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Background

Malaria and schistosomiasis are among the most important parasitic diseases with overlapping geographical distribution in Ethiopia. The objective of this study, therefore, was to assess parasitological and clinical correlates and determinants of co-infection among malaria patients.





Methods

A health facility-based comparative cross-sectional study was conducted among malaria patients attending public health facilities in Damot Woyide district, Wolaita zone, South Ethiopia regional state, from December 2020 to June 2021. A total of 246 (123 Plasmodium-only and 123 Plasmodium–Schistosoma mansoni co-infected) study participants were sampled consecutively. A pre-tested structured questionnaire was used to collect data on demographic and risk factors. Detection and quantification of Schistosoma mansoni ova and malaria parasites were done with the Kato–Katz technique and blood film, respectively. Determination of hematological and biochemical parameters was done by the aLCose®HemoGo test system and the Cobas C 311 chemistry analyzer, respectively.





Results

The prevalence of Plasmodium–Schistosoma mansoni co-infection was 18.2%. Plasmodium–Schistosoma mansoni co-infected with a heavy intensity of Schistosoma mansoni had the highest parasitemia and was also significantly associated with malaria attack. In addition, anemia was associated with the presence of Plasmodium–Schistosoma mansoni co-infection. Schistosoma mansoni co-infection among malaria patients significantly increased mean Plasmodium density, serum glutamate oxaloacetate transaminase, serum glutamate pyruvate transaminase, alkaline phosphatase, direct bilirubin, and total protein. Hemoglobin and hematocrit were significantly lower among co-infected individuals. On multivariate analysis, being male (AOR=3.03, CI: 1.56-5.91,p=0.001), being in the 6-15 years age group (AOR = 5.85, CI: 2.45–13.93,p=0.00), the presence of stream (AOR = 4.1, CI: 1.65–10.15,p=0.002), having a water body distance of less than 1,000 m (AOR=2.33, CI: 1.23–4.41,p=0.009), and presence of irrigation practice (AOR= 3.24, CI: 1.69–6.18,p=0.00) were found to be significant risk factors of co-infection.





Conclusion

Malaria attack and level of parasitemia were associated with the intensity of concurrent Schistosoma mansoni infection. Co-infection results in the change of Plasmodium density, hematological, and biochemical parameters in malaria patients.
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Introduction

Malaria and Schistosomiasis are among the most important parasitic diseases with significant economic and public health consequences, particularly in Africa. Both parasites exert significant health, social, and financial burdens on infected individuals, households, and the health care system of the country in general (WHO, 2022; WHO, 2023). The two parasites have been associated with poverty, climate change, and several other related factors, which may result in their co-distribution and a high co-infection rate in humans (Brooker et al., 2007; Degarege et al., 2016).

Malaria causes an estimated 241 million cases and 627,000 deaths worldwide in 2020. The African region continues to carry the highest burden of malaria, accounting for about 95% of all malaria cases and 96% of all malaria deaths worldwide (WHO, 2023). In Ethiopia, malaria continues to be a major public health problem with over 68 percent which is approximately 74 million of the country’s total population living in areas at risk of malaria (Girum et al., 2019). In 2016, Ethiopia had an estimated three million new cases of malaria, resulting in 4,782 deaths and 365,900 Disability Adjusted Life Years (DALYs) in the same year (Girum et al., 2019). According to a malaria trend analysis conducted in the southern Ethiopian region’s Wolaita zone, Damot Woyide district is a high-transmission area where the prevalence of malaria is continuously rising (Legesse et al., 2015).

Schistosomiasis, on the other hand, remains a major cause of morbidity and mortality in several tropical and subtropical countries, with an estimated 240 million people infected worldwide and more than 700 million people living in endemic areas, mostly (90%) in Africa (W.H.O., 2018; WHO, 2022). In Ethiopia, intestinal schistosomiasis due to Schistosoma mansoni also remains the most widespread and predominant public health problem despite implementing several rounds of preventive chemotherapy. Every year, more than 35 million are at risk of infection, resulting in a pooled prevalence of 18% (Hussen et al., 2021; Ponpetch et al., 2021). Suitable environmental factors and human activities such as washing clothes, fetching water, swimming in rivers, bathing in open freshwater bodies, and engaging in irrigation farming are among the significant risk factors associated with schistosomiasis (Calasans et al., 2018; Bekana et al., 2021).

