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Abstract

Background

Skin problems cause significant sickness in communities with poor living conditions, but
they have received less attention in national or global health studies because of their low
mortality rates. In many developing regions, the prevalence of parasitic skin diseases
among schoolchildren is not reported. Previous studies thus have attempted to identify risk
factors for these conditions using the frequentist approach. This study aimed to assess the
occurrence and risk factors of skin infections among rural schoolchildren in southern Ethio-
pia by combining a frequentist and a Bayesian approach.

Methodology/Principal findings

Using three-stage random sampling, we assessed 864 schoolchildren aged 7—14 years
from the Wonago district in southern Ethiopia. We detected potential risk factors for scabies,
tungiasis, and tinea infections and recorded their hygienic practices and socio-demographic
information. The frequentist model revealed a clustering effect of 8.8% at the classroom
level and an insignificant effect at the school level. The Bayesian model revealed a cluster-
ing effect of 16% at the classroom level and 5.3% at the school level. Almost three-fourths of
the sample had at least one type of skin problem, and boys were at higher overall risk than
girls (adjusted odds ratio [aOR] 1.55 [95% Bayesian credible interval [BCI] 1.01, 2.28). Risk
factors included unclean fingernails (aOR 1.85 [95% BCI 1.08, 2.97]); not washing the body
(aOR 1.90 [95% BCI 1.21, 2.85]) and hair (aOR 3.07 [95% BCI 1.98, 4.57]) with soap every
week; sharing a bed (aOR 1.97 [95% BCl 1.27, 2.89)), clothes (aOR 5.65 [95% BCI 3.31,
9.21]), or combs (aOR 3.65 [95% BCI 2.28, 5.53]); and living in a poor household (aOR 1.76
[95% BCI 1.03, 2.83]). Washing legs and feet with soap daily was identified as a protective
factor for each of the three skin diseases (aOR 0.23 [95% BCI 0.15, 0.33]).
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Conclusions/Significance

We observed high variation in skin problems at the classroom level, indicating the presence
of shared risk factors in these locations. The findings suggest the need to improve children’s
personal hygiene via health education by schoolteachers and health workers.

Author summary

Skin problems are common disorders in resource poor settings. Scabies and tungiasis are
neglected tropical diseases causing significant sickness in communities with poor living
conditions. Scabies is dermatosis caused by a burrowing mite, Sarcoptes scabiei var. homi-
nis. Tungiasis is caused by a flea, Tunga penetrans, infesting the skin, usually on the feet or
hands. Tinea infection is a fungal dermatophyte infection of the skin and the most com-
mon dermatological problem among schoolchildren in Ethiopia, especially tinea capitis.
Application of a Bayesian approach to identify possible risk factors for these problems has
seldom been used. We found that compared to the frequentist model, the Bayesian model
better explained school- and classroom-level variations in skin problems among school-
children. Our findings also suggest that transmission of skin infections, especially fungal
and scabies infections, frequently occurs in schools and classrooms. We identified several
risk factors for these conditions, including low socioeconomic status; unclean fingernails;
not washing with soap at least every week; and sharing beds, clothes, and combs. Thus, it
is important to improve the personal hygiene of schoolchildren through education. Regu-
lar checkups by teachers also can improve skin health and related morbidity in rural
schoolchildren in southern Ethiopia.

Introduction

Skin problems are major causes of disability worldwide. In 2013, the estimated disability-
adjusted life years for skin problems was 1.79% of the total global burden of disease, including
0.15% for fungal skin diseases and 0.07% for scabies [1]. The prevalence of tungiasis (Jigger
flea) infections is estimated to be up to 50% in some endemic areas [2]. Unfortunately, skin
problems have received less attention in the national or global health studies because of their
low mortality [3]. This study thus aimed to assess the occurrence and risk factors of three para-
sitic skin diseases (scabies, tungiasis, and tinea) and their risk factors among rural schoolchil-
dren in southern Ethiopia using both a frequentist and Bayesian approach.

Neglected parasitic skin diseases are important medical challenges in resource-poor settings
[4, 5]. Scabies, an intensely itchy ectoparasitic skin disease, results from infestations of the mite
Sarcoptes scabiei var. hominis [5, 6]. Scabies lesions can occur in several body sites, but the
topographic distribution of scabies lesions may vary with age [6-9]. Globally, it affects over
200 million people, with prevalence ranging from 0.2% to 71% [10]. Half of school-aged chil-
dren in southern Ethiopia have scabies [11]. Tungiasis is a parasitic skin disease caused by the
female sand flea Tunga penetrans, also known as the jigger flea [12]. It causes erythema, edema
tenderness, itching, and pain in acute phase; and shining skin, desquamation, nail and toes
deformity or loss of nails may occur in the chronic phase [13]. It have also socio-economic
impact that includes difficulty walking or gripping, sleep disturbances, stigma, and all of which
affects quality of life, school absenteeism, and dropout rates [13-16]. Bacterial superinfection
is almost constant. Death may ensue when bacterial superinfection causes tetanus, gangrene,
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or septicaemia [13, 14, 17]. Ethiopia has a favorable environment for jigger fleas [18], and the
prevalence of tungiasis ranges between 35% to 60% among school-aged children in southern
Ethiopia [16, 19]. Tinea is a fungal infection caused by dermatophyte infestation, usually on
the scalp, foot, hand, groin, nails, or face [20]. A recent study has indicated that one in five chil-
dren in Africa has tinea capitis [21], and more than 96% (132.6 million) of cases occur in sub-
Saharan Africa, mostly in Nigeria and Ethiopia [21]. The prevalence among schoolchildren in
southern Ethiopia is about 25% [22]. Poor hygiene, large families, overcrowding, shared
fomites, poverty, and environmental conditions are important underlying social determinants
for these three diseases.

Schoolchildren in Ethiopia are vulnerable to various health problems [23]. High rates of
nutritional disorders, intestinal parasitic infections, and skin problems have been reported
[24]. Although some school health programs include programs to address scabies, tungiasis,
and fungal infections, including mandatory periodic screenings, most of these programs are
non-functional [23]. In 2012, Ethiopia established the National School Health and Nutrition
Strategy aiming to improve schoolchildren’s access to health interventions [25], such as nutri-
tion [26], deworming [27], and water, sanitation, and hygiene [24]. These efforts are ongoing,
but major gaps persist in the implementation of these school health services [23].

Most studies on skin problems among primary schoolchildren in Ethiopia did not assess
them collectively [19, 22, 28, 29] or focus on scabies [11, 30-33]. To our knowledge, reports of
scabies, tungiasis, and tinea prevalence among schoolchildren in southern Ethiopia have not
been compiled independently. Moreover, previous studies on these diseases in Ethiopia have
used a frequentist approach to identify risk factors. We examine whether a Bayesian model,
which estimates credible intervals for unknown parameters from posterior distribution [34,
35], can provide important and additional information for assessing and managing these
diseases.

Methods
Ethics statement

The institutional review board at the College of Medicine and Health Sciences of Hawassa Uni-
versity (IRB/005/09) and the Regional Ethical Committee of Western Norway (2016/1900/
REK vest) provided ethical clearance. The Gedeo Zone Health Department and District Edu-
cation Office provided a letter of permission. School directors and teachers were informed
about the study objectives and procedures. We obtained informed written (signed) and verbal
(thumb print) consent from all study participants’ parents or guardians and written permis-
sion (assent) from children aged 12 years and older before the interviews. The participants’ pri-
vacy and confidentiality were maintained. Children diagnosed with scabies and tinea
infections were referred to the nearest health institution for treatment according to the stan-
dard national guidelines [36]. At the end of the study, we provided soap and Vaseline ointment
to each child to encourage them to protect their legs and feet. Health education on personal
hygiene also was provided to all children in each school.

Study location, design, participants, and sample size

We conducted this cross-sectional survey as part of a large project examining anemia, stunting,
and intestinal helminth infections among schoolchildren in the Wonago district of the Gedeo
zone in southern Ethiopia [37, 38]. The study period was from February 2017 to June 2017.
The survey area, design, and sample size estimation are described in detail elsewhere [37, 38].
The study population included 864 randomly recruited schoolchildren aged 7-14 years and
their parents or guardians. Using a three-stage cluster sampling method, we first randomly
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selected four schools and then 24 classrooms totaling 2,384 children. Children aged below 7
years and older than 14 years were excluded from this study. Finally, we included 864 children.
Children were recruited at their schools, and their parents or guardians were contacted by vis-
iting their homes. S1 Fig. illustrates the recruitment process.

Data collection tools and procedures

Using ten trained enumerators, we conducted interviews via a structured and pretested ques-
tionnaire, which was adapted and developed in English and then translated into the local
Gedeo language. All personnel who participated in data collection, supervision, and data entry
were trained accordingly. We conducted interviews with children at their schools and with the
parents or guardians in their homes. We conducted a pre-test to validate the measurement
tools; to reduce potential bias, the pre-test included 42 children from another primary school
not included in this study. The completeness and consistency of data were regularly checked
by supervisors.

Information related to the child’s personal hygiene and household factors was collected via
interviews and observation. Individual exposure variables included sex, age, personal hygiene
(frequency of washing body, legs, feet, and hair with soap; frequency of nail trimming; pres-
ence of unclean fingernails; habit of walking barefoot; presence of footwear at time of examina-
tion; sharing of beds, combs, and clothes). The education level of the mother and father were
included as parents’ exposure variables. Household factors included family size and wealth sta-
tus. Apart from access to health education on personal hygiene, school-level factors included
information on availability of drinking water, handwashing facilities, latrines, and toilet paper.

Diagnosis and measurement of skin problems

Physical examinations from scalp to toes were performed in daylight in a private place by one
of three nurses (a male nurse for boys and female nurse for girls) experienced in clinical diag-
noses of dermatologic cases. Children’s feet and hands were cleaned with water and soap
before diagnosis of tungiasis. Any identified or suspected skin problems were recorded accord-
ing to the involved site. To minimize bias in these assessments, 10% (86) of children were
examined by two nurses to ensure reproducibility of results. In cases of disagreement, a third
and experienced examiner joined the diagnostic process to reach a consensus.

