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Abstract

Although the prevalence of helminths infection among schoolchildren is known, there has

been little progress in the application of count model for modelling the risk factors of hel-

minths egg. Only a few studies applied multilevel analysis to explore the variation in hel-

minths prevalence across schools and classes. This study aimed to assess the prevalence,

intensity of helminths infection, and identify risk factors at the individual-, household-, and

school-level among schoolchildren in Southern Ethiopia. Using multistage random sam-

pling, we recruited 864 students in the Wonago District. We applied multilevel-logistic and

zero-inflated negative binomial regression models (ZINB). Risk factors were concentrated

at the individual level; school-level and class-level variables explained less than 5% of the

variance. The overall helminths prevalence was 56% (479/850); Trichuris trichiura preva-

lence was 42.4% (360/850); and Ascaris lumbricoides prevalence was 18.7% (159/850).

The rate of any helminths increased among thin children (AOR: 1.73 [95% CI: (1.04, 2.90]),

anemic (AOR: 1.45 [95% CI: 1.04, 2.03]), mothers who had no formal education (AOR: 2.08

[95% CI: 1.25, 3.47]), and those in households using open containers for water storage

(AOR: 2.06 [95% CI: 1.07, 3.99]). In the ZINB model, A. lumbricoides infection intensity

increased with increasing age (AOR: 1.08 [95% CI: 1.01, 1.16]) and unclean fingernails

(AOR: 1.47 [95% CI: 1.07, 2.03]). Handwashing with soap (AOR: 0.68 [95% CI: 0.48, 0.95]),

de-worming treatment [AOR: 0.57 (95% CI: 0.33, 0.98)], and using water from protected

sources [AOR: 0.46 (95% CI: 0.28, 0.77)] were found to be protective against helminths

infection. After controlling for clustering effects at the school and class levels and accounting

for excess zeros in fecal egg counts, we found an association between helminths infection

and the following variables: age, thinness, anemia, unclean fingernails, handwashing, de-

worming treatment, mother’s education, household water source, and water storage protec-

tion. Improving hygiene behavior, providing safe water at school and home, and strengthen-

ing de-worming programs is required to improve the health of schoolchildren in rural Gedeo.
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Author summary

Helminth infections are common among school-aged children in Ethiopia. Several cross-

sectional studies have investigated the risk factors of these helminths infection. However,

most were conducted in an urban setting in Northern Ethiopia. Many of these studies did

not report the intensity of helminth infections; and they restricted helminths infection

data to binary outcomes. There has been limited report related to zero-inflated model for

helminths count data with excess zeros and over-dispersion. Multilevel analysis for nested

structure of school data has also been rarely applied. Therefore, we aimed to assess the

prevalence and intensity of helminths infection and the related individual-, household-,

and school-level risk factors among rural schoolchildren in Southern Ethiopia. Using

count model, we modelled the risk factors of helminths egg. Using a multivariate, multi-

level, mixed-effect, logistic regression model, we found minimal variation across class-

and school-level factors for helminths infection prevalence. We found associations

between helminths infection and most individual-, and some household-level factors.

Therefore, interventions focusing on the individual, household, and school should be

implemented to reduce the prevalence of infection and worm load among schoolchildren.

Introduction

More than 1.5 billion people around the world are infected by soil-transmitted helminths

(STHs), including over 568 million schoolchildren who are at risk [1]. In 2015, an approxi-

mately 88 million individuals, including 28 million school-aged children, were at risk for STH

infections in Ethiopia [2]. Roundworm (Ascaris lumbricoides), whipworm (Trichuris tri-
chiura), and hookworm (Ancylostoma duodenale and Necator americanus) are the most com-

mon STH infections that chronically infect children [3]. There were an estimated 5.19 million

disability adjusted life years (DALYs) attributable to these infections [4]. The health burdens of

STH infections is mainly attributed to their chronic and insidious impact on the health and

quality of life because morbidity is considerably high in heavy infection intensity rather than

the absence or presence of infection [3, 5, 6]. Loss of appetite, malabsorption, anemia,

impaired children’s nutrition, poor physical and intellectual development, and impaired cog-

nitive function can occur with these infections [6, 7]. Some of the risk factors of these infec-

tions include poverty [8], mothers’ education, untrimmed fingernails, walking barefoot,

unsanitary toilet areas, not washing hands before eating or after visiting the toilet, eating raw

or undercooked vegetables or meat, lack of hygiene facilities, and drinking water from unsafe

sources [5, 9]. In developing countries, control measures can be difficult to implement due to

water and sanitation problems [10].

In Ethiopia, the prevalence of helminths infection among schoolchildren ranges between

18% and 63% [8, 11–17], with the highest rate of infection (63%) recorded in the Southern

region [17]. The government of Ethiopia is expanding schooling to make education more rele-

vant to all children and meet their nutritional and health needs [18]. This strategy includes

facilitating and implementing a de-worming service every six months and improving water,

hygiene, and sanitation facilities [19]. However, many school-aged children continue to be

affected by helminthic infections [20–22]. Moreover, most schools have no handwashing facili-

ties, and hygienic behavior is inadequate [23]. Evidence of open defecation is observed in 53%

of schools in Southern Ethiopia [24].
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Previous studies from Ethiopia are mainly from urban areas in Northern Ethiopia [8, 11–

17]. Only a few studies have assessed the prevalence and intensity of helminths infection

among schoolchildren in Southern Ethiopia [12, 17, 24], and even fewer from rural areas.

Many of previous studies did not report the risk factors of helminths intensity; most inter-

preted the helminths infection data in terms of binary outcomes. Despite various studies on

helminths infection prevalence, there has been little progress in the application of count model

for modelling the risk factors of helminths egg concentration in the stool specimen. However,

the data related with helminthic egg counts are usually over-dispersed and zero-inflated [25].

Interpretation of such data can be problematic, as these data require the use of specific statisti-

cal models during the analysis process. To the best of our knowledge, no study has considered

the two generating process for excess zeros and over-dispersion in the distribution of hel-

minths egg count among schoolchildren in Ethiopia. Furthermore, most previous studies did

not considered the nested structure of school data (i.e., individuals nested within the same

class and classes nested within the same school) in their analysis. This paper is part of a larger

study, which aimed to identify school health problems such as anemia, and stunting co-exis-

tence and helminth infections and skin problems and the risk factors associated with these

problems in the Gedeo area in Southern Ethiopia. Therefore, this paper aimed to report the

prevalence and intensity of helminths infection and identifies potential risk factors at the indi-

vidual-, household-, and school-level among rural schoolchildren in the Wonago district of

Southern Ethiopia. Using a multivariate, multilevel, regression model, we identified factors

contributing to variations in the prevalence of helminths infection in this population. We also

identified factors related with helminths egg intensity using zero-inflated count model.

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 participated in dis-

cussions. We obtained informed written (signed) and verbal (thumb print) consent from

study participants’ parents or guardians and permission (assent) from children aged 12 years

and older before the interviews. The participants’ privacy and confidentiality were maintained.

Children diagnosed as anemic and who tested positive for helminths infections were referred

to the nearest health institution for treatment according to the standard national guidelines

[26].

Study area, design, and participants

The study was conducted in the Wonago district of the Gedeo zone in the Southern Ethiopia.