Several epidemiological studies show malaria and schistosomiasis co-endemic in many geographical areas. Due to this co-endemicity, multifactorial determinants like social-demographic (Abay et al., 2013; Getie et al., 2015), environmental (Booth et al., 2004; Chimbari et al., 2004), and behavioral factors (Juma et al., 2018) contribute to co-infection with schistosomiasis and malaria. Not only this, the different studies conducted in many countries reported different co-infection rates (Mazigo et al., 2010; Degarege et al., 2012; Mulu et al., 2013; Getie et al., 2015; Kinung’hi et al., 2017). Malaria and schistosomiasis co-infection, in turn, can affect parasitological (Getie et al., 2015; Dufera et al., 2016), hematological (Getie et al., 2015; Kinung’hi et al., 2017; Hailu et al., 2018; Abebe et al., 2024a), and biochemical parameters (Getie et al., 2015; Abebe et al., 2024b) among malaria patients thereby affecting the malaria clinical outcome

However, the current state of knowledge on the impact of co-infection on transmission dynamics and disease is contentious and inconclusive. Several studies found conflicting results regarding the effect of co-infection on malaria clinical outcomes. Some studies reported that co-infection increases malaria parasitemia (Degarege et al., 2012; Dufera et al., 2016).In contrast, others reported an association of co-infection with lower parasitemia (Sangweme et al., 2010; Getie et al., 2015), and still, others reported no correlation (Mazigo et al., 2010; Mulu et al., 2013). The disparity in findings was also observed concerning the hemoglobin level. Several studies have shown that co-infection reduces hemoglobin level (Degarege et al., 2012; Getie et al., 2015; Kinung’hi et al., 2017), while others found no effect of co-infection on hemoglobin level (Sangweme et al., 2010). Regarding pathological outcomes, some reported that co-infection with cerebral malaria was protective (Waknine-Grinberg et al., 2010), while others reported exacerbated hepatosplenomegaly (Wilson et al., 2011).

In Ethiopia, a previous related study was conducted to assess the prevalence and clinical correlates of Schistosoma mansoni co-infection among malaria-infected patients in Northwest Ethiopia, but, essential liver enzymes were not investigated in this study. In addition, renal involvement was not assessed, and potential risk factors were not considered in the analysis (Getie et al., 2015). The clinical and parasitological effects of Plasmodium–Schistosoma mansoni co-infection and factors favoring co-occurrence remain poorly understood. Therefore, this study aimed to assess parasitological and clinical correlates and determinants of co-infection among malaria-infected patients.





Materials and methods




Study area

The study was conducted in four health centers in Damot Woyide district, Wolaita Zone, south Ethiopia regional state. The district is located 90 km and 384 km south of Hawassa and Addis Ababa, respectively. The administrative capital of the district is Bedesa. According to the Central Statistical Agency (CSA, 2015), the population of the district was 115,558 (57,670 males and 57,888 females) and it has twenty-three rural kebeles(the smallest administrative unit in Ethiopia) and two urban kebeles. There are four health centers (Bedessa, Girara, Sure Koyo, and Sake Health Center) and twenty-five health posts in the district. The majority of residents support their livelihoods life through subsistence farming (SNNPR, 2002). The area is known to be endemic to both malaria and schistosomiasis (Alemayehu and Tomass, 2015; Legesse et al., 2015) (Figure 1). Malaria transmission occurs in the district during two seasons: September to December, following heavy rain, and April to May, following light rain (health facility report). Previous research in the area found a high prevalence and intensity of Schistosoma mansoni infection, but a moderate prevalence of other soil-transmitted helminths (STHs) infections (81.9% vs. 32%) (Alemayehu and Tomass, 2015), and the co-endemicity of the two parasites in the districts make the area suitable for studying the effect of Schistosoma mansoni on Plasmodium infection. In addition to this, the area has no potable water access. Major coping strategies for the challenges of the area’s water supply are synchronizing different water sources and conserving water sources (Ermias et al., 2016). That is why native inhabitants of the community heavily rely on the “Bisare” stream for their water usage, as there is no sufficient safe water supply in the area (Ermias et al., 2016). The local community also uses the “Bisarestream” for irrigation.




Figure 1 | Study area map (Alemayehu and Tomass, 2015).







