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Abstract

Introduction

Scabies and impetigo are common and important skin conditions which are often neglected

in developing countries. Limited data have been published on the prevalence of scabies and

impetigo in Timor-Leste. Sequelae including cellulitis, bacteraemia, nephritis, acute rheu-

matic fever and rheumatic heart disease contribute significantly to the burden of disease.

Methods

School students were recruited from schools in Dili (urban) and Ermera (rural) in Timor-

Leste for an epidemiological study in October 2016. A standard questionnaire was used to

record demographics, anthropometry and skin examination results. Impetigo and scabies

were diagnosed based on clinical examination of exposed surfaces, and clinical photo-

graphs were reviewed for correlation by an infectious diseases paediatrician. Prevalence of

scabies and impetigo were calculated and binary risk factor associations were described

using relative risks and 95% confidence intervals. Adjusted odds ratios were calculated

using logistic regression multivariate analysis. Continuous variables were analysed for

associations using the Mann-Whitney Rank Sum test.

Results

The study enrolled 1396 students; median age 11 years (interquartile range (IQR) 9–15).

The prevalence of scabies was 22.4% (95% CI 20.2–24.7%) and active impetigo 9.7%

(95% CI 8.3–11.4%); 68.2% of students had evidence of either active or healed impetigo.

Students in Ermera were more likely than those in Dili to have scabies (prevalence 32.0% vs

5.2%, aOR 8.1 (95% CI 5.2–12.4), p<0.01). There was no difference in the prevalence of
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active impetigo between urban and rural sites. More than a third of participants were moder-

ately or severely underweight. Stunting was markedly more common in the rural district of

Ermera.

Conclusion

Scabies and impetigo are common in Timor-Leste, with very high prevalence of scabies in

the rural district of Ermera. Improvements in prevention and treatment are needed, with

prioritised activities in the rural areas where prevalence is highest.

Author summary

Scabies and impetigo are common and important skin conditions which are often

neglected in developing countries. Scabies affects more than 200 million people globally.

There are limited data on the prevalence of these conditions in Timor-Leste. Scabies is a

parasitic infection which causes an intensely itchy rash in a characteristic distribution.

Secondary bacterial infection with group A Streptococcus (GAS) and/or Staphylococcus
aureus causing impetigo is common and may lead to complications. GAS skin infection

is known to be associated with the development of acute post streptococcal glomerulone-

phritis, and may also have a role in the aetiology of acute rheumatic fever (ARF) and rheu-

matic heart disease (RHD. We assessed almost 1400 school students in Timor-Leste from

both urban and rural settings and showed a high prevalence of scabies (22.4%) and active

impetigo (9.7%). Two-thirds of students had evidence of either active or healed impetigo.

Our study shows that scabies and impetigo are common in Timor-Leste, with very high

prevalence of scabies in the rural district of Ermera. Improvements in prevention and

treatment are needed, with prioritised activities in the rural areas where prevalence is

highest.

Introduction

Scabies and impetigo are common and important skin conditions which are often neglected in

developing countries[1,2]. The global prevalence of scabies was estimated to be over 204 mil-

lion (in thousands: 204 152 [177 534–237 466])[3], accounting for 0.21% of disability-adjusted

life-years from all conditions in the global burden of disease study conducted in 2015[4]. Sca-

bies has recently been adopted as a Category A World Health Organisation (WHO) Neglected

Tropical Disease (NTD)[5,6] highlighting the priority of this condition in developing coun-

tries. Scabies is a skin infestation caused by the parasite Sarcoptes scabiei. Scabies presents

with an intensely pruritic rash with a characteristic distribution pattern[7]. Clinical manifesta-

tions include papules, burrows and pruritus [1]. Distribution varies with age and often

includes involvement of the webs of the fingers, flexor aspect of the wrist, feet and torso. Trans-

mission is predominantly by direct contact with infected skin, but fomites including bedding

and clothing can also play a role [1,8]. Secondary infection by group A Streptococcus (GAS)

and/or Staphylococcus aureus causing impetigo is common and may lead to complications

including cellulitis, abscess, septic arthritis, osteomyelitis and septicaemia [6]. Impetigo may

also occur in the absence of scabies infection due to minor trauma, insect bites and dry skin.

