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Abstract

:

School-based deworming program is implemented to control and eliminate Schistosoma mansoni infection in many endemic countries, including Ethiopia. However, pre-school-age children (pre-SAC) are not targeted to receive preventive chemotherapy against S. mansoni infection, partly due to a lack of information on the disease burden. We assessed the prevalence and correlates of S. mansoni infection among pre-SAC in Southern Ethiopia. A total of 1683 pre-SAC aged 4 to 7 years were screened for S. mansoni infection. A multilevel binary logistic regression was fitted to detect the significant determinants of S. mansoni infection. Adjusted odds ratios (AORs) with a 95% confidence interval (CI) were used to identify determinants of S. mansoni infection. The overall prevalence of S. mansoni infection was 14.3% (95% CI: 12.6, 16.0%). S. mansoni infection was significantly higher among 6-year-old (AOR = 2.58, 95% CI: 1.55, 4.27) and 7-year-old children (AOR = 4.63, 95% CI: 2.82, 7.62). Accompanying others to water sources sometimes (AOR = 2.60, 95% CI: 1.12, 6.01) and all the time (AOR = 5.91, 95% CI: 2.51, 13.90), and residing in less than one kilometer from the infested water source (AOR = 3.17, 95% CI: 1.47, 6.83) increased the odds of S. mansoni infection. In conclusion, the prevalence of S. mansoni infection among pre-SAC in the study area was moderate. The study highlights the urgent need to include pre-SAC aged 4 to 7 years in annual preventive chemotherapy campaigns to reduce the risk of possible sources of infection and enhance the achievement of the elimination target.
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1. Introduction


Schistosomiasis is one of the prominent neglected tropical diseases causing major public health threats in different parts of the world [1]. It affects mostly people living in the tropics and subtropics, predominantly the deprived and utmost poor societies [2,3]. In schistosomiasis endemic areas, the most dominant form is chronic schistosomiasis, resulting from repeated exposure to the infectious larval stage [4,5].



Children are often infected at the age of 2 years, and many of them remain chronically infected throughout their school-age years [6]. During pre-school age (pre-SAC), the exposure to infection is progressive, and practically all children in hyper-endemic areas can be exposed to infective cercariae at one year of age [7,8]. Once individuals are infected with S. mansoni parasites, they are at risk of acquiring related morbidity [9,10,11,12,13]. S. mansoni morbidity is initiated principally by injurious immunologic responses to S. mansoni eggs deposited in the liver and intestine by adult female worms living in the vasculature surrounding these organs [14,15]



The burden of S. mansoni infection shows wide geographical variations across endemic countries in Sub-Saharan Africa (SSA). Some studies reported a higher prevalence of S. mansoni infection in pre-SAC ranging from 11.8% to 70.5% [16,17,18,19,20,21], while some reported a lower rate ranging from 0.9% to 5.9% [15,22,23]. Small-scale studies reported that daily exposure to infested water bodies and high levels of cumulative water contact in habitats where snail hosts are found is linked with the risk of transmission among pre-SAC [8,24,25,26]. Moreover, children’s habit of swimming as well as the frequency of swimming in rivers and children’s habit of crossing rivers barefoot are associated with intestinal schistosomiasis in Ethiopia [27,28].



The revised World Health Organization (WHO) roadmap targets the elimination of schistosomiasis as a public health problem by 2030 and the interruption of schistosome transmission in selected countries by 2030 [29]. One of the WHO-recommended public health interventions to interrupt transmission is the large-scale periodic administration of praziquantel to all at-risk populations as preventive chemotherapy (PC) [30]. Ethiopia is among the high schistosomiasis burden countries in SSA with recent surveys reporting prevalence levels between 24 to 76.3% among school-age children (SAC) [31]. The disease prevalence varies across the country, the southern region being the most affected (40%) [32]. The Ethiopian neglected tropical diseases (NTDs) program initiated school-based PC in 2014 primarily targeting SAC to control schistosomiasis [33]. Despite substantial progress in reducing the overall burden, a recent study conducted after several rounds of PC implementation among SAC reported an overall S. mansoni infection prevalence of 25.8% (range between schools 11.6% to 54.1%) in Southern Ethiopia [3].



Expansion of preventive chemotherapy to all in need, including pre-SAC, and a single prevalence threshold to conduct preventive chemotherapy and its frequency is among the recent six evidence-based recommendations by WHO for the elimination of morbidity and interruption of disease transmission [34]. The Ethiopian National NTD control program aims to eliminate schistosomiasis from being public health problem by 2025 defined as a prevalence of schistosomiasis of <2%, or maintain <1% prevalence of heavy infection in at-risk populations [35]. Currently, the national NTD program implements school-based targeted PC with praziquantel, and the frequency of PC is based on prevalence data. Pre-SAC is not yet included in the PC program. Epidemiological studies are imperative to provide evidence-based recommendations for policymakers on whether to include pre-SAC in PC campaigns and determine its frequency. Therefore, we conducted this study to generate evidence on the magnitude and potential determinants of S. mansoni infection to guide the inclusion of pre-SAC in the mass drug administration (MDA) program in Southern Ethiopia.




2. Materials and Methods


2.1. Study Area, Population, and Design


A cross-sectional study was conducted from August to December 2021 among pre-SAC (children aged 4 to 7 years) in the Hawella Tulla district of Sidama region, Southern Ethiopia. The study district was found to have a higher prevalence of schistosomiasis as per the general mapping exercise of NTDs conducted in Ethiopia between 2013 and 2014 [36]. Hawella Tulla district is located along the shore of Lake Hawassa and Tikur Wuha River at 289 km south of Addis Ababa, the capital city of Ethiopia. It is situated at an altitude of 1800 m above sea level and has an annual rainfall of 1123 mm and a temperature of 13–27 °C. Lake Hawassa is the water source for the residents of Hawella Tulla for their domestic, agricultural, fishing, and other uses. A map of the study district is presented in Figure 1.