Study design, period, and participants

A health facility-based comparative cross-sectional study was conducted from December 2020 to June 2021 among malaria-suspected febrile patients. All microscopically confirmed Plasmodium-only infected and Plasmodium–Schistosoma mansoni co-infected patients attending public health facilities who met the inclusion criteria were included in the study (Figure 2).




Figure 2 | Diagram showing the eligibility assessment of study participants.







Inclusion and exclusion criteria

The inclusion criteria were age of >5 years and being diagnosed with a confirmed malaria case. Exclusion criteria were with a history of antimalarial/anthelmintic medication use within 3 weeks before enrollment, patients who were co-morbid with confirmed chronic diseases, pregnant women attending an antenatal outpatient department, being on antiretroviral therapy, and concurrent infection with intestinal helminths other than Schistosoma mansoni.





Sampling techniques and sample size determination

The double population means formula was used for sample size determination.





112 participants for each group and a total of 224 (112*2)for both groups, then a 10% non-response rate added 224 *10/100 = 22.4, the total sample size was 224 + 22 = 246. Where β =0.1 (power 90%) and α = 5%[confidence interval (CI) 95%)] for two side t-tests. Where, N - Sample size in each of the groups, µ1 - Mean malaria parasitemia in Plasmodium-only-infected, µ2 - Mean malaria parasitemia in Plasmodium–Schistosoma mansoni co-infected group, µ1 - µ2- Difference in mean malaria parasitemia between the two groups, S12 -Variance of Plasmodium-only-infected, and S22 -Variance of Plasmodium–Schistosoma mansoni co-infected group, taken from a study done in Northwest Ethiopia (Getie et al., 2015). A consecutive sampling technique was employed to recruit all patients diagnosed with microscopically confirmed malaria from the four health facilities until the sample size was reached.




Socio-demographic and clinical information

A pre-tested structured questionnaire was used to collect data on demographic and risk factors. Axillary body temperature was measured during a physical examination at the outpatient department of the public health facilities in the district. Other necessary clinical history was taken from the patients’ cards. In this study, a malaria attack was defined as P. falciparum-positive patients with a body temperature greater than 38°C and a malaria parasite density greater than or equal to 5000/µl, which is a case definition used elsewhere (Sokhna et al., 2004). The questionnaire was prepared in English and translated into both “Wolaita doona” and Amharic languages.





Stool sample collection, transportation, and examination

From each public health center, about five grams of fresh stool specimens were collected in screw-capped plastic, clean, and dry containers labeled with unique identification. A cold chain box was used to transport stool samples from each site of collection to the Girara Health Center for further processing and examination. Detection and quantification of Schistosoma mansoni ova were performed using a Kato-Katz thick smear utilizing a standardized template, measuring 41.7 mg of stool. The Kato-Katz thick smear was examined for Schistosoma mansoni ova after 24 hours of smear preparation to increase the sensitivity by improving the clarity of the ova during an examination. The number of eggs per gram of stool (infection intensity) was calculated by multiplying the number of eggs per Kato-Katz slide by 24, and infection intensities of Schistosoma mansoni were classified as follows: 1–99 infection intensity as light, 100–399 infection intensity as medium, and > 400 infection intensity as heavy (WHO, 2002).





Blood sample collection

A total of 5-mL venous blood was collected using a sterile disposable 5-mL syringe after cleaning the vein puncture site with an alcohol pad by trained laboratory personnel. A 2-mL blood sample was transferred into an anti-coagulated ethylene diamine tetraacetic acid (EDTA) tube for thick- and thin-blood film preparation and to measure hemoglobin and hematocrit levels. The remaining 3 mL of the blood were transferred to a serum separator tube for biochemical analysis.





Blood smear examination

Blood films were prepared at each public health facility from the 2 mL of anti-coagulated venous blood by placing two small drops of blood separately on a clean and pre-labeled microscopic glass slide. Prepared blood films were stored in a slide box and transported to the Girara health center for further processing and examination. Both thick and thin blood films were made on a single slide, and then the slide was allowed to dry, stained with 10% Giemsa stain for 10 minutes, and examined under an Olympus microscope with a 100X oil immersion objective lens. The thick blood smear was used to calculate the parasite density by counting the number of asexual parasites in a set number of white blood cells (WBCs) (typically 200) with a hand tally counter. The number of asexual parasites per µl of blood was calculated by dividing the number of asexual parasites by the number of WBCs counted and then multiplying by an assumed WBC density in 1µl of blood (typically 8000 per µl) (WHO, 2010). Finally, the level of parasitemia was graded as low (1-999/μl), moderate (1000-9999/μl), and High (> 10,000/μl), a method used elsewhere (Nega et al., 2015).

