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Abstract

Scabies is a parasitic disease and a global health problem that predominantly affects
disadvantaged communities in low-resource settings. Scabies significantly impacts the health
and quality of life of those with the disease. To accurately assess the global burden of disease
and to compare data across regions, standardised diagnosis with consistent disease definitions
i1s necessary. In low-resource settings, diagnosis by clinical assessment is the principal
diagnostic method. In the absence of available experts, non-expert health workers are likely to
play critical roles in diagnosis, including for prevalence mapping. Currently, standardised
processes for clinical diagnosis for scabies do not exist. This thesis explores the diagnosis of
scabies in low-resource settings and the role and utility of non-expert health workers in the

diagnosis of scabies.

Chapter 3 describes the evaluation of non-expert health workers in the diagnosis of scabies
and impetigo using clinical criteria. The diagnosis of four briefly-trained nurses was compared
to the consensus diagnosis of two experienced doctors. The sensitivity of the nurses’ diagnosis
compared to the reference standard was 55.3% for scabies with a specificity of 89.9%
Sensitivity for moderate to severe scabies was 93.5% with a specificity of 74%. The accuracy
of diagnosis by non-expert health workers is promising and may be acceptable for scabies and

impetigo disease mapping in low-resource settings.

Chapter 4 describes the development and evaluation of a training protocol for the diagnosis
of scabies and impetigo for non-expert health workers. The aim of this study was to measure
the change in knowledge and confidence of the participants and explore their experience and
perceptions of the training. Training was evaluated using a case-based test, a questionnaire and
semi-structured interviews. The overall results of the case-based test were 90% for scabies and

75.5% for impetigo. The mean score for both self-reported knowledge and confidence



increased from 2.5 to 4.5 following training and scores increased for all nurses (mean
difference 2, 95%CI 1.1-2.9, P=0.005). The study showed that training local health staff in
scabies diagnosis was enjoyable for participants and led to improvements in self-reported

knowledge and confidence.

Chapter 5 investigates the prevalence of scabies and impetigo using a cross-sectional study in
a primary school in Gizo in the Solomon Islands. Using the International Alliance for the
Control of Scabies (IACS) diagnostic criteria the classified the diagnosis of scabies. The
prevalence of scabies was 54.3% and prevalence of impetigo was 32.1%. 63.5% of those with
impetigo had scabies, corresponding to a population attributable risk of 11.8%. The study
highlighted the extremely high burden of these diseases supporting the need for interventions

for scabies in this community.

Chapter 6 evaluates the methods of data collection, analysis and display for describing in
detail the distribution of scabies lesions in a pilot study. The study used a novel technique of
representation of dermatological lesions in the form of a choropleth map. The study found that
the methods used were feasible for a larger population and would describe valuable detailed
information on specific lesion location in scabies. The study will provide information on
lesions at specific body sites to determine if simplified examinations are appropriate for

prevalence surveys.

The public health control of scabies requires identification of high-prevalence communities to
target interventions, as well as methods to monitor the effectiveness of interventions. Such
programs would be dependent on accurate and standardised diagnosis for population mapping.
This thesis suggests methods to improve the diagnosis of scabies in low-resource settings.

Modifications to training and diagnostic methods are likely to improve diagnostic accuracy.

i



Improvements to scabies diagnosis will contribute to efficient collection methods and

reliability of prevalence data.
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Chapter 1. Background

Scabies is a parasitic skin disease caused by infestation with the mite Sarcoptes scabiei var.
hominis. The 2016 Global Burden of Disease Study estimated a prevalence of 147 million, with
an associated 3.8 million disability adjusted life years." 2 In 2017, The World Health
Organization added scabies to its list of Neglected Tropical Diseases (NTDs), outlining the

need for large-scale control strategies.

Scabies causes itch, and with resultant scratching leads to broken skin and infection with
bacterial pathogens, especially Streptococcus pyogenes and Staphylococcus aureus.® Bacterial
co-infection of the skin may lead to more serious complications such as deep tissue infections
or sepsis. Skin infection with S. pyogenes can also result in immune mediated complications

including glomerulonephritis and possibly rheumatic heart disease.*

The International Alliance of the Control of Scabies outlined the need for accurate global
disease burden data in order to engage with relevant stakeholders and develop effective control
measures.® A standardised approach to the diagnosis of scabies is required for reliable
comparison of prevalence data across different time periods and regions. Beyond population
mapping, standardised diagnosis is also needed for public health intervention trials,

individually randomised clinical trials and disease surveillance.

A series of prevalence studies has demonstrated that scabies is a common condition in the
Solomon Islands.”!? Scabies is recognized as a public health problem by the Solomon Islands
Ministry of Health and Medical Services, although no formal control program is in place. Three
trials of the community-based control of scabies have been conducted in the Solomon Islands,

and provide an evidence base for future public health initiatives.” !



This thesis will investigate diagnostic methods for scabies in low-resource settings and explore
ways to improve and standardize diagnosis through the training and utilisation of non-expert

examiners.

1.1 Setting

1.1.1 Solomon Islands

The Solomon Islands is a Pacific nation comprised of 997 islands, positioned approximately
1800 kilometres to the north of Australia (Figure 1). The population of the Solomon Islands is
approximately 520,000, with 80% of the population living in non-urban areas, mostly small
rural villages.!! The capital, Honiara, has a population of 64,600 and is situated on the island

of Guadalcanal, one of six main islands.'!
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Figure 1. Map of the Solomon Islands

CartoGIS Services, College of Asia and the Pacific, The Australian National University'>

Following independence from Britain in 1978, the Solomon Islands established a parliamentary
democracy government with a constitutional monarch. The Queen is the head of state,
represented in country by a Governor-General. A Prime Minister is elected by the Members of
Parliament, with Parliament being a single chamber legislature made up of 50 single-member
constituencies, elected every four years.!* Local government is divided into the nine provinces;
Central, Choiseul, Guadalcanal, Isabel, Makira-Ulawa, Malaita, Rennell-Bellona, Temotu and

Western; and Honiara as a tenth administrative centre (Figure 1).



In 2017, the Solomon Islands were ranked 152 of 189 countries and territories on the United
Nations Human Development Index, with a value of 0.546, correlating to the low human
development category.!*The main industries in the Solomon Islands are agriculture, fish and
forestry, with the main source of income for most households being the sale of fish, crops or

handicrafts.

1.1.2 Health and education status

In 2009, the average number of births per woman was 4.7. Infant mortality rate is 22 per 1000,
compared to 3.1 per 1000 in Australia, and under-five mortality is 28 per 1000, compared to

3.5 in Australia.!!: 13- 16

Life expectancy at birth is 66.2 years for males and 73.1 years for females. The maternal
mortality ratio is 143 (per 100,000 live births), compared to 23 in Australia.'’>'"The most recent
Solomon Islands census in 2009, estimated that 56% of the population completed primary

education, and 21% of males and 16% of females completed secondary education.'!

1.1.3 Health care services

The Ministry of Health and Medical Services is the major provider of services across the
Solomon Islands, supplemented by faith-based and local and international Non-Governmental
Organizations (NGOs). There are five levels of health care; level 1: nurse aide posts, level 2:
rural health clinics, level 3: area health centres, level 4: provincial hospitals and level 5: The
National Referral Hospital (in Honiara). There are public provincial hospitals in eight of the
nine provinces. However, most health care is provided by trained nurse aides in rural villages.'3
These nurse aides deliver basic primary care and facilitate referral to higher-level services

when necessary.'8



1.1.4 Western Province

The Western Province of the Solomon Islands has a population of approximately 77,000. The
capital of the Western Province is Gizo town, located on the Island of Gizo. Gizo town has a

population of around 3,500, making it the fifth largest urban centre in the Solomon Islands.'!

The mortality rate for children aged less than five years is 29 per 1000 in Western Province,
compared to 28 per 1000 nationally. Life expectancy at birth is 65.7 years for males and 72.5
years for females, 0.5 years and 0.6 years lower than the national average for males and females

respectively.!”

In the Western Province, only 56% of households have access to a toilet facility, such as a flush
toilet, water sealed toilet or a pit latrine. Most households (76%) use kerosene lamps for

lighting, and just 12% of households are connected to the electricity grid.!

1.2 Scabies in the Solomon Islands

There are no country-wide data for scabies in the Solomon Islands, but provincial prevalence
studies have been conducted. A survey conducted in ten villages in the Western Province in
2014, which included 1908 participants, estimated a scabies prevalence of 19.2% and an
impetigo of prevalence of 32.7%.% A 2018 study conducted in Malaita province of 1291
individuals, found a prevalence of scabies of 9.2-11.8%.° In Choiseul province, following

assessment of 1399 individuals in 2015, the prevalence of scabies was found to be 18.7%.'°

1.2.1 Control of scabies

There have been public health programs for other NTDs in the Solomon Islands, including for
a national program for trachoma control. There is currently no department of NTDs with the

Ministry of Health or control program for scabies, but scabies has been incorporated into the

5



draft NTD management plan. However, research interventions for scabies using mass drug
administration (MDA) with ivermectin have been conducted in Malaita and Choiseul.” '
Benzyl benzoate is on the Essential Medicines List in the Solomon Islands but due to limited
resources and logistic difficulty it is not available at all health centres. Permethrin cream is not
available in the Solomon Islands. Ivermectin is available but is limited to specialist use at the

National Referral Hospital and some provincial hospitals.



1.3 Aims and overview of the thesis

1.3.1 Overall aims

The over-arching aims of this thesis are to investigate the diagnosis of scabies in low-resource
settings and to improve standardisation of clinical diagnosis through training and utilisation of
non-expert examiners in the diagnosis of scabies. This thesis aimed to inform clinical diagnosis
of scabies in low-resource settings by non-expert examiners. The main chapter of my thesis
(Chapter 3) aimed to evaluate the role of non-expert health workers in the diagnosis of scabies.
The three additional chapters of my thesis (Chapters 4, 5 and 6) investigated the burden of
scabies and impetigo in the Western Province of the Solomon Islands, aimed to describe
effective training package for diagnosis of scabies and explored a novel method of mapping

the body distribution of scabies lesions.

1.3.2 Literature review (Chapter 2)

This literature review explores the current modalities used for the diagnosis of scabies and
evaluates their strengths and weaknesses. It also investigates the use of clinical diagnosis for

scabies and reviews the clinical features of the disease which may inform diagnosis.

1.3.3 Study of diagnostic accuracy (Chapter 3)

This study aims to determine the diagnostic accuracy of the diagnosis of scabies and impetigo
by non-expert examiners after brief training. This chapter provides evidence for the utilisation
of non-expert examiners in low-resource settings where expert examiners or other diagnostic

methods are not available.



1.3.4 Study of a training package for the diagnosis of scabies (Chapter 4)

This chapter describes the development delivery and evaluation of a training package in scabies
diagnosis, used in the diagnostic accuracy study (Chapter 3). The aims of this study were to
measure the change in knowledge and confidence of participants before and after training, and

to explore their experience of the training.

1.3.5 Study of prevalence of scabies in school children (Chapter 5)

This study aims to investigate the prevalence of scabies in a primary school cohort using
clinical examination. This chapter extends the use of novel diagnostic criteria for scabies by

applying them to school screening.

1.3.6 Study of the body distribution of scabies (Chapter 6)

This chapter investigates a novel approach to presentation of the body distribution of scabies
using a choropleth methodology. This pilot study aimed to explore the feasibility of this method

of data collection, analysis and visual presentation of scabies lesion distribution.

1.3.7 Discussion and conclusions (Chapter 7)

This chapter highlights synthesises the key findings of each of the preceding studies. This
chapter also discusses conclusions, implications and recommendations based on the reported

findings.



Chapter 2. Literature Review: The diagnosis of scabies

2.1 Overview

Human scabies is a parasitic disease caused by the microscopic mite, Sarcoptes scabiei var.
hominis. Estimated prevalence of scabies is thought to be close to 150 million' with high

associated morbidity.?

The scabies mite infests humans by using lytic secretions to penetrate into the host’s skin. Once
it has burrowed into the skin, it resides in the epidermis and ingests host cells, lay eggs and
leaves behind faecal matter.?’ The presence of the mite and its products within the skin causes
significant itching, especially at night. It has been associated with irritability in children, sleep
disturbance and poor concentration throughout the day.?!- 22 The rash associated with scabies
can lead to stigmatization of effected individuals, further contributing to reduced quality of

life.?!

Additionally, infestation with scabies is associated with bacterial co-infection, most commonly
with Streptococcus pyogenes and Staphylococcus aureus.®> Bacterial infection arises due to a
compromised skin barrier caused by scratching. Skin infection can predispose individuals to
more serious complications including cellulitis or sepsis. S. pyogenes can also cause other
serious immune mediated complications including glomerulonephritis* and rheumatic fever>,

which can both progress to chronic diseases with high associated mortality.?* 24

Several effective treatments are available for scabies. However, case-control treatment
strategies do not seem to have substantial impact on populations with high scabies prevalence.?*
26 In these populations, community wide mass drug administration with anti-scabetic agents

such as ivermectin appear to be successful for the control of scabies?” 28, In order for such



programs to be implemented, accurate prevalence mapping for scabies is needed for initial
assessment, to determine which control strategies are required and for ongoing monitoring to

evaluate effectiveness of control strategies.?’

A systemic review of the global prevalence of scabies identified areas of high endemicity,
mostly in disadvantaged populations in tropical and subtropical regions.> The review also
found there were no data available for many regions of the world. The International Alliance
for the Control of Scabies has outlined the need for accurate prevalence data to engage with
stakeholders and to work towards the development of control guidelines.® To allow comparison

and ensure reliability, standardized diagnosis for scabies is required.

Diagnosis of scabies is currently limited by the lack of a simple diagnostic test. A systematic
review of diagnostic tests for scabies concluded that there are currently no reliable diagnostic
methods.? Furthermore, a systematic review of methods used to diagnose scabies in clinical
trials found a lack of consistency amongst the methods of diagnosis used.’' Finally, a
systematic review on the global prevalence of scabies outlined the poor quality and lack of

diagnostic criteria among population studies included in the review.?

A definite diagnosis of scabies requires mite identification using magnification techniques
such as microscopy or dermoscopy.*? However, these techniques are not usually available in
low-resource settings where scabies is endemic. In these settings, the diagnosis of scabies is

usually based on clinical features.?

In 2018, the International Alliance for the Control of Scabies published a set of diagnostic
criteria for scabies developed through a formal Delphi process (Table 1). These criteria
incorporate a range of diagnostic certainty, from suspected scabies, clinical scabies and
confirmed scabies, and highlight different methods used for diagnosis of scabies across this

range.>* The criteria specify that the categories of suspected scabies and clinical scabies are
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based on the presence or absence of typical features of scabies, without the use of any

diagnostic tool, while confirmed scabies requires direct visualisation of a mite, using a

magnification tool. The criteria provide a highly valuable framework to guide diagnosis.

However, they have not yet been validated and there are components of the criteria which

require further explanation, including the definition of typical lesions and typical distribution.

Table 1. The 2018 International Alliance for the Control of Scabies Criteria®

TIACS subcategory

A:  Confirmed scabies
Al: Mites, eggs or feces on light microscopy of skin samples
A2: Mites, eggs or feces visualised on individual using high powered imaging device
A3: Mite visualised on individual using dermoscopy
B:  Clinical Scabies
B1l: Scabies burrows
B2: Typical lesions affecting male genitalia
B3: Typical lesions in a typical distribution and two history features
C:  Suspected Scabies
Cl: Typical lesions in a typical distribution and one history feature
C2: Atypical lesions or an atypical distribution and two history features
History Features
Hl: Itch
H2: Close contact with an individual who has itch or typical lesions in a typical distribution

A diagnosis of scabies should only be made if other differential diagnoses are considered less likely than
scabies.

This literature review will explore the diagnosis of scabies by investigating the components

which form part of the assessment of clinical diagnosis. It will then investigate and describe

the different methods and techniques that can be utilised for diagnosis of scabies.
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2.2 Clinical diagnosis

2.2.1 Background

In primary health care settings where individuals may not be trained to use dermatoscopes or
perform skin sampling, diagnosis is usually clinical. In low-resource settings, where access to
specialists or diagnostic equipment is limited, diagnosis is also reliant on assessment of clinical

signs and symptoms.

The clinical features of scabies are diverse with multiple lesion types and varied rash
distributions. A systematic review of the diagnosis of scabies in clinical trials included 71 trials,
53 of which were conducted in a resource-limited country.®' Of the trials included, 37% used
clinical and testing methods for diagnosis, 20% used only clinical examination and 24% did
not specify whether the diagnostic method. Of those that used clinical features as part of their
diagnostic criteria, 55% included the presence of burrows, 50% included papules, 23%
included nodules, 30% included pustules and 15% included excoriations. There was no
common collection of clinical features used as diagnostic criteria in these trials. This lack of

consistency makes interpretation of data difficult and comparison between studies complex.

Furthermore, there are very few data to inform assessment of the accuracy of clinical diagnosis
for scabies. A systematic review performed in 2011 identified only one study that investigated
the accuracy of history and examination for scabies diagnosis.’® A review article outlined a
100% sensitivity and 97% specificity for “a history of diffuse itching and visible lesions

» 30,

associated with at least two typical locations of scabies, or a household member with itching”.

