 

establish the community relationship, the ACWs focussed firstly on their own houses 

and thereafter the ACWs discussed the next houses to be approached on a daily basis.  

The ACWs when selecting a house from the community map took into consideration 

cultural events occurring in the community or homeland at the time, before they 

approached each house to discuss participation in the project.  Eighty-one percent of 

the houses in the community were visited at month 0 and 12.  There were very few 

houses that refused to participate, however of the houses not visited most were non-

Indigenous contract workers.   

 

The ACWs provided information to each of the households before consent was 

obtained.  The training process for ACWs emphasised the importance of informed 

consent, including that “it was OK to say no”.  This aspect was regularly re-enforced 

to ensure that members of the households that did not want to participate on the day 

were not discredited or “shamed” for not consenting.  ACWs and other research staff 

were available to discuss the project with any household members who required 

more information or had not been at home when the ACWs had visited to obtain 

permission to implement the project at their house.   
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4.2 Calculation of prevalence 

The mobility of the Australian Aboriginal people is well documented and makes 

computations of survey data challenging.101,102  The two population censuses 

conducted at month 0 (n=1012) and 12 (n=1060) had almost an equal number of 

participants with over two thirds of those from month 0 seen at month 12 (n=702).   

 

In our protocol, prevalence for scabies and strongyloidiasis was to be measured by 

dividing the number of participants with infection (numerator) by the number of 

participants screened for that infection (denominator), and comparing the proportions 

at month 0 and 12.  At the cross sectional surveys prevalence was to be determined 

using the formula:  

Cross sectional prevalence=((% acquired) x % population negative (for that disease 

at census six months prior)) +((% failure) x % population positive (for that disease at 

census six months prior)). 

 % acquired=new scabies/strongyloidiasis cases in the randomly selected 

negative group 

 % population negative was the percentage of participants screened for that 

disease in the census six months prior that were negative 

 % failure=those that were positive for that disease at census six months prior 

that were seen at cross sectional survey and were still positive 

 % population positive was the percentage of participants screened for that 

disease in the census six months prior that were positive 

 

Using the formula above some newly diagnosed scabies and strongyloidiasis cases 

from the cross sectional surveys at month 6 and 18 were being excluded from the 
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analysis for prevalence.  The three groups of participants being excluded from the 

analysis were those: 

1) with an equivocal or positive S. stercoralis result from the population census six 

months prior who were then diagnosed with scabies at the cross sectional surveys 

(n=5) 

2) being followed up for scabies from the population census six months prior who 

were then diagnosed with strongyloidiasis at the cross sectional survey (n=9) and  

3) household contacts of scabies cases diagnosed at the cross sectional survey who 

also had scabies or strongyloidiasis (n=4). 

 

A revised prevalence formula using survey data calculations was used to calculate 

prevalence.  The revised formula included all participants that were to be followed 

up but did not include contacts of scabies cases.   

 

4.3 Scabies  

We based our initial definition for diagnosing scabies on clinical signs and symptoms 

that had previously been demonstrated to be highly sensitive and specific in endemic 

areas in a population with a mean age of 18 years.94  On review of the scabies lesions 

from the first population census at month 0, we noted 26% of participants with 

scabies like lesions had not reported an itch.   

 

A further review of the literature for other validated algorithms used in primary 

health care settings identified another study that used itch and papules as the 

diagnostic criteria for uninfected scabies finding a low sensitivity, 58.3 (95% CI 

36.6-77.9).103  We also found the subjective reporting of itch by parents and/or 
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children for childhood skin conditions was an unreliable diagnostic tool (Appendix 9 

– Literature Review).104-106  We found a clear differential in absence of itch for the 

younger age groups, which suggests that failure to modify the case definition to 

exclude the requirement for itch particularly in children would have underestimated 

the prevalence of scabies in the younger age groups. 

 

The increased number and severity of scabies lesions among cases from month 0 to 

12 was an early indication that conditions in the community had changed.  The 

change in the severity of scabies lesions from month 0 to 12 was clinically obvious 

when screening commenced in late April 2011.  The scabies lesions were more 

prolific and involved a greater number of locations on the body with many more 

participants in the same house being diagnosed with scabies.   

 

At the time of the second population census there was a large funeral occurring that 

attracted numerous visitors who were camping out in tents in the main community.  

Local residents were also displaced from their homes into tents as their houses were 

either being refurbished or demolished and rebuilt, an initiative from the NT 

Emergency Response.107  At one of our regular weekly morning meetings we 

discussed the increase in scabies cases and the severity of lesions in comparison to 

that seen during the census 12 months previously.  We notified the local clinics and 

the school nurse of our concerns, with particular reference to the possibility that there 

maybe a crusted scabies case in the community.  Shortly thereafter the index case 

was identified and transferred to Darwin for isolation and more intense treatment. 
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The outbreak response that followed was labour intensive and required dedicated 

commitment from both the research team and the families in an effort to make the 

households scabies free.  Whilst households were supportive of the regular weekly 

follow-ups that were implemented, others found it embarrassing and a “humbug.”  