The outcome variable for this study was the presence or absence of scabies, tungiasis, or
tinea infection. Scabies was diagnosed via clinical findings of typical skin lesions on the hands,
interdigital places, wrists, arms, elbows, armpits, abdomen, chest, mamillar or perimammillar
areas, back, buttocks, genitalia, legs, or feet; as well as a history of itching that intensified at
night [30, 39, 40]. Tinea infections were classified according to the involved body site [20, 41—
44]: tinea capitis (scalp), tinea corporis (torso, arms, and legs), tinea pedis (feet), tinea cruris
(groin), tinea unguium (nails), tinea faciei (face), and tinea manuum (hands). Tinea capitis
involved one or more scaly patches of alopecia with hairs broken at the skin line (black dots)
and crusting. Tinea corporis presented as a red or hyperpigmented lesions on skin other than
the face, scalp, groin, hands, or feet. Tinea pedis involved red, scaly, fissures of the foot and
maceration and itching between the toes extending to the sole borders, with occasional
involvement of the dorsum. Tinea cruris was diagnosed in cases involving the groin and upper
thigh but sparing the scrotum and penis. Yellow-brown to black discoloration of the distal por-
tion of the nail, proximal nail bed, or undersurface of the nail plate was diagnosed as tinea
unguium. Typical red or pink hyperpigmentation or lesions on the face was diagnosed as tinea
faciei. Tinea manuum presented as a red and scaly lesions on the palmar or dorsum of the
hands [20, 41-44]. Tungiasis was diagnosed with Fortaleza classification via clinical findings of
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penetrating sand fleas: a small, dark, itchy spot in the epidermis with visible posterior parts of
the parasite, with or without local pain; a brownish or black dot surrounded by erythema; a cir-
cular yellow-white patch with a central black dot representing the posterior segments of the
parasite; a circular brownish-black crust with or without surrounding necrosis of the epider-
mis. We also recorded a manipulated lesions: a characteristic crater-like sore or lesion and sup-
purating lesions caused by the use of non-sterile perforating instruments (i.e. needles) [45].

Statistical methods

Epi-data version 3.1 (EpiData Association; Odense Denmark, 2004) was used for double-data
entry. Prior to analysis, data were cleaned, missing values addressed, and then data exported to
SPSS version 20 (IBM Corp, 2011) and STATA 15 software (StataCorp LLC, College Station,
TX, 2017) for analysis. Study variables were described using frequencies, percentages, means,
ranges, and standard deviations (SD). We applied cross tabulation to calculate the percentage
of categorical variables in relation to outcome variables for any scabies, tungiasis, and tinea
infections. Using principal component analysis [46], we constructed a wealth index using 14
household asset variables described elsewhere in detail [37]. The socioeconomic indictors were
categorized into poor, middle, and rich households based on the first component explaining
28.3% of the variance in the data. A frequentist model and a Bayesian, multilevel, mixed-effect,
logistic, regression model were used to analyze binary outcome variables any skin problem
(presence or absence of any one of three skin conditions such as scabies, tungiasis, and tinea)
and presence or absence of scabies, tungiasis, and tinea.

Multilevel, mixed-effect, logistic regression (Frequentist approach)

We nested our data at three levels: individuals (Ievel 1) within classrooms (level 2) within
schools (level 3). Clustering effects at the school and classroom levels, including potential con-
founders and effect modifications, were assessed using multivariate, multilevel, mixed-effect,
logistic regression and stratified analysis. Independent variables were checked for collinearity
before the multivariate analysis. In both bivariate and multivariate analyses, we employed the
model without random effects and with random school and class effects for all factors.

The null model contained no covariate variables and indicated whether to consider the ran-
dom-effect model. Independent variables for which P < 0.25 in the bivariate, multilevel,
mixed-effect, logistic regression model were included in all models, including the final model.
To control for confounding, covariate variables for which P > 0.25 in the bivariate model were
retained in the full multivariate model containing individual-, household- and school-level fac-
tors. These covariate variables included age in the model for any skin problem; body washing
and household wealth in the scabies model; age, unclean fingernails, walking barefoot, family
size, and access to health education on personal hygiene in the tungiasis model; and age, family
size, and access to health education on personal hygiene in the tinea model.

The final model for any skin problem included sex; age; presence of unclean fingernails;
presence of footwear; frequency of washing with soap; sharing beds, clothes, and combs;
household wealth; and access to health education on personal hygiene. The scabies model
included variables for sex; age; frequency of washing with soap; sharing beds, clothes, and
combs; family size; household wealth; and access to health education on personal hygiene. The
tungiasis model included variables for sex; age; nail trimming; walking barefoot; presence of
footwear; frequency of washing with soap; sharing beds and clothes; family size; household
wealth; and access to health education on personal hygiene. The tinea model included sex; age;
presence of unclean fingernails; walking barefoot; presence of footwear; frequency of washing
with soap; sharing beds and clothes; family size; household wealth; and access to health
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education on personal hygiene. Intra-cluster correlation coefficients (ICCs) for clustering
effects at the school and classroom levels were reported for each model. We calculated the
Akaike information criterion to evaluate model performance, with lower values indicating bet-
ter fit [47].

Bayesian multilevel, mixed-effect, logistic regression

The Bayesian method provides probabilistic summaries for the parameters of interest, treating
all model parameters as random quantities. Unlike the frequentist model, Bayesian analysis
uses prior knowledge and provides interval estimates (credible intervals) in which the value of
the unknown parameter lies [48]. We used a multilevel approach, assuming that the risks of
skin problems across schools and classrooms were correlated. Independent variables where

P < 0.25 in the bivariate, multilevel, mixed-effect, logistic regression model were used to esti-
mate skin problems in the Bayesian model.

We estimated model parameters using Markov Chain Monte Carlo simulation. Primar-
ily, we used uniform priors for slopes, normal prior for the intercept, and inverse-gamma
prior for the variance parameter for all models. In addition, we formulated an informative
prior using previous related studies, for scabies [11, 30-32, 49], tungiasis [16, 19], and tinea
[16, 22]. We then considered informative priors for slopes, normal prior for the intercept,
and inverse-gamma prior for the variance parameter for these three models. However, we
didn’t find compiled report of scabies, tungiasis, and tinea infection to formulate informa-
tive prior for any skin problem from previous studies. Thus, we used uniform priors for
slopes, normal prior for the intercept, and inverse-gamma prior for the variance parameter.
We ran 25,000 interations in the simulation, discarding the first 5,000, withdrawing 20,000
samples after values were thinned by 10, and storing values to compute the posterior proba-
bility. Before drawing samples, we tested parameters for Monte Carlo standard errors, and
uncertainty due to simulation errors was confirmed to be below 5% of the standard devia-
tion [35, 50].

An acceptance rate below 10% was used to identify a convergence problem in the Markov
Chain Monte Carlo methods. For any skin problem, scabies, tungiasis, and tinea in the
Bayesian models, the value of the acceptance rate according to the Metropolis-Hasting algo-
rithm was 37% out of 20,000 proposed parameters. Efficiencies of at least 10% were consid-
ered good, and average efficiencies of 26% were achieved for any skin problem, 18% for
scabies, 23% for tungiasis, and 24% for tinea. Convergence also was checked using diagnos-
tic plots for all parameters. In the posterior estimate, the mean, SD, Monte Carlo standard
error, median, credible intervals, and variance of the random effect were estimated for all
parameters. ICCs measuring the clustering effects at the school and classroom levels were
reported for each model. We did not find a postestimation command in STATA for the ICC
calculation in the Bayesian approach. Therefore, we calculated the ICC using the following
formulas:

ICC at school—level = School level var1ar.1ce , and
School + Class level variance + %Q

School + Class level variance
School + Class level variance + 72/3’

ICC at class—level =

where °/3 = 3.29 indicates variance at the individual level in the logistic distribution [51,
52]. We used the deviance information criterion to evaluate model performance, with lower
values indicating better fit.
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Results

The 861 schoolchildren (483 boys and 378 girls) in this study were aged 7 to 14 years, with a
mean [SD] age of 11.4 [1.9] years. All recruited children’s parents or guardians participated in
the household survey. The family size ranged from 3 to 14 (mean 6.7) persons. Among parents,
88.4% (761/861) of mothers and 48.8% (420/861) of fathers had never attended school. More
than half of the mothers (54%; 463/857) were housewives, and most fathers (77.4%; 619/800)
were farmers. One third of the children (33.3%; 287/861) lived in a poor household (S1 Table).

Children’s personal hygiene and school hygiene

At the time of the interview, most children 81.9% (705/861) had trimmed fingernails, 24.3%
(209/861) had unclean fingernails, and 2.7% (23/861) habitually walked barefoot. More than
half washed their body 57.1% (492/861) and hair 54.1% (466/861) with soap every week. About
47.3% (407/861) washed their legs and feet with soap once daily. Almost two thirds shared
beds (65.6%; 565/861), clothes (40.2%; 346/861), and combs (72%; 620/861) with other family
members (S2 Table). Among schools, none had access to drinking water or handwashing facil-
ities. All schools in this study had pit latrines covered with cement, but latrine floors were
unclean, and no toilet paper was available (S1 Data).

Prevalence of scabies, tungiasis, and tinea infections

As shown in Table 1, of 861 children examined for skin problems, 71.7% (617/861 [95% CI
68.6, 74.6]) had scabies, tungiasis, or tinea infections. Of those, 60% (370/617) were boys and
40% (247/617) girls. We found scabies in 5.3% (46/861 [95% CI 4.0, 7.1]) of children, all of
whom had lesions in the interdigital places, hands, wrists, arms, and elbows, and 84.8% (39/
46) of whom had lesions on the abdomen, chest, mamilla, or perimammillar area. The preva-
lence of tungiasis was 54.4% (468/861 [95% CI 51.0, 57.7]), 93.2% (436/468) of whom had
infection on the feet and 6.8% (32/468) on both feet and hands. Of the 861 children, 39.1%
(337/861 [95% CI 35.9, 42.5]) had tinea infections, most commonly tinea capitis (65%; 219/
337). S3 Table presents the proportions of children with scabies, tungiasis, and tinea infections
in relation to individual, household, and school factors.

Multilevel, mixed-effect, logistic regression (Frequentist and Bayesian
approach)

§4, S5, S6, and S7 Tables show the frequentist approach for the full model. The clustering effect
measured by ICC was 8.8% for prevalence of any of the three skin conditions, 2.8% for tungia-
sis, and 4.9% for tinea at the classroom level but low or insignificant at the school level, indicat-
ing that variability in prevalence was not attributable to school-level factors. The variability in
scabies prevalence attributable to the classroom level was 28% and 8% at the school level. Low
Akaike information criteria value were considered a better fit in the frequentist approach; for
all outcomes, the full model containing individual-, household-, and school-level factors had
low criteria values.

In the Bayesian model, the clustering effect measured by the ICC for any skin problem, sca-
bies, tungiasis, or tinea was significant at both the school and classroom levels. The ICC values
calculated in the Bayesian model were higher than those in the frequentist model. For instance,
we observed 16% of classroom- and 5.3% of school-level variability for any skin problem (S8
Table); 49.3% of classroom- and 31.2% of school-level variability for scabies (S9 Table); 8.5%
of classroom- and 3% of school-level variability for tungiasis (S10 Table); and 12.7% of class-
room- and 5.7% of school-level variability for tinea (S11 Table). The full model containing
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Table 1. Distribution of scabies, tungiasis, and tinea infections among schoolchildren in the Wonago district, southern Ethiopia, 2017.