34 However, this study had several limitations including a poorly defined reference standard.
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2.2.2 Components of clinical history taking for the diagnosis of scabies

The IACS Criteria outline features of clinical history as a core component of clinical diagnosis
of scabies.® In order to make a positive clinical diagnosis of scabies, the IACS Criteria call for
at least one of the following features on history: 1) itching and; 2) positive contacts with itch

or scabies.

2.2.2.1 lItch

Itch is a characteristic feature of scabies and results from hypersensitivity to mites and mite
products, including saliva, faeces and ova, driven by infiltration of CD4 T cells.*>. Itch was
reported to be moderate to severe in 60-75% individuals with scabies 3> 3¢ and experienced by
patients in all age groups, including infants (as evidenced by observation of scratching or

presence of skin excoriation).3”> 3

3

Figure 2. An infant with scabies, scratching lesions on his hip

(Image: Millicent Osti)
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Itch caused by scabies is frequently experienced in the evening or prior to sleep 34!

, with up
to 89% of those with scabies experiencing nocturnal itch leading to sleep disturbances in
affected adults and children.’® 4? In one study, as many as 88% of individuals complained of
sleep difficulty due to nocturnal itch, and in another study 22% of children aged less than two

years exhibited sleep disturbance.?> 4

2.2.2.2 Contact history

Multiple studies have reported that patients with scabies have a history of contact with at least
one other individual with itch, with a range of 50% to 55%.%% 4* The inclusion of a positive

contact history of itch has been shown to improve sensitivity in scabies diagnosis.>*

2.2.2.3 Overcrowding

Overcrowding is considered a risk factor for the transmission of scabies infection. A
prospective study of children presenting to hospital in the remote regions of Western Australia
found that individuals living in households with greater than 5 members had a higher risk of
scabies infestation than those living in smaller households.*? Similarly, in Egypt, larger
families and night time crowding was associated with higher prevalence rates of scabies
infection.** Although household overcrowding is not included as a diagnostic component of

the IACS Ceriteria, it should heighten the suspicion of scabies in a clinical setting.

2.2.3  Rash or lesion appearance

The morphologic appearance of the rash of scabies is diverse, with most individuals exhibiting
more than one type of lesion and over 60% exhibiting three or more.?"-3 Commonly described
scabies lesions include papules, nodules, vesicles and pustules. Scabies is also commonly

associated with lesions that are considered “secondary lesions”, that is, those that develop as a
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result of changes to primary lesions including excoriation, eczematisation, crusting and

infective skin changes.

2.2.3.1 Papules

Papules are solid, palpable lesions less than 1cm in diameter.*> In scabies they are commonly

erythematous or the same colour as the surrounding skin. They are the most common lesion

type of scabies, reported in 70-100% of individuals.?!> 46-47 33

Figure 3. Papular lesions over the foot of a child with scabies

(Image: Millicent Osti)
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2.2.3.2 Nodules

Nodules are solid, elevated palpable lesions greater than 1cm in diameter.*> Nodules may be
present as a primary feature of the scabies rash or they may develop as part of a persisting
clinical occurrence after successful treated scabies infection. Nodules have been reported
frequently in scabies*® 4 seen in up to 44% of individuals with scabies.??> However, in other
studies nodules were seen less commonly and overall, appear to be reported less frequently

than papules.?!> 333947

Figure 4. Nodules on the axilla of a child with scabies

(Image: Wingfield Rehmus, International Alliance for the Control of Scabies)
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2.2.3.3 Vesicles and Pustules

Vesicles are small blister-like lesions (containing clear fluid) and pustules are fluid-filled
lesions that contain pus. Both vesicles and pustules have been described as common rash
morphologies of scabies. Pustules may be caused by inflammation alone and be sterile (that is,
absent of any bacterial superinfection). Multiple studies have reported vesicles as a common
manifestation in patients with scabies, in up to 68% in one report 3% 4> 46, while other studies

have reported vesicles as being uncommon.?!> 3% 4% 4 Fewer studies have reported pustules as

a manifestation of scabies, with a prevalence range of 16% to 43%.37- 4849

Figure 5. Papules and pustules on the foot of a child with clinical scabies

(Image: Millicent Osti)
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Figure 6. Vesicles on the wrist of an individual with suspected scabies

(Image: Millicent Osti)

2.2.3.4 Burrows

The scabies mite uses digestive enzymes and propulsive movements to invade the human host
and tunnel into the stratum corneum, the outer most layer of the epidermis. Once the mite is
located within the stratum corneum it continues to move through the skin, digesting human
tissue and laying eggs as it travels.® 3! This action causes short, grey linear structures known

as burrows.>?
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Stratum corneum

Burrow

Figure 7. The life cycle of the scabies mite and the burrow

(Image: New insights into Scabies and pediculosis, Mumcuoglu et al>*)

Figure 8. A magnified image of a burrow

(Image: Rie Yotsu, International Alliance for the Control of Scabies)
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Burrows are difficult to see without magnification. Although considered pathognomonic, the
sensitivity and specificity of the burrow as a diagnostic sign for scabies has not been evaluated.
The prevalence of burrows in those with active scabies is inconsistent in the literature, ranging
from 18 to 78%.40- 42.46.47. 54,55 However, many experts assert that burrows are observed less
commonly in populations in whom scabies prevalence is very high, including in tropical

areas.20:39

2.2.3.5 Wake Sign

The ‘wake sign’, is a clinical finding specific to scabies which may assist in clinical diagnosis.>
The wake may be visualized more easily with the naked eye than a burrow, seen as an area of

scaling and inflammation trailing the burrow, in the shape of a wake as formed by a ship on

water.

Figure 9. A wake behind a boat

(Image: By Edmont - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=6920796)
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V-shaped scale (Wake sign)

linear part of
the scabies burrow

brown triangular spot/
of the scabies mite

Figure 10. Pictorial explanation of the ‘wake sign’
(Image: Junko Yoshizumi, International Alliance for the Control of Scabies)

2.2.3.6 Other lesion types

Some lesion morphologies, including macules and blisters, are described only rarely in the
literature. In one study, macules were described in in 43% of individuals with scabies, but this
morphology appears to be isolated to this study only.>* In another study, blisters were reported
in 4.3% of patients with classic scabies. Bullous scabies is a well described but infrequent
atypical variant of scabies infestation. In the study mentioned above, it may have been possible
that the blisters described may have represented common vesicles or a bullous variant of the

disease rather than common scabies lesions.*?

2.2.4 Secondary features of scabies

Secondary features of scabies include excoriations, eczematisation, crusting and infective

changes. These features may obscure the appearance of typical lesions.
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2.2.4.1 Crusting

Crusts may represent dried serum, blood or pus. Diverse terminology, including “crusted
papules”, “crusting” and “scale”, has been used across many studies, without clear definitions.
Furthermore, the term crusting is confusing in the literature because of the potential for mis-
classification with the severe atypical form of scabies known as “crusted scabies (see below),
and also crusting that can appear with secondary bacterial infection (see below). Nonetheless,
crusted papules or lesions have been reported in a number of studies, with a range of 19 to 82%

of individuals in these studies.?®: 4657

2.2.4.2 Eczema

Eczema associated with scabies may represent acute inflammatory changes or chronic
thickened and dry skin. One study reported this feature in almost 50% of individuals with
scabies.’® Another study of nursing home staff and residents with scabies reported “dry skin”
in 53.9% of individuals, which may represent eczematisation.”® Most studies of the clinical

features of scabies however rarely report eczematisation, ranging from 0-8%.3% 3> 60

2.2.4.3 FExcoriations

Excoriations are linear breaks in the skin caused by scratching and are common in patients with
scabies as a result of pruritus. Excoriations may alter the appearance of burrows or
characteristic primary lesions.?' Excoriations are very frequently reported, present in 41-85%
of individuals with scabies.?!3%37-3% 35 One study reported a high proportion (52%) of patients
with scabies exhibited excoriations at sites not infested with mites, indicating the presence of

pruritus of healthy skin.*® Although the direct mechanism of this is unknown is likely
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represents a systemic delayed hypersensitivity immune reaction.?? Lichenification, thickened

skin from rubbing, was also seen in 10% of individuals in one study.>

Figure 11. Excoriated scabies lesions on the lower leg with areas of lichenification likely
from rubbing

(Image: Millicent Osti)
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2.2.4.4 Bacterial co-infection

Mite burrows and the intense itching and associated excoriation impairs the skin barrier. This
provides a route for bacteria to enter the skin, predisposing individuals to subsequent bacterial
infection of the skin (impetigo). Bacterial skin infection may appear as lumps or sores with pus,
crusting or redness, and may change the appearance of typical scabies lesions such that the
diagnosis of scabies can be more complicated. In a national study in Fiji, the prevalence of
impetigo was 19.6%, and as high as 34.2% in young children.>’ Secondary bacterial infection

of scabies is common; in a study in Brazil 37% of patients with scabies had impetigo *° and in

American Samoa this proportion was 68%.°!

Figure 12. Severe scabies on the feet and ankles with infected lesions

(Image: Millicent Osti)
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2.2.4.5 Lesion number

The majority of patients with scabies have less than ten lesions.5? Greater lesion numbers
represent more severe infections. Most individuals have less than ten lesions, however in cases
which are more severe individuals have been reported to have more than twenty or even more

than fifty lesions in very severe cases.® 3% 57

2.2.5 Lesion distribution

Although the lesion burden in scabies is usually low, the associated rash can affect a multitude
of sites.>>3% 6 [t has been reported that the location of the rash in scabies does not always
correlate with mite location.®* However, burrows are only seen where a mite has been present
and mites or mite products have been identified in nodules following biopsy.®> ¢ It has also
been suggested that the lipid composition of the tissue may affect mite’s choice of location,>"
67 although these studies have been of Sarcoptes scabiei var canis, a mite that predominately

affects dogs and foxes.

Commonly reported sites of scabies lesions are the interdigital spaces, wrists, dorsum of the

hand, axillae, groin, genitals and abdominal area.® ¢

The upper limb is the most common site of lesions of scabies.?> % 707! The hands and wrists
are more frequently affected than the forearms and upper arms.?> 7> Lesions involving the
interdigital webbing is considered highly characteristic of scabies and is reported to affect up
to 80% of individuals with scabies.*® 73 It has been suggested that individuals with lesions at
their finger webs had a higher chance of correct diagnosis of scabies than those without

involvement of this region.’
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Figure 13. Scabies lesions affecting the hands and fingers

(Image: Millicent Osti)

Involvement of the wrists is also very common, supported by a number of studies which report
wrist lesions in 13- 82% of affected individuals 3% 3% 42 46.49. 55 Many experts assert that the
volar wrist is more commonly involved than the dorsal wrist, but there are few data to support

this.”?

The lower limbs are commonly reported to be involved in scabies, however there is wide
variation in published reports (less than 1% to greater than 50%).3% 4% 4% 70. 72 Retrospective
analysis of data from the Solomon Islands and Fiji, showed that the feet and lower legs were

much more commonly affected (49.7%, 48.3%) than the upper legs (22.6%).7

The abdomen has been reported as another frequently affected site in multiple studies.>® 7’ The

abdomen has been reported to be involved in 60-80% of individuals with scabies.?> 3% 4> Some
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studies report lower levels of involvement of this area. Many studies do not report involvement

of the abdomen because it is often not examined due to sensitivities of exposing this area.

Lesions on the penis, including papules, nodules and burrows, are considered typical of scabies
infestation.” ’® Multiple studies confirm that lesions on the genitals are common, with between
6 to 75% of male adult patients having lesions on the penis.’® 46 47- 3558 A study detailing
microscopic examination for mites and/or eggs and/or faecal matter in 89 patients, reported
that 66.7% of adult males had mite or mite products at their genitals and 51% had mite or mite
products retrieved from their scrotum.” Therefore it is important to ensure that this site is

treated.

A study of women presenting with vulval itch to a vulval dermatology clinic, reported a 7.5%
prevalence of vulval scabies among their study population. Although this is a very specific
population, the study highlights vulvar itch as a feature of scabies that may not otherwise be
considered.®® The lack of detailed data on genital involvement in females compared to males

may be due to issues of privacy required for examination.

The involvement of fingernails and toenails in scabies has been infrequently reported.’! 82 Mite
or mite products have also been isolated from subungual areas of the fingers in asymptomatic
individuals with mild scaling at the nails.” The subungual area may be overlooked on
application of topical medication and therefore may be a source of persisting mites and

reinfection.

2.2.6 Atypical presentations

Scabies has many varied presentations. Although the majority of cases present with the classic
features described above, some individuals may present with other, atypical manifestations of

scabies infestation. These manifestations are rare but can pose diagnostic challenges for
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clinicians. Atypical scabies presentations include crusted scabies, nodular scabies, bullous

scabies and scabies incognito.

Crusted scabies is a disease caused by hyper-infestation of the scabies mite and presents with
hyperkeratotic crusting of the skin. Compared to the low mite burden seen in classic scabies, a
patient with crusted scabies may be host to over one million mites. Crusted scabies is reported
to have a 50% five-year mortality.®® It is considered a separate disease entity to classic scabies

and the intricacies of presentation and diagnosis are complex.

Nodular scabies is a clinical variant of scabies which presents primarily with erythematous or
hyperpigmented nodules, which are elevated lesions greater than lcm. There are two
hypotheses as to the cause of nodular scabies. First, it may be caused by a persistent
hypersensitivity reaction to non-viable mite products in treated scabies infection.? Second, it

may be due to persistent scabies infection in nodular lesions.®

Bullous scabies is a rare presentation which mimics the features of bullous pemphigoid. It is
usually seen in elderly patients, is more common in males, and is poorly responsive to

immunosuppressant therapy.?*

Scabies incognito is a form of classical scabies in which the typical features have been masked
by the incorrect administration of topical or systemic steroids. It is a common occurrence,
especially in populations were steroids are easily accessible, and may also result in features of

Cushing’s due to excessive steroid use.? 86
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2.2.7 Other factors influencing clinical presentation

Scabies can present differently in different populations, with variation by sex, age, skin type,
setting and co-morbidities of the individual with scabies. Therefore, the approach to diagnosis

may need to be modified based on the setting or the population.

2.2.7.1 Sex

Male and female individuals infected with scabies present similarly, although some differences
in the prevalence and appearance of the rash have been reported. Analysis of the Global Burden
of Disease Study 2015 demonstrated that the burden of scabies is evenly distributed between
sexes in most regions.** 3788 Some studies report increased frequency in females, including
among women of child bearing age.®® A study conducted in Palestine also observed a higher
incidence in females aged 31-50 years, however no gender difference was seen in other age
groups.®® In contrast to these findings, a small number of studies report increased prevalence

in males when compared to females.*% !

Scabies frequently involves the breasts in females. One study found a significant difference
between females and males for lesions located at the nipples and breasts (40.2% vs 15.5%).%°
Another study reported that mites or mite products were present on the breasts in 60.5% of
females with scabies enrolled in the study, comparted to only 4% of males.” Otherwise, the

rash distribution of scabies is similar in males and females.>?

2.2.7.2 Age

Across most studies of scabies, children exhibit the highest prevalence® with young age
frequently identified as an independent risk factor for prevalence and severity.®® # Among

children, scabies prevalence is generally highest among school aged children.? There are some
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studies, including in the Northern Territory of Australia among indigenous populations that

have observed that scabies has a peak prevalence in infants.? 4162, 92

The type of lesions seen with scabies infestation may vary according to the age of the individual.
Lesion type in children can be more varied than in adults, and the predominant lesion type

among children may be influenced by their age.*

Scabies can present quite differently in young children, particularly infants, compared to adults.
First, the primary complaint by a parent of an infant with scabies may be poor feeding and
irritability, rather than rash.® Second, the rash may present differently in infants. Nodules have

been reported to be more frequent among infants compared to older age groups,*> %3

although
papules are still frequently seen.>” ** Third, excoriations may be less common in infants,
possibly due to lack of an effective pincer grasp and inability to scratch.*® Fourth, burrows have
also been reported to be more common in infants, which may also be due to the absence of
effective scratching and therefore reduced likelithood of overlying excoriations that may
obscure the burrows.** Fifth, children are more likely to develop bacterial superinfection than
adults.>® #! Infants appear to be at highest risk. Finally, infants frequently have involvement of
more body areas than older children and adults.?* The head, scalp and face are common sites
for scabies infestation in infants (Figure 14). This may be due to physical differences in skin at
these sites between infants and older children, or because of direct transmission from the

mother to the child’s face while breastfeeding.*? 64

30



Distribution in Children
and Adults

Distribution in Infants

Figure 14. Distribution of scabies lesions in adults and children and infants
(Image: adapted from image by Daniel Engelman)

2.2.7.3 Climate

The majority of studies that have investigated seasonal variation in scabies prevalence have
shown no relationship between season and scabies.® 3% %> However, these studies have mostly
been conducted in regions with small temperature variations throughout the year. A study
conducted in Malawi reported an increased incidence of scabies during the cold season,
consistent with historical data from Denmark that showed peaks of prevalence in winter and
troughs in summer.”® °” An explanation for these observations may be an increased risk of
transmission in in colder weather due to indoor crowding. A study in the Northern Territory of
Australia reported no correlation between prevalence of bacterial co-infection of scabies with
dry or wet season.”® In contrast, the abovementioned study in Malawi observed a higher

incidence of pyoderma during the hot season.”
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2.2.7.4 Co-morbidities

Individuals with an ineffective immunological response may be unable to provide an
appropriate immune response to mite infestation resulting in uninhibited mite reproduction and
inhabitance.” This may be iatrogenic (due to oral or topical steroids), due to chronic disease,
heavy alcohol use, lymphoma or leukaemia or infection with HTLV-1 and HIV.®* As a result
of immune suppression, the rash associated with scabies infection may also have an atypical
appearance in these individuals.'% %! Immunosuppressed individuals may have an increased
risk of progression to more severe scabies, including crusted scabies, and on the other hand

may present with scabies incognito.? 86

Individuals with scabies and a background of neurological or sensory disturbances may have

102 Neurocognitive dysfunction, as in seen with dementia, has been

an unusual presentation.
associated with more severe of disease and also with the absence of itch.!% 1% Neurocognitive
dysfunction may impair the experience of or ability to itch, and so the mite is not scratched

from the skin, possibly increasing mite survival.!®

2.3 Non-clinical diagnosis

Although clinical diagnosis remains crucial to scabies diagnosis in many settings, other
techniques may provide useful information to contribute to diagnosis. A clinical diagnosis of
scabies can be confirmed upon visualisation of the scabies mite or mite products including ova
(eggs) or scybala (faeces). Depending on the method used, mite or mite products can be

visualised while in the skin or can be removed and visualised external to the skin.
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(Image: Norisha Ishii, International Alliance for the Control of Scabies)

2.3.1 Mite visualisation ex vivo

2.3.1.1 Skin scraping

Scabies mites can be removed from the skin using various skin sampling methods including
skin scraping, biopsy or the adhesive tape test. In a dermatological outpatient setting scabies is
often diagnosed by microscopic identification of the mite or mite products via a skin scraping.”’
However, the reliability of microscopic diagnosis of scabies is dependent on the sample of skin
which is taken for microscopic examination and if dermoscopy is used to orientate scrapings.'!:
195 One study showed the microscopic evaluation of skin scrapings had a sensitivity of 90%,
with a specificity of 100%.4° This high sensitivity likely reflects the fact that in this study the
examiners took repeated skin scrapings with the assistance of dermoscopy until the operator

was satisfied with the negative result. Another study found a much lower sensitivity of 46%
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and did not use dermoscopy orientated scrapings.'% Therefore, the sensitivity relies on the use

of repeated or orientated skin sampling which can be time consuming.