2.2. Eligibility Criteria


Children aged 4 to 7 years who resided at least six months in the selected villages of Hawella Tulla district before the study were included. Pre-SAC who were treated with praziquantel within a month of the study recruitment period based on the verbal information obtained from the mothers/primary caregivers were excluded for the parasites could be cleared because of prior treatment. Children who were sick or with severe medical conditions and unable to produce stool samples were also excluded.




2.3. Sample Size Determination


OpenEpi (a free web-based open-source epidemiological statistics) was used to estimate the sample size for the assessment of the outcome and infection rate of S. mansoni in pre-SAC. The sample size was computed using the prevalence and risk factors to address its representativeness to the large population. The assumptions used were a prevalence (p) of 25% from a previous study in the same age group in Ethiopia [19], 3% absolute precision, and a design effect of 2. Accordingly, the minimum sample size (n) was found to be 1600, and the total sample size was 1778 after adjustment for a 10% nonresponse rate. The sample size needed to identify the risk factors associated with S. mansoni infection was calculated considering variables significantly associated with S. mansoni infection in previous studies and fixing the level of confidence at 95%, power at 90%, the ratio of unexposed-to-exposed at 1% and anticipated nonresponse rate at 10%. The sample sizes calculated for risk factors using the findings of the previous report were then 138, 134, and 214. Hence, the sample size calculated from the prevalence (n = 1778) was used as the final sample size for the present study as it would meet all objectives of the study.




2.4. Sampling Procedure


A multistage sampling technique was used to recruit the study participants. Hawella Tulla district has twelve kebeles (lowest administrative units in Ethiopia, hereafter referred to as village(s)), of which, six were selected for this study based on the S. mansoni infection rate in school-age children as per the mapping study of the Ethiopian Public Health Institute in collaboration with the Ministry of Health of Ethiopia [36]. In the first stage, three villages (Tullo, Finchawa, and Chefe Kotijebesa) were selected by simple random sampling technique from six villages. In the selected villages, the sampling frame of the eligible study participants was prepared through house-to-house enumeration by health extension workers before the commencement of actual data collection. Whenever more than one eligible child was found in the same selected household, only one was included in the sampling frame using the lottery method. In the second sampling stage, the number of study participants included in each village was determined by proportional allocation based on the total number of participants found in each village. Then, the study participants were selected by a simple random sampling method. At times when the sampled child was absent from home, two repeated visits (one out of marketing days and one during the weekend) were made. Those pre-SAC who were not traced after three visits were considered non-respondents.




2.5. Study Variables


The outcome variable for this study was S. mansoni infection which was detected using Kato–Katz (a gold standard method) for diagnosing S. mansoni by microscopic examination [30,37]. This takes a binary outcome, such that S. mansoni infection was regarded as infected (1 = if S. mansoni infection detected) or uninfected (0 = if no S. mansoni infection detected). Egg counts were quantified and classified for S. mansoni infection according to the WHO guideline as light (1–99 EPG), moderate (100–399 EPG), or heavy (>400 EPG) [30,37].



The exposure variables included age, sex, educational level, and occupation of the mothers/primary caregivers of pre-SAC, sanitary practices, water contact behavior, distance from the infested water body, latrine use, and the wealth index of the household. The age of the study participant was determined by asking about their last birthday. The wealth index of the household was constructed from the household asset and its interquartile range was fixed. The distance from the infested water body was categorized according to the predetermined classification of the distance (less than 1 km, 1 to 2 km, and greater than 2 km) using the GPS before the actual data collection period.




2.6. Data Collection Tools and Procedures


Data were collected using a pre-tested structured Amharic or Sidaamu Afoo (the local language) version questionnaire using an interview technique. Eight research assistants with public health expertise who were trained on how to apply the questionnaire interviewed the mothers/primary caregivers of the participants. The interview was conducted at the respondent’s home. The questionnaire was prepared in English, translated into Amharic and Sidamu Afoo languages, and translated back to English to check the consistency. The Amharic or Sidamu Afoo questionnaire was used for interviews based on the language proficiency of the respondents and their preferences. Two senior experts and the principal investigator supervised the data collection process.



A stool specimen was collected from each study participant using a wide-mouth 100 mL screw-capped dry and clean container pre-labeled with the participant’s unique identification number. The collected stool samples were transported within an hour of collection in suitable cool boxes at temperatures between 4 and 60c for subsequent examination at Bushulo health center. Samples were examined using the Kato–Katz technique for the detection of parasite eggs, with two slides per stool. A portion of the sample was processed by the Kato–Katz method using a template holding 41.7 mg of stool [32]. Two experienced laboratory technologists examined the slides, and the difference in the test results was managed using the third experienced laboratory technologist. The number of eggs was counted and multiplied by 24 to obtain the number of EPG of stool.



The presence of S. mansoni, Ascaris lumbricoides, Trichuris trichuria, and hookworm eggs was recorded. Examination for hookworm infection was performed within an hour of smear preparation, while examination for S. mansoni, A. lumbricoides, and T. trichuria was performed within 24 h after smear preparation.




2.7. Data Analysis


Data were recorded on standard record forms, entered into the RedCap database, and exported to an Excel file for cleaning. The data analysis was conducted using Stata software version 14 [StataCorp LLC, College Station, TX, USA]. Descriptive analyses were conducted by calculating frequencies and percentages for categorical variables and mean with standard deviations and medians with interquartile ranges. The determinants of S. mansoni infection were investigated using multilevel logistic regression.