	





Determination of hemoglobin and hematocrit levels

The remaining blood sample from the 2 mL of anti-coagulated venous blood was transported within 8 h of blood collection to Girara Health Center by using a cold chain system. The determination of hemoglobin and hematocrit levels was done by the aLCose® HemoGo blood hemoglobin test system (jjplus corporation, New Taipei City, Taiwan) following standard operating procedure.





Biochemical sample handling, storage, and transportation

The 3 mL of venous blood in the pre-labeled non-anti-coagulated serum separator tube were allowed to clot at the bench top for 30 min. Following that, blood was centrifuged at 3,000 rpm for 5 min and serum was separated. The test tubes with the patient’s identification were stored for 5 days until testing at 2°C–80°C. During transportation, the test tube rack is placed into the vaccine carrier cool box. Each test tube is individually protected by absorbent materials (cotton) to reduce shock or prevent breakage. Dry ice packs are placed at the bottom of the box and along the sides, specimens are placed in the center, and then extra ice packs are placed on top to keep the temperature at 2-8°C.





Biochemical analysis

Serum was analyzed by a Cobas C 311 chemistry analyzer (Hitachi high-technologies corporation, Germany) for serum glutamate pyruvate transaminase (SGPT), serum glutamate oxaloacetate transaminase (SGOT), alkaline phosphates (ALP), bilirubin total (BIL-T), bilirubin direct (BIL-D), albumin (alb), total protein (TP), blood glucose, creatinine, and urea at Wachemo University Negist Eleni Mohamed Memorial comprehensive specialized hospital.





Quality control of data

Before actual data collection, one day’s training was given to data collectors about data collection methods and how to handle ethical issues. A pre-test was conducted on 5% of the study sample size of patients not included in the study. Thus, the flow, clarity, and completeness of questions and the time needed to fill them were checked. Lastly, amendments were made to some of the unclear questions after discussion with the data collectors based on the results of the pre-test. To ensure that all necessary data were properly compiled, the supervisor (Head of the Health Center) and the principal investigator conducted regular supervision. Each day, during data collection, questionnaires were checked for completeness and consistency by the principal investigator. A necessary correction was made on incomplete questionnaires, otherwise discarded. The quality of the result from the biochemical analysis was assured by performing daily internal quality control and daily preventive maintenance. The functionality of the Giemsa stain was checked by preparing a smear from a known positive and negative sample from patients already diagnosed with malaria at Beddesa Health Center. Giemsa’s working solution was discarded after 24 hours, and a fresh working solution was prepared after use. A blood film was considered negative after examination of 1000 WBCs or 200 fields containing at least 10 WBCs per field revealing no asexual parasites. At least 10% of the randomly chosen positive and negative slides at Wachemo University Negist Eleni Mohamed Memorial Comprehensive Specialized Hospital were rechecked by a skilled lab technician who was blind to the previous result.






Data analysis

All raw data was coded and entered into SPSS version 25. The data was checked for missed values and outliers and was cleaned timely. Descriptive statistics were used to explore the data and to describe the demography of the participants. A Chi-square test was used to assess the associations of fever, Plasmodium infection, and anemia with the presence of Plasmodium–Schistosoma mansoni co-infection. An independent t-test was used to assess the mean difference in hematological (Hemoglobin and Hematocrit), biochemical parameters, and malaria parasite intensity (parasites/µL) among Plasmodium-only and Plasmodium–Schistosoma mansoni co-infected study participants. Analysis of variance (ANOVA) was used to compare the mean of Schistosoma mansoni infection intensity, parasitemia, hemoglobin, hematocrit, and biochemical parameters among subgroups. The multiple comparisons of mean Plasmodium density were made using Hochberg’s GT2 -post hoc test for Schistosoma mansoni infection intensity categories. The binary outcome of interest, the presence or absence of co-infection, was measured. Binary logistic regression and multivariate analysis were used to determine the statistical association between dependent and independent variables. Those variables associated with the dependent variable in the bivariate regression model (p-value< 0.25) were entered into multivariate analysis to control for possible confounders. The preliminary assumptions such as multi-collinearity and model fitness were checked. The odds ratio (OR) with a 95% CI was used to determine the strength of association between the presence of Plasmodium–Schistosoma mansoni co-infection and variables like sex, age, place of residence, presence of water body, farm working activities, length of stay, type of water body, proximity to a water body, and presence of irrigation practice. Statistical significance was defined at 95% confidence and a p-value less than 0.05.