One interesting anecdote relates to two middle aged gentlemen with infected scabies 

who were initially unhappy and frustrated by repeated visits from the study team but 

after several months were very pleased once their house became scabies free.  As a 

token of their appreciation they presented us with two paintings, one of a scabies 

mite and Strongyloide worm, and the other of a scabies mite (Figure 4.1). 

 

 

Figure 4.1.  Myself, Djilirri (AHW) and Ross Andrews (primary supervisor) being 

presented with our paintings in Galwin’ku, May 2012. 

 

The impact of the crusted scabies case as a core transmitter in this setting was 

evident through the increase in prevalence from 3% to 13% among participants aged 

10-<20 years who had been seen at month 0 and 12, as others have also 

reported.2,32,36  The increased prevalence in this age group and the epidemiological 

link with the students of the index case supports the diagnosis of crusted scabies even 

though mites were not recovered from the skin scrapings taken after the participant 
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had received multiple treatments.  Whilst it has been reported that the number of 

mites can reach hundreds or millions in crusted cases and it is acknowledged that 

laboratory confirmation of crusted scabies has a sensitivity approximating 100% due 

to the increased number of mites present, we were unsuccessful in our efforts to 

detect scabies mites from the index case.3,93  We collected skin scrapings from the 

participant’s elbow but were unable to examine the mites that day as the 

parasitologist was not available.  The skin scrapings were put in the freezer over the 

weekend and when viewed three days later no mites were identified.  The crusted 

area was on the right elbow about 3cm in length and 1cm wide (Figure 4.2).  The 

index case had already had several treatments of ivermectin and 5% permethrin 

before the skin scrapings were collected.  

 

 

Figure 4.2.  Participant’s elbow several weeks after crusted scabies diagnosis and 

treatment, 2012. 

 

There was no association between scabies and strongyloidiasis infections.  At month 

12 the median age of scabies cases for participants seen previously increased by one 

year to 11 years however the median age of those diagnosed with strongyloidiasis 

decreased by six years to 14 years.  Despite the small difference in median ages no 

association was found for scabies cases also having strongyloidiasis at either month 0 
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or 12 (RR 0.88 and 0.68 respectively).  For participants seen for the first time at 

month 12 there was an increased point estimate of risk (though not statistically 

significant) for scabies cases to also have strongyloidiasis (RR 1.48, 95% CI 0.36, 

5.96). 

 

Scabies acquisition rates of 3% at month 6 and 5% at month 18 are lower than 

previous reported acquisition rates of 9.2% but confirm that there was ongoing 

transmission in the community.13  The significant reduction in prevalence from 

month 12 to 18 with little or no change in disease acquisition and treatment failures 

between the two cross sectional surveys was reassuring that MDA is effective in 

reducing prevalence.  What was not achieved with two annual MDAs was an 

interruption to the cycle of re-exposure and ongoing transmission to a point where 

scabies can be eradicated. 

 

Treatment failures for scabies were measured six months after the infection was 

diagnosed and may have been reinfections.  Despite this, treatment failures for 

scabies were <10% and consistent with studies using two doses of ivermectin.67,79,108  

For scabies a two dose regimen is recommended as ivermectin may not be effective 

in the ovidoidal stages while the mites nervous system is still under developed; and 

ivermectin may not be able to adequately penetrate the thick egg shell.77  The half 

life of ivermectin is approximately 36 hrs, given that scabies eggs hatch after 2-4 

days, repeated administration is warranted to effectively treat the infection.67,69  We 

administered ivermectin doses 14 days apart after the Strongyloides results were 

known, however, from the scabies life cycle it would appear to be more clinically 

appropriate to administer the second dose of ivermectin within 2-4 days of the first 
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dose.  Due to the small numbers in our cross sectional survey data we were unable to 

determine if one dose of ivermectin was as effective as two doses in treating scabies 

infections (Table 3.22). 

 

At month 12 joint pain and nausea were significantly associated with scabies 

infection that was not significant at month 0 despite the higher percentage of those 

with symptoms having scabies.  Joint pain and nausea are not symptoms typically 

associated with scabies and are more likely to indicate that participants with scabies 

also had other conditions or infections related to these symptoms. 

 

4.4 Strongyloidiasis 

Two community based studies conducted in East Arnhem in the 1990’s have 

suggested strongyloidiasis in the NT is hyper-endemic (Table 1.1).56,59  Our study 

has been the most detailed examination of strongyloidiasis prevalence conducted to 

date in this setting.  We documented the age specific prevalence of strongyloidiasis 

at two time points 12 months apart and an estimation of the population prevalence 

six months after each MDA for a remote Aboriginal community.  At commencement 

of the study we were unsure what age group would have the highest prevalence, 

however we did expect that once the peak age group was established that the 

prevalence would remain consistently high in the age groups thereafter if untreated 

infections are life-long as reported in the literature.42,48   

 