2.3.1.2 Biopsy

Although mite or mite products may be visible in skin biopsy samples, such as a punch or
excisional biopsy, it is not commonly performed for the diagnosis of scabies. A study from a
specialist dermatologist setting identified that only 2% of individuals with scabies were
diagnosed using identification of scabies from a skin biopsy.?® Those cases diagnosed using
biopsy may have had a low clinical suspicion for scabies and therefore a biopsy was used to
diagnose anther condition that requires biopsy, rather than a scraping as is sufficient with

scabies.

2.3.1.3 Adhesive tape test

The adhesive tape test was first described by Katsumata and Katsumata in 2006.'97

It requires
the use of strong adhesive packing tape, cut into the size of a microscope slide, placed onto
scabies lesion and rapidly removed. This process is performed with the intention of collecting
a mite or mite products which are present in the epidermis or mites on the surface of the skin.
This sample can then be observed under microscopy. The adhesive tape test has a sensitivity
reported to be around 68% when compared to diagnosis by mite visualisation on either skin
scraping or adhesive tape test.'% The adhesive tape test is less invasive than a biopsy or skin
scraping, and can be performed by inexperienced examiners, although it still requires the use
of microscopy for mite visualisation. The technique relies on the texture of the epidermis to
stick to the tape, and therefore it has been suggested that the test is likely to be more reliable in

patients with skin atrophy, such as the elderly, and on areas of skin where it is thin, such as

fingers and toes.'%
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2.3.2 Mite visualisation in vivo

Multiple methods can be used for mite visualisation in the skin, including dermoscopy and
videodermoscopy. Epiluminescence microscopy (ELM) allows the visualization and
magnification of skin, using a dermatoscope or videodermatoscope, with the use of oil on the
skin and a slide between the lens and the skin to reduce light reflection. Initially introduced for
the observation of pigmented lesions, dermoscopy was suggested in 1992 to assist with scabies
diagnosis.'”® Most dermatoscopes now employ a polarized light source, erasing the need for
oil immersion. Traditional handheld dermatoscopes generally allow x10 magnification,

however some newer models may allow up to x60 magnification.

2.3.2.1 Dermoscopy

Dermoscopy can facilitate the diagnosis of scabies by visualization of the burrow or scabies
mite. The head and mouth parts of the mite are visible as a dark triangular structure described
as a jet with contrail ' The reported sensitivity of dermoscopy is high (83-91%) when
compared to ex vivo microscopy as the criterion standard.*® 1% Specificity of dermoscopy is
reported to be 46% with a lower positive predictive value than other diagnostic methods.'%
Although these are reliable methods of diagnosis, training is required in order to operate these
devices.’® Dermoscopy is likely to play an important diagnostic role in well-resourced settings
but are unlikely to greatly contribute to the diagnosis of the majority of scabies cases in low-

resource settings.
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Figure 16. Low magnification dermoscopy of a burrow and mite

(Image: Giuseppe Micali, International Alliance for the Control of Scabies)

2.3.2.2 Videodermoscopy

Videodermatoscopes are devices that allow non-invasive in vivo observation of the skin at very
high magnifications. They can also allow capture of moving images. One study found that a
videodermatoscope with a magnification of up to 600x was able to identify mites and burrows
in 62% of children with scabies.!'!? In this study, individuals were initially examined at lower
magnification (100x) for a full body examination, which reportedly took 3 to 5 minutes.
Suspicious lesions were then re-examined at higher magnification, allowing a more streamlined
approach to the skin examination. Clearly, this technique requires operators with considerable
expertise. Currently, the cost of a medical videodermatoscope is around USD$20,000.32 A

small study compared the diagnosis of scabies using a medically marketed videodermatoscope
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with a much cheaper (approximately USD$30), publicly available videomicroscope.!!! Despite
the lower resolution of the cheaper videodermatoscope, both devices were able to identify the
scabies mite or products to confirm infection. Identification of scabies mites using a non-
medical handheld digital video microscope has also been demonstrated in a low-resource
setting.!!'> Such devices may be useful in settings where more expensive devices are not
available, however they are likely to require access to charging facilities which may be limited
in some remote regions where scabies is endemic. Further experience with these devices is

needed in order to justify their use in scabies field diagnosis.

Figure 17. High magnification video dermoscopy (still image) featuring a scabies mite
(circled), ova and faecal matter

(Image: Giuseppe Micali, International Alliance for the Control of Scabies)

2.3.2.3 Other imaging modalities

Reflectance confocal microscopy is an imaging technique that can produce a black and white
in vivo two-dimensional image using lasers which reflected off structures according to their

refraction index.3? This allows histological analysis of these layers of skin without the need for
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skin sampling. This technique has been described as a diagnostic tool for scabies and can
provide visualization of mite peristaltic gastrointestinal activity which can confirm mite
viability consistent with current infection.!'® 14 Other imaging modalities are unable to provide
sufficient detail to determine if the mite is still alive within the skin, unless there is successive
examination of the same area of skin to observe mite migration, or decomposition following
treatment, but this is time consuming and requires individuals to represent at multiple time
points for re-examaination.''> No studies have been performed to identify the utility of confocal
microscopy for the diagnosis of scabies in large cohorts. Reflectance confocal instruments are

expensive (~USD$150,000) and only available in some high resource settings.*?

G

Figure 18. Reflectance confocal micrscopy image of a scabies mite

(Image: Dev Tilakaratne, International Alliance for the control of scabies)
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Similarly, optical coherence tomography is a newer method of mite visualization which can
provide high-resolution cross-sectional images of the skin, with detailed visualization of mites
and burrows.''¢ However, optical coherence tomography instruments are similar in price to the
confocal microscopy and only available in highly specialized settings. Optical coherence
tomography requires around ten minutes for examination of each lesion. Although confocal
microscopy and optical coherence tomography may be useful in tertiary settings to study mite
behaviour or to confirm mite viability, they are unlikely to play a major role in mite diagnosis

globally.

2.3.3 Other diagnostic modalities

2.3.3.1 Burrow ink test

The burrow ink test attempts to highlight burrows formed by the scabies mite which may not
be visible without magnification.!'” It is performed by using a pen to cover a papule with ink,
then wiping the ink off the skin using an alcohol wipe. If present, the ink will track down the
burrow and will not be removed by wiping, producing a dark tortuous line, and allowing the
burrow to be more easily visible. Although inexpensive, the process can be time consuming

and relies on the presence of burrows.

2.3.3.2 Antigen and antibody detection techniques

Newer methods are under investigation for use in the confirmation of scabies infection by
detection of scabies antigens (using enzyme linked immunosorbent assays) or DNA (using
polymerase chain reaction) in ex vivo samples.'!3-120 Substantial research and development is
required for these techniques before they contribute to the diagnosis of scabies in most settings.
Similarly, the detection of antibodies in serum to scabies antigens requires further research.'?!

Two key barriers to successful development of serologic tests for scabies have been that there
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is incomplete understanding of the immune response to scabies and the cross reactivity between

scabies and house dust mite allergens.!'?% 123

2.4 Reference standard

According to the Standards for Reporting Diagnostic Accuracy Studies guidelines, a clinical
reference standard is the “best available method for establishing the presence or absence of the

target condition” with a gold standard being “an error-free reference standard”.'?*

Based on this definition, no gold standard diagnostic method for scabies exists as no current
diagnostic method is without error. It has been proposed that the clinical reference standard for
scabies be ex vivo identification of the scabies mite, eggs or faeces under a microscope.*? 106
Additionally, dermoscopy-guided skin sampling can increase sensitivity.!”> However,
microscopy is not readily available in areas where the burden of scabies is high, and it is time
consuming and not suitable for field surveys or clinical examination in these settings.
Furthermore, microscopy can have a low sensitivity. In order to increase the robustness of the
clinical reference standard, some experts have suggested that negative diagnoses should be
followed up at a later stage and reassessed, a technique which was used in a small sample of
the studies reviewed.!!% 125 However, this is often not practical, especially in areas where there
is a high prevalence. Although the use of dermoscopy could be practical in some low-resource
settings, most individuals are not trained in its use and do not have access to a dermatoscope

because of cost.

There is a clear need for an alternate, simple clinical reference standard for settings where
scabies is most prevalent that does not incorporate use of a sophisticated or expensive device.
Clinical examination by expert examiners may be the most appropriate clinical reference

standard in such settings.!?¢
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2.5 Conclusions

In settings where scabies 1s endemic, diagnosis depends on clinical assessment. Currently, there
is little evidence to suggest that diagnostic tools may feasibly or significantly increase the
accuracy of diagnosis in high prevalence settings. It is therefore important that the clinical
diagnosis of scabies is investigated for accuracy. Additionally, clinical diagnosis requires
international standardization so that burden of disease can be reliably measured and compared

between regions and programs.

Consensus diagnostic criteria for scabies were published by the International Alliance for the
Control of Scabies in 2018 (IACS Criteria). However, these criteria have not yet been validated.
Furthermore, there are no published consensus guidelines on what can be considered typical
lesions and typical distribution of lesions, both critical elements to the IACS Criteria.
Investigation of the use of these criteria to diagnose scabies by experts and non-experts is an
important step in the development of robust clinical diagnostic methods for standardization and
use in clinical trials. Investigating the common appearance and locations of scabies lesions will

support the description of what is considered typical for lesion type and distribution.

Until other methods of diagnosis are available and acceptable in scabies endemic settings,
standardisation of the clinical diagnosis of scabies is essential. This will require the

development of standardized training, diagnostic criteria and examination methodology.

41



42



Chapter 3. The diagnosis of scabies by non-expert examiners:

A study of diagnostic accuracy

Osti MH, Sokana O, Gorae C, Whitfeld MJ, Steer AC, Engelman D. The diagnosis of scabies
by non-expert examiners: A study of diagnostic accuracy. PLoS Negl Trop Dis.

2019;13(8):¢0007635.
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Abstract

Background

Although scabies is estimated to be one of the most common skin conditions globally, preva-
lence data is not available in most settings. Disease mapping is required to develop and
monitor successful control programs. Non-expert health workers are likely to play an impor-
tant role in scabies mapping activities in endemic settings.

Methodology

Four non-expert health workers were trained in the diagnosis of scabies and impetigo. The
health worker diagnosis was compared to a reference consensus diagnosis of two doctors
experienced in diagnosis. The study was conducted in a primary school in Gizo, Solomon
Islands, in August 2018. The six examiners consecutively assessed school students,
blinded to each other’s findings. Training and diagnostic procedures followed criteria for sca-
bies diagnosis established by the International Alliance for the Control of Scabies in 2018.

Principal findings

Amongst the 171 students who underwent clinical assessment the prevalence of scabies
and impetigo according to the reference standard was 55% and 45% respectively. Sensitiv-
ity of the non-expert health workers’ diagnosis compared to the reference standard was
55.3% for scabies (95% confidence interval [Cl], 50.1-60.4) with a specificity of 89.9% (95%
Cl186—-93.1) and 52.6% for impetigo (95% Cl 46.9-58.3) with a specificity 97.8% (95% Cl
95.7-99). Sensitivity for moderate to severe scabies was 93.5% (95% Cl 86.3—97.6) with a
specificity of 74% (95% CI 70.2-77.5).

Conclusions

Following brief training, the diagnostic accuracy of non-expert health workers for scabies
and impetigo was promising, especially for moderate to severe disease. Modifications to
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Author summary

Scabies is a parasitic infection that leads to significant morbidity worldwide. Mapping of
scabies prevalence would improve the understanding of the true burden of disease and the
need for control programs in specific countries and regions. The diagnosis of scabies in
low resource settings, where the disease is most prevalent, is reliant on clinical examina-
tion. A task shifting approach, utilizing local health staff, could substantially increase the
feasibility to undertake mapping surveys in low-resource settings. In this study, we aimed
to evaluate the diagnostic accuracy of clinical assessment of local health workers following
brief training. Our study found that these non-expert health workers could diagnose sca-
bies with moderate accuracy and diagnose more severe disease with high accuracy. Fur-
ther work is needed to develop standardized training packages to ensure a high level of
diagnostic accuracy by non-expert health workers.

Introduction

Human scabies is a parasitic skin condition caused by infestation with the mite Sarcoptes sca-
biei var. hominis. Scabies is a significant public health problem, affecting more than 200 mil-
lion people globally, with the highest burden in low-resource settings in tropical and
subtropical regions [1, 2]. Scabies frequently leads to bacterial skin infection (impetigo), which
places individuals at risk of developing serious sequalae including invasive bacterial infections,
poststreptococcal glomerulonephritis and possibly rheumatic fever [3-5].

The need for global control of scabies has been recognized by the World Health Organiza-
tion with the recent addition of scabies to the Department of Neglected Tropical Disease
(NTD) Control portfolio [6]. In order to achieve development and implementation of effective
control programs, accurate burden estimates are needed. This requires development of an eas-
ily implementable protocol for standardized diagnosis in settings where scabies is endemic.
Scabies disproportionately affects low resource communities, where clinical diagnosis remains
the most commonly used method in programs and research, performed by experts or by local
health staff such as nurses [7]. However, clinical diagnostic methods and case definitions are
not consistent across studies [7, 8].

Diagnostic criteria, developed through a global Delphi consensus study, and published in
2018 by the International Alliance for the Control of Scabies (IACS), aim to improve the stan-
dardization of diagnosis for observational and interventional research [9]. The IACS Criteria
enable diagnosis at three levels of diagnostic certainty: level A—Confirmed Scabies; level B—
Clinical Scabies; or level C—Suspected Scabies (Table 1). Levels B and C aim to facilitate stan-
dardized diagnosis in settings where clinical assessment is the only available or practical diag-
nostic tool. In the absence of the development of a simple diagnostic test and an expected
shortage of available experts, trained non-expert examiners are likely to play a central role in
future population screening. This reflects the ‘task shifting’ approach suggested by the World
Health Organization in order to maximize human resources by the reallocation of specific
tasks to health workers with reduced training time and less qualifications [10]. Brief training of
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Table 1. IACS Criteria for the diagnosis scabies.

A: Confirmed scabies
Al: Mites, eggs or feces on light microscopy of skin samples
A2: Mites, eggs or feces visualized on individual using high powered imaging device
A3: Mite visualized on individual using dermoscopy
B: Clinical Scabies
BI: Scabies burrows
B2: Typical lesions affecting male genitalia
B3: Typical lesions in a typical distribution and two history features
C: Suspected Scabies
Cl: Typical lesions in a typical distribution and one history feature
C2: Atypical lesions or an atypical distribution and two history features
History Features
HI: Itch
H2: Close contact with an individual who has itch or typical lesions in a typical distribution

A diagnosis of scabies should only be made if other differential diagnoses are considered less likely than scabies.

https://doi.org/10.1371/journal.pntd.0007635.t001

health workers can improve their diagnostic ability following clinical assessment [11]. The
clinical assessment of trained, non-expert examiners has been used for diagnosis and mapping
for other NTDs including trachoma, leprosy and podoconiosis [12-14].

