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Abstract

:

Preventive chemotherapy (PC) is a WHO-recommended strategy to control and eliminate schistosomiasis and soil-transmitted helminths (STHs). We assessed the prevalence, intensity, and correlates of schistosomiasis and STH infection after five rounds of PC in southern Ethiopia. A total of 3162 school children from four schools in Wondo Gennet and Hawella Tula districts were screened for Schistosoma mansoni and STHs infection. The overall prevalence of S. mansoni infection was 25.8% (range between schools 11.6% to 54.1%), with light (19.1%), moderate (5.3%), and heavy (1.4%) infection intensities. A total of 61.6% S. mansoni-infected children were STH co-infected. The overall prevalence of STHs infection was 54.7% (range between schools 30.6–71.0%), with moderate-to-heavy intensity infections being 16.3%. Ascaris lumbricoides was the most prevalent 45% (95% CI, 43.5–47) followed by Trichuris trichiura 25.3% (95% CI, 23.8–26.9) and hookworm 6.1% (95% CI, 5.3–7). A total of 33.7% of STHs-infected children had A. lumbricoides and T. trichiura co-infections. S. mansoni infection was significantly associated with school and STHs co-infection (p < 0.001). STH infection was correlated with school and younger age (p < 0.001). Despite repeated PC, S. mansoni and STH infection remain significant health problems, and the WHO target to control schistosomiasis and eliminate STH by 2020 may not be achieved. Intensified control and prevention measures, including drug efficacy surveillance, is recommended.
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1. Introduction


Neglected tropical diseases (NTDs) such as schistosomiasis (also known as bilharziasis) and soil-transmitted helminths (STHs, also known as intestinal worms) remain major public health problems in many parts of the world [1]. Schistosomiasis mainly affects people living in the tropics and sub-tropics, particularly the poor and most deprived communities [2]. Globally, about 252 million people were estimated to be infected with schistosomiasis in 2015 [3], and from these, the sub-Saharan region constitutes more than 90% of the disease burden [2]. Likewise, STHs are the most widespread neglected tropical disease; worldwide more than 1.5 billion people are infected with Ascaris lumbricoides, Trichuris trichiura (whipworms), and/or hookworm in over 100 endemic countries, together accounting for a major burden of parasitic disease worldwide [4].



Schistosomiasis is endemic in Ethiopia, and intestinal schistosomiasis, caused by Schistosoma mansoni, is the most common type of schistosomiasis in the country. About 37.3 million people are currently living in areas where schistosomiasis is endemic in Ethiopia [5]. STHs infections are also widely distributed. Ethiopia is listed among the top five sub-Saharan countries with the highest prevalence of STHs—second, third, and fourth highest for ascariasis, hookworm infection, and trichiurasis, respectively [6]. About 79 million people are currently living in STHs-endemic areas that require preventive chemotherapy [7]. Although all age groups can have schistosomiasis and STHs infections, most infections occur in pre-school and school-aged children.



Schistosomiasis and STHs are more common in rural and disadvantaged urban populations with poor sanitation and lack of a safe water supply. Schistosomiasis is transmitted by contact with infected freshwater [4]. STHs is transmitted by the ingestion of eggs and contact with contaminated water and soil [8]. STHs are transmitted through eggs present in human feces, which contaminate the soil in areas where sanitation is poor. School-aged children are at increased risk of schistosomiasis and STHs infection due to a high level of exposure resulting from contact with water and soil while swimming and playing [9].



Schistosomiasis causes anemia, stunting, fatigue, and diminished physical fitness in children and may also negatively impact cognitive abilities [10]. The severity of morbidity increases as the disease interacts with other parasitic infections like STHs. These parasitic infections are associated with malnutrition, which can negatively impact the quality of life, especially in settings with extreme poverty affecting future growth and development [10,11].



The primary strategy recommended by WHO for the control and elimination of schistosomiasis and STHs infections is through preventive chemotherapy (PC) to all at-risk populations, including school-age children [12]. The large-scale public health intervention involves the administration of praziquantel and albendazole/mebendazole against schistosomiasis and STHs, respectively, to all populations at risk. Annual distribution of praziquantel is recommended in areas where the prevalence is greater than 50%, every two years where the prevalence is between 10−50%, and twice during their primary school age where the prevalence is less than 10% [13].



The WHO and its member states, including Ethiopia, have aimed to control and eliminate schistosomiasis infections as a public health problem by 2020 and 2025, respectively [14]. The NTD roadmap of WHO also aimed, by 2020, to eliminate STHs as a public health problem, defined as <1% of the at-risk population having an infection of moderate or high intensity [4]. Surveillance studies to assess the outcome of long-term program implementation in reducing the disease burden is important to inform policymakers to revise control and elimination strategies to these diseases as public health problems by 2020 and beyond. Since 2014, the national NTD program of Ethiopia has been implementing targeted school-based mass drug administration (MDA) containing praziquantel and albendazole annually in regions with moderate to high prevalence of schistosomiasis and STHs infections [7]. However, no assessment was done on the effectiveness of the implemented interventions. Surveillance data after program implementation to evaluate the impact of long-term PC in reducing the disease burden in endemic countries is critical for evidence-based decision-making. In the current study, we investigated the prevalence, intensity, rates of parasite co-infections, and associated factors of intestinal schistosomiasis and STHs in primary school children in two rural districts of Southern Ethiopia. According to the pre MDA data from the national mapping of NTDs conducted in 2013/2014, both study districts were classified as high prevalence endemic areas (with prevalence of >50%) for both schistosomiasis and STHs [15].