Ethical consideration

Ethical clearance was obtained from the Ethical Review Board (IRB) of the Jimma University Institute of Health Science: Ref No: IHRPGD/947/20, Date: November,11,2020 After ethical clearance was received, permission to conduct the research was obtained from the Wolaita Zone Health Bureau and district health office. All participants were informed about the purpose, benefit, procedure, and potential risk of the study and their participation was voluntary. For children younger than eighty years, assent was obtained from parents or guardians on behalf of their children. Confidentiality of the information was maintained at each level of the study. The name of the participant was omitted from the questionnaire; instead, a number code was used to ensure confidentiality. All participants enrolled in the study received a free-of-charge diagnostic test on blood and stool. Those found to be positive for either or both of the infections including participants excluded in the study due to polyparasitism received the standard dose of treatment according to the National protocol by Health officers or Nurses at Health Centers in the district. Patients who were diagnosed with P. falciparum and P. vivax malaria were treated with artemether-lumefantrine (AL) and chloroquine, respectively. Individuals who were found positive for S. mansoni, Hymenolepis nana (H. nana), and Taenia spp were treated with Praziquantel while 400mg of albendazole was used to treat those who were positive for soil-transmitted helminths (STHs).






Results




Socio-demographic characteristics

A total of 2,989 suspected malaria patients visited the public health facilities within Damot Woyide district, Wolaita Zone, from December 2020 to June 2021. Out of these, 675 (22.6%) were found positive for Plasmodium parasites, with a proportion of 69% (466/675) and 29.6% (200/675) for P. falciparum and P. vivax species, respectively. Out of the 675 malaria-positive participants, 123 (18.2%) were found to be co-infected with Schistosoma mansoni. For our study, 246 malaria-positive study participants (123 Plasmodium-only-infected and 123 Plasmodium–Schistosoma mansoni co-infected) who fulfilled the inclusion criteria were included in the study. Out of these, the majority were males (58.1%), resided in rural areas (74.8%), and in the age group between 6–15 years (35%) (Table 1). The median [interquartile range (IQR)] age of the study participants was 28 (SNNPR, 2002; WHO, 2002; Sokhna et al., 2004; Mazigo et al., 2010; Sangweme et al., 2010; Waknine-Grinberg et al., 2010; WHO, 2010; Wilson et al., 2011; Matangila et al., 2014; Alemayehu and Tomass, 2015; Nega et al., 2015; Dufera et al., 2016; Ermias et al., 2016; Alemayehu et al., 2017; Kinung’hi et al., 2017; Hailu et al., 2018; Tilla et al., 2019; Abebe et al., 2024a; Abebe et al., 2024b) years for malaria-only infected, and 17 (Juma et al., 2018; SNNPR, 2002; Booth et al., 2004; Chimbari et al., 2004; Mazigo et al., 2010; Sangweme et al., 2010; Waknine-Grinberg et al., 2010; Wilson et al., 2011; Degarege et al., 2012; Mulu et al., 2013; Alemayehu and Tomass, 2015; Getie et al., 2015; Dufera et al., 2016; Kinung’hi et al., 2017; Hailu et al., 2018; Abebe et al., 2024a; Abebe et al., 2024b) years for those Plasmodium–Schistosoma mansoni co-infected.


Table 1 | Socio-demographic characteristics of study participants, Wolaita zone, south Ethiopia regional state, 2021.







Clinical characteristics of the study participants

Out of the total 246 malaria-positive participants included in the study, 71.1% (175/246) and 25.6% (63/246) were positive for P. falciparum and P. vivax respectively. The remaining 3.3% (8/246) had mixed infections. Of the 246 malaria-positive study participants, most Plasmodium infections were among males (58.1%), and within the age group of 6–15 years(35%). Similarly, most of the Plasmodium–Schistosoma mansoni co-infections were observed among male(66.7% (82/123) participants and in the age group between 6–15 years(49.6% (61/123)).