The district is 377 km south of Addis Ababa, the capital city of Ethiopia, and 13 km South of

Dilla, the capital city of the Gedeo zone. The district has 17 rural and 4 urban kebeles, which is

the smallest administrative units. In 2014, Wonago’s population was estimated to be 143,989

people: 71,663 (49.8%) men and 72,326 (50.2%) women. The district is among the most

densely populated areas in Ethiopia, with 1,014 people per square kilometre of land area. The

district has 26 government health facilities (6 health centers and 20 health posts), 2 private clin-

ics, and 2 drug stores, and more than 36,000 students in 3 urban and 22 rural primary schools.

Most residents depend on cash crops of coffee, fruit, and ensete (Ensete ventricosum).
We conducted this cross-sectional survey from February 2017 to June 2017. The study pop-

ulation was schoolchildren and their parents or guardians. Students aged 7–14 years were
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recruited in schools and their parents or guardian contacted by visiting their homes. Using a

three-stage cluster sampling method, we randomly assigned 4 schools to level one, 24 classes

(comprising 2,384) to level two, and 864 students to level three. We then randomly included

36 children from each class. When more than one child in a class was living together in the

same household, one of them was selected randomly by a lottery method. The household of

the student’s parents or guardian was identified through a local guide. The study participants’

parents or guardians consented and children assented before enrolment. We replaced partici-

pants who dropped out of school after the selection process with participants of the same class,

sex, and age. The recruitment process is shown in Fig 1.

Sample size

Since this study was part of a large project aiming to identify school health problems, we con-

sidered multiple factors to calculate the sample size using OpenEpi software [27] based on sin-

gle population proportion [28]. Assuming a 95% confidence interval (CI), the maximum

sample size was calculated using proportions of different variables from previous studies (e.g.,

Fig 1. Flowchart of study inclusion.

https://doi.org/10.1371/journal.pntd.0008002.g001
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anemia [27%], stunting [30%], thinness [37%], helminths infection [27%], and skin infection

[50%]), 5% precision, and a design effect of 2 to account for multistage sampling [12, 29–32].

We also calculated the sample size using outcome-associated variables, such as under-nutrition

(32% prevalence of stunting among female participants), and helminths infection (50% among

children who did not wash their hands before meals) [12, 29–32]. Finally, we obtained the

maximum sample size using 50% of helminths infection among children who did not wash

their hands before meals, and 50% of skin infection. The reason that we included skin infection

in the sample size calculation was that this problem was one of our studies planned for a subse-

quent paper. After adding a 10% non-response rate, we reached a final sample size of 845, the

minimum required sample size. We then randomly recruited 864 students.

Data collection tools and procedures

Ten trained enumerators conducted the interviews using a pretested, structured questionnaire

that was adapted and developed in English and then translated into the local Gedeooffa lan-

guage. The interviews were done with children at their schools and with parent at their homes.

Training was provided for all personnel participated in data collection, supervision, and data

entry process. To minimize potential bias and validate the measurement tools prior to actual

data collection, a pre-test was conducted on 42 primary school-aged children in other schools

not selected for this study. The supervisors checked data for completeness and consistency

onsite.

We assessed individual, parent, household, and school level exposure variables. Individual

and household factors were collected from the child or the child’s parents or guardians via

interviews and observations of the housing conditions. The individual child factors included

sex, age, hygiene behavior, loss of appetite in the past month, de-worming treatment in the

past 6 months. Measurements such as weight, height, and haemoglobin were done for children

in the school. To measure weight, a digital portable scale (Seca 877, Seca GmbH, Germany)

was calibrated to the nearest 0.1 kg. Children were weighed in light clothing and no shoes. To

measure height, a measuring board (Seca 213, Seca GmbH, Germany) was calibrated to the

nearest 0.1 cm. Children were measured while standing barefoot with parallel feet, heels, but-

tocks, and shoulders, with their heads held upright, the backs of their heads touching the mea-

suring board, and their hands hanging by their sides. Capillary blood samples were taken for

haemoglobin measurement, processed, and examined using standard procedures by trained

and experienced laboratory technicians using a HemoCue Analyser Hb 301 (Angelholm, Swe-

den). Parent factors included the educational level of the mother and father. Household factors

included the wealth index, which was constructed using principal component analysis of 14

household assets (electricity, radio, television, mobile phone, table, chair, bed, separate kitchen,

cooking place, own land, bank account, toilet facility, floor type, and roof type); family size;

source of drinking water; container used to store water; and use of treated water. School factors

included access to health education on personal hygiene, absence from school in the past

month, and participation in the school food program.

Laboratory procedures

Stool samples were collected, processed, and examined using standard procedures [33, 34].

Samples were collected at school in the early morning and stored in stool cups labelled with an

identification code, name, sex, age, and date. The specimens were transported in a cold-

box with frozen ice-packs to the nearest health facility, Dilla University Teaching and Referral

Hospital, where Kato-Katz and formalin-ether concentration (FEC) techniques were used to

conduct stool tests. Single, 41.7-mg thick, Kato-Katz smears were prepared from each stool
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sample on the same day of specimen collection. Then, 1 g of stool was preserved in 10% forma-

lin solution and processed using the FEC technique [35]. All Kato-Katz slides were examined

within one hour of preparation to minimize the risk of hookworm egg disappearance, and

then the reading of slides were re-performed to detect and count egg of other helminth infec-

tions. The slides were examined by three experienced laboratory technicians. The result of

each helminths species from two diagnostic techniques was recorded separately. To reduce

possible bias introduced during outcome measurement, 10% of 850 of the test results of Kato-

Katz and FEC were randomly selected and re-examined in a blinded fashion to ensure repro-

ducibility of the results. To ensure accuracy of helminth results, the quality control was per-

formed based on World Health Organization (WHO) guideline [36]. According to WHO

guideline, re-reading is required if the expert identifies a difference in the egg count of more

than 10% and more than four eggs between the readings and discuss the reasons for the dis-

crepancy [36]. However, in the WHO guideline, there is no clear information how to handle

differences in presence or absence of helminth eggs [37]. Therefore, we compared the hel-

minths egg count of initial reading with second quality control reading. According to WHO

guideline, when the difference in helminths egg count exceed four eggs, re-reading of slides

was performed by the third senior laboratory technician. In case of a discordant results

between the initial reading and re-reading were confirmed by the third senior laboratory tech-

nician. However, the WHO quality control guideline is mainly for quantitative diagnostic

methods such as Kato-Katz method, there is no guideline for judging discrepancy of faecal egg

counts obtained by the FEC semi-quantitative method for quality control. Hence, we per-

formed the quality control for the FEC method based on the presence or absence of helminth

eggs. For the FEC method, a discordant result was considered when there is difference in the

presence or absence helminths egg from initial reading to the quality control reading. Results

were classified as false-positive if the original result was positive for a specific helminths infec-

tion, but the results from the second reading, as well as from the third reading, were negative.

Results were classified as false-negative if the original result was negative, but the quality con-

trol as well as the result from the third reading, were positive.

Statistical analysis

The data were entered into a database using the double-entry system in Epi-data version 3.1

(EpiData Association; Odense Denmark, 2004). Inconsistencies were cleaned and missing val-

ues addressed before analysis. After validation, the data were exported to SPSS version 20

(IBM Corp, 2011) and STATA 14 software (StataCorp LP, College Station, TX, 2015) for

analysis.