Although the IACS Ciriteria provide a consensus approach for scabies diagnosis, they have
not yet been validated. The feasibility of implementing these criteria for scabies in a low-
resource setting, and the accuracy of non-experts in using the criteria remain unknown.
Therefore, we aimed to investigate the diagnostic accuracy of briefly trained, non-expert exam-
iners in the diagnosis of scabies, using the IACS criteria.

Methods
Ethics statement

Ethics approval was granted by the Royal Children’s Hospital Melbourne Human Research
Ethics Committee (reference number 38099A) and the Solomon Islands Health Research and
Ethics Review Board (reference number 05/18).

Study design and setting

This single site, prospective study of diagnostic accuracy took place in Gizo, a town in the
Western Province of the Solomon Islands, with an estimated population of 7,177 [15]. The Sol-
omon Islands is categorized as a low human development country, based on the United
Nation’s Human Development Index, ranking 156 out of 188 countries and territories [16]. A
survey of scabies in the Western Province (but not including Gizo town) in 2014 estimated the
prevalence of scabies to be 19.2% and the prevalence of impetigo to be 32.7% [17]. The study
followed the STARD criteria for studies of diagnostic accuracy (S3 Table) [18].

Participants

The Western Province Ministry of Health recruited four nurses from surrounding towns to

travel to Gizo for the study. The nurses provided informed written consent to participate.
Students from a single primary school were consecutively enrolled from August 21 to 24,

2018. Information was sent out to families in the weeks leading up to study. Members from the
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study team attended a meeting with teachers and parents to answer any questions. Signed writ-
ten consent was obtained from parents or guardians of all participating students. All students
with parental consent were eligible for inclusion. There were no exclusion criteria.

All participants underwent six sequential, blinded clinical assessments (by four non-expert
examiners and two expert examiners) at Gizo Primary School over four days. Each child was
assessed by all examiners on the same day. Data were collected on skin examination and his-
tory features based on the components of the IACS Criteria.

Training

Four nurses were recruited to participate based on availability and pre-defined desirable attri-
butes and skills, similar to the indicators used by the Global Trachoma Mapping Project
(GTMP) [13]. These included effective communication skills, ability to work long days, capac-
ity to work with technological devices and ability to travel for fieldwork. The nurses were cur-
rent employees of the Ministry of Health working in local health centers clinics or hospitals.
They were aware of scabies and impetigo through previous professional experience but had no
formal training in diagnosis of these skin conditions prior to the study. In August 2018, the
nurses participated in an intensive two-day training program led by two doctors with extensive
experience in the clinical diagnosis of scabies and in training of skin disease. A third doctor
provided background information on the public health importance of scabies. Training con-
sisted of interactive tutorials focused on the clinical features of scabies, based on the IACS Cri-
teria [9]. At the time of the study, only the basic criteria levels were published, and detailed
information on the criteria (for example, how to define ‘typical lesions’ and ‘typical distribu-
tion’) was not available. Trainers therefore interpreted these terms using previous experience.
Nurses were also trained in the diagnosis of bacterial skin infection, which frequently compli-
cates scabies lesions (causing infected scabies), or can coexist as impetigo [19]. They were also
trained to identify other locally relevant skin conditions that may present similarly to scabies.

Written assessment

As a component of training, the nurses took a written test consisting of 50 clinical cases, simi-
lar to the GTMP grader training slide-test [13]. Each case included one clinical photograph
and relevant history features. Nurses were instructed to indicate the presence or absence of
scabies and/or bacterial skin infection. Responses were marked against the consensus diagno-
sis of two experts. There was no minimum competency required in order to progress to the
clinical assessment.

Clinical assessment

Supervised, practical training was then conducted in the school setting and included partici-
pants with and without the target skin conditions. Diagnosis relied on clinical assessment
(IACS Criteria Level B, Clinical Scabies, and C, Suspected Scabies, Table 1). Neither micros-
copy nor dermoscopy were used by any examiner for reasons of logistics and cost, and to
resemble the conditions that may be anticipated as part of a scabies mapping surveys in a low-
resource setting. There was no specified time limit for clinical examination.

The clinical assessment was a focused skin examination of exposed areas. The children
wore school uniforms consisting of shorts and a short-sleeved shirt or a short-sleeved school
dress. Shoes (most often sandals) were removed prior to assessment. Therefore, exposed areas
were neck, face and scalp, from fingers to upper arms, and from toes to upper thighs. The geni-
tals were not examined so the IACS subcategory B2 (typical lesions affecting male genitalia)
was not included.
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For the purpose of this study, typical lesions were defined as multiple small lumps (papules,
nodules or vesicles) occurring in the same area. Typical distribution of lesions was defined as
lesions on the fingers, finger-webs, wrists, hands, forearms toe-webs, feet and legs. All examin-
ers were provided with a body diagram outlining the regions considered typical for scabies
lesions. Scabies severity was defined by number of lesions, consistent with previous studies
[17,20]: mild, 1-10 lesions; moderate, 11-49 lesions; or severe, > 50 lesions.

Each examiner also assessed the two history components of the IACS Criteria (presence of
itch, and contact history). A positive response to any of the four following questions was con-
sidered as a positive contact history: whether an individual lived with someone with itch; lived
with someone with a rash that looked like scabies; had a friend or classmate with itch; or had a
friend or classmate with a rash that looked like scabies. Students were shown reference photo-
graphs of typical scabies rashes to aide these questions.

Impetigo was defined as papules, pustules or ulcerative lesions with associated erythema,
crusting or pustular exudate. Impetigo included both infected scabies lesions and discrete
impetigo lesions. Severity of impetigo was defined as: very mild (1-5 lesions); mild (6-10
lesions); moderate (11-49 lesions); or severe (> 50 lesions) [21].

Index test

The index test was the clinical diagnosis of scabies (and impetigo) by non-expert examiners
(the four nurses) following training.

Reference standard

The reference standard was the diagnosis made by two medical doctors (a dermatologist and a
pediatrician) with extensive experience in the diagnosis of scabies and tropical skin diseases.
The two doctors independently assessed participants for scabies (using the IACS Criteria) and
bacterial skin infection. Where there was disagreement on the presence of scabies or impetigo,
the participant was re-examined by both doctors together to establish a consensus diagnosis.

Analysis

Sample size was calculated based on an anticipated sensitivity and specificity of 90% for scabies
diagnosis, with a confidence interval (CI) of 80-99%. This required enrolment of at least 40
individuals with scabies and 40 without scabies [22]. However, the school principal requested
that the study team examine all individuals who provided consent. Therefore, as many partici-
pants as feasible were enrolled within the four-day period when all six examiners were avail-
able. Eligible participants that could not be examined during this time were examined off-
study at a later date.

Sensitivity and specificity were calculated for the diagnosis of scabies and impetigo by com-
paring the index test to the reference standard. As secondary outcomes, the accuracy in diag-
nosis of more severe forms of each disease was also calculated. Agreement between the two
experts on the diagnosis of scabies and impetigo was calculated using Cohen’s kappa coeffi-
cient [23]. Inter-rater agreement for the reporting of itch and contact history was calculated
using Fleiss’s kappa, for all participants where an answer was recorded by all six examiners
[24]. Stata 15.1 (Statacorp, College Station, TX, USA) was used for all statistical calculations.

Treatment

All participants diagnosed with scabies by expert examiners, as well as their household con-
tacts, were offered treatment with permethrin 5% cream. Individuals diagnosed with mild
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impetigo were provided information on home-based management. Individuals with moderate
or severe impetigo, or other conditions requiring treatment, were referred to the local health
service.

Results

171 individuals participated, and all were assessed by four non-expert examiners and two expe-
rienced doctors, resulting in a paired index and reference test (Fig 1). There were no adverse
events. The mean age of the children was 8.8 years (standard deviation 2.3, range 4-14) and
51.5% were female (Table 2).

According to the reference standard, the prevalence of scabies was 55% (95% CI 47.2-62.6),
and 67% of these had mild disease (Table 2). The prevalence of impetigo was 45% (95% CI
37.4-52.8), and 83.1% of these had very mild disease (Table 2). Of individuals with scabies, 47
(50.5%) had bacterial superinfection or co-infection (Fig 2).

The prevalence of scabies according to the two individual doctors was 53.2% (95%CI 45.4-
60.9) and 49.7% (95%CI 42-57.4) respectively.

Opverall, the prevalence of scabies according to the index test (briefly trained nurses) was
34.9% (95% CI 31.4-38.6, Table 3). Prevalence by individual examiner ranged from 22.8% to
40.9% (Fig 3). The prevalence of impetigo according to the index test was 25.2% (95% CI 21.9-
28.7, range of individual examiners 18.7% to 32.2%, Table 4).

The sensitivity of the index test compared to the reference standard for scabies diagnosis
was 55.3% (95% CI 50.1-60.4, Table 3). Sensitivity for individual non-expert examiners ranged
from 41.5% to 64.9% (Table 3). The specificity of the index test was 89.9% (95% CI 86-93.1,
range of individual examiners 87.0% to 100%). When considering only the moderate and
severe cases of scabies (n = 31), the sensitivity of the index test was 93.5% (95% CI 86.3-97.6,

328 eligible children

157 examined
off-study due to
time constraints

A,

171 underwent index test

l

684 index tests
171 children examined
by four examiners

| |

239 index test positive 445 index test negative
239 underwent reference 445 underwent reference
standard standard

208 scabies positive 31 scabies negative 277 scabies negative 168 scabies positive
true positives false positives true negatives false negatives

Fig 1. Flow of participants for the diagnosis of scabies.

https://doi.org/10.1371/journal.pntd.0007635.9001
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Table 2. Severity of disease and clinical characteristics.

Characteristic N=171 %
Scabies n=9%4 55.0
Severity

Mild (1-10 lesions) 63 67.0

Moderate (11-49 lesions) 21 22.3

Severe (>50 lesions) 10 10.6
IACS Criteria

Clinical Scabies

B1: Scabies Burrows* 4 2.3

B3: Typical lesions in a typical distribution with itch and positive contact 65 69.1

Suspected Scabies

CI: Typical lesions in a typical distribution with itch or positive contact 23 24.5

C2: Atypical lesions or typical distribution with itch and positive contact 6 6.4
Impetigo n=77 45.0
Severity

Very mild (1-5 lesions) 64 83.1

Mild (6-10 lesions) 8 10.4

Moderate (11-49 lesions) 2 2.6

Severe (>50 lesions) 3 39

*Individuals with burrows were additionally categorized as either B3, C1, C2

https://doi.org/10.1371/journal.pntd.0007635.t002

range of individual non-expert examiners 87% to 95.7%). The specificity of the index test for
moderate and severe scabies was 74.0% (95% CI 70.2-77.5, range of individual non-expert
examiners ranged 67.3% to 87.1%, S1 Table).

For impetigo, the sensitivity of the index test was 52.6% (95% CI 46.9-58.3, range of indi-
vidual non-expert examiners 39.0% to 68.8%), and specificity was 97.8% (95% CI 95.7-99,
range of individual non-expert examiners 96.7% to 98.8%, Table 4). If only cases of impetigo
with six or more infected lesions were considered (n = 13), then the sensitivity of the non-
expert nurses was 84.6% (95% CI 71.9-93.1) and the specificity was 79.8% (95% CI 76.4-82.9).

Repeat assessment was required to define the reference standard for 46 out of 171 (26.9%)
cases due to disagreement on presence of scabies or impetigo between the doctors. Agreement
between the two experts for scabies was 83.6% (kappa = 0.67) and for moderate to severe sca-
bies was 91.3% (kappa = 0.68). Agreement between the experts for impetigo was 87.1%

(kappa = 0.73).

The inter-rater agreement (Fleiss kappa) for the reporting of history by individuals between
the six examiners was 0.63 for self-reported itch and 0.52 for any contact history (S2 Table).

The results of the written test completed during training for each non-expert examiner
were 76%, 92%, 96% and 96% correct for scabies respectively, and 70%, 76%, 76% and 80%
correct for impetigo respectively.

Discussion

We found that briefly trained, non-expert examiners had moderate sensitivity and high speci-
ficity in the diagnosis of scabies using the IACS Criteria, compared to reference diagnosis by

two expert examiners. The accuracy of examiners is dependent on the effectiveness of training
and examination protocols. Our results suggest that modifications to the training protocol are
needed to maximize the accuracy and utility for non-expert scabies assessment. More detailed
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Fig 2. Example appearance of scabies lesions (A. Scabies lesions over feet and ankles with bacterial super-infection, B.
Papular scabies lesions over fingers, finger-webs and dorsum of hand).

https://doi.org/10.1371/journal.pntd.0007635.g002

8/13


https://doi.org/10.1371/journal.pntd.0007635.g002

®PLOS |

NEGLECTED

TROPICAL DISEASES

Diagnosis of scabies by non-expert examiners

Table 3. Accuracy of scabies diagnosis.

Participants Screened (n) Scabies % (95%CI) Measurement of accuracy (95%CI)
TP | FP | FN | TN | Total Prevalence Sensitivity Specificity PPV NPV OR
Nurse A 60 10 34 67 171 40.9 (33.5-48.7) 63.8 (53.3-73.5) 87 (77.4-93.6) 85.7(73.3-92.9) | 66.3(56.2-75.4) | 11.8 (5.4-25.7)
Nurse B 61 6 33 71 171 39.2 (31.8-46.9) 64.9 (54.4-74.5) | 92.2(83.8-97.1) 91 (81.5-96.6) 68.3 (58.4-77.1) | 21.9 (8.8-54.3)
Nurse C 39 0 55 77 171 22.8 (16.8-29.8) 41.5(31.4-52.1) 100 (95.3-100) 100 (91-100) 58.3 (49.4-66.8) *
Nurse D 48 15 46 62 171 36.8 29.6-44.5) 51.1 (40.5-61.5) | 80.5(69.9-88.7) 76.2 (63.8-86) 57.4 (47.5-66.9) 4.31 (2.2-8.6)
Total 208 | 31 168 | 277 684 34.9 (31.4-38.6) 55.3 (50.1-60.4) 89.9 (86-93.1) 87 (82.1-91) 62.2 (57.6-66.8) | 11.1(7.3-16.9)

TP = true positive, FP = false positive, FN = false negative, TN = true negative
*OR could not be calculated due to 0 values

https://doi.org/10.1371/journal.pntd.0007635.t003
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information regarding the IACS Criteria, particularly relating to the definition of typical
lesions, is expected to be available soon, which will inform components of training [9].
Although a sensitivity of 55% for scabies diagnosis is lower than expected, a sensitivity of
94% for mild to moderate cases is substantial. Our results are similar to a previous study in
Fiji, where nurse examiners’ diagnosis was compared to a single experienced examiner, with

Doctor 2

Index Test

Nurse A

Examiner

Fig 3. Prevalence of scabies by examiner with 95% confidence intervals.

Nurse B

Nurse C

Nurse D

https://doi.org/10.1371/journal.pntd.0007635.g003

9/13


https://doi.org/10.1371/journal.pntd.0007635.t003
https://doi.org/10.1371/journal.pntd.0007635.g003

@' PLOS NEGLECTED
2 : TROPICAL DISEASES Diagnosis of scabies by non-expert examiners

Table 4. Accuracy of impetigo diagnosis.

Participants Screened (n)
TP | FP | FN | TN | Total

Nurse A 36 1 39 84 160
Nurse B 42 3 35 89 169
Nurse C | 53 2 24 92 171
NurseD | 30 2 47 92 171

Total 161 8 145 | 357 671

Impetigo % (95%CI) Measurement of accuracy (95%CI)
Prevalence Sensitivity Specificity PPV NPV OR
23.1(16.8-30.4) 48.0 (36.3-59.8) | 98.8(93.6-100) | 97.3(85.8-99.9) | 69.3 (59.3-76.4) 77.5 (12.9-)
26.6 (20.1-34) 54.5 (42.8-65.9) | 96.7 (90.8-99.3) | 93.3 (81.7-98.6) | 71.8(63-79.5) | 35.6 (10.9-115)
32.2(25.2-39.7) 68.8 (57.3-78.9) | 97.9(92.5-99.7) | 96.4 (87.5-99.6) | 79.3 (70.8-86.3) 102 (25.3-)
18.7 (13.2-25.4) 39.0 (28.0-50.8) | 97.9(92.5-99.7) | 93.8(79.2-99.2) 66.2 (57.7-74) 29.4 (7.4-)

25.2(21.9-28.7) 52.6 (46.9-58.3) | 97.8(95.7-99) | 95.3(90.9-97.9) 71.1 (66.9-75) 49.5 (24.1-102)

TP = true positive, FP = false positive, FN = false negative, TN = true negative

https://doi.org/10.1371/journal.pntd.0007635.1004

diagnosis based on the Integrated Management of Childhood Illness protocol [25]. Nurses in
that study had a higher sensitivity (89%) for cases of infected scabies (which may be represen-
tative of more severe disease) compared to non-infected scabies (58%). In our study, 66% of
scabies cases were mild, similar to the severity found in other studies [17, 20]. We suggest
future training incorporate a more specific focus on the diagnosis of mild scabies.

The lower sensitivity in the diagnosis of mild disease may have reflected the normalization
of mild cases by nurses, and strict diagnosis by expert examiners. This is supported by the
higher prevalence of scabies and impetigo by the reference standard (55% and 45% respec-
tively) compared to the index test (35% for scabies and 25% for impetigo). Scabies and impe-
tigo can be under-recognized by local health care workers at the health clinic level [26], and
therefore mapping of scabies and impetigo using non-expert examiners may under-report the
true disease prevalence. Improved awareness of scabies in communities and amongst health
care workers where it is endemic, as well as the suggested modifications to training, may lead
to improvements in accuracy.