GAS skin infection is known to be associated with the development of acute post streptococcal
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glomerulonephritis, and a role in the aetiology of acute rheumatic fever (ARF) and rheumatic

heart disease (RHD) has also been hypothesised [1].

Scabies is endemic in tropical regions globally, with prevalence rates between 5–10% com-

monly reported in children [9,10]. Timor-Leste is in Southeast Asia and lies northwest of

Australia at the eastern end of the Indonesian archipelago. The island is semi-arid with a

mountainous terrain and tropical climate. The population of Timor-Leste at the 2015 census

was 1.2 million of which 39% were less than 15 years of age. The average household size for

Timor-Leste is 5.7 people but is higher in the municipalities of Dili, Alieu, Ermera and Ainaro

[11]. Epidemiological data regarding skin infections in Timor-Leste are limited, however pre-

vious population screening in Timor-Leste identified scabies in more than a third of children

aged under 10 years, as well as high rates of pyoderma coinfection [12].

The aim of this study was to determine the prevalence of scabies and impetigo in school stu-

dents in urban and rural settings in Timor-Leste and to investigate epidemiological associa-

tions of skin disease affecting this cohort. Improved epidemiological evidence is needed in

order to design and implement appropriate treatment and prevention strategies at a commu-

nity level [13].

Methods

Ethics statement

Ethics approval for the study was obtained from the Human Research Ethics Committee of

the Northern Territory (NT) Department of Health and Menzies School of Health Research

(2016–2546) and the Institute Nacional de Saude in Timor-Leste (MS-INS/DF/DP/V/2016/

220). Permission to undertake screening was granted by the Ministry of Education in Timor-

Leste and by the principals of the schools involved. A plain language information sheet in

Tetum (the lingua franca in Timor-Leste) was distributed to parents and families prior to com-

mencement of screening, and they were given the opportunity to opt-out of having their child

(ren) screened. Use of an opt-out approach to consent occurred because of the strong prefer-

ence of school principals, clinical staff and other community leaders, identified during infor-

mal discussions conducted during consultation visits four months prior to commencement of

screening. This is a novel approach to consent in Timor-Leste but has been utilised in similar

research in other low and middle-income countries [14,15]. Based on anticipated difficulties

with obtaining written consent due to low literacy levels, as well as the low or negligible risk

associated with the screening process itself, this approach was approved by both Australian

and Timorese human research ethics committees.

Students from schools in the municipalities of Dili (urban) and Ermera (rural) were

enrolled in a school screening project that included echocardiography screening for RHD and

limited skin examination for scabies and impetigo. The primary outcomes in the skin arm of

the study, were presence or absence of scabies, and/or active impetigo, based on limited clinical

examination. Baseline demographics including date of birth, age, sex, name, school, address,

number of people and number of rooms in the home were collected for all participants.

Weight, height and previous known allergy to penicillin were also recorded. Students who

attended school on the days of screening were eligible to participate in the study. Children

aged less than 5 years and people aged 25 years or older were excluded. Given multiple disrup-

tions to schooling during recent years in Timor-Leste, it is common for secondary students to

be aged up to 25 years.

Skin examination was conducted in a school classroom by six medical practitioners who

had undergone specific training and validation (using standardised clinical photographs)

in the diagnosis of scabies, impetigo and other childhood skin diseases prior to the study.
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Training was conducted in the week prior to screening. It incorporated teaching about the

pathophysiology of childhood skin diseases, descriptions of typical clinical findings, and revi-

sion of clinical photographs of varying presentations. Validation involved assessment of 25

clinical photographs of childhood skin diseases, for which candidates were asked to describe

their findings and make a diagnosis. Candidates were required to make the correct diagnosis

in a minimum of 80% in order to successfully complete training.

Only exposed regions of skin (upper limbs, lower limbs, scalp, face and neck) were exam-

ined for reasons of modesty. Students were also asked if they had skin lesions elsewhere on the

body hidden under clothing and this was documented but not examined.