Skin problem

Scabies

Hands, interdigital places, wrists, arms, elbows

Armpit

Abdomen, chest, mamilla, perimammillar area

Back area, buttock and genitals
Feet area

Tungiasis

Feet

Feet and hands

Tinea

Tinea capitis (scalp)

Tinea corporis (body)

Tinea pedis (foot)

Tinea unguium (toenails or fingernails)
Tinea cruris (groin)

Tinea manuum (hands)

Tinea faciei (face)

N n Frequency Percentage
861 46 5.3
46 46 100
46 22 47.8
46 39 84.8
46 35 76.1
46 34 73.9
861 468 54.4
468 436 93.2
468 32 6.8
861 337 39.1
337 219 65.0
337 104 30.9
337 90 26.7
337 83 24.6
337 22 6.5
337 12 3.6
337 8 2.4

N: Total number of children examined; n: children with skin problems

https://doi.org/10.1371/journal.pntd.0009816.t001

individual- household-, and school-level factors showed a lower deviance information crite-
rion value for any skin problems, scabies, tungiasis, and tinea models and thus was considered
a better fit in the Bayesian approach.

Risk factors for any skin problem

Using the frequentist model, the bivariate and multivariate analysis of any skin problem model
revealed that sex; unclean fingernails; frequency of washing body, hair, legs, and feet with
soap; sharing beds, clothes, and combs; and household wealth were predictive factors (Tables 2
and S4).

As shown in Table 2, in the Bayesian multivariate analysis, boys had higher overall risk
(aOR 1.55 [95% BCI 1.01, 2.28), as did children who had unclean fingernails (aOR 1.85 [95%
BCI 1.08, 2.97]); who did not wash their body (aOR 1.90 [95% BCI 1.21, 2.85]) and hair (aOR
3.07 [95% BCI 1.98, 4.57]) with soap every week; who shared beds (aOR 1.97 [95% BCI 1.27,
2.89]), clothes (aOR 5.65 [95% BCI 3.31, 9.21]), or combs (aOR 3.65 [95% BCI 2.28, 5.53]); and
who lived in poor households (aOR 1.76 [95% BCI 1.03, 2.83]). The odds were low among chil-
dren who washed their legs and feet with soap every day (aOR 0.23 [95% BCI 0.15, 0.33]). S8
Table shows the results of the Bayesian model, including posterior mean, SD, Monte Carlo
standard error, and median.

Risk factors for scabies

Using a frequentist model in both the bivariate and multivariate analyses, the odds of scabies
increased among boys (aOR 2.07 [95% CI 1.02, 4.23]) and children who shared beds (aOR 2.97
(95% CI 1.22, 7.21]) or combs (aOR 3.68 [95% CI 1.31, 10.3), as shown in S5 Table. Similarly,
in the Bayesian multivariate analysis, the odds of scabies increased among boys (aOR 2.62
[95% BCI 1.19, 5.19]) and children who shared beds (aOR 4.30 [95% BCI 1.55, 10.4]) or combs
(aOR 5.77 [95% BCI 1.72, 16.1]), as shown in S9 Table.
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Table 2. Frequentist and Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of skin problem among schoolchildren in the Wonago district,

southern Ethiopia, 2017.

Variables Any skin problem
Frequentist (Maximum Likelihood | Bayesian estimation
Estimation)
Multilevel, mixed-effect, logistic | Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (n No (n Adjusted odds ratio (95% | P-value | Adjusted 95% BCI odds ratio (95% BCI)
(%) (%) cn
Individual child factors
Sex Boys 370 113 1.52 (1.02,2.27) 0.04 1.55(1.01, 2.28)*
(76.6) (23.4)
Girls 247 131 1.0 1.0
(65.3) (34.7)
Age in years Mean (SD) 1.02 (0.90, 1.16) 0.74 1.02 (0.89, 1.15)
Unclean fingernails Yes 165 44 (21.1) | 1.72(1.05, 2.82) 0.031 1.85(1.08, 2.97)*
(78.9)
No 452 200 1.0 1.0
(69.3) (30.7)
Presence of footwear during Yes 603 235 2.53(0.82,7.78) 0.105 |2.68(0.74, 6.91)
examination (72.0) (28.0)
No 14(60.9) | 9(39.1) | 1.0 1.0
Frequency of washing body with soap Once per week | 326 166 1.0 1.0
(66.3) (33.7)
Every two 291 78 (21.1) | 1.81 (1.20, 2.75) 0.005 | 1.90 (1.21, 2.85)*
weeks (78.9)
Frequency of washing hair with soap Once per week | 284 182 1.0 1.0
(60.9) (39.1)
Every two 333 62 (15.7) |2.92(1.95,4.39) 0.000 | 3.07(1.98,4.57)"
weeks (84.3)
Frequency of washing legs and feet with | Once per day | 222 185 0.23 (0.15, 0.35) 0.000 | 0.23(0.15,0.33)*
soap (54.6) (45.5)
Sometimes 395 59 (13.0) | 1.0 1.0
(87.0)
Sharing beds No 165 131 1.0 1.0
(55.7) (44.3)
Yes 452 113 1.92 (1.28,2.87) 0.001 1.97 (1.27,2.89)*
(80.0) (20.0)
Sharing clothes No 302 213 1.0 1.0
(58.6) (41.4)
Yes 315 31(9.0) |5.13(3.09,8.50) 0.000 | 5.65(3.31,9.21)*
(91.0)
Sharing combs No 115 126 1.0 1.0
(47.7) (52.3)
Yes 502 118 3.45(2.23,5.34) 0.000 | 3.65(2.28,5.53)"
(81.0) (19.0)
Household factors
Wealth status Poor 223 64 (22.3) | 1.71 (1.04,2.79) 0.035 1.76 (1.03, 2.83)*
(77.7)
Middle 210 87(29.3) | 1.12 (0.69, 1.83) 0.643 | 1.13 (0.66, 1.79)
(70.7)
Rich 184 93(33.6) | 1.0 1.0
(66.4)
School factors
(Continued)
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Table 2. (Continued)

Variables

Access to health education on personal | Yes
hygiene
No

Any skin problem
Frequentist (Maximum Likelihood | Bayesian estimation
Estimation)
Multilevel, mixed-effect, logistic Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (n No (n Adjusted odds ratio (95% | P-value | Adjusted 95% BCI odds ratio (95% BCI)
(%) (%) CI)
472 202 1.03 (0.54, 1.94) 0.932 1.26 (0.58, 2.44)
(70.0) (30.0)
145 42 (22.5) | 1.0 1.0
(77.5)

BCI: Bayesian credible interval; CI: confidence interval; SD: standard deviation; *significant

https://doi.org/10.1371/journal.pntd.0009816.t002

Risk factors for tungiasis

As shown in S6 Table, using the frequentist model, the following variables were associated
with tungiasis in both the bivariate and multivariate analyses: frequency of body, leg, and feet
washing with soap; sharing beds or clothes; and household wealth status.

As shown in Table 3, the Bayesian multivariate analysis revealed that the odds of tungiasis
increased among children who wore footwear at examination time (aOR 8.04 [95% BCI 2.46,
21.4]); who did not wash their body with soap every week (aOR 1.59 [95% BCI 1.13, 2.17]);
who shared beds (aOR 2.00 [95% BCI 1.43, 2.71]) or clothes (aOR 2.85 [95% BCI 2.01, 3.97));
or who lived in poor households (aOR 1.93 [95% BCI 1.29, 2.79]). Rate were low among chil-
dren who washed their legs and feet with soap every day (aOR 0.48 [95% BCI 0.35, 0.65]), com-
pared with those who sometimes washed their legs and feet. S10 Table shows the results,
including posterior mean, SD, Monte Carlo standard error, and median.

Risk factors for tinea infections

In both the bivariate and multivariate analyses (S7 Table), using the frequentist model, tinea
was associated with sex; unclean fingernails; frequency of washing hair, legs, and feet with
soap; sharing beds, clothes, or combs.

As indicated in Table 4, in the Bayesian multivariate analysis, the odds of tinea increased
among boys (aOR 2.42 [95% BCI 1.72, 3.34]), children with unclean fingernails (aOR 2.96
[95% BCI 1.96, 4.31]), children who did not wash their hair with soap every week (aOR 1.94
[95% BCI 1.39, 2.66]), children who shared beds (aOR 1.78 [95% BCI 1.22, 2.51]), clothes
(aOR 1.89 [95% BCI 1.30, 2.65]), or combs (aOR 2.93 [95% BCI 1.90, 4.37]). Rates were high
among children who lived in households with more than or equal to five family size (aOR 2.25
[95% BCI 1.20, 3.92]); and children who lived in poor (aOR 1.99 [95% BCI 1.29, 2.94]) and
middle-class (aOR 2.01 [95% BCI 1.30, 2.98]) households, compared to those who lived in rich
households. S11 Table shows the results, including posterior mean, SD, Monte Carlo standard
error, and median.

Discussion

In a randomly selected, representative sample of schoolchildren aged 7 to 14 years in the
Gedeo zone of southern Ethiopia, almost three-fourths had at least one type of skin problem,
most commonly tungiasis and tinea infections. Unlike previous studies in Ethiopia, we exam-
ined the skin from the scalp to the toes and assessed children for scabies, tungiasis, and tinea.
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Table 3. Frequentist and Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of tungiasis among schoolchildren in the Wonago district,

southern Ethiopia, 2017.