The suitability of the data for standard logistic regression versus multilevel logistic regression was checked by fitting an intercept-only model and comparing it with the null model from a standard logistic regression. An intra-class correlation coefficient (ICC) of 0.084 from the intercept-only model and a significant likelihood ratio test (LR) with a corresponding p-value less than 0.005, and lower Akaike’s information criterion (AIC) and Bayesian information criterion (BIC) for the intercept-only model vis-à-vis the null model from standard logistic regression showed the need for multilevel analysis. Hence, multilevel logistic regression was applied to identify the determinants of S. mansoni infection as it provides a more accurate description of relationships in clustered data by correcting underestimated standard errors, estimating components of variance at several levels, and estimating cluster-specific intercepts and slopes than standard logistic regression.



To conduct a multilevel binary logistic regression analysis, three models were fitted. The first model was the null model (a model without the explanatory variables), which shows the extent of variability in S. mansoni infection due to cluster- (village-) level effect without accounting for covariate effects. The second model, model I, comprised individual-level determinants with random intercept. The third model, model II, which included individual-level predictors with random intercept and random-coefficient for the distance of the household from an infested water source, was the final model. An interaction effect was checked between the age and sex of the participants. However, no significant interaction effect was detected. To identify the best-fitting model, comparison was conducted between model I and model II. The result revealed that there was no significant improvement in the fit of model II relative to model I based on the likelihood ratio test. The changes in AIC and BIC values were also minimal. However, the ICC increased by 177% (from 11.5% to 31.8%) after accounting for the random coefficient for the distance of the households from an infested water source in model II. In addition, the odds ratio for distance less than 1 km changed by about 26% from model I to model II. Furthermore, the variance of the coefficient of the distance of households from infested water sources in model II across village was significant. It is also logically plausible to assume that the effect of distance from infested water sources on the risk of S. mansoni infection varies across villages. Therefore, we took the third model, model II, as our final model. See supplementary file S1 (Table S1) for the details of the model comparison. The selection of variables for inclusion into the multivariable multilevel analysis was conducted based on a p-value < 0.25 from the crude analysis.



Based on the final model, adjusted odds ratios (AORs) with a 95% confidence interval (CIs) were reported based on the fixed-effects component of the model. See supplementary file S2 (Table S2) for results from all models. Random effects for the intercept and coefficients were reported based on variances across clusters with 95% CIs. Ninety-five percent of CIs of AORs that do not embrace 1 indicated statistically significant fixed effects, whereas 95% of CIs of variances that do not embrace 0 implied statistically significant village-level random effects.





3. Results


3.1. Study Participants’ Characteristics


A total of 1683 (95%) pre-SAC aged 4 to 7 years participated in the study. Out of the total participants, 52.3% were males (n = 880). The mean (±standard deviation (SD)) age of the children was 5.49 (±1.09) years (Table 1).




3.2. Prevalence of S. mansoni Infection


A total of 241/1683 pre-SAC, 14.3%, (95% CI: 12.6%, 16.0%) were found to be infected with S. mansoni, with a prevalence of 16.4% (144/880) in males and 12.1% (97/803) in females. The prevalence of infection increased with increasing age; the youngest age group (4 years) exhibited a moderate prevalence of 6.9% and the much older age group (7 years) had a high prevalence of 24.7% (Table 2). The prevalence of infection varied by study villages. Among the three villages that participated in this study, Tullo village had the highest prevalence of S. mansoni infection (21.4%), followed by Finchawa village (10.5%), and Chefe Kotijebesa village (6.6%). Microscopic examinations of stool samples showed that about 73 (30.3%) S. mansoni-infected pre-SAC had multiple parasite infections.




3.3. Intensity of S. mansoni Infection in Pre-SAC


S. mansoni egg count in test stool of the 241 pre-SAC who were microscopy positive ranged from 12 to 2560 EPG. Most of the infected pre-SAC had a low egg count of 12 to 96 EPG (n = 137; 8.1% light infection). The remaining (n = 69; 4.1% moderate infection) pre-SAC had 108 to 396 EPG, while (n = 35) (2.1%; heavy infection) had 400 to 2560 EPG (Table 2). The heaviest infection intensity was detected from Tullo kebele (1.7%) followed by Chefe Kotijebesa kebele (0.3%), and Finchawa kebele (0.2%).




3.4. Determinants of S. mansoni Infection in Pre-SAC


3.4.1. Effect of Determinants on S. mansoni Infection


In the multivariable multilevel logistic regression analysis, S. mansoni infection was significantly associated with higher age, i.e., a child aged 6 years (AOR = 2.58, 95% CI: 1.55, 4.27) and a child aged 7 years (AOR = 4.63, 95% CI: 2.82, 7.62). Accompanying others to water sources sometimes (AOR = 2.60, 95% CI: 1.12, 6.01) and all the time (AOR = 5.91, 95% CI: 2.51, 13.90), and living in less than 1 km radius from the nearby water body, Lake Hawassa, (AOR = 3.17, 95% CI: 1.47, 6.83) were also found to be the variables significantly associated with S. mansoni infection. The occupation and wealth index of the mothers/primary caregivers of pre-SAC had no association with S. mansoni infection (Table 3).




3.4.2. Between-Village Variability on the Risk of S. mansoni Infection


There was significant village-level variability in the intercept of the model (variance = 0.30; 95% CI: 0.05, 1.65). Similarly, the effect of the distance of households from infested water sources on the risk of S. mansoni infection was variable across villages (variance = 0.077; 95% CI: 0.07653, 0.07654). Controlling for other covariates, 31.8% of the variability on the risk of S. mansoni infection was explained by village membership. Supplementary file S1 shows the details of the models.






4. Discussion


This study aimed to explore the burden of S. mansoni infection among pre-SAC in Southern Ethiopia and determine the factors associated with the infection. The present study found that the prevalence of S. mansoni infection among pre-SAC was 14.3%, with significant variation across villages. The prevalence was higher among children aged 6 and 7 years, those residing within one-kilometer radius of the nearby water body, and those who accompanied others to water sources all the time or sometimes. The effect of distance of households from infested water sources on the risk of infection varied across villages. Furthermore, village membership accounted for 31.8% of the variability in the risk of infection.