Diagnoses of clinical scabies and impetigo were recorded (Box 1). The number of scabies

and impetigo lesions were quantified and recorded as ‘none’, 1–10 (mild), 11–49 (moderate),

or�50 (severe) and body regions involved were documented. [16] The number of inactive

(flat, dry) or healed lesions were not quantified. Given the lack of laboratory resources in

Timor-Leste it was not feasible to use skin swabs or scrapings for confirmatory diagnosis of

aetiological agents.

Other skin conditions were also recorded including fungal skin infections, eczema and

wounds. Study participants identified as having a skin condition requiring treatment (includ-

ing scabies and impetigo) were counselled regarding the diagnosis and provided with an infor-

mation sheet and referral letter to take to the local health clinic for treatment as per standard

treatment guidelines.

Anthropometric data were analysed based on WHO normal growth parameters. Weight-

for-age (WFA) z-scores were determined for participants aged 5–10 years and height-for-age

(HFA) z-score for participants aged 5–20 years. Body-mass-index-for-age (BMIFA) z-scores

were calculated for all participants.

Non-identifying clinical photographs were taken of skin lesions to enable later review of

clinical diagnoses. Clinical photographs were reviewed by a member of the study team (AB)

who is an infectious diseases paediatrician with extensive experience in the diagnosis of scabies

and impetigo, who was not present for screening and was blinded to the results of the clinical

examination findings obtained during the study.

Data were recorded in an electronic database (Microsoft Access (2016), and analysed

using STATA 14.2 (College Station, TX). Prevalence rates of scabies and impetigo were calcu-

lated and binary risk factors described using relative risks and 95% confidence intervals (CI).

Logistic regression was performed with the following variables in our model: sex, site, age,

nutritional status and scabies/impetigo to calculate adjusted odds ratios (aOR) based on

Box 1. Diagnostic Criteria for Skin Lesions

Scabies Presence of burrows, papules, nodules, vesicles, excoriation and/or pruritus in

the characteristic distribution.

Crusted Scabies Hyperkeratotic and flaking skin lesions associated with evidence of sim-

ple scabies (definition above) in the same patient.

Active Impetigo Papular, pustular or ulcerative lesions with associated erythema, crust-

ing, bullae or frank pus.

Inactive or healed Impetigo Flat, dry impetigo lesions with healed skin, and no signs of

active inflammation.
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multivariate analysis. Continuous variables not normally distributed were analysed for associa-

tions using the Mann-Whitney Rank Sum test. Results were considered significant if p<0.05.

Subjects with missing data were excluded from analyses of the missing variable.

Results

A total of 1396 students were enrolled (Table 1). Two-thirds of participants were from the

rural area (64.0%) compared to the urban area (36.0%). There were more females (52.8%) than

males (47.2%). The median student age was 11 years (interquartile range (IQR) 9–15). The

median household size was 7 people (IQR 6–9).

Most students were below average for weight, height and body mass index (BMI). Partici-

pants from Ermera were more likely to be moderately or severely underweight (WFA z-score

<–2) than students from Dili, 40% vs 32%, RR = 1.3 (95% CI 1.0–1.6), p = 0.04. They were also

more likely to be moderately or severely stunted (HFA z-score <-2) than participants from

Dili, 37% vs 10%, RR = 3.8 (95% CI 2.9–5.1), p<0.01.

Scabies was detected in 312/1396 (22.3%) students screened (Table 2). Of those with scabies,

26.4% had fewer than 10 lesions, 47.9% had 10–49 lesions, and 25.7% had 50 or more lesions.

There was one case of crusted scabies identified diagnosed based on clinical findings. Derma-

toscopy and skin scrapings were not performed.

For the participants documented to have scabies lesions most had more than one body

region affected. Scabies lesions were reported on the face/scalp in 14/312 (4.5%) of students,

neck 52/312 (16.7%), arms 209/312 (67.0%), hands 271/312 (86.9%), legs 155/312 (49.7%)

and feet 145/312 (46.5%), with no significant differences in distribution for the different age

groups. Scabies in other regions including torso, buttocks, breasts and groin were self-reported

with data recorded for less than half the participants.