Variables Tungiasis
Frequentist (Maximum Bayesian estimation
Likelihood Estimation)
Multilevel, mixed-effect, logistic | Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (n No (n Adjusted odds ratio P-value | Adjusted 95% BCI odds ratio (95% BCI)
(%) (%) (95% CI)
Individual child factors
Sex Boys 274 209 0.98 (0.72, 1.32) 0.890 1.08 (0.78, 1.46)
(56.7) (43.3)
Girls 194 184 1.0 1.0
(51.3) (48.7)
Age in years Mean (SD) 1.01 (0.92, 1.11) 0.790 | 1.01(0.91,1.11)
Fingernails trimmed Yes 373 332 0.76 (0.51, 1.13) 0.178 | 0.93 (0.60, 1.38)
(52.9) (47.1)
No 95(60.9) | 61(39.1) | 1.0 1.0
Habit of walking barefoot Always in barefoot | 11 (50.0) | 11 (50.0) | 0.54 (0.21, 1.42) 0.211 | 2.41(0.71,6.39)
Sometimes in 225 175 1.13 (0.82, 1.56) 0.444 | 1.40(0.99,1.93)
barefoot (56.3) (43.7)
Never in barefoot 232 207 1.0 1.0
(52.8) (47.2)
Presence of footwear during exam Yes 459 379 2.07 (0.80, 5.37) 0.134 | 8.04 (2.46,21.4)*
(54.8) (45.2)
No 9(39.1) |14 (60.9) | 1.0 1.0
Frequency of washing body with soap | Once per week 245 247 1.0 1.0
(49.8) (50.2)
Every two weeks 223 146 1.41 (1.03, 1.93) 0.031 1.59 (1.13,2.17)*
(60.4) (39.6)
Frequency of washing legs and feet Once per day 165 242 0.41 (0.30, 0.56) 0.000 | 0.48 (0.35, 0.65)"
with soap (40.5) (59.5)
Sometimes 303 151 1.0 1.0
(66.7) (33.3)
Sharing beds No 121 174 1.0 1.0
(41.2) (58.8)
Yes 346 219 1.83 (1.34, 2.51) 0.000 2.00 (1.43,2.71)*
(61.2) (38.8)
Sharing clothes No 230 285 1.0 1.0
(44.7) (55.3)
Yes 238 108 2.39(1.72,3.32) 0.000 2.85 (2.01, 3.97)*
(68.8) (31.2)
Household factors
Family size 1-4 45 (57.7) |33 (42.3) | 1.0 1.0
>5 423 360 0.80 (0.48, 1.35) 0.394 1.02 (0.58, 1.66)
(54.0) (46.0)
Wealth status Poor 174 113 1.51 (1.04, 2.20) 0.024 1.93 (1.29, 2.79)*
(60.6) (39.4)
Middle-class 158 139 1.08 (0.74, 1.58) 0.641 1.36 (0.89, 1.98)
(53.2) (46.8)
Rich 136 141 1.0 1.0
(49.1) (50.9)

School factors

(Continued)
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Table 3. (Continued)

Variables

Access to health education on personal | Yes
hygiene
No

Tungiasis
Frequentist (Maximum Bayesian estimation
Likelihood Estimation)
Multilevel, mixed-effect, logistic | Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (n No (n Adjusted odds ratio P-value | Adjusted 95% BCI odds ratio (95% BCI)
(%) (%) (95% CI)
364 310 1.03 (0.68, 1.58) 0.834 1.52 (0.087, 2.54)
(54.0) (46.0)
104 83 (44.4) | 1.0 1.0
(55.6)

BCI: Bayesian credible interval; CI: confidence interval; SD: standard deviation; *significant

https://doi.org/10.1371/journal.pntd.0009816.t003

Using two approaches, the frequentist model and the Bayesian model, and adjusting for the
effects of clustering at the school and classroom levels, we found associations between these
skin problems and several variables (sex; fingernail condition; washing with soap; sharing
beds, clothes, or combs; and household wealth). Unlike the frequentist model, a Bayesian
model uses fixed data, and the estimated parameters are viewed as random. It also includes
prior information and does not rely on sampling, instead using probability to indicate uncer-
tainty in the model [34]. Interpreting credible intervals is easier in the Bayesian model than in
the frequentist model because the range of values in the Bayesian approach has a direct proba-
bilistic interpretation of the true estimate [34, 35]. In our model, we clustered individual data
within the same classroom and classrooms within the same school. To account for clustering
effects, we applied a multilevel analysis using both the frequentist and Bayesian approaches.
Although both models yielded similar estimates, the Bayesian model had smaller standard
errors compared with the frequentist model and thus demonstrated better performance [34].
The similarity in estimates of the two methods is probably due to the large sample size, particu-
larly for the frequentist method. In the Bayesian Markov Chain Monte Carlo simulations, we
applied a large number of iterations to achieve convergence. Moreover, compared with the fre-
quentist approach, the Bayesian model demonstrated high clustering effects at the school and
classroom levels, indicating the presence of shared risk factors for skin problems and under-
scoring the importance of the Bayesian approach for explaining the observed variations in skin
problems.

The present study has some limitations. First, given its cross-sectional nature, causality
between the outcome and exposure variables cannot be determined with certainty. Second, we
diagnosed skin problems clinically but not via skin scrapings, as fungal cultures were not avail-
able in our setting [53]. Thus, the prevalence of tinea infections could be under or overesti-
mated. However, our results align with those of other studies, including a recent study
showing that almost 90% of clinically suspected tinea infections were confirmed by micros-
copy [54]. Some of the information related to personal hygiene may be prone to reporting
biases, and observer bias may occur in recording the outcome variables. To address this issue,
we had two examiners conduct exams on 10% of the children, which helped ensure reproduc-
ibility and agreement. The nonsignificant effect of habitually walking barefoot in the Bayesian
model could be due to unmeasured confounding factors, such as type of footwear. Although
we focused on scabies, tungiasis, and tinea infections and not other skin problems, we believe
that our study provides relevant information regarding the epidemiology of skin conditions in
general in the study area.
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Table 4. Frequentist and Bayesian multivariate multilevel, mixed-effect, logistic regression analysis of tinea infections among schoolchildren in the Wonago dis-

trict, southern Ethiopia, 2017.

Variables Tinea infections
Frequentist (Maximum Likelihood | Bayesian estimation
Estimation)
Multilevel, mixed-effect, logistic Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (%) |No (%) |Adjusted odds ratio (95% | P-value | Adjusted 95% BCI odds ratio (95% BCI)
CI)
Individual child factors
Sex Boys 226 257 1.92 (1.40, 2.63) 0.000 |2.42(1.72,3.34)*
(46.8) (53.2)
Girls 111 267 1.0 1.0
(29.4) (70.6)

Age in years Mean (SD) 1.02 (0.92, 1.13) 0.697 1.05 (0.94, 1.16)
Unclean fingernails Yes 106 103 2.02 (1.40, 2.92) 0.000 2.96 (1.96, 4.31)*
(50.7) (49.3)

No 231 421 1.0 1.0
(35.4) (64.6)
Frequency of washing body with soap Once per week | 183 309 1.0 1.0
(37.2) (62.8)
Every two 154 215 1.06 (0.76, 1.46) 0.741 1.36 (0.95, 1.88)
weeks (41.7) (58.3)
Frequency of washing hair with soap Once per week | 153 313 1.0 1.0
(32.8) (67.2)
Every two 184 211 1.53 (1.13, 2.08) 0.006 1.94 (1.39, 2.66)*
weeks (46.6) (53.4)
Frequency of washing legs and feet with | Once per day | 126 281 0.66 (0.48, 0.91) 0.011 | 0.89(0.63,1.23)
soap (31.0) (69.0)
Sometimes 211 243 1.0 1.0
(46.5) (53.5)
Sharing beds No 84 (28.4) | 212 1.0 1.0
(71.6)
Yes 253 312 1.48 (1.06, 2.08) 0.021 1.78 (1.22,2.51)*
(44.8) (55.2)
Sharing clothes No 158 357 1.0 1.0
(30.7) (69.3)
Yes 179 167 1.63 (1.17,2.27) 0.004 1.89 (1.30, 2.65)*
(51.7) (48.3)
Sharing combs No 62 (25.7) | 179 1.0 1.0
(74.3)
Yes 275 345 2.15(1.46,3.17) 0.000 | 2.93(1.90, 4.37)*
(44.4) (55.6)
Household factors
Family size 1-4 27 (34.6) | 51 (65.4) | 1.0 1.0
>5 310 473 1.24 (0.73,2.12) 0.428 | 2.25(1.20, 3.92)*
(39.6) (60.4)
Wealth status Poor 119 168 1.19 (0.81, 1.75) 0.379 1.99 (1.29, 2.94)*
(41.5) (58.5)
Middle-class 120 177 1.23 (0.84, 1.81) 0.285 2.01 (1.30, 2.98)"
(40.4) (59.6)
Rich 98 (35.4) | 179 1.0 1.0
(64.6)
School factors

(Continued)
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Table 4. (Continued)

Variables Tinea infections
Frequentist (Maximum Likelihood | Bayesian estimation
Estimation)
Multilevel, mixed-effect, logistic Bayesian multilevel, mixed-effect, logistic
regression regression
Yes (%) |No (%) |Adjusted odds ratio (95% |P-value | Adjusted 95% BCI odds ratio (95% BCI)
CI)
Access to health education on personal | Yes 253 421 0.92 (0.58, 1.45) 0.706 1.11 (0.62, 1.88)
hygiene (37.5) (62.5)
No 84 (44.9) | 103 1.0 1.0
(55.1)

BCI: Bayesian credible interval; CI: confidence interval; SD: standard deviation; *significant

https://doi.org/10.1371/journal.pntd.0009816.t004

Climate variation may play an important role in the occurrence of skin problems [55-57],
but we did not assess it in our cross-sectional survey. Further studies should investigate the
role of climate in skin problems. The health-seeking behavior of parents for children with skin
problems also needs to be assessed at the community level. We conducted our study using a
large representative sample of rural schoolchildren. We estimated the parameters using ran-
domly generated Markov Chain Monte Carlo samples using a Bayesian approach. Therefore,
the simulated data are large and close to the real population, making the findings generalizable
to school-aged children in similar socio-economic and cultural settings.

ICC values for nested data are rarely reported in previous studies [58]. We calculated the
ICC values using both the frequentist and Bayesian models. Compared to the frequentist
model, the Bayesian model yielded higher clustering effects for skin problems at the school
and classroom levels, suggesting that the Bayesian approach better explains variations in skin
problems. In particular, the observed high variation in scabies prevalence at the school and
classroom levels suggests increased risk of scabies due to close contact in these locations. The
observed clustering of tungiasis prevalence at the classroom level indicates a commonality in
the classroom (e.g., earthen or dusty or cracked floor) that could result in clustering.

Our finding of a 5% prevalence for scabies aligns with that of similar studies in southern
Ethiopia [16] and with the 6% reported in the national survey among schoolchildren [49],
though these findings are much lower than previous reports of 34% to 50% in the same region
[11, 32]. These variations could be due to differences in personal hygiene, socioeconomic fac-
tors, study settings, climate variations, and disease outbreaks. Scabies varied with seasons [56,
57, 59]. Our study period was in dry season, this could also affect scabies prevalence because
scabies is more common in cool and humid weather condition [57, 59]. In contrast, other evi-
dence indicates that an increase in temperature, is associated with increased scabies prevalence
[56]. It has previously been reported that the highest cases of scabies in community based
study in drought affected area in Ethiopia [30]. Though we did not assess the seasonal varia-
tions in this study due to the nature of our study design, it might be linked with overcrowding
and close contact in the cooler seasons. Other studies, however, did not find significant varia-
tions with seasons [7, 60, 61]. The prevalence of tungiasis was 54%, which aligns with other
findings from rural southern Ethiopia [19] and Kenya [62] but exceeds the 35% found in other
areas in southern Ethiopia [16]. The discrepancy may be explained by our rural study setting,
where most children live in houses with earthen floors and attend classrooms with poor
hygiene facilities. It also could be linked with seasonal variations because our study period was
in dry season, where tungiasis is more common [2, 63, 64]. This may be explained with
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indirect link with access to water in the dry season for personal hygiene protection. The preva-
lence of tinea infections was 39%, which aligns with rates in other rural areas of southern Ethi-
opia [22] but exceeds those from urban areas of Ethiopia [16], from Cote d’Ivoire [65], and
from Tanzania [66]. The variations could be associated with personal hygiene, poverty, and cli-
mate conditions [55], as well as immune factors [67-69]. Consistent with findings elsewhere in
Ethiopia [22, 29, 70] and other African studies [65, 71-73], boys were more likely to be affected
by tinea infection (particularly tinea capitis) than girls, perhaps due to the higher risk associ-
ated with frequent shaving or haircuts [55] or due to personal hygiene (e.g., frequency of hair
washing).