The burden of S. mansoni infection among pre-SAC significantly varies across geographical localities in endemic settings. Thus, the present study compared the results with a previous study among SAC in the same area [3], which reported an overall S. mansoni infection prevalence of 24.6%, as there was no previous study among pre-SAC in the study area. The overall S. mansoni infection prevalence of 14.3% reported in the present study was lower than the prevalence previously reported among SAC in the same area [3]. The difference in prevalence between the current study and the previous study among SAC may be attributed to the reduction of infection in the study area which resulted from the initiation of praziquantel MDA to SAC in 2014. There is evidence that treating SAC infected with schistosomiasis tends to lower the prevalence among the entire population by reducing the ongoing transmission of the infection [38]. However, the MDA among SAC was interrupted in 2015 and low treatment coverage was reported in 2016 which may have contributed to the spread of infection among pre-SAC in the study area.



The prevalence and heavy-intensity infection of S. mansoni detected in the present study is above the national NTD program target to eliminate schistosomiasis [35]. Concerning the national NTD target, the current study highlights the urgent need to include pre-SAC in control and elimination interventions against schistosomiasis, as WHO recommends starting from the age of 2 years [38]. Moreover, the observed heavy-intensity infection rate in the most affected village among pre-SAC indicates that S. mansoni infection may continue to be a major public health threat in the study area. Hence, the WHO target to reach <1% prevalence of heavy infection intensity in children aged 5–14 years by 2030 [39], could be difficult to achieve. The authors suggest that the burden of this disease found in the present study and in the previous report of the SAC study indicate the need for the inclusion of pre-SAC in MDA, rather than only relying on and sustaining the involvement of SAC in schistosomiasis control and elimination programs in Ethiopia. Thus, the recently initiated Ethiopian Ministry of Health community-based deworming strategy that takes place integrated with a regular health extension program [40], would be the best way to reach pre-SAC once the praziquantel pediatric formulation becomes available.



The current study found that the odds of S. mansoni infection were higher among children aged 6 and 7 years compared to younger age groups. Older pre-SAC were observed to have more opportunities to go with their elder siblings and parents to the infested water source compared to younger pre-SAC. During the interview, the reported increased contact of contaminated stagnant water for playing purposes among older pre-SAC may contribute to the higher risk of infection. Additionally, the hot weather condition of the study area and the increased density of infected intermediate snail hosts in the water bodies, especially during the hot hours of the day, may favor the spread of S. mansoni infection among pre-SAC in the study area.



The present study revealed accompanying others to water sources sometimes and all the time was a significant determinant of S. mansoni infection among pre-SAC. The reason for this association is that in rural parts of Ethiopia, it is common for pre-SAC to accompany their mothers/elder siblings to infested water bodies, which could expose them to acquiring the infection at a young age. Another explanation could be the fact that mothers or primary caregivers of the rural community may not give due attention to actively and closely monitoring pre-SAC compared to their urban counterparts, thus pre-SAC living around lake shore villages are potentially exposed to high risk of S. mansoni infection.



In the present study, children who are living within less than 1 km radius distance of an infested water body had three times more odds to be infected compared to those who are residing in greater than 2 km distance. A similar finding was previously reported among SAC in the same area [3], in schools found in villages located less than 1 km from infested water bodies. This might be associated with the frequency of infested water contact, low knowledge in prevention and control of S. mansoni infection among mothers/primary caregivers, and more engagement in predisposing practices among pre-SAC in the study area.



The current study findings indicate that the effect of the distance of households from infested water sources on the risk of S. mansoni infection varied significantly across villages. Additionally, from our village-specific analysis of the prevalence of S. mansoni infection, children from villages closest to Lake Hawassa were at a higher risk of infection than children away from the lake. Moreover, the intensity of other risk factors such as frequency of contact with infested water may vary based on distance from the infested water source, which may in turn lead to differences in the effect of distance across villages.



In the present study, 31.8% of the variability in S. mansoni infection was attributed to the village membership whereas between-individual variation explained the remaining 68.2% of the total variability. This indicates the existence of significant heterogeneity in the risk of S. mansoni infection across different villages due to differences in the chance of acquiring the infection among pre-SAC. The difference could be attributed to the differential proximity of the infested water source, increased water contact, socioeconomic status, and variation in the magnitude of snail hosts among the study villages.



The study has some limitations. First, the Kato–Katz technique that we employed may underestimate the egg counts in an area with low prevalence. Second, the diarrheic consistency of the stool samples from study participants rendered the preparation of Kato–Katz slides difficult, which may result in an underestimation of the prevalence of S. mansoni infection. Third, the study did not assess the community-level determinants to investigate village-level predictors, which account for the village-level variability of S. mansoni infection among pre-SAC.




5. Conclusions


The prevalence of S. mansoni infection among pre-SAC in the schistosomiasis endemic Hawella Tulla district of Southern Ethiopia was moderate. The prevalence varies widely by age of the children, with those at the age of 6 and 7 years having the highest risk. The risk of infection also varies across villages. Further, the frequency of accompanying others to infested water sources and living at less than 1 km from infested water sources increased the risk of S. mansoni infection. The effect of distance on the risk of S. mansoni infection varies significantly across villages. Therefore, we recommend the inclusion of pre-SAC in annual PC integrated with potable water supplies, sanitation, and hygiene (WASH) interventions, and vector control to reduce the morbidity of chronic schistosomiasis and reduce transmission, which helps achieve the elimination target of schistosomiasis. Moreover, the provision of health education for behavior change to avoid contaminated water contact is recommended for all village communities.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/pathogens12070858/s1, Table S1: Model comparison using multivariable multilevel logistic regression analysis among pre-school age children (Pre-SAC) infected with S. mansoni in Southern Ethiopia, August to December 2021; Table S2: Multilevel logistic regression analysis of determinants of S. mansoni infection among pre-school age children (Pre-SAC) in Southern Ethiopia, August to December 2021.