Strongyloidiasis prevalence at month 0 was significantly higher among those aged 

<30 years (29.5%) compared to those ≥30 years (15.5%).  At month 12 the 

prevalence had reduced substantially for all age groups and was highest in those aged 
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0-<10 years.  Conway et al. (1995) summarized ten studies from different countries 

that reported on differences in age group prevalence.109  Five studies reported an 

increase in prevalence with each age group and the other five studies reported the 

highest prevalence in those aged 0-<10 years that decreased in the age groups 

immediately following, similar to our study (Figure 3.11).  Of interest with the 

studies summarized by Conway et al. was that four of the five studies with the age 

group prevalence resembling our findings from month 0 were geographically 

clustered (Bangladesh, Thailand, Laos, Philippines and Columbia).  The five studies 

in which the prevalence of strongyloidiasis increased with age were from varying 

geographical locations (Russia, Congo, Martinique, Japan and Sierra Leone).  A 

study by another Brisbane based PhD student who conducted her research in 

Bangladesh at the same time as our study, reported similar age group prevalence to 

our study.110   

 

Screening for strongyloidiasis remained high throughout the study period: increasing 

from 85% at month 0 to 91% at month 12.  The increase was predominantly driven 

by the use of serology for children aged <15 years which increased the screening 

from 64% to 78% over this period.  Serology can underestimate disease acquisition 

as the prepatent period has been reported to be 28 days however coprological 

examination requires repeated faecal samples to increase the detection of 

parasites.50,111  The prevalence of strongyloidiasis in the younger age groups of the 

new participants at month 12 was consistent with those seen for the first time at 

month 0, suggesting the comparatively lower rate of screening at baseline and the 

change in diagnostic method did not substantively under-estimate the baseline 

prevalence.   
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The acquisition rate of strongyloidiasis from month 6 to 18 decreased but not 

significantly from 4% to 1%.  It was anticipated that once the prevalence of 

strongyloidiasis had been reduced that there would be few new infections.  We do 

not believe that the change in diagnostic methods used for children has had a 

significant impact on acquisition rates. 

 

Treatment failures have been reported more frequently in males than females.112,113  

The treatment failures reported were from an increased S. stercoralis specific IgG4 

antibody titer in males and/or concurrent HLTV-1 infection.112,113  HLTV-1 infection 

is endemic in central Australia and is a lifelong disease that causes 

immunosuppression and significantly increases the risk of disseminated 

strongyloidiasis and its sequelae of sepsis and death.46,114  HTLV-1 is uncommon in 

the Top End where our study was conducted.  At month 0, a higher percentage of 

males compared to females in our study were treatment failures (21% vs 12% 

respectively) however this was not emulated at month 12 where females had more 

treatment failures than males (18% vs 28% respectively).   

 

Over 80% of the treatment failures were participants who had received two doses of 

ivermectin with no difference in the median time interval between doses when 

compared to those that were cured (Table 3.22).  The shorter median time interval for 

follow-up at month 6 of 5.1 months, may have overestimated the treatment failures 

as serology can take up to six months to revert to negative, however as there was no 

significant difference in the treatment failure rate when compared with the median 
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time interval of 7.9 months at month 18, this would indicated that the shorter interval 

was not a contributing factor to the treatment failures identified at month 6.115,116   

 

At a population level we found there was no difference in the reduction in optical 

density for participants with strongyloidiasis who had received one dose of 

ivermectin compared to those that had received two doses.  Other studies have 

reported cure rates of 68 % and 70% from serology and 83% and 87% from faecal 

analysis with a single dose of ivermectin42,76,86,117,118  The product information from 

the manufacturer recommends only one dose however one and two dose ivermectin 

regimens for the treatment of strongyloidiasis have been reported in other studies 

with cure rates increasing for those administered two doses.42,69,118     

 

The importance of Strongyloides infections in Australia is contentious among health 

professionals.  Due to the paucity of studies on symptomatology in our settings and 

the known chronic and often asymptomatic infections observed, the benefit of MDA 

programs for this infection are yet to be proven.  The results from our study on 

symptoms reported on the day medication was administered are useful but not 

conclusive in determining the clinical impact that S.stercoralis infections can have if 

left untreated over time.  Symptoms associated with negative, equivocal and positive 

S. stercoralis results were indistinguishable when analysed collectively.  When 

stratified by age groups there were significant findings, however they were 

inconsistent and other infections or conditions may have contributed to these results.   

 

The substantial number of symptoms reported that were not associated with 

strongyloidiasis indicate that other conditions are attributing to the poorer health 
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experienced overall by Aboriginal and Torres Strait Islander people.119  An audit of 

participants who acquired strongyloidiasis during our study is currently being 

conducted to review the reason and frequency of clinic attendances 12 months prior 

to the diagnosis of strongyloidiasis compared with clinic attendances in the 12 

months after treatment to establish the morbidity associated with acquiring the 

infection. 

 

The reduction in prevalence was reassuring in confirming that a program comprising 

of community engagement, education, regular screening and treatment can have a 

positive impact on reducing prevalence.  Whilst MDA for strongyloidiasis is not a 

priority for the top end of the NT we have demonstrated that it can effectively reduce 

prevalence, however we do not know for how long the MDAs need to continue for 

eradication to be successful.  In Central Australia, the introduction of MDAs for 

strongyloidiasis is a high priority due to HTLV-1 infection that is endemic in this 

region.  A NHMRC proposal was submitted this year to conduct a MDA in Central 

Australia based on our methodology, however the application that I was a chief 

investigator on as well as Richard Speare my secondary supervisor, was 

unsuccessful. 