Nail hygiene is a well-known factor preventing the spread of infection. Many pathogens can
be shed from fingernails, resulting in transmission [74]. We found that children with unclean
fingernails had higher risks of skin problems, particularly tinea. Infrequent body and hair
washing with soap also is associated with increased skin problems [31, 62, 75, 76]. Our results
similarly show that washing the feet daily with soap was a protective factor of both, tungiasis
and tinea. Sharing beds, clothes, or combs also was associated with increased risk of scabies
and tinea infections, as documented by other studies in Ethiopia [11, 32] and other African
countries [75-78].

Similar to previous reports from Ethiopia [19] and Rwanda [15], we observed no differ-
ences in tungiasis rates among boys and girls. Our bivariate frequentist model identified boys
as slightly more at risk (p = 0.103), perhaps due to behavioral factors related to hygiene. Find-
ings by Elson et al. [62] and Wiese et al. [79] also show higher risk of tungiasis among boys.
Other evidence suggests that the risk of acquiring tungiasis varies with age-specific behavioral
patterns [62, 79] and increases among children younger than 15 years [62] and the elderly
[79]. We could not confirm these findings as our study did not include adolescents older than
14 years or older age groups. Previous reports indicate that poor hygiene, including low fre-
quency of washing with soap [79], is associated with increased tungiasis rates [15, 80]. We sim-
ilarly found that children who did not wash with soap every week were more likely to be
affected by tungiasis. Transmission also is more likely in places where shoes are not worn,
such as sleeping rooms [81]. Our findings confirmed that sharing beds and clothes increased
risk of tungiasis.

Poverty is an important risk factor for skin problems [82]. In our study, children living in
poor households were more likely to be affected by skin problems, perhaps because these fami-
lies cannot afford soap and other hygiene products. Housing construction material [83], con-
tact with domestic animals [84, 85], and poor environmental hygiene [80, 81] also could be
contributing factors. Studies from Kenya [62, 83] and Nigeria [86] show that floor type plays
an important role in tungiasis transmission. Although we did not conduct a separate analysis
for floor material in the multivariate model, we included it as part of our wealth index con-
struction. We observed a high prevalence of tungiasis among children living in houses con-
structed with natural earth or dung floors. Dry, loose soil or sand is a favorable environment
for tungiasis-transmitting fleas [62, 86]. Evidence suggests that large family size, is associated
with the risk of acquiring skin problems [87]. We found that children who lived in households
of large family size had higher risks of skin problems, particularly tinea infections, probably
due to close contact as a result of overcrowding.

Foot hygiene and appropriate footwear provide important protection [88] against tinea [89,
90] and tungiasis [86, 91]. Walking barefoot is a known risk factor for tungiasis [15, 19]. In
this study, walking barefoot was not associated with skin problems in either the Bayesian or
frequentist model. The nonsignificant effect in the Bayesian model may be due to other
unmeasured factors, such as type of footwear. However, the association between presence of
foot wear during examination time and an increased risk of tungiasis was unexpected and
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should be interpreted with caution. A previous study has shown the association between wear-
ing closed footwear and an increased risk of tungiasis [16].

Conclusion

Skin problems such as scabies, tungiasis, and tinea infections are major health concerns
among schoolchildren in rural Ethiopia. National school health programs aim to detect active
cases and apply preventive measures via periodic screenings, but most of these programs are
non-functional due to lack of funding or resources [23]. We found significant associations
between many individual hygiene-related factors and scabies, tungiasis and tinea. In particular,
our findings highlight the link between skin problems and poverty.

Health education and regular checkups by schoolteachers can be vital to improving rates of
infection. Education should emphasize the importance of regular washing of legs and feet with
soap and appropriate footwear. The observed high clustering effects for skin problems at the
school and classroom levels indicate that transmission occurs and may be more likely in these
environments, probably via close contact. Important measures to prevent transmission include
access to adequate water and soap in all schools, and reduced class sizes. Contagious and highly
transmissible skin problems are important policy issues in Ethiopia. Addressing these issues
will require efforts from the Ministry of Health and Education to reduce major gaps in school
health services implementation and to improve children’s health, particularly among rural
schoolchildren in areas such as Gedeo.

Supporting information

S1 Checklist. STROBE checklist.
(DOCX)

S1 Fig. Flowchart of study inclusion.
(TIF)

S1 Data. Dataset.
(XLSX)

§1 Table. Demographic and socio-economic characteristics of schoolchildren and their
parents in the Wonago district of southern Ethiopia, 2017.
(DOCX)

S2 Table. Personal hygiene of schoolchildren in the Wonago district, southern Ethiopia,
2017.
(DOCX)

$3 Table. The prevalence of skin problems in relation to individual, household and school
factors among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

$4 Table. Bivariate and multivariate, multilevel, mixed-effect, logistic regression analysis
of skin problem among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

S5 Table. Bivariate and multivariate, multilevel, mixed-effect, logistic regression analysis
of scabies among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 16/22


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s008
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

S6 Table. Bivariate and multivariate, multilevel, mixed-effect, logistic regression analysis
of tungiasis among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

§7 Table. Bivariate and multivariate multilevel, mixed-effect, logistic regression analysis
of tinea infections among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

S8 Table. Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of
skin problem among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

§9 Table. Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of
scabies among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

$10 Table. Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of
tungiasis among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

S11 Table. Bayesian multivariate, multilevel, mixed-effect, logistic regression analysis of
tinea infections among schoolchildren in the Wonago district, southern Ethiopia, 2017.
(DOCX)

Acknowledgments

We are grateful to the schoolchildren, parents, and guardians who participated in this study.
We also thank the data collectors, supervisors, Gedeo Zone Health Department, Wonago Dis-
trict Education Office, school directors, and teachers. We are deeply grateful to Hawassa Uni-
versity and the University of Bergen for their support.

Author Contributions

Conceptualization: Hiwot Hailu Amare, Bernt Lindtjorn.
Data curation: Hiwot Hailu Amare, Bernt Lindtjorn.

Formal analysis: Hiwot Hailu Amare, Bernt Lindtjorn.
Funding acquisition: Bernt Lindtjorn.

Investigation: Hiwot Hailu Amare, Bernt Lindtjorn.
Methodology: Hiwot Hailu Amare, Bernt Lindtjorn.

Project administration: Hiwot Hailu Amare, Bernt Lindtjorn.
Resources: Hiwot Hailu Amare, Bernt Lindtjorn.

Software: Hiwot Hailu Amare, Bernt Lindtjorn.

Supervision: Hiwot Hailu Amare, Bernt Lindtjorn.
Validation: Hiwot Hailu Amare, Bernt Lindtjorn.
Visualization: Hiwot Hailu Amare, Bernt Lindtjorn.

Writing - original draft: Hiwot Hailu Amare, Bernt Lindtjorn.

Writing - review & editing: Hiwot Hailu Amare, Bernt Lindtjorn.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 17/22


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s009
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s010
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s011
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s012
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s013
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009816.s014
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Karimkhani C, Dellavalle RP, Coffeng LE, Flohr C, Hay RJ, Langan SM, et al. Global skin disease mor-
bidity and mortality: An update from the global burden of disease study 2013. JAMA Dermatol. 2017;
153(5): 406—12. https://doi.org/10.1001/jamadermatol.2016.5538 PMID: 28249066

Karunamoorthi K. Tungiasis: A neglected epidermal parasitic skin disease of marginalized populations-
a call for global science and policy. Parasitol Res. 2013; 112(10): 3635—43. https://doi.org/10.1007/
s00436-013-3551-8 PMID: 23949241

Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, et al. The global burden of
skin disease in 2010: An analysis of the prevalence and impact of skin conditions. J Invest Dermatol.
2014; 134(6): 1527-34. https://doi.org/10.1038/jid.2013.446 PMID: 24166134

Heukelbach J, Feldmeier H. Scabies. The Lancet. 2006; 367(9524): 1767—-74. https://doi.org/10.1016/
S0140-6736(06)68772-2 PMID: 16731272

Heukelbach J, Walton SF, Feldmeier H. Ectoparasitic infestations. Curr Infect Dis Rep. 2005; 7(5):
373-80. https://doi.org/10.1007/s11908-005-0012-2 PMID: 16107235

Stamm LV, Strowd LC. Ignoring the "ltch": The global health problem of scabies. Am J Trop Med Hyg.
2017; 97(6): 1647-9. https://doi.org/10.4269/ajtmh.17-0242 PMID: 29016295

Jackson A, Heukelbach J, Filho AFDS, Campelo Junior EDB, Feldmeier H. Clinical features and associ-
ated morbidity of scabies in a rural community in Alagoas, Brazil. Trop Med Int Health. 2007; 12(4):
493-502. https://doi.org/10.1111/j.1365-3156.2006.01809.x PMID: 17445140

McCarthy JS, Kemp DJ, Walton SF, Currie BJ. Scabies: More than just an irritation. Postgrad Med J.
2004; 80(945): 382. https://doi.org/10.1136/pgm;j.2003.014563 PMID: 15254301

Johnston G, Sladden M. Scabies: diagnosis and treatment. BMJ. 2005; 331(7517): 619-22. hitps://doi.
org/10.1136/bm;j.331.7517.619 PMID: 16166133

World Health Organization. Neglected tropical diseases. Scabies [Internet]. Available from: https://
www.who.int/neglected_diseases/diseases/scabies/en/.