2. Results


2.1. Socio-Demographic Characteristics


Out of the total of 6184 students enrolled in the four primary schools in the two rural districts, 3162 school children participated in this study. Of these, 56.0% (1772/3162) were from three primary schools in Hawella Tula district, and 44.0% (1390/3162) were from one school in Wondo Gennet district. Hawella Tula district is located along the shore of Lake Hawassa, and Wondo Gennet district is known for its hot water spring. The mean age of the study participants was 11 ± 2 years, and the median was 11 years (IQR = 10–12). Females were 50.3% (1590/3162). Most of the study participants were in the age range of 10–15 years (76.7%) (see Table 1).




2.2. Prevalence of Overall Parasite Infection


Microscopic examinations of stool samples showed that about 64.2% (2030/3162) of the study participants were infected by at least one parasite (either STHs and/or S. mansoni). The prevalence of infection varied by study districts. Wondo Gennet district had a higher prevalence (76.1%) compared to Hawella Tula (54.9%). Among the four schools that participated in this study, Wosha primary school in the Wondo Gennet district had the highest prevalence of infection (76.1%), followed by Kidus Pawulos primary school (68.2%), Bushulo primary school (57.2%), and Finchawa primary school (37.1%). The most prevalent parasites were A. lumbricoids (45.0%), followed by S. mansoni (25.8%), T. trichiura (25.2%), and hookworm (6.1%) (refer to Table 2).



The prevalence of infection with any of the parasites significantly varied by age group, being higher in the lower age groups (5–9 years) (68.3%) than in the higher age groups (10–15 years) (63.0%) (p = 0.001). The rate of infection also significantly varied by residence and school; Tula and Wosha kebeles had the highest prevalence among the study villages (p = 0.001), while Bushulo primary school had the highest among the study schools (p = 0.002). The rate of infection significantly varied by kebele (the smallest administrative unit of Ethiopia, similar to ward or neighborhood) where the children live and the school is located. Tula and Wosha kebele had the highest parasite infection rate among the study villages (p = 0.001), and Bushulo primary school had the highest parasite infection rate among the study schools (p = 0.002). Though not statistically significant, the overall parasite infection rate among males (64.7%) was slightly higher compared to females (63.7%). The details are presented in Table 3.




2.3. Prevalence and Intensity of Intestinal Schistosomiasis (S. mansoni)


The overall prevalence of S. mansoni infection was 25.8% (815/3162), significantly varying between schools ranging from 11.6% to 54.1% (p < 0.001). Among the 25.8% (815/3162) S. mansoni-infected children, 74% (603/815) had light infection intensity and 20.7% had moderate. Only 5.3% had heavy infection intensity (detail of intensity by study school is presented in Table 4). The mean egg per gram of stool was 58.1 (95% CI 54.0–62.4). The minimum and maximum egg counts observed per gram of stool were 12 and 1476, respectively.



In Hawela Tula district, the highest prevalence of S. mansoni was observed at Kidus Pawulos primary school (54.1%) followed by Bushulo primary school (20.7%) and Finchawa primary school (11.6%) (Table 4). The prevalence of S. mansoni infection was 27.3% at Wosha primary school in Wondo Gennet district. There was no statistically significant association of age, sex, and study districts with S. mansoni infection.



Factors Associated with S. mansoni Infection


We next assessed factors associated with S. mansoni infection, and the correlates were analyzed using univariate followed by multivariate logistic regression (Table 5). Schools were significantly associated with S. mansoni infection, being highest in Kidus Pawulos primary school (54.1%) and lowest in Finchawa primary school (11.56%) (p < 0.001, see Table 2). Study participants with T. trichiura co-infection had significantly higher rates of S. mansoni co-infection (35.7%) (286/801) compared to those with no STHs infection (22.4%) (529/2361; p < 0.001). S. mansoni prevalence was higher among male participants (26.5%) (417/1572) compared to females (25.0%) (198/815), though not statistically significant.





2.4. Prevalence and Intensity of STHs Infection


The infection rates and intensities of STHs infection were determined for the most prevalent parasites, i.e., Ascaris lumbricoides, Trichuris trichiura, and hookworm. The overall infection rate of STHs was 54.7% (1731/3162), with significant variations between schools ranging from 30.6% to 71.0% (Table 2). The rates of STHs infection also varied by age group, sex, and area of residence. The most frequently observed helminths were Ascaris lumbricoides at 45% (95% CI, 43.5–47), Trichuris Trichiura at 25.3% (95% CI, 23.8–26.9), and hookworm at 6.1% (95% CI, 5.3–7). Out of the 1429 children infected with Ascaris lumbricoides, 65.2%, 31.7%, and 3.08% had a light, moderate, and heavy infection, respectively. None of the children had a heavy infection with hookworm or Trichuris trichiura infections. Moderate intensity of infection for hookworm and Trichuris trichiura was also rare. Details of intensity of infection for each parasite are presented in Table 6.



Factors Associated with STHs Infection


Factors associated with STHs infection were analyzed using logistic regression (Table 7). Infection with any of the STHs was significantly associated with lower age group, school, and having S. mansion co-infection. Rates of STHs infection were significantly different among the four schools, being the highest in the Wosha primary school at 71.0% and the lowest in the Finchawa primary school at 30.7% (p < 0.001). The rates of STHs infection were also significantly different between age groups, being higher in the low age group (5–9 years) compared to the 10–15 year old group (p < 0.001). No association between sex and STHs infection was found.





2.5. Parasite Co-Infections


Our study showed that, among the total S. mansoni-infected children, 61.6% (502/815) were co-infected with one or more STHs. Out of the combined S mansoni and STHs co-infections, S. mansoni with A. lumbricoides double infection and S. mansoni with Ascaris lumbricoides and Trichuris trichiura accounting for 21.8% (178/815) and 21.5% (175/815), respectively, were most prevalent. Details of S. mansoni and STHs co-infections are presented in Figure 1.