Approximately 72.5% (74/102) of P. falciparum and 27.2% (28/102) of P. vivax-infected participants were anemic, with a mean hemoglobin concentration of 10.2 ± 1.71, and 10.65 ± 1.17 respectively. The majority of anemic study participants were males [64.1% (66/103)] and aged between 6–15 years [37.9% (39/103)]. Moreover, the 6–15 years age group has the lowest mean Hemoglobin level compared to older age groups (F = 2.7, p = 0.046). Severe parasitemia (>10,000/μl) was found only in 4% (7/175) of the study participants with P. falciparum infection among Plasmodium–Schistosoma mansoni co-infected. Severe anemia (≤7g/dl) and severe hypoglycemia (≤ 40mg/dl) were found in 2.8% (7/246) and 8.9% (22/246) of the study participants, respectively. Mean malaria parasite density tends to decrease with increasing participant age groups. However, this effect was statistically not significant (F = 1.465, p = 0.225).

Infection intensity of Schistosoma mansoni among co-infected female patients was slightly higher than the male with mean Schistosoma mansoni infection intensity of 325.5 ± 167.5 and 301.8 ± 179.9, respectively (p=0.48). Similarly, the intensity of Schistosoma mansoni showed an age-related pattern with the highest (F= 3.706, p=0.014) mean being observed among individuals of the 16-25 years age group (mean Schistosoma mansoni infection intensity =355.17 ± 166.3) followed by the age group 6-15 (mean Schistosoma mansoni infection intensity =342.69 ± 160.5) compared to older age groups (Figures 3, 4).




Figure 3 | Comparision of S. mansoni infection intensities by gender.






Figure 4 | Comparision of S. mansoni infection intensities by age groups.







Factors associated with Plasmodium–Schistosoma mansoni co-infection

After adjusting for possible confounders like sex, age, place of residence, presence of water body, farm working activities, length of stay, type of water body, proximity to a water body, and presence of irrigation practice, males are three times more likely to be co-infected than females (AOR = 3.03, CI: 1.56-5.91,p=0.001). Individuals within the 6-15 age range are six times more likely to be co-infected compared with those above 35 years (AOR = 5.85, CI: 2.45-13.93,p=0.00). Furthermore, people who live near a stream are four times more likely to have co-infection than people who live near other types of water bodies (AOR = 4.1, CI: 1.65-10.15,p=0.002). In addition, individuals living within a 1000m stretch of a water body are two times chance to get co-infection than those living above 1000m stretches (AOR = 2.33, CI: 1.23-4.41,p=0.009). Concerning irrigation practice, individuals practicing irrigation are three times more likely to get co-infection than those who do not practice irrigation (AOR = 3.24, CI: 1.69–6.18,p=0.00). The Hosmer-Lemeshow (HL) goodness-of-fit test (GOF) shows that the multivariate logistic regression model of co-infection fits well (HL χ2 = 5.421, df = 8, p = 0.71Parasitological correlates of Plasmodium–Schistosoma mansoni co-infection

The mean parasitemia among Plasmodium–Schistosoma mansoni co-infected individuals increased significantly as the level of Schistosoma mansoni infection intensity increased. There was a statistically significant mean difference in Plasmodium parasite density among light, moderate, and heavy Schistosoma mansoni co-infected individuals (F = 14.68, p< 0.001). In Hochberg’s GT2 post hoc analysis, this means the difference lies only among light and heavily co-infected malaria patients (1898.5 vs. 4260.85 parasite/μl, p<0.001) (Table 2).


Table 2 | One-way ANOVA analysis of malaria parasitemia specific to the intensity of Schistosoma mansoni among Plasmodium–Schistosoma mansoni co-infected patients, Wolaita zone, south Ethiopia regional state, 2021.







Clinical correlates of Plasmodium–Schistosoma mansoni co-infection

In this study, the prevalence of fever presentation (axillary body temperature = 38°C) washigher among Plasmodium-only infected than Plasmodium–Schistosoma mansoni co-infected patients. However, the observed difference in prevalence was suggestive rather than conclusive (χ2 = 3.739, p = 0.053). In addition, a higher proportion of anemia was observed among Plasmodium–Schistosoma mansoni co-infected patients [66% (68/103)] than Plasmodium-only infected patients [34%(35/103)] (χ2 = 18.18, p =0.00). There were no significant differences in mean Hemoglobin concentration between patients with light, moderate, and heavily co-infected malaria (F = 2.34, p = 0.101) (Supplementary Table 2).