 

4.5 Anaemia 

Soil transmitted helminths are known to cause significant anaemia and growth 

faltering in children.95  In the NT anaemia in the 0-5 year age group has been 

reported to be as high as 22%, with 9% of children stunted and 11% wasted.120  As 

there were only a small number of children aged 0-5 years for whom we had a Hb 

and S. stercoralis results, we were unable to determine if S. stercoralis infection was 
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associated with anaemia in this age group.  In the older age groups there was very 

little variation in the median Hb g/L between participants who were negative and 

those who were positive for S. Stercoralis indicating that strongyloidiasis had no 

association with anaemia.   

 

A high proportion of participants in the study were anaemic when referenced to the 

WHO Hb threshold for anaemia and the WDP reference point.  Of particular concern 

was the female population aged <15 years where 25% of the first measure of Hb g/L 

was below the WHO threshold for anaemia.  Anaemia was not associated with 

infection with scabies or strongyloidiasis however ivermectin increased the Hb g/L 

for participants with anaemia and had very little effect on Hb g/L for participants not 

diagnosed with anaemia.  The increase in Hb g/L was greater for anaemic 

participants receiving one dose of ivermectin who were less likely to have been 

diagnosed with scabies and/or equivocal or positive S. stercoralis results than 

participants receiving two doses.   

 

4.6 Eosinophilia and faecal samples 

Helminths worldwide are the most common cause of eosinophilia followed by drug 

hypersensitivities and atopic diseases.121  Helminths known to cause marked 

eosinophilia are generally those that have a phase of development during migration 

through the tissues (eg. Strongyloides, Ascaris) unlike parasites that are only found 

intraluminally (adult tapeworms).121  Ectoparasite infections, in particular scabies, 

are also known to cause eosinophilia.121  In NT rural and remote health centres the 

presence of eosinophilia is generally attributed to intestinal parasitic infections and 

treatment with albendazole is recommended.92   
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We identified a high prevalence of eosinophilia in all age groups except those aged 

<1 year where no samples were collected.  For all age groups except those aged 4-7 

years more than 50% of participants had eosinophilia from the first sample collected 

using the RCPA reference point.  There was very little variation in the median 

eosinophil count for participants with scabies however female participants with 

scabies had a slight but consistently higher count compared to those with no scabies 

that was not apparent in the male participants.   

 

Eosinophila was identified in 82% of those with strongyloidiasis however 59% of 

those negative for S. stercoralis also had eosinophilia.  The faecal samples collected 

from children did not have high rates of helminths (S. stercoralis, hookworm) 

associated with eosinophilia and thus does not explain the eosinophilia in participants 

with no strongyloidiasis.  The two helminths identified most often in the faecal 

samples collected were T. trichiura (50%) and R. nana (25%), neither of which are 

known to cause eosinophilia.   

 

Hookworm prevalence in the NT has decreased markedly since the introduction of 

the community children’s deworming program (CCDP) in 1995.92  A recent study 

conducted in the NT on hookworm prevalence from 64, 691 faecal samples sent from 

urban and rural health facilities reported a reduction in prevalence from 14 cases per 

100,000 in 2002 to 2.2 cases per 100,000 population in 2011.  All hookworm cases 

were detected from hospital inpatients as faecal specimens are required to be fresh 

for the detection of parasites.122  From the 112 hookworm cases diagnosed 86% were 

in adults from remote communities where CCDP is administered.123  It would be 

unlikely that the unexplained eosinophilia in adults is attributable to hookworm 
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however we did not collect any adult faecal samples during our study to determine 

prevalence in adults.  It is unclear from our study what other conditions were 

contributing to the high rates of eosinophilia observed in this population. 

 

4.7   Mass drug administration 

Previous attempts to introduce an ivermectin MDA for scabies control in Australian 

Indigenous communities in the early 90’s did not proceed due to concerns about 

medication safety.  Since that time, considerable further experience has given 

reassurance regarding safety; making ivermectin MDAs the obvious answer to the 

operational problems of current approaches that use topical therapy.  We were able to 

demonstrate the acceptability of MDA with an 80% participation rate among 

residents known to be in the house at the time we visited. 

 

Based on the strategy developed during the initial community consultations, we had 

anticipated implementation of the population census and MDA simultaneously would 

take approximately three months.  However, in real time, these aspects took five 

months at month 0 and seven months at month 12.  Follow-up of participants at the 

cross sectional surveys was, at month 6, also labour intensive though somewhat more 

timely: the median time to follow-up post MDA#1 being 5.1 months (IQR 5-8) and 

post MDA#2 being 7.9 months (IQR 6-11).   

 

From our findings the length of time taken to administer the MDA did not impact the 

reduction in prevalence at month 6 as both scabies and strongyloidiasis prevalence 

was significantly lower and remained so for strongyloidiasis.  It is unlikely that the 

increase in scabies prevalence from month 0 to 12 was related to the time taken to 
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implement the first MDA or the median time interval between treatments, 

particularly after the identification of a crusted scabies case and the significant 

reduction in prevalence at the cross sectional surveys.  