Sensitivity for scabies diagnosis varied between the nurse examiners, from 41% to 65%,
despite the same training and similar background experience. There were few false positives,
reflected by the narrow specificity range among nurses (87-100%). This again highlights that
missed mild disease was the major issue encountered. The range in accuracy is as expected and
illustrates the inherent variability in proficiency among health care workers at all levels. If
examiners were to be employed for mapping exercises, a minimum competency (for example,
of > 80%) should be achieved for accreditation, similar to methods used in training for tra-
choma [13] and other diseases.

The written, picture-based test was a valuable component of the training, enabling trainers
and nurses to identify areas for further training, prior to commencing supervised practical
training. The written test allowed trainers to revisit concepts that individuals may have not
grasped adequately, similar to the role of the GTMP slide-assessment [13]. We propose this be
used as a hurdle-requirement during training that must be passed to proceed to practical train-
ing. Refinements to the written test, such as the inclusion of more mild cases, may ensure that
the test is more representative of the clinical disease profile.

This study was the first to implement the IACS Criteria for scabies diagnosis. These criteria
were easily adapted for data collection, allowing standardization of diagnosis amongst the
examiners. However, the criteria rely on self-reported itch and contact history, which may be
less reliable components. Itch was reported more consistently by the participants (Fleiss
kappa = 0.63) than contact history (Fleiss kappa = 0.52). Potentially, these self-reported history
components may be less reliable in children than in adults.

We found a very high prevalence of scabies (55%) amongst the participants in the study.
This is much higher than previous figures reported by the Solomon Islands Ministry of Health.
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It is likely that this high burden of disease has a detrimental impact on schooling and health
outcomes, highlighting the need for further epidemiologic mapping and control responses in
these settings.

This study has several limitations. First, all evaluations of scabies diagnosis are limited by
the lack of an objective reference or “gold” standard for diagnosis. However, agreement
between the expert examiners was good (kappa = 0.67 for scabies, kappa = 0.73 for impetigo).
Second, the blinding of expert assessment and the requirement of consensus diagnosis
between two expert examiners was used for a more rigorous diagnostic process. However, it is
possible that the consensus process led to an overly sensitive reference standard, particularly as
27% of individuals required re-assessment and discussion for consensus. Many of these were
mild cases with a very small number of lesions, where one examiner had thought the most
likely cause to be scabies. The potential overdiagnosis may have reduced the diagnostic accu-
racy of the index test. Third, we only included clinical assessment of school-aged children, and
accuracy may be different in other age groups. However, scabies and impetigo present simi-
larly among older children and adults [27], and the inclusion of a wider age group may not
yield vastly different results. Additionally, the inclusion of only four non-expert examiners is a
limitation, however, this was a feasible number for training and ensured that training was
closely supervised. Finally, due to resources and infrastructure available in the school build-
ings, particularly a lack of electrical power, and conditions of severe heat and humidity, exam-
iners had suboptimal lighting and examination conditions, which may have influenced the
results. Although limiting, this environment may reflect the real-world implementation of the
index test in settings such as the Solomon Islands. Conditions for examinations in low
resource settings may be optimized by the use of torches or external lighting for examination
and by emphasizing the need for appropriate working environments.

The results of this study reflect the training program, the participating examiners and the
population and may not be generalizable to other settings, particularly those with a lower prev-
alence. However, this study is an important step toward standardization of diagnosis of scabies
and impetigo for mapping and research in low-resource settings. In order for scabies preva-
lence mapping to occur, either in isolation, or integrated with other NTD assessments, govern-
ments and organizations need to be able to feasibly and confidently train local staff in
diagnosis. Further refinements to the training and assessment processes are required and may
lead to improvements in diagnostic accuracy.

Supporting information

S1 Table. Accuracy of moderate to severe scabies diagnosis.
(PDF)

$2 Table. Consistency in the reporting of history features.
(PDF)

S3 Table. STARD checKklist.
(PDF)
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3.1 Additional Material

3.1.1 Table of the accuracy of moderate to severe scabies diagnosis (Supplementary table 1)

. Measurement of accuracy
Participants Screened (n)

(95%CI)
TP FP FN TN Total Sensitivity Specificity PPV NPV OR
93.5 70.7 414 98.0 35.0
Nurse A 29 41 2 99 171
Hrse (78.6-99.2) (62.4-78.1) (29.8-53.8) (93-99.8) (8.78-)
96.8 73.6 44.8 99.0 83.5
Nurse B 30 37 1 103 171
urse (83.3-99.9) (65.5-80.7) (32.6-57.4) (94.8-100.0) (13.8-)
80.6 90 64.1 95.5 37.5
Nurse C 25 14 6 126 171
urse (62.5-92.5) (83.8-94.4) (47.2-78.8) (90.4-98.3) (13.4-105)
NuseD 28 35 \ 105 1 90.3 75.0 44.4 97.2 28
rse
" (74.2-98.0) (67.0-81.9) (31.9-57.5) (92.1-99.4) (8.47-91.5)
90.3 77.3 46.9 97.3 31.8
Total 12 127 12 433 684
o (83.7-94.9) (73.6-80.7) (40.4-53.4) (95.3-98.6) (17.1-59.1)
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3.1.2 Consistency in the reporting of history features (Supplementary table 2)

Agri:nent Ilzl:ll)slf‘a 95% CI
Itch

Self-reported itch 83 82.8 0.63 0.52-0.75

Contact history
Household contact with itch 80 81.1 0.60 0.50-0.71
School contact with itch 79 73.8 0.43 0.31-0.55
Household contact with scabies rash 79 82.5 0.59 0.48-0.70
School contact with scabies rash 80 76.8 0.50 0.38-0.61
Any positive contact history* 81 84.0 0.52 0.37-0.67

*Answered yes to any contact history questions
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Chapter 4. Training non-expert health workers in the

diagnosis of scabies

This chapter explores and evaluates the training of non-expert health workers in the diagnosis

of scabies conducted prior to the diagnostic accuracy study presented in Chapter 3.

4.1 Background

Scabies affects disadvantaged populations where access to health resources and expert
personnel are limited.? In these settings, specific health-care tasks can be redistributed to less
qualified health workers.'?” This process, known as task shifting, is endorsed by the World
Health Organization as a way to increase work force capacity and improve access to health
services where resources may be stretched or lacking.!?® Task shifting has been utilised for
epidemiological mapping and screening for other tropical diseases such as trachoma, Buruli

ulcer, leprosy, yaws and rheumatic heart disease.!?*-13!

For trachoma, the development of
standardised training packages for clinical diagnosis has facilitated the implementation of

screening in multiple settings.!3°

Clinical diagnosis remains the cornerstone of diagnosis for scabies and impetigo in almost all
settings where scabies is endemic.?” 132 A task shifting approach to scabies diagnosis would
expand the workforce capacity to contribute to public health initiatives, such as community
prevalence surveys. It may also enable integration of mapping for diseases where task shifting
is already utilised, increasing the efficiency of skin programs for neglected tropical diseases

(NTDs).'33

Standardised methods are needed so that diagnostic approaches remain consistent across

different regions and locations.'?® Simplified diagnostic algorithms have been used previously
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for scabies and other skin disease.’* 134 135 A new set of diagnostic criteria for scabies was
published in 2018 by the International Alliance for the Control of Scabies (IACS).*? These

criteria were designed to inform a standardised training package for the diagnosis of scabies.

Training non-expert examiners in the diagnosis of scabies and impetigo has been undertaken
by several groups in a variety of settings.5> 7° However, no standardised training package or
delivery methodology exists. We aimed to develop such a training package, modelled on the
successful Global Trachoma Mapping Project (GTMP) Training protocol.'*® The trachoma
protocol consists of: 1) a classroom-based training package; 2) a picture-based inter-grader
agreement test; and 3) a live-subject field test.!3® The inclusion of these tests provide a
standardised competency hurdle which individuals must pass in order to be involved in the
mapping program. Based on this protocol, we developed and delivered a training package for
the diagnosis of scabies and impetigo. The aim of this study was to measure the change in
knowledge and confidence of the training participants and to evaluate their experience of the

training.

4.2 Methods

4.2.1 Setting and Participants

The training was conducted in Gizo, the capital of the Western Province in the Solomon Islands,
where the prevalence of scabies was estimated to be 19% in 2014.3 The study team liaised with
the local Ministry of Health staff to identify four local nurses from the Western Province
Region based on a desired set of skills and attributes. These reflected those required by GTMP,
and included strong communication and teamwork skills, ability to work long hours in the field
and capacity to operate handheld technological devices.!3® Training and assessment were

completed in August 2018. Informed consent was obtained from the participating nurses.

61



4.2.2 Training

Training was delivered by two Australians doctors with experience in scabies and other tropical
skin conditions. Training materials were based on suggested content from experts in scabies
diagnosis, and on material previously delivered in the Solomon Islands and Fiji.” 27 The
examination and history component of the training was focused on identifying the relevant
features required for the diagnosis of scabies and impetigo. Other differential skin diagnoses

that were relevant to the setting were also included.

Training consisted of two stages; classroom training at Gizo Hospital and practical training at
Gizo Primary School. The classroom training content included background information on the
importance of scabies as a public health problem in the Solomon Islands, further context for
the study, details on global and local prevalence, complications of the diseases and basic
treatment concepts. Training on the diagnosis of scabies was based on the IACS Criteria (Table
2).33 Diagnosis of impetigo was based on previous definitions used in multiple large studies
and defined as papules, pustules or ulcerative lesions with associated erythema, crusting or
pustular exudate.® 37 7! Clinical examination was limited to only exposed areas of skin —
particularly the arms from the mid-upper arm to the finger tips, and the legs from the mid-
upper though to the toes. A brief history component containing questions about itch and contact
history was incorporated. Terminology and definitions used in training were consistent with
the World Health Organization 2018 training guide, “Recognizing neglected tropical diseases

through changes on the skin”.'3’
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Table 2. The 2018 IACS Criteria subcategories included for training and assessment

IACS subcategory Included in assessment

A Confirmed scabies

Al  Mites, eggs or feces on light microscopy of skin samples No

A2 Mites, eggs or feces visualised on individual using high
powered imaging device
A3 Mite visualised on individual using dermoscopy No

B Clinical Scabies

No

B1  Scabies burrows Yes*

B2  Typical lesions affecting male genitalia No
Typical lesions in a typical distribution and two history

B3 Yes
features

C Suspected Scabies

Cl Typical lesions in a typical distribution and one history

Yes
feature
Atypical lesions or an atypical distribution and two
C2 . Yes
history features

History Features

H1  Itch

Close contact with an individual who has itch or typical

lesions in a typical distribution

A diagnosis of scabies should only be made if other differential diagnoses are considered less likely
than scabies.

H2

* If burrows were identified, individuals were also classified as either B3, C1, or C2, as these
were not confirmed with dermoscopy

4.2.3 Education Strategies

The training program was delivered in a small group teaching setting, to encourage group
interaction. The goals of the training were outlined early to orientate learning. Active
participation was encouraged, with reinforcement and assessment incorporated into the
material. Classroom training utilised case-based learning with clinical images, a well-
established teaching technique.'’® '3° Case-based learning was used for practice and

reinforcement of the data required for the survey.

Practical training incorporated the knowledge gained in classroom training with clinical skills.
The training consisted of opportunities to practice the focused skin examinations and brief

clinical histories. This was undertaken with school-attending children aged 4 to 15 at the local
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primary school, under direct supervision from expert trainers. The school children were
examined initially by the trainers while the nurses observed and then the nurses had the
opportunity to practice examining. Formative feedback was provided from trainers after each
case and at several breaks during the day. All students examined during training had parental

consent.

4.2.4 Reference Sheet

A four-page reference sheet was developed, showing typical scabies lesions and typical scabies
distribution. The reference sheet also included other helpful images to assist the examiners
including images of infected scabies, scabies in infants, crusted scabies and images of common
differential diagnoses. A laminated copy was provided to the nurses at the beginning of the
training (Figure 19). This sheet was used during history taking to help explain what the scabies
rash looks like while asking if the students’ lived with or go to school with anyone with a
scabies rash. This reference sheet was also utilised in the fieldwork following training to assist

with diagnosis and history taking.
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SCABIES REFERENCE SHEET [

Typical Scabies Rash

Scabies Rash Distribution J

Distribution in Children
and Adults
Distribution in Infants

Crusted Scabies

Lumps and
scratch
marks on
| feet and legs

Lumps and scratch
marks on hands, fingers
and webbing

Ringworm (fungal)

4

something
else?

Signs of
infection may
be redness,
pus, yellow
crusting, open
sores (ulcers)

| —

™~

Small fluid-filled lumps on feet

o) 4 Molluscum
Images: Alleen Chang, Arum Krfsmi,C. 0. Wollach, Daniel Engelman, ie Yotsu, Roderick Hay, Scott Norton, DermNet NZcreatlvecommons.org nz/the-noncommercial-
licenses/, The Primary Care Dermatology Saciety UK, Healthy Skin Menzies, One Disease, Evanherk, Margot Whitfeld, Meciusela Tuicakau

Generalized rash
over body

T

Figure 19. Scabies diagnosis reference sheet

Image represents four pages
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4.2.5 Evaluation of Training

Evaluation of the training program was conducted using three different methods: 1) a case-

based test; 2) a questionnaire; and 3) semi-structured interviews.

4.2.5.1 Case-based test

The case-based test was administered following the classroom training at the end of day one.
The test consisted of 50 dermatological images accompanied by a succinct clinical history.
Cases included scabies, impetigo, other common skin diseases (including fungal skin infection
and chickenpox), as well as cases with no visible dermatological conditions. Nurses were
instructed to determine if scabies and/or impetigo was present or absent. Correct answers were

defined as the consensus responses from two experts.

4.2.5.2 Questionnaire

The nurses completed a questionnaire before and after training. Eight questions were asked at
both time-points (Table 3), Twenty additional questions were included in the post-training
questionnaire (Table 4). Most items were Likert-type questions, scored from 1 to 5. Eight
additional free-text questions were included in the post-training questionnaire. Questions
covered self-reported outcomes across the domains of knowledge, confidence and training
usefulness. Additional questions were asked about logistics and practical components and

suggestions for future training.
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Table 3. The Likert scale questions for self-reported knowledge and confidence pre- and
post- training

How would you describe your knowledge of: None | Little Lots
1. What causes scabies? 1 2 3 4 5
2. The clinical symptoms and signs of scabies? 1 2 3 4 5
3. What causes impetigo and skin infection? 1 2 3 4 5

The clinical symptoms and signs of impetigo and

4. skin infection? ! 2 3 4 >
5. Scabies as a public health problem?

How confident do you feel in: alj(:l:l Neutral Very
6. Diagnosing scabies? 1 2 3 4 5
7. Diagnosing impetigo and infection? 1 2 3 4 5
8. Completing a data collection form? 1 2 3 4 5

67



Table 4. Additional post-training questions to assess participant experience

How would you rate the usefulness of: alj(;:l Neutral Very
1. The classroom workshop? 1 2 3 4 5
2. The training at the school? 1 2 3 4 5
3. The reference sheet? 1 2 3 4 5
. . . Too About Too
How difficult did you find: casy right Hard
4. The classroom workshop? 1 2 3 4 5
5. The training at the school? 1 2 3 4 5
6. The slide assessment? 1 2 3 4 5
7 The Independent examinations and diagnosis 1 ) 3 4 5
at the school?
How would you rate the quality of: Poor Neutral Excellent
8. The training? 1 2 3 4 5
9. The teaching? 1 2 3 4 5
Not
Other at all Neutral Very
10. | Did you enjoy the training? 1 2 3 4 5
How prepared do you feel for examinations in
11. . ; 1 2 3 4 5
the community skin surveys?
How prepared do you feel for examination for
12. | scabies and skin infection of people of other 1 2 3 4 5
ages (e.g. babies, adults)?

Free text Questions

13. | Did you mind travelling to Gizo for the training?

14. | Where there any aspects of the training that were confusing or not clear to you

15. | What were the best aspects of the training?

16. | What were the worst aspects of the training?

Do you have any suggestions for what could be done differently or better during the

17. classroom workshop?

13 Do you have any suggestions for what could be done differently or better during the skin
" | survey?

In regard to the community skin surveys next year, which aspects of the training do you think

19. . . .
are most important to cover during a refresher training course?

20 Please comment on if or how this training may impact your practice in your community
" | health centre.
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4.2.5.3 Interviews

One-on-one, semi-structured interviews were undertaken by the study co-ordinator with
individual nurses and the local staff involved in training, which included a local doctor and a
nurse educator who wished to attend training to upskill. Interviews were guided by the
interviewee’s responses to the questionnaires and other issues raised during the discussion.
Interviews were conducted during the week following training. Discussions focused on the
nurses’ personal experience and perceptions of the training. Interviews were conducted in

English and all of the individuals who were providing feedback were proficient in English.

4.2.6 Analysis

Analysis of Likert-type questions was done by summing the eight individual knowledge and
confidence item scores to create a scale. Scores for individual questions were scored out of 5
with overall mean scores calculated for each question. The mean scale score before and after

training was compared using a paired t-test.