Author Contributions


Conceptualization, T.T., A.A., B.T.T., S.M.A., E.M. and E.A.; data curation, T.T., A.A., S.M.A., E.M. and E.A.; formal analysis, T.T., A.A., S.M.A. and E.A.; funding acquisition, E.A., E.M. and S.M.A.; methodology, T.T., A.A., S.M.A., B.T.T., E.M. and E.A.; project administration, S.M.A. and E.A.; resources, T.T., A.A., S.M.A., E.M. and E.A.; supervision, T.T., A.A., B.T.T.; S.M.A., E.M. and E.A.; visualization, A.A., E.M. and E.A.; writing an original draft, T.T.; writing—review and editing, T.T., A.A., B.T.T., S.M.A., E.M. and E.A. All authors have read and agreed to the published version of the manuscript.




Funding


This study was conducted as part of the Pharmacovigilance infrastructure and post-marketing surveillance system capacity building for regional medicine regulatory harmonization in East Africa (PROFORMA) project funded by the European and Developing Countries Clinical Trials Partnership (EDCTP) 2 program supported by the European Union (Grant number CSA2016S-1618) and the Swedish International Development Cooperation Agency (SIDA), and PrazOpt project funded by the EDCTP 2 program supported by the European Union (grant number TMA2018CDF-2345).




Institutional Review Board Statement


The study was conducted per the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the College of Medicine and Health Sciences of Hawassa University before commencing the study (Ref. No: IRB/200/13). Before initiating the study, a support letter was also received from Sidama Regional State Health Bureau.




Informed Consent Statement


Written informed consent was obtained from parents/primary caregivers of each study participant after clarifying the purpose, method, possible risks/benefits, rights, confidentiality, nature of the study, and the scope of their involvement in the study.




Data Availability Statement


All data presented in this study are contained within the manuscript.




Acknowledgments


We convey our genuine thanks to Sidama Regional State Health Bureau Disease Prevention and Health Promotion Directorate, and the Public Health Institute for their kind assistance. We thank the Hawassa City Health Department, Hawella Tulla Health Office, Hawassa University Comprehensive Specialized Hospital, and the staff of Bushullo Health Center for the favorable working environment and their support in fieldwork planning, sample collection, processing, and storage. We thank the administrators of Tullo, Finchawa, and Chefe Kotijebesa kebeles for permitting us to undertake this study. We also thank the parents/primary caregivers and pre-SAC that participated in the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



WHO Schistosomiasis. 2023. Available online: https://www.who.int/news-room/fact-sheets/detail/schistosomiasis (accessed on 4 April 2023).

	



Osakunor, D.N.M.; Woolhouse, M.E.J.; Mutapi, F. Paediatric schistosomiasis: What we know and what we need to know. PLoS Negl. Trop. Dis. 2018, 12, e0006144. [Google Scholar] [CrossRef] [PubMed]

	



Gebreyesus, T.D.; Tadele, T.; Mekete, K.; Barry, A.; Gashaw, H.; Degefe, W.; Tadesse, B.T.; Gerba, H.; Gurumurthy, P.; Makonnen, E.; et al. Prevalence, Intensity, and Correlates of Schistosomiasis and Soil-Transmitted Helminth Infections after Five Rounds of Preventive Chemotherapy among School Children in Southern Ethiopia. Pathogens 2020, 9, 920. [Google Scholar] [CrossRef] [PubMed]

	



Colley, D.G.; Bustinduy, A.L.; Secor, W.E.; King, C.H. Human schistosomiasis. Lancet 2014, 383, 2253–2264. [Google Scholar] [CrossRef]

	



Abudho, B.O.; Ndombi, E.M.; Guya, B.; Carter, J.M.; Riner, D.K.; Kittur, N.; Karanja, D.M.S.; Secor, W.E.; Colley, D.G. Impact of Four Years of Annual Mass Drug Administration on Prevalence and Intensity of Schistosomiasis among Primary and High School Children in Western Kenya: A Repeated Cross-Sectional Study. Am. J. Trop. Med. Hyg. 2018, 98, 1397–1402. [Google Scholar] [CrossRef]

	



Verani, J.R.; Butler, S.E.; Montgomery, S.P.; Karanja, D.M.S.; Mwinzi, P.N.M.; Shane, H.L.; Abudho, B.; Secor, W.E. Schistosomiasis among Young Children in Usoma, Kenya. Am. J. Trop. Med. Hyg. 2011, 84, 787–791. [Google Scholar] [CrossRef] [PubMed]

	



Faust, C.L.; Osakunor, D.N.; Downs, J.A.; Kayuni, S.; Stothard, J.R.; Lamberton, P.H.; Reinhard-Rupp, J.; Rollinson, D. Schistosomiasis Control: Leave No Age Group Behind. Trends Parasitol. 2020, 36, 582–591. [Google Scholar] [CrossRef]

	



Ekpo, U.F.; Oluwole, A.S.; Abe, E.M.; Etta, H.E.; Olamiju, F.; Mafiana, C.F. Schistosomiasis in infants and pre-school-aged children in sub-Saharan Africa: Implication for control. Parasitology 2012, 139, 835–841. [Google Scholar] [CrossRef] [PubMed]

	



Munisi, D.Z.; Buza, J.; Mpolya, E.A.; Kinung’hi, S.M. Schistosoma mansoni Infections, Undernutrition and Anaemia among Primary Schoolchildren in Two Onshore Villages in Rorya District, North-Western Tanzania. PLoS ONE 2016, 11, e0167122. [Google Scholar] [CrossRef] [PubMed]

	