Out of 1731 students infected with STHs, 62.0% (1073/1731) had a single infection. Among those infected with a single parasite, 73.5% (789/1073) were infected with A. lumbricoids. About 33.7% (584/1731) of STHs-infected students had a dual infection. The most prevalent parasites for the double infections were A. lumbricoides and T. trichiura at 86.6% (506/584). The triple infection rate was 4.3% (74/1731). Only two participants were infected with four parasites. The prevalence and type of co-infection with STHs parasites are presented in Figure 2.





3. Discussion


We conducted a school-based cross-sectional study to assess infection prevalence, intensity, and associated risk factors of S. mansoni and STHs in two rural districts of southern Ethiopia after implementing five rounds of preventive chemotherapy through the national NTD program. Our main results include the following: i) the overall prevalence of S. mansoni infection was 25.8% (ranging between study schools from 11.6% to 54.1%); ii) there was a high overall prevalence of STHs infection (54.7%), with significant variations between schools ranging from 30.6% to 71.0%; iii) a significant correlation was found between S. mansoni and STHs, in particular with T. trichiura; iii) while school location is a significant predictor of both S. mansoni and STHs infection, younger age was an additional significant risk factor for STHs infection. The prevalence of parasite infection significantly varied by the residence area, age, sex, and study schools of participants. To our knowledge, this is the most extensive study to evaluate the status of S. mansoni and STH infections after the implementation of multiple rounds of mass drug administration (MDA) in Ethiopia and sub-Saharan Africa at large.



The overall infection rate among children infected at least with one parasite (either STHs or S. mansoni) was 64.2% (54.9% at Hawella Tula and 76.1% at Wondo Gennet district). The prevalence of infection with at least one parasite significantly varied between the four study schools, namely 37.1% at Finchawa, 57.2% at Bushulo, 68.2% at Kidus Pawulos, and the highest (76.1%) at Wosha primary schools. The current prevalence of infection with at least one parasite at the Hawella Tula district (54.9%) showed a decreasing trend compared to previous reports of 91.5% in 2007 [16] and 69.7% in 2015 [17]. Program intervention to control infection, including preventive chemotherapy implemented by the Ministry of Health, has resulted in a progressive decline in infection prevalence.



The prevalence of S. mansoni infection observed in the two study districts was 25.8%; however, the prevalence significantly varied among the schools, with the highest prevalence observed at Kidus Pawulos School (54.1%) and the lowest observed at Finchawa School (11.6%). District-wise there was no significant variation between Hawella Tula district (24.6%) and Wondo Gennet district (27.3%). Although the prevalence of S. mansoni infection varies significantly between the three schools in Hawella Tula district, the overall prevalence rate observed in our study shows a progressive decrease from previous reports in 2007 (73.7%) [16] and in 2015 from the same district (31%) [17]. Similarly, the prevalence of S. mansoni infection in the Wondo Gennet district decreased from 74.9% in 2012 [18] and 59.9% in 2014 [19] when compared to the current findings of 27.3% in 2019. This progressive decline in infection prevalence may indicate the impact of control measures, including the implementation of PC in the study areas. However, the current prevalence of 54.1% that was observed at Kidus Pawulos school in this study is much higher than the previously reported 31% in 2015 from the same village. During our data collection, lack of clean water supply for drinking, poor hygiene and sanitation care, and inadequate access to clean toilets were noted. This observation calls for the integration of other environmental control measures such as access to adequate water, sanitation, and hygiene (WASH), and providing health education on basic hygiene and sanitation for behavioral change.



The NTD roadmap set by the WHO targets the control of schistosomiasis, defined as achieving less than 5% of heavy-intensity infection by 2020, and to eliminate schistosomiasis as a public health problem, defined as reaching <1% prevalence of heavy-intensity infections in school-aged children (5–14 years old) by 2025 [14]. The overall heavy-intensity infection (1.4%) for S. mansoni infection in this study is near the WHO 2020 target. However, the observed heavy-intensity infection rate at the most affected school (4.6% in Kidus Pawlos) may indicates that the S. mansoni infection is still a major public health problem at the study area, and the WHO target to control schistosomiasis by 2020 may be difficult to achieve. Nearly 30% of the infected children from the two most affected schools (Kidus Pawulos and Wosha) had a moderate- or high-intensity prevalence of S. mansoni infection (Table 4). This may indicate the presence of hotspots for the continuous transmission of infection in the study area. Hence, additional interventions are urgently needed for the prevention of transmission by treating other high-risk groups, improving hygiene and sanitation, and providing a safe water supply [8] instead of relying on single control measures as are currently implemented by the program.



S. mansoni infection was significantly associated with the dwelling area of children and schools. The children from Tula and Wosha kebeles had the highest prevalence of intestinal schistosomiasis infection, and the dwelling area was significantly associated with S. mansoni infection. Similarly, children attending Kidus Pawulos primary school also had the highest prevalence of intestinal schistosomiasis, and the school was significantly associated with S. mansoni infection. This association is explained by the reason that children living in these areas have high water contact due to the proximity of their dwellings area to Lake Hawassa and local water sources at Wondo Genet. The distribution of S. mansoni infection was not gender- or age-associated, which was in agreement with a study conducted in Sanja town [20] and in studies conducted in Madagascar [21] and northwestern Tanzania [22]. This similarity might show that school-aged children, irrespective of their gender and age differences, have equal exposure to contaminated water in their areas.