Wochebo W, Haji Y, Asnake S. Scabies outbreak investigation and risk factors in Kechabira district,
Southern Ethiopia: Unmatched case control study. BMC Res Notes. 2019; 12(1): 305. https://doi.org/
10.1186/s13104-019-4317-x PMID: 31142358

Heukelbach J. Tungiasis. Rev Inst Med Trop Sao Paulo. 2005; 47(6): 307—13. https://doi.org/10.1590/
s0036-46652005000600001 PMID: 16553319

Feldmeier H, Eisele M, Sabdia-Moura RC, Heukelbach J. Severe tungiasis in underprivileged communi-
ties: case series from Brazil. Emerg Infect Dis. 2003; 9(8): 949-55. https://doi.org/10.3201/eid0908.
030041 PMID: 12967492

Feldmeier H, Sentongo E, Krantz |. Tungiasis (sand flea disease): A parasitic disease with particular
challenges for public health. Eur J Clin Microbiol Infect Dis. 2013; 32(1): 19-26. https://doi.org/10.1007/
510096-012-1725-4 PMID: 22941398

Nsanzimana J, Karanja S, Kayongo M, Nyirimanzi N, Umuhoza H, Murangwa A, et al. Factors associ-
ated with tungiasis among primary schoolchildren: A cross-sectional study in a rural district in Rwanda.
BMC Public Health. 2019; 19(1): 1192. https://doi.org/10.1186/s12889-019-7481-y PMID: 31464600

Walker SL, Lebas E, De Sario V, Deyasso Z, Doni SN, Marks M, et al. The prevalence and association
with health-related quality of life of tungiasis and scabies in schoolchildren in southern Ethiopia. PLoS
Negl Trop Dis. 2017; 11(8): €0005808. https://doi.org/10.1371/journal.pntd.0005808 PMID: 28771469

Feldmeier H, Heukelbach J, Eisele M, Sousa AQ, Barbosa LMM, Carvalho CBM. Bacterial superinfec-
tion in human tungiasis. Trop Med Int Health. 2002; 7(7): 559-64. https://doi.org/10.1046/j.1365-3156.
2002.00904.x PMID: 12100437

Deka MA. Mapping the geographic distribution of tungiasis in Sub-Saharan Africa. Trop Med Infect Dis.
2020; 5(3): 122. https://doi.org/10.3390/tropicalmed5030122 PMID: 32722011

Girma M, Astatkie A, Asnake S. Prevalence and risk factors of tungiasis among children of Wensho dis-
trict, southern Ethiopia. BMC Infect Dis. 2018; 18(1): 456. https://doi.org/10.1186/s12879-018-3373-5
PMID: 30200882

Ely JW, Rosenfeld S, Seabury Stone M. Diagnosis and management of tinea infections. Am Fam Physi-
cian. 2014; 90(10): 702—-10. PMID: 25403034

Bongomin F, Olum R, Nsenga L, Namusobya M, Russell L, de Sousa E, et al. Estimation of the burden
of tinea capitis among children in Africa. Mycoses. 2021; 64(4): 349-63. https://doi.org/10.1111/myc.
13221 PMID: 33251631

Leiva-Salinas M, Marin-Cabanas |, Betlloch |, Tesfasmariam A, Reyes F, Belinchon |, et al. Tinea capitis
in schoolchildren in a rural area in southern Ethiopia. Int J Dermatol. 2015; 54(7): 800-5. https://doi.org/
10.1111/ijd.12691 PMID: 25557908

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 18/22


https://doi.org/10.1001/jamadermatol.2016.5538
http://www.ncbi.nlm.nih.gov/pubmed/28249066
https://doi.org/10.1007/s00436-013-3551-8
https://doi.org/10.1007/s00436-013-3551-8
http://www.ncbi.nlm.nih.gov/pubmed/23949241
https://doi.org/10.1038/jid.2013.446
http://www.ncbi.nlm.nih.gov/pubmed/24166134
https://doi.org/10.1016/S0140-6736%2806%2968772-2
https://doi.org/10.1016/S0140-6736%2806%2968772-2
http://www.ncbi.nlm.nih.gov/pubmed/16731272
https://doi.org/10.1007/s11908-005-0012-2
http://www.ncbi.nlm.nih.gov/pubmed/16107235
https://doi.org/10.4269/ajtmh.17-0242
http://www.ncbi.nlm.nih.gov/pubmed/29016295
https://doi.org/10.1111/j.1365-3156.2006.01809.x
http://www.ncbi.nlm.nih.gov/pubmed/17445140
https://doi.org/10.1136/pgmj.2003.014563
http://www.ncbi.nlm.nih.gov/pubmed/15254301
https://doi.org/10.1136/bmj.331.7517.619
https://doi.org/10.1136/bmj.331.7517.619
http://www.ncbi.nlm.nih.gov/pubmed/16166133
https://www.who.int/neglected_diseases/diseases/scabies/en/
https://www.who.int/neglected_diseases/diseases/scabies/en/
https://doi.org/10.1186/s13104-019-4317-x
https://doi.org/10.1186/s13104-019-4317-x
http://www.ncbi.nlm.nih.gov/pubmed/31142358
https://doi.org/10.1590/s0036-46652005000600001
https://doi.org/10.1590/s0036-46652005000600001
http://www.ncbi.nlm.nih.gov/pubmed/16553319
https://doi.org/10.3201/eid0908.030041
https://doi.org/10.3201/eid0908.030041
http://www.ncbi.nlm.nih.gov/pubmed/12967492
https://doi.org/10.1007/s10096-012-1725-4
https://doi.org/10.1007/s10096-012-1725-4
http://www.ncbi.nlm.nih.gov/pubmed/22941398
https://doi.org/10.1186/s12889-019-7481-y
http://www.ncbi.nlm.nih.gov/pubmed/31464600
https://doi.org/10.1371/journal.pntd.0005808
http://www.ncbi.nlm.nih.gov/pubmed/28771469
https://doi.org/10.1046/j.1365-3156.2002.00904.x
https://doi.org/10.1046/j.1365-3156.2002.00904.x
http://www.ncbi.nlm.nih.gov/pubmed/12100437
https://doi.org/10.3390/tropicalmed5030122
http://www.ncbi.nlm.nih.gov/pubmed/32722011
https://doi.org/10.1186/s12879-018-3373-5
http://www.ncbi.nlm.nih.gov/pubmed/30200882
http://www.ncbi.nlm.nih.gov/pubmed/25403034
https://doi.org/10.1111/myc.13221
https://doi.org/10.1111/myc.13221
http://www.ncbi.nlm.nih.gov/pubmed/33251631
https://doi.org/10.1111/ijd.12691
https://doi.org/10.1111/ijd.12691
http://www.ncbi.nlm.nih.gov/pubmed/25557908
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Federal Democratic Republic of Ethiopia Ministry of Health. School health programme framework.
Addis Ababa, Ethiopia. 2017.

Federal Democratic Republic of Ethiopia Ministry of Education. National school water supply, sanitation
and hygiene (SWASH) strategy and implementation action plan. 2017.

Ministry of Education. National school health and nutrition strategy. Addis Ababa, Ethiopia. 2012.

Federal Ministry of Education. Education Sector Development Programme V (ESDP V) 2015/16—2019/
20: Programme action plan. Addis Ababa, Ethiopia. 2015.

Negussu N, Mengistu B, Kebede B, Deribe K, Ejigu E, Tadesse G, et al. Ethiopia schistosomiasis and
soil-transmitted helminthes control programme: Progress and prospects. Ethiop Med J. 2017; 55(Suppl
1): 75-80. PMID: 28878432

Woldeamanuel Y, Leekassa R, Chryssanthou E, Menghistu Y, Petrini B. Prevalence of tinea capitis in
Ethiopian schoolchildren. Mycoses. 2005; 48(2): 137—41. https://doi.org/10.1111/j.1439-0507.2004.
01081.x PMID: 15743433

Pérez-Tanoira R, Marin |, Berbegal L, Prieto-Pérez L, Tisiano G, Cuadros J, et al. Mycological profile of
tinea capitis in schoolchildren in rural southern Ethiopia. Med Mycol. 2016; 55(3):262—8.

Enbiale W, Ayalew A. Investigation of a scabies outbreak in drought affected areas in Ethiopia. Trop
Med Infect Dis. 2018; 3(4): 114. https://doi.org/10.3390/tropicalmed3040114 PMID: 30380650

Dagne H, Dessie A, Destaw B, Yallew WW, Gizaw Z. Prevalence and associated factors of scabies
among schoolchildren in Dabat district, northwest Ethiopia, 2018. Environ Health Prev Med. 2019; 24
(1): 67. https://doi.org/10.1186/s12199-019-0824-6 PMID: 31785612

Ejigu K, Haji Y, Toma A, Tadesse B. Factors associated with scabies outbreaks in primary schools in
Ethiopia: Acase control study. Res Rep Trop Med. 2019; 10: 119-27. https://doi.org/10.2147/RRTM.
5214724 PMID: 31695552

Azene AG, Aragaw AM, Wassie GT. Prevalence and associated factors of scabies in Ethiopia: System-
atic review and meta-analysis. BMC Infect Dis. 2020; 20(1): 380. https://doi.org/10.1186/s12879-020-
05106-3 PMID: 32460770

Hespanhol L, Vallio CS, Costa LM, Saragiotto BT. Understanding and interpreting confidence and credi-
ble intervals around effect estimates. Braz J Phys Ther. 2019; 23(4): 290-301. https://doi.org/10.1016/j.
bjpt.2018.12.006 PMID: 30638956

Kruschke JK, Liddell TM. The Bayesian new statistics: Hypothesis testing, estimation, meta-analysis,
and power analysis from a Bayesian perspective. Psychon Bull Rev. 2018; 25(1): 178-206. https://doi.
org/10.3758/s13423-016-1221-4 PMID: 28176294

Drug Administration and Control Authority (DACA) of Ethiopia. Standard Treatment Guideline for Health
Centers. Addis Ababa, Ethiopia: The Drug Administration and Control Authority (DACA) of Ethiopia;
2010.

Hailu Amare H, Lindtjarn B. Helminth infections among rural schoolchildren in Southern Ethiopia: A
cross-sectional multilevel and zero-inflated regression model. PLoS Negl Trop Dis. 2020; 14(12):
e€0008002. https://doi.org/10.1371/journal.pntd.0008002 PMID: 33351816

Amare HH, Lindtjorn B. Concurrent anemia and stunting among schoolchildren in Wonago district in
southern Ethiopia: A cross-sectional multilevel analysis. Peerd. 2021; 9: e11158. https://doi.org/10.
7717/peerj.11158 PMID: 33996276

Federal Democratic Republic of Ethiopia. Interim-guideline for multi-sectorial scabies outbreak emer-
gency response. 2015.