In this study, malaria attacks were observed among 7.7% (19/246) of the study participants. In addition, a higher proportion of malaria attacks was identified among males 73.7% (14/19) than females 26.3% (5/19). After adjusting for sex and age, patients with a heavy egg load of Schistosoma mansoni were ten times more likely to experience malaria attacks than those who were free from Schistosoma mansoni infection (AOR = 9.834, CI: 2.487-38.828,p=0.001) (Table 3). Seventy-nine percent [79% (15/19)] of the study participants with malaria attacks had Schistosoma mansoni co-infection (Table 3).


Table 3 | Logistic regression model for malaria attack among study participants diagnosed with P. falciparum, adjusting for sex, age, and the intensity of Schistosoma mansoni,n=183, Wolaita zone, south Ethiopia regional state, 2021.



Between those with Plasmodium-only infection and those with Plasmodium–Schistosoma mansoni co-infection, there was a mean difference in clinical parameters. Co-infected individuals showed a statistically significant increase in mean Plasmodium density, SGPT, SGOT, ALP, BIL-D, and TP. However, the level of Hemoglobin and hematocrit was significantly lower among Plasmodium–Schistosoma mansoni co-infected individuals. In contrast, other parameters like urea, creatinine, and glucose were not statistically significant (Figures 5–7).




Figure 5 | Comparision of mean Plasmodium parasitemia by coinfection status.






Figure 6 | Comparison of mean Hgb and Hct by confection status.






Figure 7 | Comparison of mean biochemical parameters by confection status.



When comparing P. falciparum-Schistosoma mansoni co-infection to Plasmodium-only, and P. vivax-Schistosoma mansoni co-infection, there is a statistically significant increase in the mean Plasmodium density, SGPT, SGOT, and BIL-D among P. falciparum-Schistosoma mansoni co-infected. However, the hemoglobin and hematocrit level is significantly lower among P. falciparum-Schistosoma mansoni co-infected compared to Plasmodium –only, and P.vivax-Schistosoma mansoni co-infected. In contrast, the serum level of ALP was significantly higher among P. vivax-Schistosoma mansoni co-infected patients. In addition, the serum TP level was significantly higher among Plasmodium-only infected study participants (Table 4).


Table 4 | One-way ANOVA analysis for clinical parameters, the mean difference between Plasmodium-only-infection and co-infection type among malaria patients, Wolaita zone, south Ethiopia regional state, 2021.








Discussion

Plasmodium–Schistosoma mansoni co-infection is a major public health concern in developing countries where their geographical distribution overlaps (Juma et al., 2018; Chimbari et al., 2004; Mazigo et al., 2010; Matangila et al., 2014; Kinung’hi et al., 2017). Previous studies conducted in Damot Woyide district, Wolaita zone, south Ethiopia regional state reported the presence of malaria and Schistosoma mansoni transmission in the district (Alemayehu and Tomass, 2015; Alemayehu et al., 2017; Tilla et al., 2019). The current study revealed that Damot Woyide district, Wolaita zone, is one of such epidemiological settings in Ethiopia where malaria and schistosomiasis transmission overlap with a co-infection rate of 18.2%.

The presence of streams(AOR = 4.1, CI: 1.65-10.15,p=0.002), small irrigation-based agricultural activities in the area (AOR = 3.24, CI: 1.69-6.18, p=0.00), as well as other social demographic characteristics such as age (AOR = 5.85, CI: 2.45-13.93, p=0.00) and sex (AOR = 3.03, CI: 1.56-5.91, p=0.001), were factors that showed significant associations with Plasmodium–Schistosoma mansoni co-infection among communities living in the study areas (Alemayehu and Tomass, 2015; Legesse et al., 2015; Alemayehu et al., 2017).In this study, living close to the water body was strongly associated with Plasmodium–Schistosoma mansoni co-infection. This is explained by a slight geographical variation in the risk of contracting schistosomiasis and malaria (Booth et al., 2004).