 

Community-directed distributors have been used by the African Programme for 

Onchocerciasis Control to deliver ivermectin; and is considered one of Africa’s most 

successful strategies in reducing disease at a low cost.124  A network of 472, 972 

community-directed distributors has been formed to deliver drugs and educate the 

community about relevant health issues.124  Ivermectin is one of those drugs that has 

been deemed by the World Health Organization to be a safe drug for non-medical 

people to administer.124  For this study, we trained two ACWs to assist in the 

administration of medications to increase the timeliness of administration and the 

professional development of our project staff.  This strategy could be used more 

widely to deliver MDAs in remote Aboriginal and Torres Strait Islander communities 

to build the learning and employment capacity of local people.   

 

Ivermectin was used off label in this study as preventative chemotherapy for scabies 

and strongyloidiasis and at the commencement of the study as treatment for scabies 

and strongyloidiasis for age groups other than those indicated on the Product 

Information.84  After completion of our study the indications for the use of 

ivermectin were expanded to include scabies infections where topical treatment had 

failed.69  
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4.8 Bias 

Recruitment bias was likely at the commencement of the study as we started with the 

houses and families of the 12 ACWs employed on the project.  The ACWs discussed 

each day what houses would be approached taking into consideration the cultural 

events occurring in the community at the time, work, school and other social 

commitments of the household.  I had anticipated that recruitment would be more 

systematic and follow the lot numbers and streets on the community map, however 

this did not take into account the complexities of community life.  Participation in the 

project required the person to be at home when we visited, however those interested 

in being screened that were not home at the time sought the research team out at 

other houses or our office so they could be included in the study.   

 

Screening bias was possible after an interim analysis of the scabies cases at the first 

population census as there were many more females diagnosed with scabies than 

males.  These concerns were dispelled after reviewing the names of the researchers 

screening the children (for whom the majority of scabies was diagnosed) and found 

that the female researchers, who at that time had more experience in diagnosing 

scabies than the male researchers, had been conducting most of the skin checks for 

male and female children.  At our next morning meeting and with the employment of 

new staff we conducted inservices on scabies screening to ensure consistency in our 

diagnosis. 
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4.9  Limitations 

We conducted a before and after study in what is considered to be a mobile 

population.101,102  For ethical reasons we did not randomize participants to different 

treatment arms as the effectiveness of using ivermectin for the treatment of scabies 

and strongyloidiasis had already been established.10,69  What we did not know was 

whether MDA would be an effective public health measure to reduce the prevalence 

of both scabies and strongyloidiasis in a remote Aboriginal community. 

 

The community had been informed of the research project through extensive house 

to house visits from the research team who were providing information about the 

project before it commenced.  However not all houses were visited (70%), nor was 

every house or person in the house interested in hearing about the project.  At month 

0 and 12, we conducted a population census for which 80% of the houses 

participated and 80% (month 0) and 95% (month 12), of those resident consented to 

enrol in the project.   

 

We believe that 80% participation from the population is a representative sample of 

the Aboriginal population living in this community.  The analysis plan was adjusted 

to take into consideration the proportion of houses visited and the percentage of 

participants enrolled from each house as we had not been able to visit all houses and 

residents.  Participants lost to follow-up and new entries were representative of the 

population enrolled and did not appear to be bias towards a certain age group or 

gender. 
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Regression to the mean phenomenon is a limitation of before and after studies.  We 

conducted simulations to determine if the phenomenon was at play in our study and 

found that it explained 50% of the reduction in optical density, indicating that the 

other 50% reduction was due to the MDA.   

 

4.10   Future actions emanating from project  

Laboratory 

Currently there are no commercial serological tests available for the diagnosis of 

scabies in humans.  However an enzyme-linked immuno-sorbent assay (ELISA) 

methodology has been developed by the Menzies Skin Pathogens Laboratory which 

measures specific IgE levels against a recombinant fragment of a scabies mite 

apolipoprotein.125  On a sample of 140 sera, the test showed 100% sensitivity and 

94% specificity in predicting those with an active scabies infestation from those with 

a previous infestation, no infestation, house dust mite allergy or atopic dermatitis.  A 

rapid immunochromatographic test would be ideal for remote community settings, as 

it would produce a result within the time frame of a consultation and does not require 

sophisticated laboratory facilities.  Initial work on the development of an 

immunochromatograpic test has begun in Menzies laboratory in collaboration with 

the Burnet Institute in Melbourne.  The sera collected from the participants in this 

study will be utilised to directly compare the performance of the two test formats 

(ELISA and rapid immunochromatographic test) in a scabies endemic setting. 

 

The capillary blood spots collected in our study were used to develop new diagnostic 

methods for strongyloidiasis.  QIMR adapted an existing NIE-ELISA protocol for 

the testing of Strongyloides antibody response on dried blood spots (DBS).126  The 
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sensitivity of the NIE DBS-ELISA was determined by ROC analysis to be 86% and 

of the 214 blood spots tested from children aged 0-<10 years, the percentage positive 

for S. stercoralis was consistent with the prevalence we reported.  ELISAs utilising 

dried blood spots on filter paper (DBS-ELISA) offer significant practical benefit for 

large scale seroepidemiological studies, especially in paediatric patients where 

venepuncture can be problematic.127,128  A follow-up study is being planned for 

Galiwin’ku to screen participants previously enrolled in our study and a sample of 

new participants using this new validated diagnostic test and non-invasive collection 

tool.   