Multivariate analysis showed that students in Emera were seven times more likely than

those in Dili to have scabies (aOR 7.3 (95% CI 4.6–11.7)). Although more males had scabies,

this was not statistically significant (aOR 1.3 (95% CI 1.0–1.8)). The median number of people

per house for those with scabies was 8 (range 2–16) versus a median of 7 in the houses without

scabies (range 2–13), p<0.01. Students aged 20–24 years old were twice as likely to have scabies

than those aged 5–9 years (Table 2). All 20–24 year old students were from Ermera.

Table 1. Demographic characteristics.

Dili (n = 502) Ermera (n = 894) Total (%) (n = 1396)

Sex

Female 254 483 737 (52.8)

Male 248 411 659 (47.2)

Age (years)

5–9 233 179 412 (29.5)

10–14 266 349 615 (44.1)

15–19 3 290 293 (21.0)

20–24 0 76 76 (5.4)

Anthropometry Median z-score (IQR)

Weight for age –1.48 (IQR –2.24 to –0.83) –1.79 (IQR –2.46 to –1.14) –1.65 (IQR –2.36 to –1.01)

Height for age –0.66 (IQR –1.38 to 0.08) –1.67 (IQR –2.29 to –1.06) –1.35 (IQR –2.07 to –0.6)

Body Mass Index for age –1.78 (IQR –2.67 to –0.89) –1.19 (IQR –1.86 to –0.56) –1.39 (IQR –2.15 to –0.67)

People per household Median 6 (IQR 4–8) Median 8 (IQR 6–9) Median 7 (IQR 6–9)

IQR: interquartile range, % percentage

https://doi.org/10.1371/journal.pntd.0006400.t001
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Purulent or crusted impetigo was diagnosed in 136/1396 (9.7%) of students screened

(Table 3). Of those with impetigo, the vast majority (91.3%) had fewer than 10 lesions.

The presence of scabies increased the risk of impetigo infection on univariate and multivar-

iate analyses (RR 2.5 (95% CI 2.1–3.1), p<0.01, aOR 4.4 (95% CI 2.9–6.8), p<0.01). There

Table 2. Prevalence of scabies and adjusted odds ratio for variables in multivariate analysis.

Prevalence (%, 95% CI) aOR (95% CI), p value—multivariate analysis

Total 312/1396 (22.4%, 20.3–24.7) -

Sex

Female 150/737 (20.4%, 17.6–23.4) Ref

Male 162/659 (24.6%, 21.5–28.0) 1.3 (1.0–1.8), p = 0.05

Site

Dili 26/502 (5.2%, 3.5–7.5) Ref

Ermera 286/894 (32.0%, 29.0–35.1) 7.3 (4.6–11.7), p<0.01

Age (years)

5–9 61/412 (14.7%, 11.7–18.5) Ref

10–14 126/615 (20.5%, 17.5–23.9) 1.1 (0.8–1.7), p = 0.48

15–19 91/293 (31.1%, 26.0–36.6) 1.2(0.8–1.8), p = 0.43

20–24 34/76 (44.7%, 34.1–55.9) Insufficient data

Nutrition (n = 1264)

Not stunted 161/922 (17.5%, 15.1–20.1) Ref

Stunted 109/342 (31.9%, 27.2–37.0) 1.3 (1.0–1.8), p = 0.07

Impetigo

No impetigo 245/1260 (19.5%, 17.4–21.8) Ref

Impetigo 67/136 (49.3%, 41.0–57.6) 4.4 (2.9–6.8), p<0.01

aOR: adjusted odds ratio, CI: confidence interval, % percentage

https://doi.org/10.1371/journal.pntd.0006400.t002

Table 3. Prevalence of impetigo and adjusted odds ratio for variables in multivariate analysis.