Engelman D, Fuller LC, Steer AC. Consensus criteria for the diagnosis of scabies: A Delphi study of
international experts. PLoS Negl Trop Dis. 2018; 12(5): e0006549. https://doi.org/10.1371/journal.pntd.
0006549 PMID: 29795566

Gulgun M, Balci E, Karaoglu A, Kesik V, Babacan O, Fidanci M, et al. Prevalence and risk factors of
onychomycosis in primary schoolchildren living in rural and urban areas in Central Anatolia of Turkey.
Indian J Dermatol Venereol Leprol. 2013; 79(6): 777-82. https://doi.org/10.4103/0378-6323.120724
PMID: 24177609

Parker J. Management of common fungal infections in primary care. Nurs Stand. 2009; 23(43): 42—6.
https://doi.org/10.7748/ns2009.07.23.43.42.c7060 PMID: 19634606

de Berker D. Clinical practice: Fungal nail disease. N Engl J Med. 2009; 360(20): 2108—16. https://doi.
org/10.1056/NEJMcp0804878 PMID: 19439745

Noble SL, Forbes RC, Stamm PL. Diagnosis and management of common tinea infections. Am Fam
Physician. 1998; 58(1): 163—74. PMID: 9672436

Eisele M, Heukelbach J, Van Marck E, Mehlhorn H, Meckes O, Franck S, et al. Investigations on the
biology, epidemiology, pathology and control of Tunga penetrans in Brazil: |. Natural history of tungiasis

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 19/22


http://www.ncbi.nlm.nih.gov/pubmed/28878432
https://doi.org/10.1111/j.1439-0507.2004.01081.x
https://doi.org/10.1111/j.1439-0507.2004.01081.x
http://www.ncbi.nlm.nih.gov/pubmed/15743433
https://doi.org/10.3390/tropicalmed3040114
http://www.ncbi.nlm.nih.gov/pubmed/30380650
https://doi.org/10.1186/s12199-019-0824-6
http://www.ncbi.nlm.nih.gov/pubmed/31785612
https://doi.org/10.2147/RRTM.S214724
https://doi.org/10.2147/RRTM.S214724
http://www.ncbi.nlm.nih.gov/pubmed/31695552
https://doi.org/10.1186/s12879-020-05106-3
https://doi.org/10.1186/s12879-020-05106-3
http://www.ncbi.nlm.nih.gov/pubmed/32460770
https://doi.org/10.1016/j.bjpt.2018.12.006
https://doi.org/10.1016/j.bjpt.2018.12.006
http://www.ncbi.nlm.nih.gov/pubmed/30638956
https://doi.org/10.3758/s13423-016-1221-4
https://doi.org/10.3758/s13423-016-1221-4
http://www.ncbi.nlm.nih.gov/pubmed/28176294
https://doi.org/10.1371/journal.pntd.0008002
http://www.ncbi.nlm.nih.gov/pubmed/33351816
https://doi.org/10.7717/peerj.11158
https://doi.org/10.7717/peerj.11158
http://www.ncbi.nlm.nih.gov/pubmed/33996276
https://doi.org/10.1371/journal.pntd.0006549
https://doi.org/10.1371/journal.pntd.0006549
http://www.ncbi.nlm.nih.gov/pubmed/29795566
https://doi.org/10.4103/0378-6323.120724
http://www.ncbi.nlm.nih.gov/pubmed/24177609
https://doi.org/10.7748/ns2009.07.23.43.42.c7060
http://www.ncbi.nlm.nih.gov/pubmed/19634606
https://doi.org/10.1056/NEJMcp0804878
https://doi.org/10.1056/NEJMcp0804878
http://www.ncbi.nlm.nih.gov/pubmed/19439745
http://www.ncbi.nlm.nih.gov/pubmed/9672436
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

in man. Parasitol Res. 2003; 90(2): 87-99. https://doi.org/10.1007/s00436-002-0817-y PMID:
12756541

Vyas S, Kumaranayake L. Constructing socio-economic status indices: How to use principal compo-
nents analysis. Health Policy Plan. 2006; 21(6): 459-68. https://doi.org/10.1093/heapol/czl029 PMID:
17030551

Twisk JWR. Applied multilevel analysis: A practical guides to biostatistics and epidemiology. Cam-
bridge: Cambridge University Press; 2006.

Lunn DJ, Thomas A, Best N, Spiegelhalter D. WinBUGS—A Bayesian modelling framework: Concepts,
structure, and extensibility. Statistics and Computing. 2000; 10(4): 325-37.

Hall A, Kassa T, Demissie T, Degefie T, Lee S. National survey of the health and nutrition of schoolchil-
dren in Ethiopia. Trop Med Int Health. 2008; 13(12): 1518-26. https://doi.org/10.1111/j.1365-3156.
2008.02168.x PMID: 18983269

Masuda MM, Stone RP. Bayesian logistic mixed-effects modelling of transect data: Relating red tree
coral presence to habitat characteristics. ICES Journal of Marine Science. 2015; 72(9): 2674-83.

Merlo J, Wagner P, Ghith N, Leckie G. An original stepwise multilevel logistic regression analysis of dis-
criminatory accuracy: the case of neighbourhoods and health. PLoS One. 2016; 11(4): e0153778.
https://doi.org/10.1371/journal.pone.0153778 PMID: 27120054

Kidando E, Moses R, Sando T, Ozguven EE. An application of Bayesian multilevel model to evaluate
variations in stochastic and dynamic transition of traffic conditions. J Mod Transport. 2019; 27(4): 235—
49.

Yee G, Al Aboud AM. Tinea corporis. In: StatPearls. Treasure Island (FL): StatPearls Publishing;
2020.

Alemayehu A, Minwuyelet G, Andualem G. Prevalence and etiologic agents of dermatophytosis among
primary schoolchildren in Harari Regional State, Ethiopia. J Mycol. 2016; 2016: 1489387.

Coulibaly O, Kone AK, Niaré-Doumbo S, Goita S, Gaudart J, Djimdé AA, et al. Dermatophytosis among
schoolchildren in three eco-climatic Zones of Mali. PLoS Negl Trop Dis. 2016; 10(4): e0004675. https://
doi.org/10.1371/journal.pntd.0004675 PMID: 27124571

Kim J-H, Cheong H-K. Epidemiologic trends and seasonality of scabies in South Korea, 2010-2017.
Korean J Parasitol. 2019; 57(4): 399—404. https://doi.org/10.3347/kjp.2019.57.4.399 PMID: 31533406

Liu J-M, Wang H-W, Chang F-W, Liu Y-P, Chiu F-H, Lin Y-C, et al. The effects of climate factors on sca-
bies. A 14 year population-based study in Taiwan. Parasite. 2016; 23: 54. https://doi.org/10.1051/
parasite/2016065 PMID: 27905271

Romani L, Whitfeld MJ, Koroivueta J, Kama M, Wand H, Tikoduadua L, et al. The epidemiology of sca-
bies and impetigo in relation to demographic and residential characteristics: Baseline findings from the
skin health intervention Fiji Trial. Am J Trop Med Hyg. 2017; 97(3): 845-50. https://doi.org/10.4269/
ajtmh.16-0753 PMID: 28722612

Mimouni D, Ankol OE, Davidovitch N, Gdalevich M, Zangvil E, Grotto |. Seasonality trends of scabies in
a young adult population: a 20-year follow-up. Br J Dermatol. 2003; 149(1): 157-9. https://doi.org/10.
1046/j.1365-2133.2003.05329.x PMID: 12890210

Feldmeier H, Jackson A, Ariza L, Lins Calheiros CM, de Lima Soares V, Oliveira FA, et al. The epidemi-
ology of scabies in an impoverished community in rural Brazil: Presence and severity of disease are
associated with poor living conditions and illiteracy. J Am Acad Dermatol. 2009; 60(3): 436—43. https:/
doi.org/10.1016/j.jaad.2008.11.005 PMID: 19064303

Armitage EP, Senghore E, Darboe S, Barry M, Camara J, Bah S, et al. High burden and seasonal varia-
tion of paediatric scabies and pyoderma prevalence in the Gambia: A cross-sectional study. PLoS Negl|
Trop Dis. 2019; 13(10): e0007801. https://doi.org/10.1371/journal.pntd.0007801 PMID: 31609963

Elson L, Wiese S, Feldmeier H, Fillinger U. Prevalence, intensity and risk factors of tungiasis in Kilifi
County, Kenya II: Results from a school-based observational study. PLoS Negl Trop Dis. 2019; 13(5):
€0007326. https://doi.org/10.1371/journal.pntd.0007326 PMID: 31095558

Heukelbach J, Wilcke T, Harms G, Feldmeier H. Seasonal variation of tungiasis in an endemic commu-
nity. Am J Trop Med Hyg. 2005; 72(2): 145-9. PMID: 15741550

Pilger D, Schwalfenberg S, Heukelbach J, Witt L, Mencke N, Khakban A, et al. Controlling tungiasis in
an impoverished community: An intervention study. PLoS Negl Trop Dis. 2008; 2(10): e324. https://doi.
org/10.1371/journal.pntd.0000324 PMID: 18941513

Yotsu RR, Kouadio K, Vagamon B, N'guessan K, Akpa AJ, Yao A, et al. Skin disease prevalence study
in schoolchildren in rural Cote d’Ivoire: Implications for integration of neglected skin diseases (skin
NTDs). PLoS Negl Trop Dis. 2018; 12(5): €0006489. https://doi.org/10.1371/journal.pntd.0006489
PMID: 29771976

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 20/22


https://doi.org/10.1007/s00436-002-0817-y
http://www.ncbi.nlm.nih.gov/pubmed/12756541
https://doi.org/10.1093/heapol/czl029
http://www.ncbi.nlm.nih.gov/pubmed/17030551
https://doi.org/10.1111/j.1365-3156.2008.02168.x
https://doi.org/10.1111/j.1365-3156.2008.02168.x
http://www.ncbi.nlm.nih.gov/pubmed/18983269
https://doi.org/10.1371/journal.pone.0153778
http://www.ncbi.nlm.nih.gov/pubmed/27120054
https://doi.org/10.1371/journal.pntd.0004675
https://doi.org/10.1371/journal.pntd.0004675
http://www.ncbi.nlm.nih.gov/pubmed/27124571
https://doi.org/10.3347/kjp.2019.57.4.399
http://www.ncbi.nlm.nih.gov/pubmed/31533406
https://doi.org/10.1051/parasite/2016065
https://doi.org/10.1051/parasite/2016065
http://www.ncbi.nlm.nih.gov/pubmed/27905271
https://doi.org/10.4269/ajtmh.16-0753
https://doi.org/10.4269/ajtmh.16-0753
http://www.ncbi.nlm.nih.gov/pubmed/28722612
https://doi.org/10.1046/j.1365-2133.2003.05329.x
https://doi.org/10.1046/j.1365-2133.2003.05329.x
http://www.ncbi.nlm.nih.gov/pubmed/12890210
https://doi.org/10.1016/j.jaad.2008.11.005
https://doi.org/10.1016/j.jaad.2008.11.005
http://www.ncbi.nlm.nih.gov/pubmed/19064303
https://doi.org/10.1371/journal.pntd.0007801
http://www.ncbi.nlm.nih.gov/pubmed/31609963
https://doi.org/10.1371/journal.pntd.0007326
http://www.ncbi.nlm.nih.gov/pubmed/31095558
http://www.ncbi.nlm.nih.gov/pubmed/15741550
https://doi.org/10.1371/journal.pntd.0000324
https://doi.org/10.1371/journal.pntd.0000324
http://www.ncbi.nlm.nih.gov/pubmed/18941513
https://doi.org/10.1371/journal.pntd.0006489
http://www.ncbi.nlm.nih.gov/pubmed/29771976
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Komba EV, Mgonda YM. The spectrum of dermatological disorders among primary schoolchildren in
Dares Salaam. BMC Public Health. 2010; 10: 765. https://doi.org/10.1186/1471-2458-10-765 PMID:
21162714