Thematic analysis was conducted for qualitative data from questionnaires and semi-structured

interviews, with key quotes identified. Stata 15.1 (Statacorp, College Station, TX, USA) was

used for all statistical calculations.

4.3 Results

The mean results for the four nurses in the case-based test were 90% for scabies and 75.5% for
impetigo (Table 5). Individual nurse results varied from 76 to 96% for scabies and from 70 to

80% for impetigo.
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Table 5. Case-based test results for scabies and impetigo, by individual nurse

Scabies correct (N=50)

Impetigo correct (N=50)

Examiner n % n %
Nurse 1 46 92 38 76
Nurse 2 48 96 35 70
Nurse 3 48 96 40 80
Nurse 4 38 76 38 76

Overall (mean) 45 90 37.8 75.5

Table 6. Pre and post-training questionnaire for self-reported knowledge and confidence

Knowledge (mean)

Confidence (mean)

Pre Post Pre Post
Nurse 1 2.6 5 3 5
Nurse 2 2.4 4 1.7 4.3
Nurse 3 2.8 4.2 33 4.3
Nurse 4 2 4.6 2 4.3
Total 2.5 4.5 2.5 4.5

Prior to training, the mean score for both self-reported knowledge and confidence of scabies

and impetigo was 2.5 (Table 6). Following the completion of the training program, the mean

score for both self-reported knowledge and confidence increased from 2.5 to 4.5 with a mean

difference of 2 (95%CI 1.1-2.9, P=0.005). Scores increased for all nurses (Table 6, Figure 20).
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Figure 20. Comparison of pre- and post-test questionnaires for self-reported knowledge
and confidence in the diagnosis of scabies and impetigo

Feedback on the training was positive with all nurses stating that both the classroom training
(mean score 4.8) and the field training (mean score 4.8) were very useful. Additionally, all

nurses reported that the training was very enjoyable (mean score 5).

The reference sheet as an aid for diagnosis and history taking was reported to be very useful
(mean score 4.5). One of the nurses also suggested that it may be useful for the community to
have access to something similar to the reference sheet in the form of a poster, as a community

awareness tool.

Three main themes emerged through the thematic analysis of the qualitative data: the need for
improvement in community awareness; the importance of the training setting; and the positive

impact of training on ongoing clinical practice.
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Nurses reported that there was a lack of awareness of scabies in the community. One nurse
stated, “Parents don’t understand the importance of scabies as it is so common, [so] they think
it is not serious”. Although community awareness was not a direct objective of the training
program, engagement with the community did occur during the program. This included
examination of students at the local school, and providing treatment for families, and so the

engagement with the community and the individuals involved in the training was important.

Multiple participants raised the importance the training environment and gave several
examples on how this impacted on their training experience and ability to conduct the
examinations. Specific concerns were lighting, fans and ventilation, reporting that the

“classroom was dark”, “[without] good ventilation”.

Although the primary aim of training was to train in the diagnostic assessment that can be used
in community prevalence surveys, all nurses felt the training would be highly beneficial for
their daily routine clinical practice in local hospitals and health centres. One nurse reflected on
the experience as “very good training for me, because scabies has been misdiagnosed and
overlooked. Now it will make a difference [when] I go back to my hospital.” Another nurse
commented that “I believe the training impact is very important and useful in my career as
mostly scabies is ignored... [The training] is very useful in identifying, diagnosing and

[providing] appropriate treatment”.

4.4 Discussion

We developed and delivered a novel training package for the diagnosis of scabies, based on
the TACS criteria. Self-reported knowledge and confidence increased significantly for all
nurses following training. The gains in knowledge seen are also reflected in the high scores for

the case base test. Training health care workers in the diagnosis of scabies also contributes to
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capacity building. The development of new skills and increased confidence may empower

individuals to contribute to the health of their community in new ways.

The nurses reported the classroom-based training and field training was highly useful. Our
findings suggest that a training model with a classroom and field component, as well as a barrier
hurdle examination such as a case-based test is an appropriate method for training in scabies
diagnosis. Additionally, for future training, an assessment at the end of training should be
considered as an essential component of the training package. This would ideally occur as an
objective structured clinical examination (OSCE) in a practical field setting such as a hospital
outpatient clinic or in a school. This was not done as part of this study as a fully powered study

of diagnostic accuracy was conducted following training (Chapter 3).

When considering the recruitment of individuals (such as school students) to be examined
during training, it is important to have sufficient numbers of individuals with the target
conditions (scabies and impetigo) with a representative spectrum of disease severity. It is also
important to have individuals with common differential diagnoses which may be confused for
scabies. Depending on the setting and population prevalence of these conditions, it may be
challenging to find suitable participants. Therefore, recruitment of participants for practical

training may be required prior to commencement of training.

The International League of Dermatological Societies has identified that consistent
terminology is crucial for effective communication and practice of dermatology.*> In order to
develop a training package that can be standardised, terminology and definitions must also be
consistent. We used the IACS Criteria as the basis for training in scabies diagnosis with
diagnostic terminology was based on the WHO publication, “Recognising neglected tropical
diseases through changes on the skin”. There are some areas of the criteria which require

further characterisation, specifically, definitions of typical scabies lesions and typical
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distribution of scabies lesions. When these definitions become available, the standardisation of

training is likely to improve.

The results of the case-based test were very good for scabies, although one nurse did not
perform as well. Following the test this nurse identified deficiencies in their knowledge and
sough further assistance which was provided the following day. The images in the case-based
test of scabies mostly depicted moderate to severe scabies, it could be argued that there was
not a proportionate representation of mild scabies as was seen during the field training.
Therefore, these results in the case-based test may overestimate the true accuracy of the nurses’

diagnosis.

The reference sheet was a valuable diagnostic aide. The nurses were able to refer to the sheet

as they needed.

Feedback from the nurses highlighted the need for careful consideration of the training location
and facilities. It is likely that training in scabies diagnosis will be conducted in low-resource
settings, where it may be a challenging to access adequate infrastructure to ensure comfort for
trainers and trainees. The nurses identified that good lighting is crucial for examination of skin
to diagnose scabies, so access to mobile lighting such as a hand-held torch may be a beneficial

teaching and examination aid.

There are several limitations to this study. First, the number of nurses trained was small, and
they were drawn from a single setting, so the results may not be generalisable to nurses in other
settings with different experience. Second, there was no control group, however due to the
resources available this would not have been feasible. Third, self-reporting of knowledge and
confidence may have been subject to recall or social desirability bias especially as semi-

structured interviews were conducted by a member of the study team. However, as presented
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in Chapter 3, the practical skills of the nurses were tested following training using a robust

diagnostic accuracy methodology.

Epidemiological mapping of scabies prevalence is required and an effective training program
for local health workers in diagnosis of scabies is needed. This study found that brief training
in the diagnosis of scabies and impetigo is effective, feasible, enjoyable and empowering for
participants. Ongoing work is required to further evaluate our training protocol for the
diagnosis of scabies and impetigo. This may include evaluation of training in different settings

and collaboration and incorporation with training protocols for the diagnosis of other NTDs.
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Chapter 5. Prevalence of scabies and impetigo in the Solomon

Islands: a school survey

Osti MH, Sokana O, Phelan S, Marks M, Whitfeld MJ, Gorae C, et al. Prevalence of scabies

and impetigo in the Solomon Islands: a school survey. BMC Infect Dis. 2019;19(1):803.
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Abstract

Background: Scabies, a parasitic disease of the skin, is a major public health problem, largely affecting children.
Scabies is often complicated by impetigo which can result in serious complications including invasive infections
and immune mediated diseases. Scabies and impetigo are reported to have high prevalence in tropical settings
including the Solomon Islands.

Methods: We conducted a cross-sectional prevalence survey at Gizo Primary School in the Western Province of the
Solomon Islands in August 2018. The diagnosis of scabies was based on criteria developed by the International
Alliance for the Control of Scabies in 2018. Population attributable risk was calculated to determine the effect of
scabies on the prevalence of impetigo, and both adjusted and unadjusted risk ratios were calculated to identify
differences between sexes and age groups.

Results: A total of 324 students were assessed (47.5% of those enrolled at the school). The prevalence of scabies
was 54.3% (95% confidence interval [Cl] 48.7-59.8) and most disease was mild (68.8%). The prevalence was higher
in males (63.5%; adjusted risk ratio [ARR] 1.4, 95% Cl 1.1-1.7), and in those aged 10-12 years (61.4%; ARR 1.8, 95% Cl
1.1-2.9 when compared to those aged 4-6 years). The prevalence of impetigo was 32.1%, with males more likely to
be affected (41.7%, ARR 1.7, 95% CI 1.2-2.4) but with no significant differences between age groups. 63.5% of those
with impetigo had scabies, corresponding to a population attributable risk of 11.8%.

Conclusions: There is a very high burden of scabies and impetigo among primary school students in Gizo. There is

a critical need for the development and implementation of control programs in areas where scabies is endemic.

Keywords: Scabies, Impetigo, Diagnostic accuracy, Sarcoptes scabiei, Neglected tropical diseases

Background

Sarcoptes scabiei var. hominis is a parasitic mite that
burrows into human skin. Infestation with the mite
results in an inflammatory reaction producing skin
lesions with severe pruritus. Persistent scratching results
in broken skin, compromising its barrier function and
facilitating secondary bacterial infection with group A
Streptococcus (GAS; Streptococcus pyogenes) or with
Staphylococcus aureus, presenting as impetigo. Impetigo
may progress to severe skin and soft tissue infection,
bone and joint infection, sepsis or the immune-
mediated complications of GAS infection such as
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glomerulonephritis and potentially rheumatic fever [1, 2].
Although a range of effective treatment options for scabies
exists, the highly contagious nature of the disease makes
its public health control challenging.

Scabies is estimated to affect more than 200 million
people, especially children [3, 4]. Despite these estimates,
a major barrier for global disease control is the scarcity
of epidemiologic data [5, 6]. Prevalence surveys using
systematic and standardized methods are likely to be a
crucial component in determining the global burden of
disease and identifying areas where the disease is
endemic. The International Alliance for the Control of
Scabies (IACS) undertook a Delphi study in order to
establish consensus diagnostic criteria for scabies [7].
The 2018 IACS Criteria provide standardized diagnostic
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methods to enable evaluation and comparison of global
prevalence data.

Schools have been a focus for both surveillance and
control of neglected tropical diseases (NTDs), including
schistosomiasis and soil-transmitted helminthiases [8].
School screening studies conducted in Africa and Asia
have investigated the burden of scabies, either in isola-
tion, or in conjunction with other NTDs or skin condi-
tions [9, 10] but there have been no school-based studies
from the Solomon Islands. Locally relevant epidemio-
logical evidence of the burden of scabies is required for
the design and implementation of community scabies
control programs. The primary objective of this study
was therefore to determine the prevalence of scabies and
impetigo in the population examined using a school
screening method. The secondary objectives were to in-
vestigate features associated with scabies and impetigo.
We also aimed to describe the severity of scabies and
impetigo and the distribution of scabies cases using the
2018 IACS Criteria subcategories.

Methods

Study setting and participants

This was a cross-sectional, school-based study that took
place in the public primary school in the town of Gizo,
the capital of the Western Province of the Solomon
Islands. The population in the Gizo region is approxi-
mately 7000 [11]. The setting was selected because it is
the site of a planned trial. The school was selected as the
study site because of the simple facilitation of recruit-
ment of participants within a school setting and its con-
venient location within the centre of the town.

At the commencement of 2018, the primary school
had a school roll of 682 students, consisting of students
residing in Gizo town and those who travel by truck or
boat from surrounding villages or islands. Students at

Table 1 Case definitions for scabies using the 2018 IACS Criteria
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the primary school are aged 4 to 15years, with class
groupings based on aptitude rather than age.

Study procedures

All students attending Gizo Primary School were eligible
for inclusion in the study. All patients underwent a stan-
dardized examination for scabies and impetigo.

Clinical assessment was performed by doctors with ex-
pertise in scabies diagnosis, and by nurses with clinical
experience in scabies diagnosis, supplemented by a train-
ing program on the diagnosis of scabies, impetigo and
other locally common skin conditions. Scabies was diag-
nosed using the 2018 IACS Criteria [7]. Although eight
subcategories exist in the IACS Criteria, only four were
relevant for diagnosis in this study (Table 1). Subcat-
egories of diagnosis that required specialized equipment
(including microscopy and dermoscopy) or required
examination of the genitals, were not used, as these were
not practical for a field survey in this context. Impetigo
was diagnosed on the presence of papules, pustules or
ulcerative lesions with associated erythema, crusting or
pus. Skin examination consisted of assessment of ex-
posed areas: the feet and legs to the thighs, hands to the
upper arms, neck, face and scalp. Students were in
school uniform which consisted of above-knee shorts
and above-elbow shirts or dresses. Shoes were removed
prior to examination. A focused history of standardized
questions was taken of all participants with skin lesions
consisting of information required for the IACS Criteria
classification. Questions included whether participants
experienced itch. Contact history was assessed by asking
if participants lived with someone, or had a friend or
classmate with itch, or if they lived with someone, or
had a friend or classmate with a rash that looks like sca-
bies. Participants were shown images of people with typ-
ical scabies rashes to assist these questions. History was

Criteria Category

Used in Survey

Confirmed scabies

Al: Mites, eggs or feces on light microscopy of skin samples No
A2: Mites, eggs or feces visualized on individual using high powered imaging device No
A3: Mite visualized on individual using dermoscopy No

Clinical Scabies

B1: Presence of burrows Yes*

B2: Typical lesions affecting male genitalia No

B3: (Typical lesions) and (typical distribution) and (itch) and (contact history) Yes
Suspected Scabies

C1: (Typical lesions) and (typical distribution) and (itch) or (contact history) Yes

C2: (Atypical lesions) or (atypical distribution) and (itch) and (contact history) Yes

* If burrows were identified, individuals were also classified as either B3, C1, or C2, as these were not confirmed with dermoscopy
A diagnosis of scabies should only be made if other differential diagnoses are considered less likely than scabies.



taken in the local language (Solomon Islands Pijin). Per-
methrin was supplied for individuals diagnosed with sca-
bies. Permethrin was also supplied for household
contacts of diagnosed children, as per local treatment
protocol. No treatment was supplied to examined chil-
dren without scabies. If other conditions were diagnosed,
referral was provided to the local health clinic.

Data collection and statistical methods
Demographic information was collected including par-
ticipant age, sex and school grade.

Scabies diagnosis was classified into one of three IACS
Criteria subcategories (Table 1).

Following methods used in previous studies, severity
of scabies and impetigo was assessed based on the num-
ber of lesions present [12, 13]. Scabies was categorized
as: mild, 1 to 10 lesions; moderate, 11 to 49 lesions; or
severe, 50 or more lesions. Impetigo was classified as:
very mild, 1 to 5 lesions; mild, 6 to 10 lesions; moderate,
11 to 49 lesions; or severe, 50 or more lesions.

Prevalence for scabies and impetigo was calculated for
each demographic group. Risk ratios were calculated
using generalized linear models, adjusting for age
group and sex. Population attributable risk was calcu-
lated to further analyze association between scabies
and impetigo [14].

Data were collected on forms during the study period
and then transcribed and uploaded to a REDCap study
database (Research Electronic Data Capture), hosted at
Murdoch Children’s Research Institute [15]. All statis-
tical analysis was performed using Stata (version 15, Sta-
taCorp, College Station, TX, USA).

Ethics statement

Parents were provided with written information regard-
ing the study. A community information night was also
held at the school where members of the study team
provided further information and answered questions.
Written consent was obtained from parents or guardians
of all participants and verbal assent from children where
possible.

Ethical approval was granted by the Royal Children’s
Hospital Melbourne Human Research Ethics Committee
(reference number 38099A) and the Solomon Islands
Health Research and Ethics Review Board (reference
number 05/18).

Results

Over 6 days in August 2018, 324 students were recruited
and examined (47.5% of those enrolled at the school).
All consenting students present at school during study
days were examined. Doctors examined 247 participants
(76.2%) and the remainder were examined by trained
nurse examiners. Of those examined, 51.9% were female
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and the mean age was 9.6 years (standard deviation 2.3,
range 4—15; Table 2).

Scabies and impetigo prevalence

Overall, 176 participants had scabies (prevalence 54.3,
95% confidence interval [CI] 48.7-59.8), and 104 partici-
pants had impetigo (prevalence 32.1, 95% CI 27.0-37.5).
Most scabies cases were mild (68.8%, n=121) but 14
participants (8%) had severe scabies (Table 3). The ma-
jority of those with impetigo had very mild disease (1=
86, 82.7%, Table 3). The prevalence of scabies diagnosed
by doctor and nurse examiners was similar (52.2, 95% CI
45.8-58.6; vs 61.0, 95% CI 49.2-72.0%).

History features

Itch was reported in 81.8% of individuals with scabies
(n=144) and in 18.4% of those without scabies (1 =21,
missing = 34). A positive contact history was reported in
92.1% (n=161) of those with scabies, and in 52.6% of
those without scabies who were asked (r = 60, missing =
34). The most common contact history reported was
having a friend or classmate with a rash that looks like
scabies (75, 95%CI 67.9-81.2, Table 4). Of those with
scabies, 26.1% (n =46) reported either a history of itch
or a positive contact history and 73.9% (n=130) had
both history features. Of those without scabies, 46.5%
(n=53) reported either a history of itch or a positive
contact history and 12.3% (n = 14) had both features.