Kinung’hi, S.M.; Mazigo, H.D.; Dunne, D.W.; Kepha, S.; Kaatano, G.; Kishamawe, C.; Ndokeji, S.; Angelo, T.; Nuwaha, F. Coinfection of intestinal schistosomiasis and malaria and association with haemoglobin levels and nutritional status in school children in Mara region, Northwestern Tanzania: A cross-sectional exploratory study. BMC Res. Notes 2017, 10, 583. [Google Scholar] [CrossRef]

	



Njiru, J.; Muhoho, N.; Simbauni, J.; Kabiru, E. Effects of Soil-Transmitted Helminths and Schistosoma Species on Nutritional Status of Children in Mwea Irrigation Scheme, Kenya. J. Appl. Life Sci. Int. 2016, 5, 1–8. [Google Scholar] [CrossRef]

	



Abera, B.; Alem, G.; Yimer, M.; Herrador, Z. Epidemiology of soil-transmitted helminths, Schistosoma mansoni, and haematocrit values among schoolchildren in Ethiopia. J. Infect. Dev. Ctries. 2013, 7, 253–260. [Google Scholar] [CrossRef]

	



Mnkugwe, R.H.; Minzi, O.S.; Kinung’hi, S.M.; Kamuhabwa, A.A.; Aklillu, E. Prevalence and correlates of intestinal schistosomiasis infection among school-aged children in North-Western Tanzania. PLoS ONE 2020, 15, e0228770. [Google Scholar] [CrossRef]

	



Nigo, M.M.; Odermatt, P.; Nigo, D.W.; Salieb-Beugelaar, G.B.; Battegay, M.; Hunziker, P.R. Morbidity associated with Schistosoma mansoni infection in north-eastern Democratic Republic of the Congo. PLoS Negl. Trop. Dis. 2021, 15, e0009375. [Google Scholar] [CrossRef]

	



Sakari, S.S.W.; Mbugua, A.K.; Mkoji, G.M. Prevalence of Soil-Transmitted Helminthiases and Schistosomiasis in Preschool Age Children in Mwea Division, Kirinyaga South District, Kirinyaga County, and Their Potential Effect on Physical Growth. J. Trop. Med. 2017, 2017, 1–12. [Google Scholar] [CrossRef]

	



Alemu, A.; Tegegne, Y.; Damte, D.; Melku, M. Schistosoma mansoni and soil-transmitted helminths among preschool-aged children in Chuahit, Dembia district, Northwest Ethiopia: Prevalence, intensity of infection and associated risk factors. BMC Public Health 2016, 16, 422. [Google Scholar] [CrossRef]

	



Mazigo, H.D.; Uisso, C.; Kazyoba, P.; Nshala, A.; Mwingira, U.J. Prevalence, infection intensity and geographical distribution of schistosomiasis among pre-school and school aged children in villages surrounding Lake Nyasa, Tanzania. Sci. Rep. 2021, 11, 295. [Google Scholar] [CrossRef] [PubMed]

	



Mugono, M.; Konje, E.; Kuhn, S.; Mpogoro, F.J.; Morona, D.; Mazigo, H.D. Intestinal schistosomiasis and geohelminths of Ukara Island, North-Western Tanzania: Prevalence, intensity of infection and associated risk factors among school children. Parasites Vectors 2014, 7, 612. [Google Scholar] [CrossRef] [PubMed]

	



Kemal, M.; Tadesse, G.; Esmael, A.; Abay, S.M.; Kebede, T. Schistosoma mansoni infection among preschool age children attending Erer Health Center, Ethiopia and the response rate to praziquantel. BMC Res. Notes 2019, 12, 211. [Google Scholar] [CrossRef] [PubMed]

	



Cisse, M.; Sangare, I.; Djibougou, A.D.; Tahita, M.C.; Gnissi, S.; Bassinga, J.K.W.; Konda, S.; Diallo, A.H. Prevalence and risk factors of Schistosoma mansoni infection among preschool-aged children from Panamasso village, Burkina Faso. Parasites Vectors 2021, 14, 185. [Google Scholar] [CrossRef]

	



Sheehy, C.; Lawson, H.; Andriamasy, E.H.; Russell, H.J.; Reid, A.; Raderalazasoa, G.U.; Dodge, G.; Kornitschky, R.; Penney, J.M.S.; Ranaivoson, T.N.; et al. Prevalence of intestinal schistosomiasis in pre-school aged children: A pilot survey in Marolambo District, Madagascar. Infect. Dis. Poverty 2021, 10, 87. [Google Scholar] [CrossRef]

	



Sacolo-Gwebu, H.; Chimbari, M.; Kalinda, C. Prevalence and risk factors of schistosomiasis and soil-transmitted helminthiases among preschool aged children (1–5 years) in rural KwaZulu-Natal, South Africa: A cross-sectional study. Infect. Dis. Poverty 2019, 8, 47. [Google Scholar] [CrossRef] [PubMed]

	



Ayele, A.; Tegegne, Y.; Derso, A.; Eshetu, T.; Zeleke, A.J. Prevalence and Associated Factors of Intestinal Helminths Among Kindergarten Children in Gondar Town, Northwest Ethiopia. Pediatr. Health Med. Ther. 2021, 12, 35–41. [Google Scholar] [CrossRef]

	



Sousa-Figueiredo, J.C.; Pleasant, J.; Day, M.; Betson, M.; Rollinson, D.; Montresor, A.; Kazibwe, F.; Kabatereine, N.B.; Stothard, J.R. Treatment of intestinal schistosomiasis in Ugandan preschool children: Best diagnosis, treatment efficacy and side-effects, and an extended praziquantel dosing pole. Int. Health 2010, 2, 103–113. [Google Scholar] [CrossRef] [PubMed]

	



Poole, H.; Terlouw, D.J.; Naunje, A.; Mzembe, K.; Stanton, M.; Betson, M.; Lalloo, D.G.; Stothard, J.R. Schistosomiasis in pre-school-age children and their mothers in Chikhwawa district, Malawi with notes on characterization of schistosomes and snails. Parasit Vectors 2014, 7, 153. [Google Scholar] [CrossRef]