Descriptive statistics including frequency, percentage, mean, median, range, interquartile

range (IQR), and standard deviation (SD) were calculated to describe relevant variables. Cross

tabulation was used to calculate the proportions of categorical variables in relation to outcome

variables for any helminths infection, for T. trichiura infection, and for A. lumbricoides infec-

tion. A wealth index was constructed by using principal component analysis [38] to code the

previously listed 14 household assets as 0 (absent) or 1 (present). The internal consistency of

the 14 variables was determined (Cronbach alpha of 0.78 and Kaiser-Meyer-Olkin sampling

adequacy of 0.8). The socioeconomic indictors (poor, middle, and rich) were categorized

based on the first component explaining 28.3% of the variance in the data with an Eigen value

of 4.1. We used WHO AnthroPlus 1.0.4 software to calculate height-for-age, weight-for-age,

and body mass index-for-age Z scores according to the standard reference for children aged

5–19 year [39]. Stunting was defined as height-for-age Z scores< -2 SD, and thinness was

defined as body-mass-index-for-age Z scores< -2 SD [40]. Anaemia was recorded according
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to the WHO guidelines for school-aged children: haemoglobin < 11.5 g/dl for those aged 5–11

years and< 12 g/dl for those aged 12–14 years. Anaemia was estimated using the haemoglobin

value adjusted for altitude [41].

Kappa statistics were used to estimate reliability of the inter-rater agreement of the two

readers using 10% of the test results in either Kato-Katz or FEC method. Kappa values were

defined as follows: poor = 0.01–0.2; fair = 0.21–0.4; moderate = 0.41–0.6; good = 0.61–0.8; and

perfect = 0.81–1 [42]. Kappa values were considered statistically at P < 0.05.

We used a multivariate, multilevel, mixed-effect, logistic regression model to analyze three

separate binary outcome variables: the presence or absence of any helminth infections, the

presence or absence of T. trichiura, and the presence or absence of A. lumbricoides. Any hel-

minth infections in this study includes (T. trichiura, A. lumbricoides, Taenia species, hook-

worm species, Strongyloides stercoralis, and Hymenolepis nana). In addition, the eggs detected

per Kato-Katz slide (41.7 mg of faeces) was multiplied by a factor 24 to obtain a standard mea-

sure of eggs per gram (epg) of stool [43]. The epg was then used as a proxy for estimation of

helminths infection intensity. Infection intensity was defined as light (< 5,000 epg for A. lum-
bricoides;< 1,000 epg for T. trichiura; and< 2,000 epg for hookworm) or moderate (� 5,000

epg for A. lumbricoides;� 1,000 epg for T. trichiura; and� 2,000 epg for hookworm) [44].

Two separate count models also were constructed for the T. trichiura and A. lumbricoides fecal

egg counts. Thus, using a zero-inflated negative binomial (ZINB) regression model, we per-

formed two part model; the first part has an interpretation as binary outcome model and the

second part as a count model. The association between the over-dispersed count outcome with

excess zeros and the potential predictors of T. trichiura and A. lumbricoides infection was

determined using a ZINB regression model [25].

Multilevel, mixed-effect, logistic regression for modelling infection risk

We used three data hierarchies: school-level, class-level, and individual-level (child or parent).

Student participants were clustered within the same class, and classes were nested within

schools. We included school and class levels during the analysis and assessed potential con-

founding and effect modifications using a multivariate, multilevel, mixed-effect, logistic

regression model and stratified analysis. Prior to the multivariate regression, we checked the

collinearity among exposure variables. We used the presence and absence of any helminths, of

T. trichiura infection, and of A. lumbricoides infection as separate outcome variables and con-

ducted the analysis using a multilevel logistic regression model. For all predictors, we applied a

simple, bivariate, logistic regression without considering random effects, and a multilevel,

logistic regression model with random school and class effects. We also estimated the intra-

cluster correlation coefficient for each model within school and class.

Five models were constructed for each outcome variable (any helminths or T. trichiura, or

A. lumbricoides infection). Model 1 (empty) had no covariate indicating whether to consider

the random-effect model. Model II contained the individual child factors. Model III contained

the individual child and individual parent factors. Model IV contained household, individual

child, and parent factors. Finally, Model V used multilevel, multivariate, logistic regression to

assess individual, household, and school factors. Exposure variables with P values < .25 in the

bivariate multilevel logistic regression model were introduced into the model II, model III and

model IV.

Variables in model V for any helminths included individual child factors (sex, age, loss of

appetite in past month, nail trimming, handwashing with soap before meals, thinness, and

anemia), individual parent factors (mother’s educational status), household factors (wealth,

source of drinking water, container used to store water, treated water), and school factors
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(participation in school feeding program). Covariate variables (e.g., sex, age, nail trimming,

handwashing with soap before meals, wealth, source of drinking water, using treated water,

and participation in a school feeding program) with P values >.25 in the bivariate regression

model were retained in the final model to control for confounding.

Variables in model V for T. trichiura infection included individual child factors (sex, age,

loss of appetite in past month, eating uncooked vegetable, thinness, and anemia), individual

parent factors (mother’s educational status), household factors (wealth, family size, and con-

tainer used to store water), and school factors (participation in school feeding program).

Covariate variables (e.g., sex, age, and wealth) with P values>.25 in the bivariate regression

model were retained in the final model to control for confounding.

Variables in model V for A. lumbricoides infection included individual child factors (sex,

age, nail trimming, dirt in fingernail, loss of appetite in past month, handwashing with soap

after using latrine, de-worming treatment in past 6 months, and anemia), individual parent

factors (mother’s educational status), household factors (wealth and source of drinking water),

and school factors (participation in school feeding program). Covariate variables (e.g., sex, nail

trimming, and wealth) with P values >.25 in the bivariate regression model were retained in

the final model to control for confounding.

Zero-inflated negative binomial regression for modelling infection intensity

To examine potential factors associated with infection intensity, a count model was applied

using the fecal egg counts for T. trichiura and A. lumbricoides infections. A Poisson model was

appropriate for count data, but the assumption of equal variance and mean did not fit to our

data, because the mean of A. lumbricoides and T. trichiura eggs was higher than the variance.

We have evidence of over-dispersion for T. trichiura A. lumbricoides egg counts. Moreover,

zero fecal egg counts for these two infections were more than expected if a Poisson distribution

was used [45]. Furthermore, excess number of zeros in our data exceeded those expected

under a standard negative-binomial (NB) distribution [45]. Thus, one-part models tend to

underestimate the frequencies of zeros and to bias estimation of the covariate effect size [46].

The Vuong test favors ZINB over NB for T. trichiura (Z = 17.5; P < .001), and for A. lumbri-
coides (Z = 9.4; P < .001) eggs count model, indicating the presence of excess zeroes to be

accounted. We thus choose ZINB as the best fitting model. The ZINB model is a two-part

model that models an over-dispersed count outcomes with inflated zeros [47, 48]. The ZINB

model assumes that the excess zero counts come from a logit model and the counts from a neg-

ative binomial model [49]. In other words, the excess zeros in T. trichiura and A. lumbricoides
egg count among participants were generated from two separate process. The first process pro-

duced only zero counts, corresponds to participants that are free of T. trichiura and A. lumbri-
coides egg, zero counts for these group of participants considered as true zeros. The second

process consisted of participants where T. trichiura and A. lumbricoides egg is actually present

but not reported due to sampling zeros or diagnostic technique, zero counts for these group of

participants considered as false zeros.