Blutfield MS, Lohre JM, Pawich DA, Vlahovic TC. The immunologic response to Trichophyton Rubrum
in lower extremity fungal infections. J Fungi 2015; 1(2): 130-7. https://doi.org/10.3390/jof1020130
PMID: 29376904

Garcia-Romero MT, Arenas R. New insights into genes, immunity, and the occurrence of dermatophy-
tosis. J Invest Dermatol. 2015; 135(3): 655—7. https://doi.org/10.1038/jid.2014.498 PMID: 25666672

Hay RJ. Tinea capitis: Current status. Mycopathologia. 2017; 182(1-2): 87—93. https://doi.org/10.1007/
s11046-016-0058-8 PMID: 27599708

Figueroa JI, Fuller LC, Abraha A, Hay RJ. Dermatology in southwestern Ethiopia: Rationale for a com-
munity approach. Int J Dermatol. 1998; 37(10): 752-8. https://doi.org/10.1046/j.1365-4362.1998.
00425.x PMID: 9802685

Oke OO, Onayemi O, Olasode OA, Omisore AG, Oninla OA. The prevalence and pattern of superficial
fungal infections among schoolchildren in lle-Ife, South-Western Nigeria. Dermatol Res Pract. 2014;
2014: 842917. https://doi.org/10.1155/2014/842917 PMID: 25574161

Moto JN, Maingi JM, Nyamache AK. Prevalence of tinea capitis in school going children from Mathare,
informal settlement in Nairobi, Kenya. BMC Res Notes. 2015; 8(1): 274. https://doi.org/10.1186/
$13104-015-1240-7 PMID: 26116079

Kechia FA, Kouoto EA, Nkoa T, Nweze El, Fokoua DCM, Fosso S, et al. Epidemiology of tinea capitis
among school-age children in Meiganga, Cameroon. J Mycol Med. 2014; 24(2): 129-34. https://doi.org/
10.1016/.mycmed.2013.12.002 PMID: 24746727

Ford C, Park LJ. Hand hygiene and handwashing: Key to preventing the transfer of pathogens. Br J
Nurs. 2018; 27(20): 1164—6. https://doi.org/10.12968/bjon.2018.27.20.1164 PMID: 30418841

Kouotou EA, Nansseu JRN, Kouawa MK, Zoung-Kanyi Bissek A-C. Prevalence and drivers of human
scabies among children and adolescents living and studying in Cameroonian boarding schools. Parasit
Vectors. 2016; 9(1): 400. https://doi.org/10.1186/s13071-016-1690-3 PMID: 27430556

Afolabi O, Oninla O, Funmito F. Tinea capitis: A tropical disease of hygienic concern among primary
schoolchildren in an urban community in Nigeria. J Public Health Epidemiol. 2018; 10: 313-9.

Ugbomoiko US, Oyedeji SA, Babamale OA, Heukelbach J. Scabies in resource poor communities in
Nasarawa State, Nigeria: Epidemiology, clinical features and factors associated with infestation. Trop
Med Infect Dis. 2018; 3(2): 59.

Chikoi R, Nyawale HA, Mghanga FP. Magnitude and associated risk factors of superficial skin fungal
infection among primary schoolchildren in Southern Tanzania. Cureus. 2018; 10(7): €2993. https://doi.
org/10.7759/cureus.2993 PMID: 30245947

Wiese S, Elson L, Reichert F, Mambo B, Feldmeier H. Prevalence, intensity and risk factors of tungiasis
in Kilifi County, Kenya: I. Results from a community-based study. PLoS Negl Trop Dis. 2017; 11(10):
€0005925. https://doi.org/10.1371/journal.pntd.0005925 PMID: 28991909

Wafula ST, Ssemugabo C, Namuhani N, Musoke D, Ssempebwa J, Halage AA. Prevalence and risk
factors associated with tungiasis in Mayuge district, Eastern Uganda. Pan Afr Med J. 2016; 24: 77.
https://doi.org/10.11604/pam;j.2016.24.77.8916 PMID: 27642416

Feldmeier H, Heukelbach J, Ugbomoiko US, Sentongo E, Mbabazi P, von Samson-Himmelstjerna G,
et al. Tungiasis: A neglected disease with many challenges for global public health. PLoS Negl Trop
Dis. 2014; 8(10): €3133. https://doi.org/10.1371/journal.pntd.0003133 PMID: 25356978

Feldmeier H, Heukelbach J. Epidermal parasitic skin diseases: A neglected category of poverty-associ-
ated plagues. Bull World Health Organ. 2009; 87(2): 152-9. https://doi.org/10.2471/blt.07.047308
PMID: 19274368

Mwangi JN, Ozwara HS, Gicheru MM. Epidemiology of tunga penetrans infestation in selected areas in
Kiharu constituency, Murang’a County, Kenya. Trop Dis Travel Med Vaccines. 2015; 1: 13. https://doi.
org/10.1186/s40794-015-0015-4 PMID: 28883944

Linardi PM, de Avelar DM. Neosomes of tungid fleas on wild and domestic animals. Parasitol Res.
2014; 113(10): 3517-33. https://doi.org/10.1007/s00436-014-4081-8 PMID: 25141814

Mutebi F, Kriicken J, Feldmeier H, Waiswa C, Mencke N, Sentongo E, et al. Animal reservoirs of zoo-
notic tungiasis in endemic rural villages of Uganda. PLoS Negl Trop Dis. 2015; 9(10): €0004126. https://
doi.org/10.1371/journal.pntd.0004126 PMID: 26473360

Ugbomoiko US, Ariza L, Ofoezie IE, Heukelbach J. Risk factors for tungiasis in Nigeria: Identification of
targets for effective intervention. PLoS Negl Trop Dis. 2007; 1(3): e87. https://doi.org/10.1371/journal.
pntd.0000087 PMID: 18160986

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 21/22


https://doi.org/10.1186/1471-2458-10-765
http://www.ncbi.nlm.nih.gov/pubmed/21162714
https://doi.org/10.3390/jof1020130
http://www.ncbi.nlm.nih.gov/pubmed/29376904
https://doi.org/10.1038/jid.2014.498
http://www.ncbi.nlm.nih.gov/pubmed/25666672
https://doi.org/10.1007/s11046-016-0058-8
https://doi.org/10.1007/s11046-016-0058-8
http://www.ncbi.nlm.nih.gov/pubmed/27599708
https://doi.org/10.1046/j.1365-4362.1998.00425.x
https://doi.org/10.1046/j.1365-4362.1998.00425.x
http://www.ncbi.nlm.nih.gov/pubmed/9802685
https://doi.org/10.1155/2014/842917
http://www.ncbi.nlm.nih.gov/pubmed/25574161
https://doi.org/10.1186/s13104-015-1240-7
https://doi.org/10.1186/s13104-015-1240-7
http://www.ncbi.nlm.nih.gov/pubmed/26116079
https://doi.org/10.1016/j.mycmed.2013.12.002
https://doi.org/10.1016/j.mycmed.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24746727
https://doi.org/10.12968/bjon.2018.27.20.1164
http://www.ncbi.nlm.nih.gov/pubmed/30418841
https://doi.org/10.1186/s13071-016-1690-3
http://www.ncbi.nlm.nih.gov/pubmed/27430556
https://doi.org/10.7759/cureus.2993
https://doi.org/10.7759/cureus.2993
http://www.ncbi.nlm.nih.gov/pubmed/30245947
https://doi.org/10.1371/journal.pntd.0005925
http://www.ncbi.nlm.nih.gov/pubmed/28991909
https://doi.org/10.11604/pamj.2016.24.77.8916
http://www.ncbi.nlm.nih.gov/pubmed/27642416
https://doi.org/10.1371/journal.pntd.0003133
http://www.ncbi.nlm.nih.gov/pubmed/25356978
https://doi.org/10.2471/blt.07.047308
http://www.ncbi.nlm.nih.gov/pubmed/19274368
https://doi.org/10.1186/s40794-015-0015-4
https://doi.org/10.1186/s40794-015-0015-4
http://www.ncbi.nlm.nih.gov/pubmed/28883944
https://doi.org/10.1007/s00436-014-4081-8
http://www.ncbi.nlm.nih.gov/pubmed/25141814
https://doi.org/10.1371/journal.pntd.0004126
https://doi.org/10.1371/journal.pntd.0004126
http://www.ncbi.nlm.nih.gov/pubmed/26473360
https://doi.org/10.1371/journal.pntd.0000087
https://doi.org/10.1371/journal.pntd.0000087
http://www.ncbi.nlm.nih.gov/pubmed/18160986
https://doi.org/10.1371/journal.pntd.0009816

PLOS NEGLECTED TROPICAL DISEASES Scabies, tungiasis, and tinea infections among schoolchildren in southern Ethiopia

87.

88.

89.

90.

91.

Gunathilaka N, Chandrasena N, Udayanga L. Prevalence of ectoparasitic infections and other dermato-
logical infections and their associated factors among schoolchildren in Gampaha District, Sri Lanka.
Can J Infect Dis Med Microbiol. 2019; 2019: 5827124. https://doi.org/10.1155/2019/5827124 PMID:
31019612

Emi W, Colleen MM, Abebayehu T, Desta AA, David F, Gail D. Use of footwear and foot condition
among rural Ethiopian schoolchildren. J Epidemiol Glob Health. 2014; 4(4): 323-5. https://doi.org/10.
1016/j.jegh.2014.06.001 PMID: 25455650

Hospenthal DR, Rinaldi MG. Diagnosis and treatment of fungal infections. 2nd ed. ed. Cham: Springer
International Publishing: Imprint: Springer; 2015.

Russell JJ, Ryan EF Jr. Common dermatologic conditions in primary care. 1sted.2019. ed. Cham:
Springer International Publishing: Imprint: Humana; 2019.

Tomczyk S, Deribe K, Brooker SJ, Clark H, Rafique K, Knopp S, et al. Association between footwear
use and neglected tropical diseases: A systematic review and meta-analysis. PLoS Negl Trop Dis.
2014; 8(11): e3285. https://doi.org/10.1371/journal.pntd.0003285 PMID: 25393620

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009816  October 6, 2021 22/22


https://doi.org/10.1155/2019/5827124
http://www.ncbi.nlm.nih.gov/pubmed/31019612
https://doi.org/10.1016/j.jegh.2014.06.001
https://doi.org/10.1016/j.jegh.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/25455650
https://doi.org/10.1371/journal.pntd.0003285
http://www.ncbi.nlm.nih.gov/pubmed/25393620
https://doi.org/10.1371/journal.pntd.0009816