Prevalence (%, 95% CI) aOR (95% CI), p value—multivariate analysis

Total 136/1396 (9.7%, 8.3–11.4)

Sex

Female 62/737 (8.4%, 6.6–10.6) Ref

Male 74/659 (11.2%, 9.0–13.9) 1.4 (1.0–2.1), p = 0.07

Site

Dili 41/502 (8.2%, 6.1–10.9) Ref

Ermera 95/894 (10.6%, 8.8–12.8) 0.9(0.6–1.5), p = 0.77

Age (years)

5–9 36/412 (8.7%, 6.4–11.9) Ref

10–14 66/615 (10.7%, 8.5–13.4) 1.2(0.7–1.8), p = 0.55

15–19 25/293 (8.5%, 5.8–12.3) 0.7(0.4–1.3), p = 0.31

20–24 9/76 (11.8%, 6.1–21.2) Insufficient data

Nutrition (n = 1264)

Not stunted 80/922 (8.7%, 7.0–10.7) Ref

Stunted 40/342 (11.7%, 8.7–15.6) 1.1 (0.7–1.8), 0.60

Scabies

No scabies 69/1084 (6.4%, 5.1–8.0) Ref

Scabies 67/312 (21.5%, 17.3–26.4) 4.4 (2.9–6.8), p<0.01

aOR: adjusted odds ratio, % percentage, 95% CI: 95% confidence interval

https://doi.org/10.1371/journal.pntd.0006400.t003
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were no significant differences in risk of scabies for students of different ages or screened at

different sites.

There was no significant difference in impetigo severity or distribution across the age cate-

gories (Fig 1). The distribution of impetigo involving face/scalp and neck was 15/136 (11.0%),

arms 29/136 (21.3%), hands 38/136 (28.0%), legs 86/136 (63.2%) and feet 42/136 (30.9%).

Most students (68.2%) had evidence of recent impetigo with either active or healed lesions.

Non-identifying clinical photographs of skin lesions were taken from 266 participants

(19.1%). Some participants had multiple photos of different types of lesions. Photos of poor

quality, without identifying labels, or multiple pictures from the same participant were

excluded, with 208 photos available to be reviewed by a paediatric infectious disease specialist

with expertise in skin health (AB), who was blinded to the initial screening diagnosis. The sam-

ple was representative of the cohort. Concordance of diagnosis was 165/208 (79%) for presence

or absence of scabies (Kappa coefficient 0.57 (95% CI 0.46-.067)) and 167/208 (80%) for pres-

ence or absence of any impetigo (Kappa 0.55 (95% CI 0.44–0.66)). Agreement was moderate

with discordance for impetigo mostly from cases labelled impetigo by the reviewer but not

diagnosed clinically, suggesting that clinical examiners may have underdiagnosed impetigo.

Disconcordance for scabies was from cases diagnosed clinically but not confirmed by photog-

raphy, which may relate to difficulties photographing some of the more subtle features of sca-

bies infestation, including burrows.

Other skin lesions were incidentally identified and reported for 168 students. These

included warts 59/1396 (4.2%), fungal skin infections 26/1396 (1.9%), injury including lacera-

tions, abrasions, burns and dog bites 24/1396 (1.7%), dermatitis/eczema 19/1396 (1.4%), and

cellulitis or abscess 9/1396 (0.6%).

Fig 1. Prevalence of scabies and impetigo by age group.

https://doi.org/10.1371/journal.pntd.0006400.g001
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Of the participants identified as having scabies or active impetigo, 95% were referred for

treatment at a local clinic. Limited resources were available to treat students with identified

severe infection during the screening process. Two students received intramuscular benzathine

penicillin G (BPG) for severe impetigo and oral ivermectin was given to 7 students with severe

or crusted scabies.

Discussion

Our estimates of the prevalence of scabies (22.4%, 95% CI 20.2 to 24.7%) and active impetigo

(9.7%, 95% CI 8.3 to 11.4%) in Timor-Leste are higher than those reported for school aged

children in an earlier study, which found scabies in 159/1114 (14.3%) and pyoderma in 74/

1114 (6.6%) [12], and higher than regional norms excluding the Northern Territory of Austra-

lia [1,2,9,17,18]. Recent studies in Fiji have also reported very high population prevalence of

scabies (36.4%) and impetigo (23.4%).[19]. Recognising this large burden of disease is a neces-

sary first step in developing and implementing strategies to address it.

Scabies is a disease of poverty and associated with household size, low socioeconomic

groups and poor access to healthcare have been well documented [1]. Rural students in Ermera

were more likely than those in Dili to have scabies. The median number of people per house

was 7 in this study. It is likely that scabies infection and household size contribute to ongoing

GAS transmission, as suggested by the presence of healed impetigo in the majority of students.