Measure of effect and model fitness

Results were calculated as crude odds ratios and adjusted odds ratios with a 95% CI. Predictors

with P values < .05 in the final multilevel, multivariate regression model were reported as sta-

tistically significant. The Vuong test was used to compare the ZINB model with a standard

negative binomial model and a likelihood ratio test to compare ZINB with a zero-inflated Pois-

son (ZIP) regression model. The Vuong and likelihood ratio tests with P < .05 favored the

ZINB model [46]. Model fitness was checked using -2 log likelihood (deviance) and Akaike
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information criterion (AIC). The model with the lowest deviance and AIC was used as the

final model [46, 50].

Result

The mean age of the 861 schoolchildren (483 boys and 378 girls) was 11.4 (95% CI: 11.3–11.5)

years, ranging from 7 to 14 years. The majority (89.2%; 768) of children lived with their biolog-

ical parents. About 88.4% (761/861) of mothers and 48.8% (420/861) of fathers never attended

school. More than half of the mothers (54.0%; 463) were housewives, and most (77.4%; 619)

fathers were farmers. Among heads of households, 91.4% (787/861) were men, and 8.6% (74/

861) were women. Family size ranged from 3 to 14 (mean 6.7). Among the participants, 33.3%

(287) lived in poor households (S1 Table). About 32% (278/861, 95% CI: 29.2–35.4) of children

were stunted, and 9.9% (85, 95% CI: 7.9, 11.9] were thin. Anemia was also occurred in 29.6%

(240/810, 95% CI: 26.5–32.8) of children; 85% (204) had mild anemia, 15% (36) had moderate

anemia, but none had severe anemia (S2 Table).

As shown in Table 1, more than half (470/850) of any helminths cases were detected using

Kato-Katz method, and 44.9% (382/850) of cases were detected using FEC method. Overall,

helminths infection were detected in 56.4% (479/850) of children using these two methods.

The most frequent helminths were T. trichiura (42.4%; 360/850), followed by A. lumbricoides
(18.7%; 159/850), Taenia species (10.2%; 87/850), hookworm species (4.4%; 37/850), S. stercor-
alis (2.5%; 21/850), and H. nana (0.2%; 2/850). The mean egg intensity was 156.4 epg for T. tri-
chiura (95% CI: 127.1–185.7), 284.7 epg for A. lumbricoides (95% CI: 119.5–449.9), 134.4 epg

for Taenia species (95% CI: 117.4–151.4), 83.7 epg for hookworm (95% CI: 68.3–99.1). Almost

all diagnosed infections were light intensity. Only two children had moderate intensity of

infection for T. trichiura and one child for A. lumbricoides. Infection with a single helminth

infection was more common 39.6% (337/850) than multiple infections 16.7% (142/850).

About 12% (101) of children had double infections and 4.4% (37) had triple infections. We

observed T.trichiuria and A. lumbricoides co-infection in 10.6% (90) of children (S3 Table).

As indicated in Table 2, the proportion of any helminths infection were 57.6% (276/479)

among boys, and 55.8% (387) were among children aged 10–14 years. Anemia occurred

among 63% (150) of children infected with any helminths. More than two-thirds (68.7%) of

thin children were infected with any helminths. The S4 Table of supplementary data shows the

proportions of children infected with any helminths, T. trichiura and A. lumbricoides in rela-

tion to individual, household, and school factors.

Table 1. Helminths species detected by Kato-Katz and FEC method among schoolchildren in the Wonago district, Southern Ethiopia, 2017 (n = 850).

Helminths species Kato-Katz Kato-Katz FEC Either Kato-Katz or FEC

Positive Positive Positive Positive

n (%) Mean (SD) of EPG n (%) n (%)

T.trichiuria 342 (40.2) 156.4 (275.3) 278 (32.7) 360 (42.4)

A.lumbricoides 145 (17.1) 284.7 (1006.3) 130 (15.3) 159 (18.7)

Taenia species 85 (10.0) 134.4 (78.9) 44 (5.2) 87 (10.2)

Hookworm species 37 (4.4) 83.7 (46.2) 11 (1.3) 37 (4.4)

S.stercoralis 12 (1.4) 21 (2.5) 21 (2.5)

H.nana 0 2 (0.2) 2 (0.2)

Any helminths 470 (55.3) 382 (44.9) 479 (56.4)

EPG: Egg per gram of stool; FEC: Formalin-ether concentration

Any helminths: T. trichiura, A. lumbricoides, Taenia species, hookworm species, S. stercoralis, H. nana

https://doi.org/10.1371/journal.pntd.0008002.t001
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A large proportion of children 81.3% (691/850) for A. lumbricoides, and 57.6% (490/850)

for T. trichiura were “zero egg excretors.” The median and interquartile range (IQR) of eggs

per gram (epg) of stool was 120 (72–168) for T. trichiura. According to gender, either boys or

girls 120 (72–168) had equal median (IQR) of epg for T. trichiura. Among the age groups, the

median (IQR) of epg for T. trichiura was 120 (72–192) in children aged 7–9 years. The median

(IQR) of epg was 120 (72–216) for A. lumbricoides. The median (IQR) of epg for A. lumbri-
coides was 120 (96–216) among boys, and 120 (72–144) in children aged 7–9 years. The S5 and

S6 Tables summarize the mean, median, standard deviation, and interquartile range of T. tri-
chiura and A. lumbricoides infections for each exposure variable. The S1 Dataset of supplemen-

tary data shows the raw data for continuous variables.

Inter-rater agreement for helminths data

We performed reliability test using 10% of 850 sample. The inter-rater agreement of the two

readers either Kato-Katz or FEC was checked with Kappa statistics. In case of discordant

results, a third reader was used to confirm the analysis. We observed a good agreement

between the initial reading and re-reading in either Kato-Katz or FEC method (P< .001). The

Kappa values in the Kato-Katz reading were as follows: A. lumbricoides, 0.83 [95% CI: 0.72–

0.95]; T. trichiura, 0.88 [95% CI: 0.78–0.98]; Taenia species, 0.87 [95% CI: 0.76–0.98]; and

hookworm, 0.86 [95% CI: 0.74–0.98]. Among discordant results between the two readers, 7

were for A. lumbricoides, 5 for T. trichiura, 5 for Taenia, and 5 for hookworm. The proportion

of false positive results in the Kato-Katz smear, 1.2% (1/85) were for A. lumbricoides, 5.9% (5/

85) for T. trichiura, 3.5% (3/85) for Taenia, and 2.4% (2/85) for hookworm. The proportion of

false negative results in the Kato-Katz smear, 7.1% (6/85) were for A. lumbricoides, 0 for T. tri-
chiura, 2.4% (2/85) for Taenia, 3.5% (3/85) for hookworm. According to the WHO guideline,

in the Kato-Katz smear, helminth egg counts between initial reading and second quality con-

trol reading was compared. Discrepancies in helminth egg counts in the Kato-Katz smear were

detected, 8.2% (7/85) for A. lumbricoides, 5.9% (5/85) for T. trichiura, and 5.9% (5/85) for Tae-
nia species. For hookworm, the observed differences in egg counts did not exceed 4 eggs per

slide (S7 Table).