 

Clinical practice 

A chronic disease management approach is being trialled to prevent recurrences of 

crusted scabies by investigators on this project from Miwatj Health in conjunction 

with One Disease At a Time.129,130  The aim is too eradicate scabies from East 

Arnhem by reducing crusted scabies recurrences and continuing with community 

wide treatments and improving sustainable health hardware.130 

 

New projects 

Anaemia was highly prevalent in our study population but not associated with 

scabies or strongyloidiasis.  Childhood anaemia has been identified by Aboriginal 

Medical Services Alliance Northern Territory (AMSANT) and the NT Department of 

Health as a priority area and key performance indicators have been set for health 

centres to report against.131  The ABCD National Partnership has also revealed that 

the screening and treatment guidelines for childhood anaemia in the NT are poorly 

implemented (unpublished).  Resulting from the research translation activities for 
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this study I have become the lead investigator for the ABCD National Partnership to 

assist in the development of future anaemia projects. 
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5 CONCLUSION 

The MDA did have success as a public health measure in reducing the prevalence of 

these two neglected tropical diseases, scabies and strongyloidiasis.  Scabies 

prevalence decreased significantly at the cross sectional surveys at month 6 and 18 

after each MDA, but a substantive increase in prevalence at month 12 was reported 

after an outbreak associated with exposure to a crusted scabies participant.  We were 

able to demonstrate the impact crusted scabies can have on community prevalence 

and the resources required to control an outbreak in a population with endemic 

scabies.  Whilst MDA was effective in reducing the prevalence of scabies, a change 

in public health practice is required to improve the early identification and 

management of crusted scabies. 

 

Strongyloidiasis prevalence reduced significantly after six months that was sustained 

throughout the duration for the project.  Whilst MDA was effective in maintaining a 

sustained reduction in prevalence further work is required to measure the impact this 

has had on overall health status before changes can be made to Australian public 

health policy in recommending MDA for other populations. 

The project had a high participation rate that was attributed to a combination of 

community engagement and support, provision of information in language with an 

analogy to a traditional Yolngu story, and employment of local Aboriginal 

researchers trained to implement the project with nationally accredited training 

programs.  For future eradication of scabies and strongyloidiasis, further work is 

required to engage communities in developing culturally acceptable strategies that 

build capacity and take into account the complexities of living in rural and remote 

locations. 
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7.3 Appendix 3 – ABS Stateline Transcript 

 

MELINDA JAMES, PRESENTER: It's a simple pill that has been used to treat people 

infected with scabies in the Pacific Islands for years. The drug ivermectin is at the heart of 

an ambitious plan on Elcho Island to rid one community of the itchy, infectious mite. The 

Menzies School of Health Research is also hoping it will wipe out the strongyloides worm. 

That can strike down people already suffering from chronic diseases. Menzies is training 

15 Elcho Island health researchers to explain the medical benefits and privacy implications 

of a clinical study that's more complex than it looks. Rick Hind reports.  

RICK HIND, REPORTER: Just over 500 kilometres east of Darwin, the small community of 

Galiwinku on Elcho island has signed up for a complex scientific trial. It's a huge study and 

community treatment program involving the two and a half thousand local residents. 

ASSOC. PROF. ROSS ANDREWS, MENZIES SCHOOL OF HEALTH RESEARCH: We've 

planned for 80% of people to get involved. Overall we're looking to try to reduce the amount of 

scabies and the amount of strongyloides that's circulating within the community.  

THERESE KEARNS, MENZIES SCHOOL OF HEALTH RESEARCH: So, if we can actually prove 

that treating a whole community with a mass drug administration is an effective way to reduce the 

prevalence of both these endemic diseases, then what we'll be able to do is roll it out in other 

communities.  

RICK HIND: For decades the scabies mite has been a scourge in Indigenous populations across 

the Northern Territory. 

ASSOC. PROF. ROSS ANDREWS: They know that seven out of ten kids have scabies in the first 

year of life, because people see those little bubs, with their beautiful skin, and not long after 

they're born, usually around two months of age, you start to see kids turning up with scabies.  

RICK HIND: Childhood scabies infections can have a long lasting and devastating effect, with 

links to rheumatic heart disease later in life. 

THERESE KEARNS: Group A strep is, is in really really high amounts in Aboriginal communities. 

So that sore gets infected with the group A strep which can then go on to cause damage to your 

heart and to your kidneys.  

RICK HIND: And while scabies can be effectively treated with a cream that's left on overnight, 

there's a big drawback. 

THERESE KEARNS: People were reluctant to use it. So unless you had scabies then we found 

that people in the households weren't happy to put the cream on.  
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RICK HIND: And scabies isn't the only parasitic infection troubling Indigenous populations. The 

strongyloides worm is also believed to be prevalent in Top End communities and in some cases it 

can be fatal. 

THERESE KEARNS: For those people who do get immuno-suppressed, they're the ones at 

greatest risk of developing hyper-infective disease which has a really high fatality rate.  