Anthropometric data identified that many participants were underweight and/or stunted, par-

ticularly in Ermera. These findings are suggestive of poor nutrition and may be indicative of

poor socioeconomic conditions.

Scabies and impetigo contribute to a significant burden of disease for children and adults in

low resource countries [4,9]. Scabies infection can predispose to secondary bacterial infection

with GAS and S. aureus. GAS is also implicated in the aetiology of glomerulonephritis, ARF

and RHD, which can develop in the context of mild infections or carriage. Echocardiography

screening, conducted in parallel with the skin screening performed for this study, demon-

strated a very high prevalence of definite and borderline RHD (3.5%) amongst school students

in these two districts of Timor-Leste [20].

In Timor-Leste, there are limited options for treatment of scabies and impetigo, and consid-

eration should be given to community treatment strategies. First line treatment for scabies is

typically with topical agents. Permethrin is effective [21] and well tolerated, however, it is

expensive and not widely available in Timor-Leste. In low resource settings sulfur containing

preparations and benzyl benzoate 10–25% are often used [1], but regular supply of these is also

unreliable. Ivermectin is an oral alternative that has previously been used for refractory cases

or crusted scabies and has been trialled successfully for mass drug administration in settings

with high prevalence of scabies [13]. Ivermectin has not been used routinely for treatment of

scabies in Timor-Leste and is rarely available. Given the high prevalence of scabies in this sam-

ple, consideration for mass drug administration is urgently needed. However, the cost, logistics

and needed infrastructure make this challenging. Scabies treatment is further complicated by

the need to treat household contacts and implement eradication techniques for contaminated

clothing and bedding[22].

Oral antibiotics for bacterial skin infection are available at local clinics in Timor-Leste

although supply is unreliable. Evidence shows that short course oral trimethoprim/sulfameth-

oxazole is an effective treatment for impetigo in endemic settings [23], and offers some

advantages over BPG injections in terms of tolerability [23,24]. Both antibiotics are cheap,

intermittently available and could be used interchangeably in this context based on the high-
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quality evidence. The impact of this approach on subsequent post streptococcal sequelae such

as glomerulonephritis and ARF is unknown.

High rates of skin infection in school students are suggestive of high rates community

wide, including vulnerable groups such as infants, preschool children and the elderly. Whilst

improving access to clinical treatment is important, consideration should also be given to

implementing programs targeted at limiting or eradicating endemic scabies and impetigo. Pos-

sible strategies could include community education, water, sanitation and hygiene programs,

and community wide treatment with mass drug administration [13].

Strengths of our study include low levels of non-participation. This was likely due to the

opt-out consent approach; we were not aware of any families choosing to opt out. Thus, we

believe that we have described a representative population of school-attenders in Dili and

Ermera districts. The study is obviously limited by not including school aged children and

young people who do not attend school which may lead to an underestimate of the prevalence

of scabies and impetigo. By limiting the study to these two districts, it is not possible to confi-

dently estimate the prevalence of scabies and impetigo in the rest of the country, but it is likely

that rates in other districts are also high. Significantly, more rural than urban students were

enrolled in the study. Urban students were enrolled from a single site thus we may not have

captured students from all socioeconomic groups in Dili, some of which may have had higher

or lower rates of skin infections. Another significant limitation of our study was the limited

skin examination as due to the constraints of the facilities and need for privacy only visible

skin was examined. This may have resulted in a measurement bias due to the potential under-

diagnosis of scabies and impetigo, and the number of lesions on individual students. Clinicians

performing skin examination were trained in the identification of scabies and impetigo, but

did not receive specific training in the identification of other skin lesions, so these data may

not reliably represent the prevalence of other skin diseases in the population. There was no

dermatologist on the study team but paediatricians with expertise in the diagnosis and man-

agement of skin infections in children were involved.

Scabies and impetigo are highly prevalent in school students in Timor-Leste particularly in

the rural district of Ermera. The burden is greater now than it was recognised to be previously.

A coordinated approach to improving prevention and treatment are needed, and consider-

ation should be given for implementing strategies at a community level, focusing on rural

areas.
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