Table 2. Distribution of helminths infection in relation to age, sex, nutritional statuses and anemia among schoolchildren in the Wonago district, Southern Ethio-

pia, 2017.

Variables T. trichiuria A. lumbricoides Taenia species Hookworm species Any helminths

Individual child factors N n (%) n (%) n (%) n (%) n (%)

Boys 479 206 (43.0) 96 (20.0) 57 (11.9) 26 (5.4) 276 (57.6)

Girls 371 154 (41.5) 63 (17.0) 30 (8.1) 11 (3.0) 203 (54.7)

7–9 157 72 (45.9) 22 (14.0) 11 (7.0) 12 (7.6) 92 (58.6)

10–14 693 296 (41.6) 137 (19.8) 76 (11.0) 25 (3.6) 387 (55.8)

Not stunted 578 241 (41.7) 110 (19.0) 65 (11.3) 25 (4.3) 326 (56.4)

Stunted 272 119 (43.7) 49 (18.0) 22 (8.1) 12 (4.4) 153 (56.3)

Not thin 767 314 (40.9) 141 (18.4) 79 (10.3) 34 (4.4) 422 (55.0)

Thin 83 46 (55.4) 18 (21.7) 8 (9.6) 3 (3.6) 57 (68.7)

Non anemic 567 225 (39.7) 92 (16.2) 55 (9.7) 20 (3.5) 306 (54.0)

Anemic 238 115 (48.3) 64 (26.9) 30 (12.6) 17 (7.1) 150 (63.0)

Total 360 (42.4) 159 (18.7) 87 (10.2) 37 (4.4) 479 (56.4)

Any helminths: T. trichiura, A. lumbricoides, Taenia species, hookworm species, S. stercoralis, H. nana;
N: children examined; n: children positive with helminths infection

https://doi.org/10.1371/journal.pntd.0008002.t002
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The Kappa values in the FEC reading were as follows: A. lumbricoides, 0.91 [95% CI: 0.82–

0.99]; T. trichiura, 0.86 [95% CI: 0.75–0.98]; Taenia species, 0.84 [95% CI: 0.71–0.97]; hook-

worm, 0.86 [95% CI: 0.67–1.00]; and S. stercoralis, 0.81 [95% CI: 0.62–0.99]. Among discor-

dant results between the two readers, 4 were for A. lumbricoides, 5 for T. trichiura, 5 for

Taenia, 2 for hookworm, and 4 for S. stercoralis. The proportion of false positive results in the

FEC method, 2.4% (2/85) were for A. lumbricoides, 3.5% (3/85) for T. trichiura, 2.4% (2/85) for

Taenia, 1.2% (1/85) for hookworm, and 2.4% (2/85) for S. stercoralis. The proportion of false

negative results in the FEC method, 2.4% (2/85) were for A. lumbricoides, 2.4% (2/85) for T.

trichiura, 3.5% (3/85) for Taenia, 1.2% (1/85) for hookworm, and 2.4% (2/85) for S. stercoralis
(S8 Table).

Variation and risk factors for any helminths infection

Predictors of any helminths infection were estimated using a multivariate, multi-level, mixed-

effect, logistic regression analysis. The intra-cluster correlation coefficient (ICC) value, calcu-

lated in the empty model with no covariate, was 1.2% at the school and class levels and 0.1% in

the final model, indicating unexplained variations of any helminths infection prevalence at the

school- and class-levels. See the S10 Table of supplementary data for the results of subsequent

multilevel models.

In the bivariate, multi-level, mixed-effect, logistic regression model; the following factors

had significant associations with any helminths infection: loss of appetite in the past month,

thinness, anemia, having a mother or guardian with no formal education, and using an open

container for water storage (S9 Table). In the multivariate, multi-level, mixed-effect, logistic

regression model analysis, the risk of any helminths infection was higher among children with

loss of appetite in the past month (AOR: 1.89 [95% CI: 1.16, 3.08]), thinness (AOR: 1.73 [95%

CI: (1.04, 2.90]), anemia (AOR: 1.45 [95% CI: 1.04, 2.03]), a mother or guardian with no for-

mal education (AOR: 2.08 [95% CI: 1.25, 3.47]), and open containers for water storage (AOR:

2.06 [95% CI: 1.07, 3.99]). However, no significant differences were observed between any hel-

minths infection and sex, age, nail trimming, handwashing before meals, eating undercooked

vegetables, wealth, source of drinking water, using treated water at home, or participation in a

school feeding program. Table 3 and S10 Table shows the details.

Variation and risk factors for T. trichiura and A. lumbricoides infections

The intra-cluster correlation value calculated in Model V for T. trichiura was low and insignifi-

cant, indicated that the variability in this infection prevalence was not attributable to class or

school factors. The S11 Table of supplementary data shows the results of these tests. Similarly,

the variability in A. lumbricoides prevalence at the school-level was insignificant. However, the

intra-cluster correlation value calculated in Model V for A. lumbricoides infection indicated

that 3.2% of the variability in this infection prevalence was attributable to class factors. The S12

Table of supplementary data shows the results of these tests.

For T. trichiura model, all significant variables in the bivariate, multilevel, mixed-effect

model also were significant in the multivariate model. The risk of T. trichiura infection was

higher among children with loss of appetite in the past month (AOR: 1.76 [95% CI: 1.15,

2.71]), thinness (AOR: 1.73 [95% CI: 1.07, 2.78]), anemia (AOR: 1.53 [95% CI: 1.11, 2.12]), a

mother or guardian with no formal education (AOR: 1.94 [95% CI: 1.18, 3.19]), and participa-

tion in the school food program (AOR: 1.55 [95% CI: 1.13, 2.12]). Furthermore, there were no

statistically significant differences between T. trichiura infection and sex, age, nail trimming,

handwashing, eating uncooked vegetable, receiving de-worming treatment in the past 6

months, or wealth (S9 and S11 Tables).
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For A. lumbricoides model, all significant variables in the bivariate, multilevel, mixed-effect

model also were significant in the multivariate model. The odds of A. lumbricoides infection

increased by 92% among anemic children (AOR: 1.92 [95% CI: 1.29, 2.88]). The odds were

lower among children who received de-worming treatment in the past 6 months [AOR: 0.57

(95% CI: 0.33, 0.98)] and who used water from a protected source [AOR: 0.46 (95% CI: 0.28,

0.77)]. There were no statistically significant differences between A. lumbricoides infections

and age, nail trimming, handwashing, wealth, source of drinking water, and participation in a

school food program. The S9 and S12 Tables of supplementary data shows the results.

Zero-inflated negative binomial regression

Model fitness. The alpha dispersion parameter was significant for T. trichiura at 0.53

(95% CI: 0.45–0.61) and for A. lumbricoides infection at 0.47 (95% CI: 0.05, 0.37), indicating

strong over-dispersion. For T. trichiura fecal egg count data; comparing the zero-inflated Pois-

son (ZIP) with a ZINB model, we observed a significant likelihood ratio test at (alpha = 0; Chi

Table 3. Multivariate, multilevel, mixed-effect, logistic regression analysis of any helminths infection among schoolchildren in the Wonago district of Southern

Ethiopia, 2017.