IACS criteria

The majority of scabies cases (n =128, 72.7%) were clas-
sified as Clinical Scabies, subcategory B3, with typical
clinical features, itch and contact history according to
the IACS Criteria (Table 3). Only four individuals (2.3%)
were identified to have clinically visible burrows (B1).

Associations with scabies and impetigo

Scabies was more common in males than females (63.5% vs
45.8%, adjusted risk ratio [ARR] 1.4, 95% CI 1.1-1.7; Table 2)
and the most commonly affected age group was children
aged 10-12 years (61.4%; ARR 1.8, 95% CI 1.1-2.9, compared
to age group 4—6 years; Fig. 1). Prevalence of impetigo was
higher in males (41.7% vs 23.2%, ARR 1.7, 95% CI 1.2-2.4)
but similar across age groups.

Participants with scabies had a higher prevalence of
impetigo than those without scabies (66 of 176, 37.5% vs
38 of 110, 25.7%, ARR 1.5, 95% CI 1.1-2). Overall, 63.5%
of those with impetigo had scabies, corresponding to a
population attributable risk of 11.8% (95%CI 1.7-21.7,
P =0.02). Of the 18 individuals with greater than very
mild impetigo, 14 (77.8%) had scabies, and of the indi-
viduals with moderate to severe impetigo, all had scabies
(n =6, 100%).
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Table 2 Participant demographics and prevalence of scabies and impetigo (N =324)

Study Sample Scabies Impetigo
N (%) n % (95%Cl) Adjusted RR (95%(Cl) n % (95%Cl) Adjusted RR (95%Cl)

Sex

Female 168 (51.9) 77 45.8 (38.1-53.7) Ref 39 232 (17.1-30.3) Ref

Male 156 (48.2) 99 63.5 (554-71.0) 14 (1.1-1.7) 65 41.7 (33.8-49.8) 1.7 (1.2-24)
Age (Years)

4-6 35(10.8) 12 343 (19.1-52.2) Ref 14 40.0 (23.9-57.9) Ref

7-9 121 (37.4) 66 54.5 (45.2-63.6) 1.6 (1.0-26) 44 364 (27.8-45.6) 1(0.6-1.5)

10-12 132 (40.7) 81 614 (52.5-69.7) 1.8 (1.1-29) 35 265 (19.2-34.9) 0.7 (0.5-1.2)

13-15 36 (11.1) 17 47.2 (304-64.5) 14 (0.8-2.5) " 306 (16.3-48.1) 0.8 (04-1.5)
Discussion In our study, males were more likely than females to

Our study highlights the very high prevalence of scabies
(54%) and impetigo (32%) in school-aged children in
Gizo. The prevalence of scabies is higher than a previous
study conducted in the same region in 2014 which re-
ported a prevalence of 23% in children aged 5 to 14
[12]. High scabies prevalence has been described in
other disadvantaged populations including in children
in Fiji (55.7%) [13], rural communities in Nigeria
(65%) [16] and amongst asylum seekers in the
Netherlands (33.5%) [17].

Table 3 Details of diagnosis and severity for scabies and impetigo

have scabies, which has been reported previously [18,
19], although this finding is not represented in the Glo-
bal Burden of Disease Study (2015) estimates [20].

The majority of scabies seen was classified as Clinical
Scabies according to the 2018 IACS Criteria (Fig. 2).
This was consistent for males and females. Very few sca-
bies cases (4%) had either atypical lesions or an atypical
distribution of their rash. We found that the 2018 IACS
Criteria for the diagnosis of scabies were easily in-
tegrated and implemented into our study design.

Overall Male Female Age Age Age Age
(N=324) (N=156) (N=168) Years 4-6 Years 7-9 Years 10-12 Years 13-15
(N=35) (N=121) (N=132) (N=36)
Scabies n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Prevalence 176 (54.3) 99 (63.5) 77 (45.8) 12 (343) 66 (54.6) 81 (61.4) 17 (47.2)
Category
B1: Burrows* 4(23) 2(2) 2 (2.6) 0 (0) 0(0) 3(3.7) 159
B3: Clinical scabies 128 (72.7) 73 (73.7) 55(714) 9 (75) 47 (71.2) 64 (79) 8 (47.1)
C1: Suspected scabies 41 (23.3) 25(25.2) 16 (20.8) 3(25 16 (24.2) 13 (19.7) 9 (529
C2: Suspected scabies 7 (4) 1(1) 6 (7.8) 0 (0) 3 (45) 4(6.1) 00
Severity
Mild (1-10) 121 (68.8) 67 (67.7) 54 (70.1) 8 (66.7) 46 (69.7) 53 (654) 14 (82.4)
Moderate (11-49) 41 (233) 22 (22.2) 19 (24.7) 4(33.3) 15 (22.7) 20 (24.7) 2(11.8)
Severe (= 50) 14 (8) 10 (10.1) 4(52) 0 (0) 5(76) 8 (99 159
Impetigo n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Prevalence 104 (32.1) 65 (41.7) 39 (23.2) 14 (40) 44 (364) 35 (26.5) 11 (30.6)
Severity
Very Mild (= 5) 86 (82.7) 52 (80.0) 34 (87.2) 12 (85.7) 39 (88.6) 25(714) 10 (90.9)
Mild (6-10) 12 (11.5) 8(123) 4(103) 2 (143) 4(9.0) 6 (17.1) 0(0)
Moderate (11-49) 39 2(3.1) 1(26) 0 (0) 0(0) 2(5.7) 10.1)
Severe (250) 329 3 (46) 00 0 (0) 123 2(5.7) 00

*Individuals with burrows were additionally categorized as either B3, C1 or C2



Table 4 Reporting of history features
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Total (N=290)

With scabies (N =176) Without scabies (N =114)

ltch n % (95%Cl) n 9% (95%Cl) n 9% (95%Cl)

Itch present 165 56.9 (51-62.7) 144 81.8 (75.3-87.2) 21 184 (11.8-26.8)

Contact History
House contact with itch 97 33.5(28-39.2) 76 432 (35.8-50.8) 21 184 (11.8-26.8)
School contact with itch 152 524 (46.5-58.3) 117 66.5 (59-734) 35 30.7 (22.4-40)
House contact with scabies rash 76 272 (22.2-32.8) 65 36.9 (29.8-44.5) 14 12.3 (6.9-19.7)
School contact with scabies rash 177 61 (55.2-66.7) 132 75 (67.9-81.2) 45 39.5 (304-49.1)
Contact history positive* 222 766 (71.2-81.3) 162 92.1 (87-95.5) 60 526 (43.1-62.1)

*Contact history was considered positive if responses to any of the four questions were positive

Implementation of these criteria in other settings would
allow comparison across studies and regions.

The high prevalence of impetigo (32%) is consistent
with other studies from Pacific Island nations, including
in Fiji (26%) and a previous study in the Solomon Islands
(33%) [12, 21]. Most of the impetigo (82%) in this study
was very mild, consistent with other studies [12, 13].
Impetigo was positively associated with the presence of
scabies, although the association was less strong than
previously reported [13]. The association between sca-
bies and impetigo in a range of settings warrants further
investigation.

Itch was reported by 82% of participants with scabies,
which is consistent with other studies (72-100%) [16,
17, 22-26]. A positive contact history was reported in
92% of participants with scabies. In those with scabies,
itch was reported to occur in 43% of household
members, similar to other studies (50-55%) [22, 24].

However, in our study, more children identified contact
with a friend or class member than a household mem-
ber. Contact between children at school and between
friends is likely to be important for disease transmission
between children. Contact history questions should be
asked in an appropriate way for specific survey settings
and participants.

There were several limitations to our study. First, this
study only focused on school children and is therefore
not generalizable to other age groups. However, as sca-
bies is highly transmissible among household contacts
[27] it is likely that there would be a high prevalence
amongst the household members of children with sca-
bies. Second, we enrolled 47.5% of students on the
school roll, which may have introduced participation
bias. The remaining students did not participate because
they were away from school or did not provide consent
to participate. Those not attending school may have
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Fig. 2 Typical scabies lesions on a child's fingers

been more disadvantaged with an even greater disease
burden, possibly leading to an underestimate of the true
prevalence. Conversely, it is possible that some families
and teachers may have encouraged children with symp-
toms of scabies or impetigo to participate, which may
have led to an overestimate of prevalence. Third, the
diagnosis of scabies and impetigo in the study was based
on clinical assessment of exposed areas utilizing the
IACS Criteria, rather than whole body examination
using dermoscopy, microscopy, or skin scrapings.
Limited examination may have underestimated the true
prevalence, perhaps by up to 10% [28], whereas reliance
on clinical signs may have led to some misclassification
and overestimate of disease.

Children in low-resource settings are disproportion-
ately affected by scabies and impetigo, predisposing
them to significant morbidity and mortality. The high
prevalence of scabies in this study supports the ongoing
need for prevalence studies and identifying communities
where the disease is endemic. The significant burden of
disease highlights the need for ongoing health promo-
tion activities for scabies and impetigo. The very high
prevalence of scabies also supports the urgent imple-
mentation of a population-scale control program in the
Solomon Islands. Greater appreciation of scabies as a
major global contributor to poor health in children may
help to improve awareness and access to treatment in
settings where scabies is endemic.
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Chapter 6. The use of choropleth mapping to display scabies

lesion distribution

6.1 Background

The distribution of clinical signs across the skin surfaces of body is an important feature of any
disease with dermatological manifestations. In conditions such as scabies, rash distribution
may lead to increased clinical suspicion and can inform diagnosis. In settings where
microscopy or other diagnostic techniques are not available, the diagnosis of scabies remains
dependent on clinical suspicion and the assessment of presenting features.”® Scabies diagnosis
remains challenging, and therefore a better understanding of the distribution of skin lesions

may contribute to greater diagnostic accuracy.

Most individuals with scabies exhibit multiple lesions which are often distributed across
multiple skin sites.?> 3% 93 Scabies lesions are commonly found on the fingers, hands, web
spaces, wrists, arms, axilla, legs, groin, buttocks, female breast and male genitals.?% 6% 132
Multiple studies have described body variation in the distribution of scabies lesions among
different populations, age groups and sexes.’® 4> 47 However, these studies have been limited
in detail: they reported distribution of scabies over large body regions rather than specific sites.
For example, lesions at the legs were reported but they do not distinguish between anterior and
posterior or medial and lateral or identify more specific areas such as ankles, knees or feet.

Few studies which reported scabies lesion distribution include examination of unexposed areas

such as genitals and breasts.

A simplified approach to examination, whereby only exposed areas are examined, has been

proposed for public health programs for the diagnosis of scabies. This examination technique
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allows rapid examination and reduces the requirements for privacy, both important
considerations when examining large populations. A simplified examination has been shown

to have a high sensitivity for diagnosis, according to retrospective data.”®

The reason for the predilection of lesions at certain body sites remains largely unknown.
Although exposed areas may be more likely to be sites of contact for initial transmission,
distribution does not correlate with initial place of infection in primary infestations,
documented as early as the 1940’s by Kenneth Mellanby.'4? The scabies mite is known to seek
hosts through thermal and host odour stimuli and may be influenced by the lipid composition
of tissue.%” 14! However, the location of mites is not always consistent with lesion location.'#?
The itch and lesions associated with initial infection with scabies are typical of a delayed-type
hypersensitivity reaction to mites, eggs or faeces.?’ Skin biopsies from individuals with scabies
exhibit a cell-mediated immune response with eosinophils, lymphocytes and histocytes.”
However, the underlying pathophysiology of lesion location in scabies is unknown. Providing
a detailed description of the distribution of scabies lesions may assist in developing a greater

understanding of the disease.

Choropleth maps are commonly used in geographical mapping. The technique allows
representation of variability in numerical data in spatially related regions on a map, by using a
colour template to represent different data points or data scales.'* Colour mapping or heat
mapping has been used in the description of rash distribution for skin lesions previously.*” 7%

144 However, to our knowledge, detailed choropleth maps have not previously been developed

for skin lesions.

This study was a pilot study to assess the methods of data collection, analysis and the display

of results for a larger study describing detailed lesion distribution in scabies. By piloting the
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choropleth mapping technique, we aimed to display the data collected visually, for simple

interpretation and clinical correlation.

6.2 Methods

6.2.1 Study design

This study was a prospective, cross-sectional, pilot study of a choropleth approach to mapping
scabies lesion body distribution. The study objectives were to collect preliminary data on lesion

distribution in scabies, and to assess feasibility of the choropleth technique.

6.2.2 Study participants

The study was conducted in a primary school in Gizo, a town in the Western Province of the
Solomon Islands. In 2014, the prevalence of scabies in this region was reported to be 19.2%,

with a higher prevalence in school-aged children (22.7%).%

All participants were enrolled through convenience sampling during the study period of another
research project. As the study aimed to pilot the study methods, the enrolment of a varied
sample population was not crucial to the results. All students who provided informed consent
and were diagnosed with scabies by a doctor were eligible for enrolment. As participants were

children, consent was obtained from parents or guardians.

6.2.3 Clinical assessment and data collection

Participants were examined in a private area of the study location. Assessments were conducted
by one of two doctors, an infectious disease physician and a junior doctor both experienced in
the diagnosis of scabies. Data collection forms consisted of anterior and posterior diagrams of

the body, divided into 98 clinically relevant topographic cutaneous sites (Figure 21 and 22).
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Doctors examined the entirety of the body skin surface and recorded the number of scabies
lesions at each site. To avoid unnecessary exposure and maintain participant privacy, skin sites
were uncovered sequentially so that the participant was never fully exposed. Participants could
decline examination of any of the skin sites. Where this occurred, an ‘X’ was recorded in that
site. The number of scabies lesions was recorded using a numerical value in each site, according
to what were considered to clinically relevant categories (0, 1, 2, 3, 4, 5, 6-10, 10-20, 20-

50, >50). Demographic data (age and sex) were also collected.
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Figure 21. Data collection form for the study of scabies lesion distribution

SCABIES DISTRIBUTION DCF

IDNO:

AGE:

SEX:

KEY
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0

11-2
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21-5

0

50- 10

0

Not assessed

[ JFORM COMPLETE
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Figure 22. Body distribution sites for data collection and analysis for scabies lesion distrbition, numbered from 1 to 98
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6.2.4 Statistical analysis

This was a pilot study, and therefore the sample size did not take into account any statistical

calculations. The pilot aimed to examine as many participants as feasible.

Lesion distribution was defined by the proportion of individuals with lesions at each site. This
was also determined for males and females. Lesion concentration was defined as the median
number of lesions for each site where lesions were present. We analysed groupings of sites by

adding up appropriate skin sites to form seven larger grouped regions (Figure 23).

Grouped Regions

Torso

Arms and axillae

Feet and ankles

Figure 23. Larger grouped regions for analysis of scabies lesion distribtion
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We defined “exposed” and “unexposed” body areas (exposed areas are the arms and hands, the

head, and the feet and lower legs, Figure 24) similar to previous studies.”®

ANTERIOR POSTERIOR

Figure 24. Exposed and unexposed areas of the body

Choropleth maps were produced using a sequential colour palette to visually display data. Each
of the 98 individual sites were designated a colour. For lesion distribution, a sequential colour
palette was used from light yellow to dark red (Figure 25, colour palette 1). The different
colours represented increasing percentage brackets to display the proportion of individuals with
lesions in each site. The different colours represented the following bands: 0%, 1-14%, 15-
29%, 30-44%, 45-59%, 60-74%, 75-100%. Choropleth maps were created to represent the
proportion of participants with scabies lesions at each site. Separate maps were also created for

males and females.
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Median number of lesions

% 0

1
1-14

15-29
30 - 44

Figure 25. Colour palettes 1 and 2

For lesion concentration, a different colour palette was used, transitioning from light to dark
blue (Figure 25, colour palette 2). The lesion concentration map was created to represent the
median number of lesions recorded for each site. The colour stops represented the median
number of lesions at each site for all participants. The seven colours represented the following

numbers: 0, 1, 1.5, 2, 2.5, 3 and >3.

6.2.5 Consent and ethical approvals

Ethics approval was granted by the Royal Children’s Hospital Melbourne Human Research
Ethics Committee (reference number 38099A), and the Solomon Islands Health Research and

Ethics Review Board (reference number 05/18).

6.3 Results

Twenty-five individuals were enrolled. All were children (median 7, range 6-12 years), and

there were fewer females (n=9, 36%). Out of 2450 sites, data was missing for 19.
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6.3.1 Proportion of individuals with lesions in each site

The most common sites of lesions were the dorsal web spaces (left side 76%, right side 72%)),
and the dorsal fingers (right 60%, left 56%, Figure 26). The dorsal hand (left 36%, right 48%)

and posterior-medial forearms were also common sites of involvement (left 48%, right 40%;

Figure 26)
ANTERIOR POSTERIOR
%
0
1-14
15-29
30 - 44

Figure 26. Overall distribution of lesions by proportion of participants with lesions in
each site

A high proportion of participants had involvement of the abdomen (44%) and lower anterior
chest (36%). On the lower limbs, the most common location was the left posterior medial calf
(32%), the left medial ankle (32%) and the right dorsum of the foot (32%). The anterior knees,

posterior calves, ankles and dorsum of the feet were generally more common locations for
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lesions than other parts of the lower limb (Figure 26). No participant had involvement of the

face, neck, anterolateral upper arm or soles of the feet.