The overall infection rates of STHs observed in this study was 54.7%, with a significant difference among schools ranging from 30.6% at Finchawa to 71% at Wosha schools. The prevalence also greatly varies among the two study districts, with 42% at Hawella Tula and 71% at Wondo Gennet. The observed STHs infection rates at Hawella Tula district showed a decrease from the previous study reports of 52.4% in 2015. Three soil-transmitted helminths, i.e., A. lumbricoides, T. trichiura, and hookworm, were predominantly detected. This finding is in agreement with one previous study conducted in one of the study districts (Hawella Tula) in 2015 [17]. A. lumbricoides was the most prevalent STHs followed by T. trichiura and hookworm infections in both study districts. The high prevalence of STHs observed in the study area might be attributed to the unhygienic use of sugarcane by children, as sugar cane is commonly planted in the study areas. In contrast to the present findings, hookworm infection was found to be predominant in previous studies conducted in different parts of Ethiopia [23,24]. The lower prevalence of hookworm infection observed in the present study might be associated with a decreased less habit of walking barefoot.



The co-infection observed in this study showed 1–4 parasite species were detected per one study participant. Most children harbored double infection with two parasites, and the predominant observed double infections were A. lumbricoides with T. trichiura with the total co-infection rate exceeding 30%. Over 61.6% of S. mansoni-infected children had an infection with at least one STH, perhaps due to similarity in the risk of infection for these parasitic helminths. In children, this co-infection of schistosomiasis and STHs can cause different morbidities like anemia, fatigue, poor growth, and poor cognitive development. These morbidities result in poor school attendance, poor concentration in class, and poor academic performance, which can negatively affect the quality of life of children, impacting their future growth and development [10,11,25,26].



The WHO intervention program intends to eliminate STH as a public health problem in children by 2020. WHO defines STHs as a public health problem when more than 1% of the at-risk population has an infection of moderate or high intensity, and its control requires the delivery of one or more public health interventions [4]. Even though the prevalence of STHs infection observed in this study showed a slight decrease from previous reports, the observed high-intensity (1.4%) and moderate-intensity (14.3%) prevalence for A. lumbricoides indicates that the national NTD program is far from achieving the target to eliminate STH as a public health problem by 2020. Thus, focusing on the implementation of PC alone may not be adequate, and integration of other control measures, including surveillance of drug efficacy and identifying transmission hotspots for targeted intervention, is urgently needed. Furthermore, since the overall STHs prevalence in the two study districts is >50%, we recommend implantation of biannual MDA for both pre-school and school-age children as well as women of childbearing age as per the recommendation of WHO guideline [27].




4. Materials and Methods


4.1. Study Area, Population, and Design


A cross-sectional study was conducted in Hawella Tula (located along the shore of Lake Hawassa) and Wondo Gennet districts located in the Sidama Zone of the Southern Nations, Nationalities, and Peoples’ Region in southern Ethiopia. The two study districts were found to have a high prevalence of STHs and a moderate prevalence of schistosomiasis following a general mapping of NTDs done in Ethiopia between 2013 and 2014. Hawella Tula district is located along the shore of Lake Hawassa at 1699 m above sea level with a temperature range of 7 °C to 38 °C. Residents in Hawella Tula mostly rely on water from Lake Hawassa for their domestic and other uses. Wondo Genet is known for its hot springs, with a warm climate and temperate at an elevation of 1723 m above sea level. The average annual temperature is 17.6 °C with an annual rainfall of 1123 mm. A map of the study districts is presented in Figure 3.



School-going children attending Bushulo, Kidus Pawulos, and Finchawa primary school at Hawella Tula district and Wosha primary school at Wondo Gennet district were included in the study. Schools were selected based on their location near to water source, having a large number of students and classified as high burden of schistosomiasis and STHs as per the 2013/2014 national survey and mapping of NTDS conducted by the Ethiopian ministry of health [28].




4.2. Preventive Chemotherapy (PC)


As per WHO recommendations, the frequency of preventive chemotherapy administration depends on infection prevalence rates: i) high-risk areas (infection prevalence rate of ≥50%) to receive mass drug administration (MDA) annually, ii) moderate risk areas (with infection prevalence rates between ≥10 and <50%) to receive MDA at least once every two years, iii) low-risk areas (with infection prevalence of <10%), where MDA should be administered to school children at least twice during their primary education [12]. Based on the national NTD program, PC has been implemented annually since 2014, and the two study districts have received five rounds of school-based mass PC by the end of 2018 (before this study started) [28], and the last PC was in May/2018.




4.3. Inclusion and Exclusion Criteria


School children (5–15 years) who reside in the study districts and attend the selected four primary schools were included in the study. Children whose parents/guardians gave informed consent and who provided assent for participation were enrolled.




4.4. Data Collection Procedure and Sampling


A structured questionnaire and case record format prepared and piloted for the study was used for collecting socio-demographic and clinical data. Trained schoolteachers and healthcare professionals collected all socio-demographic data for study participants. The sampling of participants was done carefully to ensure balanced age and gender representation in the study.




4.5. Detection of Schistosomiasis and STHs


A stool sample was collected from each study participant and immediately transported to the nearby health center using a cold box. Two kato katz smears were prepared from the collected stool sample using a template of 41.7 mg following the standard protocol [29]. The slides were read by two different trained laboratory professionals independently at each health center. Egg counts from both slides were recorded, and the average value was taken and converted to eggs per gram of stool using a factor of 24 [29,30]. The intensity of infection was determined for each parasite as light, moderate, and heavy based on WHO criteria [31,32], specified as follows:




	
S. mansoni (light (1–99 epg), moderate (100–399 epg), heavy (≥400 epg));



	
T. trichiura (light (1–999 epg), moderate (1000–9999 epg), heavy (≥10,000 epg));



	
lumbricoides (light (1–4999 epg), moderate (5000–49,999 epg), heavy (≥50,000 epg));



	
Hook worm (light (1–1999 epg), moderate (2000–3999 epg), heavy (≥4000 epg)).








Trained laboratory professionals from nearby health centers and Hawassa university hospital read slides, and internal and external quality control was applied using senior experienced laboratory professionals from the Ethiopian Public Health Institute.