Variables Any helminths Adjusted OR (95% CI)

Individual child factors Yes (%) Model I Model II Model III Model IV Model V

Sex Boys 276 (57.6) - 1.0 1.0 1.0 1.0

Girls 203 (54.7) - 0.96 (0.72, 1.28) 0.97 (0.72, 1.30) 0.98 (0.74, 1.32) 0.98 (0.74, 1.32)

Age in years 7–9 92 (58.6) - 1.19 (0.82, 1.74) 1.17 (0.81, 1.71) 1.13 (0.77, 1.65) 1.13 (0.77, 1.65)

10–14 387 (55.8) - 1.0 1.0 1.0 1.0

Loss of appetite in past month Yes 82 (67.8) - 1.77 (1.10, 2.85)� 1.89 (1.18, 3.04)� 1.89 (1.16, 3.08)� 1.89 (1.16, 3.08)�

No 397 (54.5) - 1.0 1.0 1.0 1.0

Thinness No 422 (55.0) - 1.0 1.0 1.0 1.0

Yes 57 (68.7) - 1.73 (1.04, 2.88)� 1.68 (1.01, 2.79)� 1.73 (1.04, 2.90)� 1.73 (1.04, 2.90)�

Anemia No 306 (54.0) - 1.0 1.0 1.0 1.0

Yes 150 (63.0) - 1.52 (1.09, 2.12)� 1.49 (1.07, 2.07)� 1.45 (1.04, 2.03)� 1.45 (1.04, 2.03)�

Individual parent factors

Mother’s education level Never entered school 392 (58.5) - - 2.07 (1.26, 3.41)�� 2.08 (1.25, 3.47)�� 2.08 (1.25, 3.47)��

Read and write only 47 (58.0) - - 1.97 (0.97, 4.02) 1.91 (0.92, 3.97) 1.91 (0.92, 3.97)

Primary and above 38 (40.0) - - 1.0 1.0 1.0

Household factors

Wealth Poor 165 (57.9) - - - 0.99 (0.69, 1.43) 0.99 (0.69, 1.43)

Middle 165 (56.3) - - - 1.08 (0.74, 1.58) 1.08 (0.74, 1.58)

Rich 149 (54.8) - - - 1.0 1.0

Water storage container Closed container 440 (55.3) - - - 1.0 1.0

Open container 39 (72.2) - - - 2.06 (1.07, 3.99)� 2.06 (1.07, 3.99)�

School factor

Participates in school food program No 250 (58.7) - - - - 1.0

Yes 229 (54.0) - - - - 0.98 (0.66, 1.46)

Model fitness

-2log likelihood 1160 1076 1062 1057 1056

AIC 1165 1104 1089 1091 1093

AIC: Akaike information criterion; CI: confidence interval; OR: odds ratio

��P < .01

�P < .05

https://doi.org/10.1371/journal.pntd.0008002.t003
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square = 38000; P< .001), indicating a ZINB model is best fitted for this data. Meanwhile, the

Vuong test favors ZINB over a standard negative binomial (NB) for T. trichiura (Z = 17.5; P<

.001) eggs count model, indicating the presence of excess zeroes to be accounted. The AIC and

deviance results for T. trichiura show that the ZINB model offer a better fit compared to ZIP

model (AIC = 4902 for ZINB and 43,186 for ZIP; deviance = 43,126 for ZIP and 4840 for

ZINB) (S12 Table). For A. lumbricoides fecal egg count data; comparing the ZIP with a ZINB

model, we observed a significant likelihood ratio test at (alpha = 0; Chi square = 21000; P <

.001), indicating a ZINB model is best fitted. The Vuong test also favors ZINB over NB for A.

lumbricoides (Z = 9.4; P < .001) eggs count model, indicating the presence of excess zeroes to

be accounted. The AIC and deviance results for A. lumbricoides also show that the ZINB

model offer a better fit compared to ZIP model (AIC = 2494 for ZINB and 23,845 for ZIP;

deviance = 23,788 for ZIP and 2436 for ZINB) (S13 Table).

Negative binomial count model for T. trichiura and A. lumbricoides infections. Inten-

sity of T. trichiura infection increased among girls (AOR: 1.23 [95% CI: 1.04, 1.45]), and in

those using open container for water storage at home (AOR: 1.59 [95% CI: 1.14, 2.22]). The

intensity of infection with A. lumbricoides (AOR: 1.08 [95% CI: 1.01, 1.16]) increased with

increasing age. Unclean fingernails (AOR: 1.47 [95% CI: 1.07, 2.03]) were associated with

increased intensity of A. lumbricoides infection. A habit of nail trimming (AOR: 0.56 [95% CI:

0.39, 0.79]) and handwashing with soap after using the latrine (AOR: 0.68 [95% CI: 0.48, 0.95])

lowered the intensity of A. lumbricoides. The intensity of A. lumbricoides was higher among

children in school feeding programs (AOR: 1.97 [95% CI: 1.49, 2.61]) (Tables 4 and 5).

Logit model for predicting excess zeros for T. trichiura and A. lumbricoides infections.

As shown in Tables 4 and 5, the odds of zero epg counts for T. trichiura (AOR: 1.13 [95% CI:

1.03, 1.25]) and A. lumbricoides (AOR: 1.20 [95% CI: 1.06, 1.36]) increased with increasing

hemoglobin concentrations. The odds of zero epg counts for T. trichiura decreased for chil-

dren who ate uncooked vegetables (AOR: 0.70 [95% CI: 0.50, 0.99]), children who reported

loss of appetite in the past month (AOR: 0.52 [95% CI: 0.34, 0.81]), thin children (AOR: 0.59

[95% CI: 0.36, 0.94]), a mother or guardian with no formal education (AOR: 0.56 [95% CI:

0.34, 0.92]), and children in school feeding programs (AOR: 0.56 [95% CI: 0.41, 0.78]). Mean-

while, the odds of zero epg counts for A. lumbricoides eggs decreased with increasing age

(AOR: 0.90 [95% CI: 0.81, 0.99]), whereas the odds increased among children who had

received a de-worming drug in the past 6 months (AOR: 1.68 [95% CI: 1.01, 2.78]). However,

no significant difference was observed between T. trichiura infections and age, nail trimming,

or wealth. No statistically significant differences were observed between A. lumbricoides infec-

tions and sex, mother’s educational, or wealth.

Discussion

Helminths infection were found to be a public health problem among schoolchildren aged 7 to

14 years in the Gedeo zone of Southern Ethiopia. Controlling for clustering effects at the

school and class levels and accounting for excess zeros of fecal egg counts, we found an associa-

tion between helminths infection and the following variables: age, thinness, anemia, loss of

appetite in past month, unclean fingernails, lack of nail trimming, lack of hand washing with

soap after using the latrine, de-worming treatment, mothers’ education levels, water source,

and using uncovered water storage container at home. Variations attributable to both class

and school-level factors for helminth infections prevalence were less than 5%, indicating

minor influence.

We used a large and representative sample of schoolchildren and applied a multilevel,

mixed-effect model and a ZINB model to identify risk factors for prevalence and intensity of
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helminths infection. We examined nutritional status, and measured hemoglobin concentra-

tions. To enhance the detection rate of helminth infections, we used two standard techniques,

the Kato-Katz and FEC. Helminths detection and species identification require qualified labo-

ratory expert, and thus we also reported the agreement level of the readers in either method.