RICK HIND: This is the pill that researchers from Menzies School of Health Research hope will be 

the ultimate weapon in the battle against both scabies and strongyloides. Ivermectin, also known 

by the brand name Stromectol, has been used to treat scabies on the Solomon Islands for more 

than a decade. Researchers here believe it has the potential to cure strongyloides as well. 

THERESE KEARNS: We know that Ivermectin is a very safe drug, it's been given to millions of 

people and it has very minimal side-effects.  

RICK HIND: On Elcho Island locals are being trained as health researchers in preparation for a 

clinical trial that'll treat most of the population with ivermectin. They're also being shown how to 

identify scabies and strongyloides, and how they're easily passed from one person to the next in 

overcrowded houses. This trial aims to wipe out the two infections. 

RICK HIND: But Menzies is stressing that not everyone has to take part. 

ASSOC. PROF. ROSS ANDREWS: That when you go to talk to people at their homes and tell 

them about it, it's important that people know that they don't have to be involved.  

RICK HIND: It's just one reason why there's a need for homegrown Indigenous health workers. 

ROSEMARY GUNDJARRANGBUY, YALU NURTURING CENTRE, GALIWINKU: Sometime they 

don't listen to white people. They just ignore you. 

RICK HIND (Question to Rosemary): So it's very important that this is in your language?  

ROSEMARY GUNDJARRANGBUY: Yes, Yolgnu, so they will understand the language. 

RICK HIND: To help explain the complex process of treating scabies, elders from Galiwinku have 

linked the project to an ancient story about the cycad nut, a poisonous fruit that needs a series of 

steps to make it edible. 

MARK MARKURRI, TRAINEE HEALTH RESEARCHER: It's a poison cycad and we usually do by 

process by doing that bit, and afterward that bit, and all the poisons we get rid of the poison.  

ASSOC. PROF. ROSS ANDREWS: And so the community is saying, we know that type of 

process, now we've got a process that we want to go through to try to see - what do we need to 
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do to remove scabies and strongyloides, or scabies and worms from our community? And again 

there's a series of steps, there's a process to work through.  

RICK HIND: For the past two months health workers have been going door to door to ensure 

people understand what's involved in the study. A battery of blood, urine and faeces tests to find 

out who's infected with the parasites. Accompanied by the first batch of the pill, for everyone who 

signs up, infected or not. 

THERESE KEARNS: And it's only those that do have scabies and strongyloides will receive a 

second treatment two to three weeks later.  

RICK HIND: There'll be follow-up doses at six months and a year later. And the hope is to 

suppress both parasites to the point where outbreaks can be stamped out one by one. But there 

is a catch - children under 15 kilograms, or about 3 years of age, and pregnant women, won't be 

able to take Ivermectin, and will have to use the old method, the cream. Menzies researchers say 

that will require pregnancy tests for all women involved in the study from the age of 12 to 45.  

ASSOC. PROF. ROSS ANDREWS: So that was a point that we discussed very early on in and 

very clearly that if there's going to be pregnancy testing involved and if it's going to involve testing 

of young females under 16, that if a female is found to be pregnant then there is a legal 

responsibility to report that.  

RICK HIND: Family and Children's Services would have to be informed if a girl submits to a 

pregnancy test. 

ASSOC. PROF. ROSS ANDREWS: So if a 13 year old girl chooses not to have that urine test, 

that's her decision and that's done privately with her in a very secure environment. 

RICK HIND: Each stage of the process from gathering information to informed consent, to testing, 

to the method of treatment will be kept strictly confidential and conducted in a private place. It'll be 

two years till the study is complete. But the community is hoping they'll soon see the first fruits of 

a long and complex process to rid the island of scabies and strongyloides. 

ASSOC. PROF. ROSS ANDREWS: And hopefully we can make a big difference, not only in 

Galiwinku but in other Aboriginal communities in Australia. Many communities and other island 

communities around the area as well and Asia and the Pacific, so we might be able to help other 

people as well as helping ourselves here. 
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7.4 Appendix 4 – Galiwin’ku Community Map 
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7.5 Appendix 5 – Participant Information Sheet 
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7.6 Appendix 6 – Child consent form 
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7.7 Appendix 7 – WDP FBC ranges 
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7.8 Appendix 8 – Workbook for data collection  
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7.9 Appendix 9 – Literature Review 

 

Question Is the subjective reporting of itch by parents and/or their child a reliable 

measure of itch? 

Background The interim analysis conducted at completion of the first population census at 

month 0 to determine the number of participants meeting the case definition 

included just over half (56%) of the participants identified with scabies like 

lesions.  Of the 43 participants identified with scabies like lesions, 11 (26%) 

did not report an itch and 19 (44%) had either no itch or only one typical site 

identified or no household itch.  Of the 11 participants not reporting an itch, 10 

(91%) were aged ≤11 years and 6 (55%) aged ≤5 years.  A review of the 

literature was conducted to determine if the subjective reporting of itch by 

children and/or their parents was a reliable measure of itch. 