4.6. Statistical Analysis


Data entry and cleaning were done using Excel and transported to Stata version 11 for analysis. Descriptive statistical analysis was used to determine the prevalence of S. mansoni and STHs. Factors associated with the infections were determined using univariate and multivariate logistic regression analysis. Univariate followed by multivariate analysis was done to determine factors associated with infection. Variables with p-value < 0.2 from the univariate analysis were included in a multivariate analysis using a backward/forward selection method to fit the model. Probability values of less than or equal to 0.05 (p < 0.05) were considered statistically significant.




4.7. Ethical Considerations


The study obtained ethical approval from the Southern Nations, Nationalities, and People’s Region Health Bureau ethical clearance committee with a reference number of 9026-19/14966. Before initiating the study, an awareness creation meeting was held with regional health and education bureaus, zonal and woreda health and education offices, and school and health center heads, schoolteachers, school administrators, and students. During the meeting, the objectives of the study, the study procedures, and samples to be taken were explained. Participation was fully voluntary, and informed verbal consent from parents/guardians and verbal assent from children 12 years and above was obtained.





5. Conclusions


After five rounds of PC, S. mansoni and STHs infection were highly prevalent in the study area, with 64.2% of the children having at least with one parasite (either STHs or S. mansoni). The infection rates varied significantly between the study schools, ranging from 11.6% to 54.1% for S. mansoni and 30.6% to 71.0% for STHs. The finding of S. mansoni infection in >50% and STHs infection in >70% of the children attending the most highly affected school indicates hotspots for community transmissions. Based on our findings, the WHO target to control schistosomiasis and eliminate STHs as a public health problem by 2020, respectively, may not be achieved in the current setting. Our findings provide valuable information for national NTD programs and policymakers to revise intervention strategies to control and eliminate schistosomiasis and STHs infection as public health problems. Besides preventive chemotherapy, a surveillance system to assess anthelmintic drug efficacies for early detection of parasite resistance and other integrated control measures such as the provision of safe water supply, improving sanitation, access to clean toilets, and snail control programs need to be implemented.







Author Contributions


Conceptualization, T.D.G., K.M., A.B., B.T.T., P.G. and E.M.; Data curation, T.D.G.; Formal analysis, T.D.G., T.T., K.M., A.B., B.T.T., P.G. and E.A.; Funding acquisition, H.G. (Heran Gerba), E.M. and E.A.; Investigation, T.D.G., T.T., K.M., A.B., H.G. (Habtamu Gashaw), W.D., B.T.T., H.G. (Heran Gerba), P.G., E.M. and E.A.; Methodology, T.D.G., T.T., K.M., A.B., B.T.T., P.G., E.M. and E.A.; Project administration, T.D.G., A.B., H.G. (Heran Gerba) and E.A.; Resources, T.T. and H.G. (Heran Gerba); Supervision, E.M. and E.A.; Validation, T.D.G.; Writing—original draft, T.D.G.; Writing—review & editing, T.D.G., T.T., K.M., A.B., B.T.T., P.G., 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).




Acknowledgments


We would like to thank students, school teachers, district education, and health office officials and experts for their willingness and active participation in this study. We express convey our sincere thanks to Hawassa University hospital management and staff for their support of field work, sample collection, processing, and storage. We especially thank the laboratory professionals for their participation in stool sample collection and microscopic examinations. Last but not least, we thank the EFDA head office and South branch staff members for their unreserved support during field work and data collection.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Olveda, U.D. Bilharzia: Pathology, Diagnosis, Management and Control. Trop. Med. Surg. 2013, 1. [Google Scholar] [CrossRef] [PubMed]

	



Vos, T.; Abajobir, A.A.; Abate, K.H.; Abbafati, C.; Abbas, K.M.; Abd-Allah, F.; Abdulkader, R.S.; Abdulle, A.M.; Abebo, T.A.; Abera, S.F.; et al. Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries, 1990–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet 2017, 390, 1211–1259. [Google Scholar] [CrossRef]

	



Vos, T.; Allen, C.; Arora, M.; Barber, R.M.; Bhutta, Z.A.; Brown, A.; Carter, A.; Casey, D.C.; Charlson, F.J.; Chen, A.Z.; et al. Global, regional, and national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990–2015: A systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388, 1545–1602. [Google Scholar] [CrossRef]

	



World Health Organization. Soil-Transmitted Halminthiases: STH: Eliminating Soil-Transmitted Helminthiases as a Public Health Problem in Children: Progress Report 2001–2010 and Strategic Plan 2011–2020; World Health Organization: Geneva, Switzerland, 2012; ISBN 978-92-4-150312-9. [Google Scholar]

	



Ethiopia Schistosomiasis and Soil-Transmitted Helminthes Control Programme:Progress and Prospects. AIDT 2017, 1. [CrossRef]

	



Hotez, P.J.; Kamath, A. Neglected Tropical Diseases in Sub-Saharan Africa: Review of Their Prevalence, Distribution, and Disease Burden. PLoS Negl. Trop. Dis. 2009, 3, e412. [Google Scholar] [CrossRef]

	



Second Edition of National Neglected Tropical Diseases Master Plan. InfoNTD. Available online: https://www.infontd.org/resource/second-edition-national-neglected-tropical-diseases-master-plan (accessed on 7 October 2020).