The dependence of clustered data within the school and class levels was measured and indi-

cated using intra-cluster correlation coefficient. Unlike previous studies [8, 11–17], we

reported the intensity of helminth infections and modelled the intensity of helminths egg

using a ZINB count model. We determined the fit using deviance and AIC for each model.

Because of the cross-sectional nature of this study, causality between the outcome and the

exposure variable cannot be determined with certainty. Multiple stool samples from each child

could have enhanced the detection rate of helminths infection [51]. Unfortunately, we did not

take multiple samples, due to logistics constraints, but we used two different techniques to ana-

lyze a single stool sample, which could have enhanced the detection rate. There is no a ‘gold

standard’ test (with 100% accuracy) for diagnosing helminth infections, but it is recommended

to use a combined test to improve the detection rate of helminth infections [52, 53]. The Kato-

Katz and FEC techniques are recognized for soil-transmitted helminths detection [54]. More-

over, the Kato-Katz method is suitable for quantification of the helminths eggs. However, the

Table 4. Zero-inflated negative binomial regression model for T. trichiura fecal egg count among schoolchildren in the Wonago district, Southern Ethiopia, 2017

(n = 850).

Variables Zero-inflated negative binomial model

Negative binomial part Zero-inflated part

Individual child, parent, household and school factors Infection intensity AOR (95% CI) Infection probability AOR (95% CI)

Sex Boys 1.0 1.0

Girls 1.23 (1.04, 1.45)� 1.06 (0.79, 1.43)

Age in years Mean (SD) 1.01 (0.97, 1.05) 1.07 (0.98, 1.15)

Fingernails trimmed Yes 0.82 (0.61, 1.09) 0.92 (0.57, 1.49)

No 1.0 1.0

Habit of eating uncooked vegetable Yes 1.05 (0.86, 1.27) 0.70 (0.50, 0.99)�

No 1.0 1.0

Loss of appetite in past month Yes 0.95 (0.75, 1.21) 0.52 (0.34, 0.81)��

No 1.0 1.0

Hemoglobin concentration Mean (SD) 0.96 (0.91, 1.01) 1.13 (1.03, 1.25)�

Thinness No 1.0 1.0

Yes 1.10 (0.86, 1.41) 0.59 (0.36, 0.94)�

Mother’s education level Never entered school 1.18 (0.86, 1.61) 0.56 (0.34, 0.92)�

Read and write only 1.19 (0.80, 1.78) 0.64 (0.32, 1.26)

Primary and above 1.0 1.0

Wealth status Poor 0.99 (0.81, 1.22) 0.98 (0.68, 1.41)

Middle-class 0.92 (0.74, 1.14) 0.95 (0.66, 1.38)

Rich 1.0 1.0

Water storage Closed container 1.0 1.0

Open container 1.59 (1.14, 2.22)�� 0.82 (0.44, 1.49)

Participates in school food program No 1.0 1.0

Yes 1.18 (0.98, 1.42) 0.56 (0.41, 0.78)��

AOR: adjusted odds ratio; CI: confidence interval

��P < .01

�P < .05

https://doi.org/10.1371/journal.pntd.0008002.t004
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duration of the examination and the number of Kato-Katz smears are known to have impact

on the sensitivity of Kato-Katz method for hookworm detection [52]. Thus, the low sensitivity

of the Kato-Katz technique for hookworm detection, may have underestimated the prevalence

of hookworm infection in this study. The performance of the Kato-Katz and FEC method for

helminths detection varied in several studies. In this study, the performance of the Kato-Katz

method slightly better than the FEC method, and in agreement with previous studies in Ethio-

pia [55, 56] and a review done by Nikolay et al. [57]. In contrast, Speich et al. and Glinz et al.

[58, 59] showed similar or slightly higher sensitivity of the FEC method compared to the Kato-

Katz method for helminth infections. The influence of the ether-based concentration tech-

niques on helminth egg count require further studies [59]. Accurate counting of helminth eggs

is challenging, it is not uncommon to detect discordant results in helminths diagnosis (e.g. hel-

minth eggs can confuse with eggs from other helminths species or recording errors on the

entry forms) [37, 52]. There was good agreement between the initial reading and re-reading

from 10% of test result in either Kato-Katz or FEC method. In agreement with Speich et al.

[37] the detected false positive results was higher for T. trichiura than for A. lumbricoides and

the false negative results was higher for A. lumbricoides than for T. trichiura in the Kato-Katz

method. A combined diagnostic methods, the Koga-agar-plate culture and Baermann are

Table 5. Zero-inflated negative binomial regression model for A. lumbricoides fecal egg count among schoolchildren in the Wonago district, Southern Ethiopia,

2017 (n = 850).

Variables Zero-inflated negative binomial model

Negative binomial part Zero-inflated part

Individual child, parent, household and school factors Infection intensity AOR (95% CI) Infection probability AOR (95% CI)

Sex Boys 1.03 (0.81, 1.32) 0.96 (0.66, 1.41)

Girls 1.0 1.0

Age in years Mean (SD) 1.08 (1.01, 1.16)� 0.90 (0.81, 0.99)�

Fingernails trimmed Yes 0.56 (0.39, 0.79)�� 0.66 (0.36, 1.20)

No 1.0 1.0

Unclean fingernails Yes 1.47 (1.07, 2.03)� 0.64 (0.37, 1.08)

No 1.0 1.0

Handwashing with soap after latrine use Always 0.94 (0.61, 1.44) 0.68 (0.35, 1.30)

Sometimes 0.68 (0.48, 0.95)� 1.39 (0.85, 2.27)

Never 1.0 1.0

De-worming drug in past 6 months Yes 1.03 (0.76, 1.41) 1.68 (1.01, 2.78)�

No 1.0 1.0

Hemoglobin concentration Mean (SD) 0.99 (0.91, 1.07) 1.20 (1.06, 1.36)��

Mother’s education level Never entered school 1.10 (0.66, 1.85) 0.45 (0.21, 0.96)�

Read and write only 0.89 (0.49, 1.64) 0.33 (0.13, 0.84)�

Primary and above 1.0 1.0

Wealth status Poor 1.17 (0.87, 1.58) 1.17 (0.74, 1.86)

Middle-class 1.17 (0.87, 1.58) 1.22 (0.77, 1.95)

Rich 1.0 1.0

Participates in school food program No 1.0 1.0

Yes 1.97 (1.49, 2.61)��� 1.37 (0.87, 2.15)

AOR: adjusted odds ratio; CI: confidence interval

���P < .001

��P < .01

�P < .05

https://doi.org/10.1371/journal.pntd.0008002.t005
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suggested methods for detection of S. stercoralis [51]. Neither Kato-Katz nor FEC methods are

recommended for S. stercoralis diagnosis. Thus, we have probably underestimated the preva-

lence of S. stercoralis. Furthermore, recall bias could be introduced, while using a questionnaire

to gather information on the past de-worming history. Moreover, due to homogeneity issues,

we were unable to model most school-level risk factors in this study (e.g., sanitation and

hygiene facilities were similar across all schools).