6.3.2 Grouped Regions

All participants had involvement of exposed areas. When the sites were grouped (Figure 23)
into larger regions the most frequently involved regions were the arms and axilla (100%) and
the hands and wrists (96%). The head and neck and the buttocks and genitals were the least

frequently involved regions (Figure 27, Table 7).

Figure 27. The proportions of individuals with lesions at the grouped regions.
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Table 7. The number of individuals with lesions present at each grouped region

Region Proportion with lesions (%)

Head and neck 4
Torso 68
Arms and axilla 100
Hands and wrists 96
Buttocks and genitals 24
Legs 72

Ankles and feet 68

6.3.3 Proportion of individuals with lesions in each site by sex

The presence of lesions in some sites was similar in both males and females including the
dorsal web spaces, the fingers and dorsal hands, the abdomen and the lower anterior chest
(Figure 28). The genitals were commonly involved in males (n=6, 37.5%), while no females
had genital involvement. The buttocks, back and lower legs were more commonly involved in

females.
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Figure 28. Distribution of lesions by proportion of participants with lesions in each site
by sex

ANTERIOR POSTERIOR
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6.3.4 Lesion Concentration

The concentration of lesions was highest on the fingers, web spaces and upper chest (Figure

29). High lesion numbers were also seen at the abdomen, buttocks and axilla. Low lesion
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numbers were seen on the back and lower limbs. There were no lesions at the head, face and
soles of feet. When comparing the concentration map (Figure 29) to the distribution map
(Figure 26) it can be seen that the areas with high lesions numbers are similar to the areas where
there are most commonly lesions. However, there are some areas of difference with low

number of lesions on the legs and a high number of lesions seen at the upper chest.

Figure 29. Scabies lesion concentration by mean number of lesions at each site

Median number of lesions

0

1

6.4 Discussion

Our pilot study found that the body distribution of scabies skin lesions can be feasibly
performed using the detailed body site examination and recording methods described. This
study also showed that choropleth mapping techniques are a useful, novel approach for the

display of distribution of skin lesions.
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In regard to distribution of scabies lesions, our pilot findings support previous findings in the
literature. However, the results provide much greater detail to what has previously been
described. Lesions on the web spaces are considered characteristic for scabies and data from
other studies support our finding of high rates of involvement at this site.2% 68 3% 46, 35, 58
However, previous data does not distinguish between the dorsal and palmar web spaces,
whereas our results show that involvement of the dorsal aspect is much more common.
Similarly, previous studies suggest the arms are a commonly involved site, whereas this study
provides more detailed information showing that the medial and posterior aspects of the arms
are more commonly involved.?!-4> 70 Further, the difference in distribution of lesions for males
and females is not frequently compared and no studies present data on the comparison of the
prevalence of genital lesions between males and females. Our results, if replicated in the larger
study, would clearly demonstrate that genital involvement is much more common in males,

adding support to the current clinical diagnostic criteria.*3 143

All participants had visible scabies lesions in exposed body areas. A previous paper highlighted
that only around 10% of cases would be missed if only examining exposed areas, however this
used retrospective data.” Our data supports those findings, indicating that lesions on visible
body areas are common. However, conclusions cannot be drawn as only those with diagnosed
scabies following examination of exposed areas were concluded in this study. With replication
of this study in a large population and the inclusion of individuals with and without scabies,
prospective data on the sensitivity of a simplified examination could be reported. This may
provide evidence to support the use of simplified examinations in a public health setting such

as epidemiological mapping.

The choropleth map representing the grouped regions (Figure 27) highlights the frequent
involvement of the limbs. The map also shows the lack of involvement of the sole of the foot,

face or anterior neck, consistent with previous studies.*®> % 7° The grouped regions also clearly
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identify the dorsum of the hand as much more common location for scabies than the palmar
aspect. The graphic representation with a simple colour scheme used in these maps allows

simple and intuitive interpretation of the data across a large number of body sites

Choropleth maps have not previously been used to represent dermatological lesion distribution.
Visual representation using a heatmap created through a Geographic Information System (GIS)
program has previously been used for mapping the distribution of Buruli Ulcer.'* Although
the use of GIS analysis has the advantage of acknowledging or discovering relationships
between two variables (i.e. neighbouring areas or skin sites) this method is not appropriate for

mapping the distribution of scabies, due to the high number of scabies lesions present.

The study has several limitations. This was a pilot study, with a small sample size from a single
location. There was also a limited range of ages included and an overrepresentation of male
participants, all of which limit the generalizability of findings to other populations and settings.
Additionally, the division of the body surface area into the skin sites, although based on what
we considered clinically relevant, may still be considered somewhat arbitrary. In this pilot we
only included individuals with scabies, and this initial diagnosis was made by examining at
exposed areas. When considering the methodology for a larger study, we will include
participants both with, and without, scabies. This will enable the estimation of the proportion
of lesions occurring in only unexposed areas, which is helpful when considering the
implementation of abbreviated or simplified examinations. It will also be important to recruit
participants representative of the community population, including a variety of age groups,

which will enable the investigation of lesion distribution by age.

The methods used in this pilot study have been shown to be feasible for implementation in a
study with a larger sample size. In undertaking this larger study, we hope to present more

detailed information on scabies lesion distribution than has previously been described. The
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novel visual representation of the distribution of lesions helps to easily identify lesion

distribution patterns and may aid clinical diagnosis.
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Chapter 7. Discussion

7.1 The diagnosis of scabies by non-expert examiners: A study of diagnostic

accuracy (Chapter 3)

7.1.1 Key findings

This study evaluated the accuracy of non-expert health workers in the diagnosis of scabies after
brief training. In a population with very high prevalence of scabies, health workers had a
sensitivity of 55% and specificity of 90% for the diagnosis of scabies compared to the
consensus diagnosis of two experts. Results were similar for impetigo (sensitivity 53%,
specificity 98%). Sensitivity of scabies diagnosis increased when only moderate-severe cases

were included in the analysis (sensitivity 94%, specificity of 74%).

7.1.2  Discussion and future research

The diagnosis of scabies and impetigo by non-expert health workers following training was
moderate, but improved with increasing disease severity. Improvements in diagnostic accuracy
are likely to be seen with modifications. These findings provide promise for the role of non-

expert examiners in scabies diagnosis, similar to other neglected tropical diseases.!'3% 146 147

Diagnostic accuracy of non-expert examiners was lowest for mild cases of scabies. Training
could address this finding by incorporating a specific focus on these milder clinical
presentations. Teaching health workers that scabies may present with only a small number of
lesions as well as an emphasis on the importance of careful examination of all areas, may
reduce the likelihood of missing mild cases. Additionally, it is important to include images of
scabies with mild disease. A focus on the collection of photographs of varied presentations and

severity is important as clinical images often feature more obvious, severe disease.
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Our results suggested that the majority of scabies cases are mild (with less than 10 lesions).
Therefore, if mild cases are missed, then the true prevalence of the disease is likely to be under-

reported.

The lower accuracy of the diagnosis of mild cases is similar to findings from other studies. A
study conducted in Fiji utilising the International Management of Childhood Illness algorithm
identified lower sensitivity for the diagnosis of non-infected scabies over infected scabies,
highlighting the difficulty in identifying primary scabies lesions.!** With modifications to the
training program, particularly with an increased emphasis on identification of mild cases,

diagnostic accuracy may improve.

With these changes, diagnostic accuracy of non-expert examiners in the clinical diagnosis of
scabies may be acceptable for prevalence mapping in low-resource settings. Diagnosis for
prevalence mapping should attempt to provide both high sensitivity and high specificity in

order to most accurately report true disease prevalence.

Although the IACS criteria are likely to provide greater uniformity to clinical diagnosis, they
are yet to be validated, outside of this study. This will be a crucial step to ensure that clinical
diagnosis using the criteria accurately represent disease state. The sensitivity and specificity of
the criteria should be determined to ensure they provide reliable diagnostic endpoints. Potential
methods of validation may compare the IACS criteria for clinical diagnosis to confirmed
scabies, where diagnosis is confirmed by mite visualisation. However, as there is no way to
determine true negative cases, the accuracy of this method may be hindered. Despite this,
attempts should be made to ensure that the criteria are validated using as close to a gold

standard as is possible.

Further studies in other settings are needed in order to provide additional support for the use of

non-expert examiners to diagnose scabies. In areas where there is a lower prevalence of scabies
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and impetigo, the diagnostic accuracy of health workers may be different, due to reduced
disease explore. Diagnostic accuracy should also be determined across all age groups. Our

study only included children, and there may be differences in other age groups.

Additionally, the development of a simple, cheap and accurate diagnostic test for scabies would
have the potential to increase feasibility and accuracy of disease mapping. Although there are
research groups working towards the conception of such a test, it is unlikely to be a reality in
the near term.'2% 123 143 Until such tests can be designed and implemented, clinical diagnosis
will remain the standard for determining the global burden of scabies, monitoring effectiveness

of interventions and as the basis for ongoing surveillance.

7.2 Training non-expert health care workers in the diagnosis of scabies

(Chapter 4)

7.2.1 Key findings

Scabies disproportionately affects low-resource communities where diagnosis is usually
clinical.?% 4 In settings where expert clinicians are not available, non-expert health staff can

undertake training to diagnose scabies.

This chapter described a training package developed for scabies and impetigo diagnosis and
assessed the acquisition of skills and knowledge following its implementation. The study found
that the training led to improvements in self-reported knowledge and confidence with the mean
score for both increasing from 2.5 to 4.5, with scores increasing for all nurses. Local staff
reflected positively on their involvement in the training and acknowledged that the new skills

would be useful to them in their daily clinical practice.
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7.2.2 Discussion and future research

Training non-expert health workers in low-resource settings in the diagnosis of scabies and
impetigo has been undertaken previously®> 7° However, there is no uniform training protocol
or package. This is needed to ensure standardisation of examiners and diagnosis in order to
compare data across different studies, settings and across time periods. Our training package
for teaching diagnosis of scabies utilised a model with a classroom-based component, a
practical component and a hurdle test, and was an effective and enjoyable way to train
examiners. Classroom training provides a format for essential theoretical components to be
taught and for assessment of this knowledge. Practical experience is essential in establishing
good diagnostic skills, requiring individuals with and without the disease to be examined in a

supervised and well-supported environment.

Case-based techniques for learning include the use of clinical images and hypothetical
situations to present a clinical scenario. This technique has been used previously to assess
knowledge following the training of non-expert health workers.*° In our study, we used
clinical images with vignettes to provide an alternative to real life examinations in a controlled
classroom environment. This may be considered a helpful component for training to flag any
issues (either for individuals or specific components of training) that may require additional
focus. It also provides feedback to the trainers on the general comprehension of those

undertaking the training.

Additionally, an assessment at the end of training may be considered. This assessment could
occur in a practical field setting such as a hospital outpatient clinic or in a school. Although the
case-based (picture) assessment may provide valuable feedback and flag specific issues, in our
study it did not accurately reflect the results of the diagnostic accuracy study. In the case-based

assessment, three out of four examiners performed extremely well. The examiner who
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performed less well was not the examiner with the lowest diagnostic accuracy on clinical
assessment. However, a sufficiently powered accuracy assessment (where trainees examine
hundreds of individuals) is unlikely to be feasible as part of training for mapping in low-
resource settings. Therefore, a competency-based assessment with patients or diagnosis under
direct supervision is required to ensure a minimum standard competence. A minimum
competency will ensure that examiners can be standardised to some degree across difference

settings.

While our training package was effective and enjoyable for participants, further development
and standardisation is needed. An important modification to training would be a greater focus

on mild scabies, as discussed previously.

Additionally, as the IACS criteria suggest, an essential consideration of diagnostic assessment
is the absence of a more likely explanation for the skin lesions. This requires examiners to be
familiar with geographically and population appropriate differential diagnoses. These will vary
considerably across different regions or population groups and need to be considered in the

development of a generalised training protocol.

The development of an easily implementable training package may facilitate opportunities for
integration with other NTDs. Incorporating scabies diagnosis into other NTD training programs
is likely to increase effectiveness and efficiency of programs.'?3 Previous research suggests it
is feasible to examine for multiple skin diseases concurrently, however integrated training

protocols have not been published.!?®
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7.3 Prevalence of scabies and impetigo in the Solomon Islands: a school

survey (Chapter 5)

7.3.1 Key findings

This study found a very high prevalence of scabies and impetigo in a primary school in Gizo
in the Solomon Islands. Of 324 children enrolled, the prevalence of scabies was 54% and the
prevalence of impetigo was 32%. Individuals with scabies were more likely to be diagnosed

with impetigo resulting in a population attributable risk of 12%.

7.3.2 Discussion and future research

The extremely high prevalence in this school highlights the need for further mapping of scabies
in this region. Mapping is required to identify areas of high prevalence which may otherwise
remain unknown. Prevalence mapping would also to provide information to develop control
strategies and treatment for affected individuals, many who live in hard to reach communities.
High scabies prevalence has previously been described in other settings ranging from 34-
65%.4% 6272 In order for a true picture of global burden of scabies to be captured, identification

of high prevalence populations is crucial.

Conducting a school survey for scabies and impetigo was feasible and efficient. This could
provide a methodology for mapping in the future to determine prevalence in other locations.
Schools have been used previously as sites for mapping, surveillance or treatment for scabies
and other neglected tropical diseases.”® 126: 150 Schools provide a logistically simple location to
examine a cross-section of a community. It is possible that schools may provide an appropriate
location to determine a community’s prevalence of scabies. In our study we focused on primary
school-aged children because of convenience, and because it is known that scabies is often

more common in this age-group. Research is needed across a variety of settings to assess if
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prevalence mapping conducted using school surveys reflects prevalence in the whole

population.

The use of the IACS criteria guided training by focusing on the specific components of
examination and history required for diagnosis. Training was provided to address these
components which included typical lesions, typical distribution and potential differential
diagnoses. Training in how to determine a contact history and a history of itch was also
provided. Specific questions were outlined and translations into local languages were

determined in order to reduce discrepancies between examiners.

This study also demonstrated that it is possible to incorporate the IACS diagnostic criteria into
the study design and data collection. Incorporating the use of the IACS diagnostic criteria into
our study provided a framework for standardisation of diagnosis.>*> We found these features
simple to incorporate into training. The TACS Criteria also provided the framework for the
diagnostic definitions. The incorporation of the IACS diagnostic criteria may allow
standardisation and comparison between different research and regions. There may be some
minor differences in the delivery of contact and itch questions, as well as potential reporting
bias. However, as they are close ended questions (yes or no answers), an attempt has been made
to standardise delivery and response as much as possible. Typical lesions and typical
distributions of scabies lesions were defined during training to reduce variation between
examiners definitions. However, there have not been any universally recognised definitions of

these terms which would help to increase standardisation across different regions.

Additionally, the IACS criteria were easily incorporated into the data collection forms used in
the studies. However, our forms allowed examiners to complete answers to all components of
the clinical assessment as well as determine the IACS subcategory. Analysis of these results

showed that the examiners did not always determine the correct IACS subcategory on the forms.
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Therefore, we suggest for future studies this is an unnecessary feature of the form, with analysis
of the combined clinical features more accurate than the examiners determining the
subcategory at the time of form completion. Our experiences suggest that it is likely that if the
criteria are used as the basis of diagnosis for other studies, they will allow easier comparison

between studies, sites and time points.

7.4 The use of choropleth mapping to display scabies lesion distribution

(Chapter 6)

7.4.1 Key findings and discussion

This study developed a protocol for detailed mapping of the body distribution of scabies lesions.
Our pilot study found that this protocol is feasible. We developed a novel way of displaying
skin lesion distribution data in the form of a choropleth map. This may help to identify
distribution patterns in a visually simple way. There are plans for a larger study using this this
methodology to provide information on scabies lesion distribution in greater detail than has

previously been described.

Clinical diagnosis of scabies relies on identification of clinical features, including typical lesion
distribution.” This study aims to provide more detailed information on lesion distribution to
inform clinical diagnosis of scabies. A greater understanding of the distribution of scabies

lesions may leader to greater diagnostic accuracy.

This study also outlined the feasibility of using prospective data to explore the accuracy of
simplified examination for scabies, by examining only commonly exposed body areas. The
examination of only commonly exposed areas has been used previously in field-work for
reasons of modesty and practicality,’”” and there are some retrospective data to suggest that

limited examination may acceptable.”® However, there are no prospective studies to support
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this method of examination. The pilot study suggests our methods are appropriate to determine

the sensitivity and role of simplified examinations to in epidemiological mapping.

7.5 Conclusion

This thesis has contributed to the existing knowledge of scabies diagnosis in low-resource
settings. It provides support for the use of non-expert health workers for scabies diagnosis in
prevalence mapping and other public health activities in low resource settings. Implementation
of a standardised training protocol for scabies diagnosis is needed. A training model which
reflects the one presented in this thesis has been shown to be effective and enjoyable for
participants. Support for the implementation of the IACS criteria for scabies within training
and diagnostic protocols has been presented. Ongoing improvements to standardisation and
diagnostic accuracy of clinical diagnosis for scabies, such as those presented in this thesis,
should be investigated and implemented to assist in working towards the global control of

scabies.
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