	



Rujeni, N.; Bayingana, J.B.; Nyandwi, E.; Ntakarutimana, A.; Kagabo, J.; Rutayisire, R.; Shema, E.; Kanimba, P.; Mbonigaba, J.B.; Ruberanziza, E. Prevalence Mapping of Schistosoma mansoni Among Pre-school Age Children in Rwanda. Front. Pediatr. 2022, 10, 906177. [Google Scholar] [CrossRef]

	



Bekana, T.; Berhe, N.; Eguale, T.; Aemero, M.; Medhin, G.; Tulu, B.; G/Hiwot, Y.; Liang, S.; Hu, W.; Erko, B. Prevalence and factors associated with intestinal schistosomiasis and human fascioliasis among school children in Amhara Regional State, Ethiopia. Trop. Med. Health 2021, 49, 35. [Google Scholar] [CrossRef]

	



Ansha, M.G.; Kuti, K.A.; Girma, E. Prevalence of Intestinal Schistosomiasis and Associated Factors among School Children in Wondo District, Ethiopia. J. Trop. Med. 2020, 2020, 1–8. [Google Scholar] [CrossRef]

	



World Health Organization. Ending the Neglect to attain the Sustainable Development Goals: A Road Map for Neglected Tropical Diseases 2021–2030; World Health Organization: Geneva, Switzerland, 2020; Licence: CC BY-NC-SA 3.0 IGO. [Google Scholar]

	



World Health Organization. Preventive Chemotherapy in Human Helminthiasis; WHO: Geneva, Switzerland, 2006. [Google Scholar]

	



Aula, O.P.; McManus, D.P.; Jones, M.K.; Gordon, C.A. Schistosomiasis with a Focus on Africa. Trop. Med. Infect. Dis. 2021, 6, 109. [Google Scholar] [CrossRef] [PubMed]

	



Woldeyohannes, D.; Sahiledengle, B.; Tekalegn, Y.; Hailemariam, Z. Prevalence of Schistosomiasis (S. mansoni and S. haematobium) and its association with gender of school age children in Ethiopia: A systematic review and meta-analysis. Parasite Epidemiol. Control 2021, 13, e00210. [Google Scholar] [CrossRef]

	



Ethiopia|ESPEN. Available online: https://espen.afro.who.int/countries/ethiopia (accessed on 4 April 2023).

	



World Health Organization. WHO Recommendation Expansion of Preventive Chemotherapy to All in Need. Available online: https://www.who.int/activities/expanding-preventive-chemotherapy-to-all-in-need (accessed on 12 April 2023).

	



Ministry of Health of Ethiopia. Neglected Tropical Diseases (NTDs) Program. Available online: https://www.moh.gov.et/site/initiatives-4-col/Neglected_Tropical_Diseases_Program (accessed on 3 April 2023).

	



Federal Democratic Republic of Ethiopia Ministry of Health. National Master Plan for Neglected Tropical Diseases (NTDs). Addis Ababa; 2013–2015. Available online: http://ec2-18-210-136-214.compute-1.amazonaws.com/sites/default/files/docs/national_ntd_master_plan_ethiopia_2013-2015 (accessed on 4 April 2023).

	



World Health Organization. Bench Aids for the Diagnosis of Intestinal Parasites. WHO, 1994. Available online: http://apps.who.int/iris/bitstream/10665/37323/1/9789241544764 (accessed on 4 April 2023).

	



World Health Organization. WHO Guideline on Control and Elimination of Human Schistosomiasis; World Health Organization: Geneva, Switzerland, 2022; Available online: https://www.who.int/publications-detail-redirect/9789240041608 (accessed on 4 April 2023).

	



WHO. Schistosomiasis: Progress Report 2001–2011, Strategic Plan 2012–2020; World Health Organization: Geneva, Switzerland, 2013; ISBN 978-92-4-150317-4. [Google Scholar]

	



Federal Ministry of Health, Ethiopia. Guideline for the Transition of the Enhanced Outreach Strategy (EOS) to the Community Health Days/Health Extension Programme (CHD/HEP); Federal Ministry of Health: Addis Ababa, Ethiopia, 2012.








[image: Pathogens 12 00858 g001 550] 





Figure 1. Map of the study site. The (top left) is the map of Ethiopia. The (middle left) figure shows the map of the Sidama region, and the (bottom left) figure indicates the map of Hawassa City administration where the study districts are located. The figure on the right shows the map of Lake Hawassa and the villages where the study was conducted. 
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Table 1. The individual characteristics of pre-school age children and their mothers/primary caregivers in Southern Ethiopia, August to December 2021.
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Variable

	
Category

	
Frequency N (%)






	
Age (in years)

	
Four

	
393 (23.4)




	
Five

	
465 (27.6)




	
Six

	
424 (25.2)




	
Seven

	
401 (23.8)




	
Sex

	
Female

	
803 (47.7)




	
Male

	
880 (52.3)




	
Educational level of mothers/primary caregivers of pre-SAC

	
No formal education

	
701 (41.6)




	
Primary education

	
486 (28.9)




	
Secondary education

	
232 (13.8)




	
College and above

	
264 (15.7)




	
Current major occupation of mothers/primary caregivers of pre-SAC

	
Farmer

	
397 (23.6)




	
Full-time housewife

	
1139 (67.7)




	
Merchant/employed

	
147 (8.7)




	
Wealth Index

	
Poorest

	
413 (24.5)




	
Poorer

	
357 (21.2)




	
Middle

	
271 (16.1)




	
Richer

	
313 (18.6)




	
Richest

	
329 (19.6)




	
District

	
Tullo

	
763 (45.3)




	
Finchawa

	
447 (26.6)