	



Grimes, J.E.T.; Croll, D.; Harrison, W.E.; Utzinger, J.; Freeman, M.C.; Templeton, M.R. The Relationship between Water, Sanitation and Schistosomiasis: A Systematic Review and Meta-analysis. PLoS Negl. Trop. Dis. 2014, 8, e3296. [Google Scholar] [CrossRef]

	



Helminth Control in School-Age Children: A Guide for Managers of Control Programmes, 2nd ed; Montresor, A.; World Health Organization (Eds.) World Health Organization: Geneva, Switzerland, 2011; ISBN 978-92-4-154826-7. [Google Scholar]

	



Hall, A.; Hewitt, G.; Tuffrey, V.; de Silva, N. A review and meta-analysis of the impact of intestinal worms on child growth and nutrition. Matern. Child. Nutr. 2008, 4, 118–236. [Google Scholar] [CrossRef]

	



Adenowo, A.F.; Oyinloye, B.E.; Ogunyinka, B.I.; Kappo, A.P. Impact of human schistosomiasis in sub-Saharan Africa. Braz. J. Infect. Dis. 2015, 19, 196–205. [Google Scholar] [CrossRef] [PubMed]

	



Preventive Chemotherapy in Human Helminthiasis: Coordinated Use of Anthelminthic Drugs in Control Interventions; A Manual for Health Professionals and Programme Managers; Weltgesundheitsorganisation (Ed.) World Health Organization: Geneva, Switzerland, 2006; ISBN 978-92-4-154710-9. [Google Scholar]

	



Bronzan, R.N.; Dorkenoo, A.M.; Agbo, Y.M.; Halatoko, W.; Layibo, Y.; Adjeloh, P.; Teko, M.; Sossou, E.; Yakpa, K.; Tchalim, M.; et al. Impact of community-based integrated mass drug administration on schistosomiasis and soil-transmitted helminth prevalence in Togo. PLoS Negl. Trop. Dis. 2018, 12, e0006551. [Google Scholar] [CrossRef] [PubMed]

	



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

	



ESPEN|Expanded Special Project for Elimination Neglected Tropical Diseases. Available online: https://espen.afro.who.int/ (accessed on 13 October 2020).

	



Terefe, A.; Shimelis, T.; Mengistu, M.; Hailu, A.; Erko, B. Schistosomiasis mansoni and soil-transmitted helminthiasis in Bushulo village, southern Ethiopia. Ethiop. J. Health Dev. 2011, 25, 46–50. [Google Scholar] [CrossRef]

	



Tadege, B.; Shimelis, T. Infections with Schistosoma mansoni and geohelminths among school children dwelling along the shore of the Lake Hawassa, southern Ethiopia. PLoS ONE 2017, 12, e0181547. [Google Scholar] [CrossRef] [PubMed]

	



Erko, B.; Degarege, A.; Tadesse, K.; Mathiwos, A.; Legesse, M. Efficacy and side effects of praziquantel in the treatment of Schistosomiasis mansoni in schoolchildren in Shesha Kekele Elementary School, Wondo Genet, Southern Ethiopia. Asian Pac. J. Trop. Biomed. 2012, 2, 235–239. [Google Scholar] [CrossRef]

	



Aemero, M.; Berhe, N.; Erko, B. Status of Schistosoma mansoni prevalence and intensity of infection in geographically apart endemic localities of Ethiopia: A comparison. Ethiop. J. Health Sci. 2014, 24, 189. [Google Scholar] [CrossRef]

	



Worku, L.; Damte, D.; Endris, M.; Tesfa, H.; Aemero, M. Schistosoma mansoni Infection and Associated Determinant Factors among School Children in Sanja Town, Northwest Ethiopia. J. Parasitol. Res. 2014, 2014, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Spencer, S.A.; Penney, J.M.; Russell, H.J.; Howe, A.P.; Linder, C.; Rakotomampianina, A.L.D.; Nandimbiniaina, A.M.; Squire, S.B.; Stothard, J.R.; Bustinduy, A.L.; et al. High burden of Schistosoma mansoni infection in school-aged children in Marolambo District, Madagascar. Parasites Vectors 2017, 10, 307. [Google Scholar] [CrossRef]

	



Munisi, D.Z.; Buza, J.; Mpolya, E.A.; Kinung’hi, S.M. Intestinal Schistosomiasis among Primary Schoolchildren in Two On-Shore Communities in Rorya District, Northwestern Tanzania: Prevalence, Intensity of Infection and Associated Risk Factors. J. Parasitol. Res. 2016, 2016, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Essa, T.; Birhane, Y.; Endris, M.; Moges, A.; Moges, F. Current Status of Schistosoma mansoni Infections and Associated Risk Factors among Students in Gorgora Town, Northwest Ethiopia. ISRN Infect. Dis. 2013, 2013, 1–7. [Google Scholar] [CrossRef]

	



Bajiro, M.; Dana, D.; Ayana, M.; Emana, D.; Mekonnen, Z.; Zawdie, B.; Garbi, A.; Kure, A.; Zeynudin, A. Prevalence of Schistosoma mansoni infection and the therapeutic efficacy of praziquantel among school children in Manna District, Jimma Zone, southwest Ethiopia. Parasites Vectors 2016, 9, 560. [Google Scholar] [CrossRef]

	



Ezeamama, A.E.; Bustinduy, A.L.; Nkwata, A.K.; Martinez, L.; Pabalan, N.; Boivin, M.J.; King, C.H. Cognitive deficits and educational loss in children with schistosome infection—A systematic review and meta-analysis. PLoS Negl. Trop. Dis. 2018, 12, e0005524. [Google Scholar] [CrossRef]

	



Ezeamama, A.E.; McGarvey, S.T.; Acosta, L.P.; Zierler, S.; Manalo, D.L.; Wu, H.-W.; Kurtis, J.D.; Mor, V.; Olveda, R.M.; Friedman, J.F. The Synergistic Effect of Concomitant Schistosomiasis, Hookworm, and Trichuris Infections on Children’s Anemia Burden. PLoS Negl. Trop. Dis. 2008, 2, e245. [Google Scholar] [CrossRef]

	



WHO|Preventive Chemotherapy to Control Soil-Transmitted Helminth Infections in at-Risk Population Groups. Available online: http://www.who.int/nutrition/publications/guidelines/deworming/en/ (accessed on 7 October 2020).