The prevalence of any helminths infection that we found was 56.4% align with the findings

of 60% and 63% in Southern Ethiopia [17, 60]. However, it is higher than the 23% [24], and

27.7% [12] reported in another studies in Southern Ethiopia. Compared with the 24.6% preva-

lence found in Ethiopia [16], 26.3% in the Democratic Republic of Congo, 26.5% found in

Kenya [61, 62], 10.7% found in Burkina Faso [63], and 10% of global report [64], we found a

higher prevalence of 42.4% T. trichiura infection. The rate of A. lumbricoides infection 18.7%

align with the global report of 20% [64]. However, the rates that we found are higher compared

with rates of 10.6% to 13% in other areas of Southern Ethiopia [12, 65]. The rate of 4.4% for

hookworm infection in this study aligned with the 7.4% rate found during national mapping

[65]. However, it is lower than the 18% in Southern Ethiopia [24], 46.9% [66], and 56.8% [16]

reported in other regions of Ethiopia, and 18% of global report [64]. All detected infections in

this study were of light intensity [44], which is comparable with other studies in Ethiopia [24,

67, 68]. The rate of multiple helminth infections in this study was 16.7%, and higher than com-

pared to what was reported in the Butajira town 2.6% [69] and in the Bahir Dar 6.3% [70].

Such variations in helminths prevalence could be due to different diagnostic techniques. For

instance, among studies reporting low prevalence of any helminths infection in the same

region of our study; some used only a single Kato-Katz method [24] and other used a wet

mount (low sensitive) technique [12, 71]. In addition, the variations in helminths distribution

might be due to difference in the studies’ ecological settings such as altitude, soil type, rainfall,

and land surface temperature [72].

We found a moderately high prevalence of 32% for stunting comparable with the values of

28% in the Southern Ethiopia [24], 30.7% in the Filtu Town [73], 32.9% in the Fogera district

[30]. The rate of thinness that we found (9.9%) was also similar with the rates (11.6% to 14.0%)

found by other studies in Southern Ethiopia [24, 60, 74] but are lower (19.6% to 27.6%) than

studies documented in Northern Ethiopia [70, 75, 76]. Despite a well-documented link

between soil-transmitted helminth infections and under-nutrition [64, 77], the evidence

regarding this association varies. Some studies have reported the same risk of thinness and

stunting among infected and non-infected children [11, 76, 78]. In agreement with other stud-

ies [70, 75], our study revealed higher rates of any helminth infections among thin children.

These children often lose micronutrients, which can impair nutritional status and growth [77].

The rates of anemia was 29.6% among schoolchildren in this setting; higher than the 22%

and 23% rates found in Southern Ethiopia [24, 60]. However, it is lower than the 43% rate

found by studies of Southwest Ethiopia [16]. The observed association between helminth

infections and anemia was expected, as helminth infections are risk factors for anemia [79–

81]. Reduced food intake because of inflammatory reactions induced by lesions in the intesti-

nal mucosa and impaired iron absorption due to worm infections could partly explain this

association [69, 77]. Furthermore, we found high rates of helminth infections among children

who reported a loss of appetite in the past month. Helminth infections increased among chil-

dren whose mothers had no formal education, similar to previous studies in Ethiopia [8, 12]

and rural Mexico [82]. This could be due to lack of knowledge about poor home sanitation

and hygiene.

Using piped water has been shown to influence the prevalence of A. lumbricoides infection

[9]. In this study, low rates of A. lumbricoides infection were observed among children living
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in households using a protected water source, indicating a possibility for contamination when

water is not protected from soil-transmitted helminths eggs during transport and storage [83].

Our ZINB model indicated that eating uncooked vegetables lowered the probability of remain-

ing free from T. trichiura infections. Ingesting contaminated raw vegetables could play an impor-

tant role in transmitting helminths infection [84]. The zero-inflation model also indicated higher

probability of children remaining free from T. trichiura and A. lumbricoides infections as their

hemoglobin concentrations increase. The observed infection intensity in this study was light, and

although light infection by T. trichiura and A. lumbricoides may not be enough to produce signifi-

cant blood loss, it may aggravate the condition [85]. However, de Gier et al. found low hemoglo-

bin concentrations among children with light T. trichiura infections [80]. This finding could be

affected by unmeasured factors, such as low dietary iron intake and malaria. In the zero-inflation

model, we also observed a high risk of helminths infection, particularly T. trichiura infection,

among children in households using open containers for water storage. Similar findings have

been observed in Kenya [61]. The high percentage of unimproved water sources and the practice

of open defecation, particularly in rural Ethiopia, offer support for this finding [86]. We indeed

observed a high percentage of unimproved toilet facilities in the study households.

Using the ZINB model, we observed increased intensity of A. lumbricoides infections and a

decline in the probability of older children remaining free from this infection. Older children

may participate in activities and environments that make them more prone to infection than

younger children. In contrast, a previous study has reported a lower risk of helminths infection

in the older age group [87]. This reduced risk could be due to immunological and behavioral

factors related to hygiene [88].

Nail and hand hygiene are well known individual factors affecting helminths infection prev-

alence and intensity [89]. We found an increased intensity of A. lumbricoides infection among

children with unclean finger nails, as has been reported by others [12, 15]. Nail trimming and

handwashing with soap after using the latrine led to reduced intensity of A. lumbricoides infec-

tion, similar to findings in other studies [8, 9, 14, 90]. Eating uncooked vegetables has been

reported as a risk factor for helminths infection [87]. Furthermore, receiving de-worming

drugs in the past 6 months significantly increased the probability of children remaining free

from A. lumbricoides, as has been observed in rural Bangladesh [91].

Children participating in school feeding programs had high rates of T. trichiura infection

and increased intensity of A. lumbricoides infection. This finding suggests unsafe or unhy-

gienic food preparation and poor sanitary facilities at schools in the study area. School sanita-

tion and hygiene could affect this finding, though we were unable to show a link due to

similarity of this potential exposure variable. Furthermore, some schools had no access to safe

water, putting those children at higher risk. Schools with feeding programs thus may be area at

high risk of food insecurity and vulnerability to infection.

Although Ethiopia launched a national school-based de-worming program in 2015, soil-

transmitted helminth infection remain high among schoolchildren in the rural areas. Varia-

tions attributable to both class- and school-level factors for helminths infection prevalence

were low. Most individual and few household factors were found to be important predictors

for helminths infection prevalence and intensity, and high rates of T. trichiura infection and

intensity of A. lumbricoides among children in school feeding programs also were observed.

Interventions that improve hygiene among schoolchildren can reduce the burden of helminths

infection in settings such as Gedeo. Access to safe water at school and at home is a crucial part

of infection reduction strategies. Periodic de-worming programs in schools must be strength-

ened. To that end, school teachers should work with health workers to provide health educa-

tion about personal hygiene. Integrated intervention activities focusing on the individual,

household, and school will reduce the burden of helminths infections.
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59. Glinz D, Silué KD, Knopp S, Lohourignon LK, Yao KP, Steinmann P, et al. Comparing Diagnostic Accu-

racy of Kato-Katz, Koga Agar Plate, Ether-Concentration, and FLOTAC for Schistosoma mansoni and

Soil-Transmitted Helminths. PLoS Negl Trop Dis. 2010; 4(7): e754. https://doi.org/10.1371/journal.

pntd.0000754 PMID: 20651931

60. Shaka MF, Wondimagegne YA. Anemia, a moderate public health concern among adolescents in

South Ethiopia. PLoS One. 2018; 13(7): e0191467. https://doi.org/10.1371/journal.pone.0191467

PMID: 30016373

61. Worrell CM, Wiegand RE, Davis SM, Odero KO, Blackstock A, Cuéllar VM, et al. A cross-sectional
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