	
Chefe Kotijebesa

	
473 (28.1)




	
Distance from the water sources

	
Less than 1 km

	
304 (18.1)




	
1 km to 2 km

	
977 (58.0)




	
More than 2 km

	
402 (23.9)








N = total number of participants; Pre-SAC: pre-school age children; km: kilometer.
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Table 2. Prevalence and intensity of S. mansoni infection by age groups among pre-school age children in Southern Ethiopia, August to December 2021.
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Age

	
S. mansoni Infection Prevalence

	
S. mansoni Infection Intensity in Pre-SAC




	
Light

	
Moderate

	
Heavy






	
Overall

	
14.3%

	
8.1%

	
4.1%

	
2.1%




	
4 years

	
6.9%

	
4.1%

	
2.3%

	
0.5%




	
5 years

	
9.9%

	
5.5%

	
3.0%

	
1.3%




	
6 years

	
16.3%

	
9.9%

	
3.6%

	
2.8%




	
7 years

	
24.7%

	
13.2%

	
7.7%

	
3.8%








S. mansoni; Schistosoma mansoni; Pre-SAC: pre-school age children.
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Table 3. Rates and determinants of S. mansoni infection among pre-school age children in Southern Ethiopia using multilevel logistic regression.
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Variable

	
Category

	
S. mansoni Infection

	
Univariable Multilevel LR

	
Multivariable Multilevel LR




	
Non-Infected

	
Infected

	
COR (95%Cl)

	
p Value

	
AOR (95%Cl)

	
p Value






	
Age (in years)

	
Four

	
366 (93.1%)

	
27 (6.9%)

	
1 a

	

	
1 a

	




	
Five

	
419 (90.1%)

	
46 (9.9%)

	
1.62 (0.98, 2.68)

	
0.06

	
1.57 (0.93, 2.66)

	
0.09




	
Six

	
355 (83.7%

	
69 (16.3%)

	
3.00 (1.86, 4.83)

	
<0.001

	
2.58 (1.55, 4.27)

	
<0.001




	
Seven

	
302 (75.3%)

	
99 (24.7%)

	
5.72 (3.59, 9.12)

	
<0.001

	
4.63 (2.82, 7.62)

	
<0.001




	
Marital status of parents

	
Married

	
1412 (86.1)

	
228 (13.9)

	
1 a

	

	
1 a

	




	
Not married

	
30 (69.8)

	
13 (30.2)

	
2.28 (1.16,4.51)

	
0.02

	
1.40 (0.65, 3.01)

	
0.39




	
Sex

	
Female

	
706 (87.9)

	
97 (12.1))

	
1 a

	

	
1 a

	




	
Male

	
736 (83.6)

	
144 (16.4)

	
1.49 (1.12, 1.97)

	
0.006

	
1.25 (0.92, 1.70)

	
0.16




	
The educational level of mothers/primary caregivers of pre-SAC

	
College and above

	
235 (89.1)

	
29 (10.9)

	
1 a

	

	
1 a

	




	
No formal education

	
594 (84.7)

	
107 (15.3)

	
1.68 (1.08, 2.62)

	
0.02

	
1.18 (0.68, 2.02)

	
0.56




	
Primary education

	
410 (84.4)

	
76 (15.6)

	
1.81 (1.13, 2.88)

	
0.01

	
1.46 (0.86, 2.49)

	
0.17




	
Secondary education

	
203 (87.5)

	
29 (12.5)

	
1.24 (0.71, 2.17)

	
0.44

	
1.03 (0.56, 1.89)

	
0.92




	
Contact to infested water

	
No

	
676 (90.5)

	
71 (9.5)

	
1 a

	

	
1 a

	




	
Yes

	
766 (81.8)

	
170 (18.2)

	
2.16 (1.60, 2.92)

	
<0.001

	
0.71 (0.31, 1.60)

	
0.40




	
Frequency of accompany to the water source

	
Never

	
675 (91.5)

	
63 (8.5)

	
1 a

	

	
1 a

	




	
Sometime

	
631 (84.5)

	
116 (15.5)

	
1.96 (1.41, 2.72)

	
<0.001

	
2.60 (1.12, 6.01)

	
0.03




	
All the time

	
136 (68.7)

	
62 (31.3)

	
5.05 (3.35, 7.63)

	
<0.001

	
5.91 (2.51, 13.90)

	
<0.001




	
Wealth index

	
Richest

	
283 (86.0)

	
46 (14.0)

	
1.0

	

	
1 a

	




	
Poorest

	
361 (87.4)

	
52 (12.6)

	
1.08 (0.70, 1.68)

	
0.72

	
1.06 (0.62, 1.80)

	
0.84




	
Poorer

	
304 (85.2)

	
53 (14.9)

	
1.35 (0.87,2.09)

	
0.18

	
1.10 (0.65, 1.85)

	
0.72




	
Middle

	
227 (83.8)

	
44 (16.2)

	
1.64 (1.03, 2.60)

	
0.04

	
1.54 (0.90, 2.63)

	
0.11




	
Richer

	
267 (85.3)

	
46 (14.7)

	
1.23 (0.78,1.93)

	
0.37

	
1.05 (0.63, 1.76)

	
0.85




	
Distance to the water sources

	
More than 2 km

	
356 (88.6)

	
46 (11.4)

	
1 a

	

	
1 a

	




	
Less than 1 km

	
215 (70.7)

	
89 (29.3)

	
3.50 (2.34, 5.24)

	
<0.001

	
3.17 (1.47, 6.83)

	
0.003




	
1 km to 2 km

	
871 (89.2)

	
106 (10.9)

	
1.04 (0.72, 1.52)

	
0.81

	
1.04 (0.63, 1.72)

	
0.89








a: Reference category; LR: logistic regression; COR: crude odds ratio; AOR: adjusted odds ratio; CI: 95% confidence interval.
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