	



Ethiopia|ESPEN. Available online: https://espen.afro.who.int/countries/ethiopia (accessed on 12 October 2020).

	



WHO|Basic Laboratory Methods in Medical Parasitology (Archived). Available online: https://www.who.int/malaria/publications/atoz/9241544104_part1/en/ (accessed on 9 October 2020).

	



Montresor, A.; Crompton, D.W.T.; Hall, A.; Bundy, D.A.P.; Savioli, L. Guidelines for the Evaluation of Soil-Transmitted Helminthiasis and Schistosomiasis at Community Level: A Guide for Managers of Control Programmes; WHO: Geneve, Switzerland, 1998. [Google Scholar]

	



Mduluza, T.; Chisango, T.J.; Marume, A.F.N.A. Global Control Efforts of Schistosomiasis and Soil-Transmitted Helminthiasis. Hum. Helminthiasis 2017. [Google Scholar] [CrossRef]

	



WHO|Prevention and Control of Schistosomiasis and Soil-Transmitted Helminthiasis: WHO Technical Report Series N° 912. Available online: http://www.who.int/intestinal_worms/resources/who_trs_912/en/ (accessed on 9 October 2020).








[image: Pathogens 09 00920 g001 550] 





Figure 1. Prevalence of S. mansoni infection with or without STHs co-infections. 
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Figure 2. Proportions of single, double, and triple STHs infections. 
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Figure 3. Map of the study site. Top right is the map of Ethiopia located in East Africa. The bottom-right figure shows the map of Southern Nations, Nationalities, and People’s Region where the Sidama Zone is located, where the study districts are found. The figure on the left shows the map of districts participated in the study. 
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Table 1. Socio-demographic characteristics of study participants.
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Characteristics

	
Category

	
n

	
%






	
Age group in years

	
5–9

	
737

	
23.3




	
10–15

	
2425

	
76.7




	
Sex

	
Female

	
1590

	
49.7




	
Male

	
1572

	
50.3




	
Schools

	
Bushulo

	
1095

	
34.6




	
Kidus Pawulos

	
372

	
11.8




	
Finchawa

	
305

	
9.7




	
Wosha

	
1390

	
43.9




	
Kebele

	
Tula

	
1400

	
44.2




	
Finchawa

	
372

	
11.8




	
Wosha

	
1390

	
44




	
District

	
Hawella Tula

	
1772

	
56




	
Wondo Gennet

	
1390

	
44




	
Total

	
3162

	
100
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Table 2. Prevalence of any parasite infection stratified by socio-demographic characteristics, school, and district of residence.






Table 2. Prevalence of any parasite infection stratified by socio-demographic characteristics, school, and district of residence.





	
Characteristics

	
Screened Participants

	
Infection Prevalence (STHs and/or S. mansoni)

	
S. mansoni-Infected

	
STHs-Infected




	
n (%)

	
n (%)

	
n (%)

	
n (%)




	
Total

	
3162

	
2030 (64.2%)

	
815 (25.8%)

	
1731 (54.7%)






	
Age group in years

	
5–9

	
737 (23.3%)

	
503 (68.3%)

	
189 (25.6%)

	
448 (60.8%)




	
10–15

	
2425 (76.7%)

	
1527(63.0%)

	
626 (25.8%)

	
1283 (52.9%)




	
Sex

	
Female

	
1590 (49.7%)

	
1013 (63.7%)

	
398 (25.0%)

	
862 (54.2%)




	
Male

	
1572 (50.3%)

	
1017 (64.7%)

	
417 (26.5%)

	
869 (55.3%)




	
School

	
Bushulo

	
1095 (34.6%)

	
626 (57.2%)

	
227 (20.7%)

	
507 (46.3%)




	
Kidus Pawulos

	
305 (9.7%)

	
208 (68.2%)

	
165 (54.1%)

	
123 (40.3%)




	
Finchawa

	
372 (11.8%)

	
138 (37.1%)

	
43 (11.6%)

	
114 (30.6%)




	
Wosha

	
1390 (43.9%)

	
1058 (76.1%)

	
380 (27.3%)

	
987 (71.0%)




	
District

	
Hawella Tula

	
1772 (56.0%)

	
972 (54.9%)

	
435 (24.6%)

	
744 (42.0%)




	
Wondo Gennet

	
1390 (44.0%)

	
1058 (76.1%)

	
380 (27.3%)

	
987 (71.0%)
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Table 3. Rates and correlates of parasite infection (either soil-transmitted helminth (STH) and/or S. mansonai) using logistic regression.
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Characteristics

	
Category

	
Prevalence of Any Parasite Infection

	
Univariate

	
Multivariate




	
n

	
%

	
COR

	
95% CI

	
p-Value

	
AOR

	
95% CI

	
p-Value






	
Age group in years

	
5–9

	
503/737

	
68.3

	
1.3

	
1.1–1.5

	
0.009

	
1.4

	
1.1–1.6

	
0.001




	
10–15

	
1527/2425

	
63.0

	
1 a

	

	

	

	

	




	
Sex

	
Female

	
1013/1590

	
63.7

	
1 a

	

	

	

	

	




	
Male

	
1017/1572

	
64.7

	
1.04

	
0.09–1.21

	
0.564

	

	

	




	
School

	
Bushulo

	
626/1095

	
57.2

	
2.3

	
1.8–2.9

	
0.000

	
2.4

	
1.8–3.0

	
0.000




	
Kidus Pawulos

	
208/305

	
68.2

	
3.7

	
2.6–5.0

	
0.000

	
3.7

	
2.6–5.0

	
0.000




	
Finchawa

	
138/372

	
37.1

	
1 a

	

	