Methods Key words for database search – evaluation of itch AND children 

Source of literature – Medline with full text 1968-2013, Cochrane Central 

Register of Controlled Trials Issue 9 of 12, September 2013, Cochrane 

Database of Systematic Reviews Issue 10 of 12, October 2013 

Search strategy – Key words of “evaluation of itch AND children” were used 

to identify key article titles.  The titles were then reviewed for words that 

included itch/pruritis and child/children/childhood/paediatric or 

measure/measurement/rating/scale of itch/pruritis/scratch.  If the titles included 

these key words the abstracts were reviewed to determine if using child or 

parental subjective itch measures had been assessed in the study. 

Inclusion criteria: 

Assessment of child and/or parental subjective itch measures in the abstract 
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Results Flowchart of review 

 
 

Title   The development of an objective method for measuring scratch in children 

with atopic dermatitis suitable for clinical use (published January 2004)104
 

Authors Benjamin K., Waterston K., Russell M., Schofield O., Diffey B. and Rees J.  

Objective Comparison of two objective measures 1) accelerometer used to measure limb 

movement when sleeping and 2) infrared videotaping of movement when 

sleeping with a subjective measure of scratching activity using a visual 

analogue score completed by the mother. 

Participants 21 participants aged 2-9 years, 14 children with atopic dermatitis and 7 control 

children 

Results Children with atopic dermatitis slept less, had a more restless night and 

scratched more than the control children (p<0.01).  There was a strong 

correlation between accelerometer recordings (actigraphy) of limb movement 

and video analysis of sleeping time, scratching time and restlessness (p<0.01).  

There was no correlation between the visual analogue score reported by the 

mother and scratching time, sleeping time and restlessness recorded on the 

video (p>0.05). 

Interpretation This was a small study indicating that the subjective measure of scratch was 

not a reliable indicator of scratching activity at night.  However the use of 

accelerators to monitor movement at night did provide a reliable objective 

measure of scratch and sleep disturbance in children with atopic dermatitis. 

  

Title   Measurement of itch using actigraphy in pediatric and adult populations 

253 records 
identified through 
database search 

14 titles selected 
for review of 

abstract 

4 articles included 
in review 

10 titles excluded 

239 titles excluded 
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(published December 2004)
105

 

Authors Bringhurst C., Waterston K., Schofield O., Benjamin K. and Rees J.  

Objective Examine the generalizability of using actigraphy in persons with a range of 

pruritic dermatoses and examine the relation between subjective measures of 

itch quality, self-rated sleep and objective measures of nocturnal movement.  

Participants 33 adults (median age 49, range 20-87 years) and 25 children (median age 5, 

range 2-13 years) with a range of pruritic dermatoses and 30 adult (median age 

38, range 27-74 years) and 17 pediatric (median age 7, range 2-15 years) 

controls. 

Results There was little relation between subjective itch and objectively recorded itch 

activity for adults (rho 0.18, p>0.05), however there was a modest and 

statistically significant association for children (rho 0.4, p<0.05). 

Interpretation The objective of this study was to determine if the results from the previous 

smaller study (use of accelerators to monitor movement as an objective 

measure of scratch) were generalizable to other skin conditions.  The 

correlations between the subjective measures of itch and the objective 

measurements of movement were modest in children and poor in adults.  The 

authors indicate that subjective measures of itch do not reflect with any great 

accuracy objectively observed measures of itch behaviour. 

  

Title   Children’s Rating of Itch: An Experimental Study (published 2005)
132

 

Authors Wahlgren C.  

Objective To investigate whether children between 4 and 12 years of age could rate itch 

intensity in a dose-dependent way with a 100-mm visual analogue scale (VAS) 

or a four-stepped verbal rating scale (VRS) following experimental induction 

of itch.  

Participants 60 healthy children (34 boys, 26 girls), median age 8 years (range 4-12 years)  

Results A significant dose-response relationship was shown for itch duration and itch 

intensity (p<0.001), however children aged 4-5 years performed less well with 

the VAS or VRS to record itch intensity than children aged 6-12 years.  The 

younger children discriminated between the placebo used and the histamine 

used to induce itch but not between the different histamine doses. 

Interpretation Using a subjective measure of itch was only valid for children aged ≥6 years, 

however younger children were able to distinguish the reporting of itch 

between an itch inducing drug and a placebo.  
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Title   Are Subjective Accounts of Itch to be Relied on? The Lack of Relation 

Between Visual Analogue Itch Scores and Actigraphic Measures of Scratch 

(published 2011)
106

 

Authors Murray, C and Rees J. 

Objective To explore the relationship between subjective accounts of itch using visual 

analogue scales and scratch assessed objectively using actigraphs.  

Participants 68 itchy adults (mean age 40, range 16-67 years) and 50 itchy children (mean 

age 6, range 2-15 years) and 12 adult controls (mean age 38, 24-71 years) and 

12 child controls (mean age 10, range 6-14 years)  

Results Children - Actigraphy scores were higher for subjects with atopic dermatitis 

than controls (p<0.05).  VAS itch was not a significant predictor of acitgraphy 

scores in either univariate or multivariate models. 

Interpretation Subjective reporting of itch by children or their parents was not a reliable 

predictor of itch behaviour observed objectively. 

 

 

 