	

	

	




	
Wosha

	
1058/1390

	
76.1

	
5.4

	
4.2–6.9

	
0.000

	
5.6

	
4.4–7.1

	
0.000








In the adjusted model, we adjusted for age and school. Due to co-linearity, village/kebele and district were not included in the model. a = reference, COR = crude odds ratio, AOR = adjusted odds ratio, CI = confidence interval.
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Table 4. Prevalence and intensity of S. mansoni infection by schools.
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School

	
S. mansoni Infection Prevalence

	
Intensity of Infection




	
No Infection

	
Light

	
Moderate

	
Heavy






	
Overall intensity

	
25.8%

	
74.2%

	
19.1%

	
5.3%

	
1.4%




	
Bushulo

	
20.7%

	
79.3%

	
18.4%

	
2.3%

	
0.01%




	
Kidus Pawulos

	
54.1%

	
45.9%

	
33.8%

	
15.7%

	
4.6%




	
Finchawa

	
11.6%

	
88.4%

	
11%

	
0.05%

	
0




	
Wosha

	
27.3%

	
72.7%

	
18.6%

	
6.8%

	
2%
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Table 5. Prevalence and correlates of S. mansoni infection among school-going children.
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Characteristics

	
Category

	
S. mansoni Infection

	
Univariate

	
Multivariate




	
n %

	
COR

	
95% CI

	
p-Value

	
AOR

	
95% CI

	
p-Value






	
Age group in years

	
5–9

	
189 (25.6)

	
1 a

	

	

	

	

	




	
10–15

	
626 (25.8)

	
1.0

	
0.8–1.2

	
0.337

	

	

	




	
Sex

	
Female

	
398 (25.0)

	
1 a

	

	

	

	

	




	

	
Male

	
417 (26.5)

	
1.1

	
0.9–1.3

	
0.926

	

	

	




	
School

	
Bushulo

	
227 (20.7)

	
2.0

	
1.4–2.8

	
0.000

	
1.8

	
1.3–2.6

	
0.001




	
Kidus Pawulos

	
165 (54.1)

	
9.0

	
6.1–13.3

	
0.000

	
8.7

	
5.9–12.8

	
0.000




	
Wosha

	
380 (27.3)

	
2.9

	
2.1–4.0

	
0.000

	
2.3

	
1.6–3.2

	
0.000




	
Finchawa

	
43 (11.6)

	
1 a

	

	

	

	

	




	
Hookworm

	
Yes

	
67 (34.5)

	
1.6

	
1.2–2.1

	
0.004

	
1.3

	
0.9–1.8

	
0.07




	
No

	
748 (25.2)

	
1 a

	

	

	

	

	




	
A. lumbricoides

	
Yes

	
399 (27.9)

	
1.2

	
1.1–1.4

	
0.012

	
1

	
0.8–1.2

	
0.87




	
No

	
416 (24.0)

	
1 a

	

	

	

	

	




	
Trichuris trichiura

	
Yes

	
286 (35.7)

	
1.9

	
1.6–2.3

	
0.000

	
1.9

	
1.6–2.3

	
0.000




	
No

	
529 (22.4)

	
1 a

	

	

	

	

	








Data were analyzed using logistic regression. In the adjusted model, we adjusted for school, hookworm, A. lumbricoides, and T. trichiura. Due to co-linearity, village/kebele and district were not included in the model. a = reference, COR = crude odds ratio, AOR = adjusted odds ratio, CI = confidence interval.
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Table 6. Prevalence of STH infections stratified by infection intensities for each parasite.
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Parasite

	
Overall Infection Prevalence

	
Intensity of Infection




	
No Infection

	
Light

	
Moderate

	
Heavy






	
A. lumbricoides

	
45%

	
54.8%

	
29.5%

	
14.3%

	
1.4%




	
T. trichiura

	
25.3%

	
74.7%

	
25%

	
0.3%

	
0




	
Hookworm

	
6.1%

	
93.8%

	
6.0%

	
0.03%

	
0
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Table 7. Rates and correlates of STH infections among school-going children.
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Characteristics

	
Category

	
STHs Pos

	
Univariate

	
Multivariate




	
n

	
%

	
COR

	
95% CI

	
p-Value

	
AOR

	
95% CI

	
p-Value






	
Age group in years

	
5–9

	
448

	
60.8

	
1.4

	
1.2–1.6

	
0.000

	
1.6

	
1.3–1.9

	
0.000




	
10–15

	
1283

	
52.9

	
1 a

	

	

	

	

	




	
Sex

	
Female

	
862

	
54.2

	
1 a

	

	

	

	

	




	

	
Male

	
869

	
55.3

	
1.0

	
0.9–1.2

	
0.547

	

	

	




	
School

	
Bushulo

	
507

	
46.3

	
1.9

	
1.5–2.5

	
0.000

	
2

	
1.6–2.6

	
0.000




	
Kidus Pawulos

	
123

	
40.3

	
1.5

	
1.1–2.1

	
0.009

	
1.3

	
0.9–1.8

	
0.12




	
Wosha

	
987

	
71.0

	
5.5

	
4.3–7.1

	
0.000

	
5.6

	
4.3–7.2

	
0.000




	
Finchawa

	
114

	
30.7

	
1 a

	

	

	

	

	




	
S. mansoni

	
Yes

	
502

	
29.0

	
1.5

	
1.2–1.7

	
0.000

	
1.5

	
1.2–1.8

	
0.001




	
No

	
313

	
21.9

	
1 a

	

	

	

	

	








Data were analyzed using logistic regression. In the adjusted model, we adjusted for age, school, and S. mansoni infection. Due to co-linearity, village/kebele and district were not included in the model. a = reference, COR = crude odds ratio, AOR = adjusted odds ratio, CI = confidence interval.
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