Moreover, the risk of co-infection was higher among individuals living around streams than in other types of water bodies. The possible explanation was that the previous study in the area identified the Bisare Stream and Adacha River as sources of Schistosoma mansoni infection (Alemayehu et al., 2017). Even though residents use both sources of water for irrigation, during a snail survey, most adult and cercaria-shedding snail intermediate hosts were identified from the stream compared to the river. Also, the physical characteristics, the slow velocity of the water body, vegetation density, and the presence of substrate like aquatic vegetation, mud, or rocks, of the stream are more conducive to Biomphalaria pfeifferi snail’s existence compared to the river, This might increase the co-infection rate (Alemayehu et al., 2017).

Another risk factor that was identified as an important determinant for Plasmodium -Schistosoma mansoni co-infection was the presence of irrigation practice. This result was in agreement with earlier studies conducted in Zimbabwe and Kenya (Juma et al., 2018; Chimbari et al., 2004). The presence of water bodies with suitable ecological conditions (Mereta et al., 2019), and irrigation practices create an ideal habitat for mosquitoes found in fields and irrigation ditches with stagnant water to lay their eggs and breed. Because more mosquitoes carrying the malaria parasite can flourish in these environments, there is an increased risk of malaria transmission. Similar to this, irrigation systems can produce stagnant or slow-moving water, which is preferred by the snails that serve as intermediate hosts for the schistosomiasis infection.

In the present study, co-infection status is strongly associated with gender. Males have been shown to have a higher co-infection rate compared to females. The observed difference between females and males can be linked with a higher frequency of contact with cercariae-contaminated water bodies by engaging in farming activities and outdoor night activities of males like irrigation, livestock care, and wild animal control that are active at night to minimize damage to their crops. This finding is supported by previous studies conducted in Ethiopia (Abay et al., 2013; Dufera et al., 2016; Kinung’hi et al., 2017). In contrast to this finding, a study from Kenya found no association between sex and co-infection; this is probably because of the few participants included in the study (Juma et al., 2018).

Additionally, in the present study, the risk of co-infection is higher among school-age children compared to adults this can be linked to the behavior and lifestyle of school-age children like bathing, swimming, rare cattle along water bodies, and lower-aged males also share tasks with their father by engaging outdoor night activities. Since mosquitoes are most active at dusk and dawn, malaria is frequently transmitted at these times. Participating in nighttime outdoor activities raises the possibility of coming into contact with mosquitoes that transmit malaria, particularly in regions where the disease is prevalent. Previous studies conducted in Western Ethiopia in 2020 (Dufera et al., 2016), Northwestern Ethiopia in 2015 (Getie et al., 2015), and Northeastern Ethiopia (Abay et al., 2013)also reported the association of age with co-infection.

Even though the current study could not identify gender and age relationships with Schistosoma mansoni infection, there is a difference in mean infection intensity between gender and age groups. Higher mean Schistosoma mansoni infection intensity was observed in the lower age group than in the older age group. It is expected that school-age children are the most affected due to high levels of unsafe water contact behavior such as swimming, bathing, and rare cattle near the grassy area along with water bodies. This finding is supported by other studies (Alemayehu and Tomass, 2015; Dufera et al., 2016; Alemayehu et al., 2017). Considering gender, female participants had slightly higher mean Schistosoma mansoni infection intensity than males, which is in contrast to previous studies (Alemayehu and Tomass, 2015; Alemayehu et al., 2017), but in agreement with the other study conducted in western Ethiopia (Abay et al., 2013). The observed gender variation could be attributed to the difference in the nature of the study participants, socioeconomic status, and immune status of the patients.

The co-infection rate of 18.2% reported in the current study is comparable to the rate reported in the study conducted in Kemise town, northeast Ethiopia (18.4%) (Abay et al., 2013), but lower than a study conducted at Dore Bafeno Health Center, southern Ethiopia (38.5%) (Degarege et al., 2012), and Northwest Ethiopia (19.5%) (Getie et al., 2015), the shores of Lake Victoria, northwestern Tanzania (22.6%) (Mazigo et al., 2010), southern Ethiopia (22.6%) (Mulu et al., 2013), and the Mara region, Northwestern Tanzania(81.9%) (Kinung’hi et al., 2017). However, it was higher than the finding of another study conducted in Zambia’s Zambezi District (2.7%) (Rutagwera and Tylleskär, 2012). The differences in the prevalence of co-infections among these studies could be attributed to the environmental and micro-climatic conditions that influence the two parasites. Some of these factors include types of water bodies, water contact practices, poverty, other socioeconomic factors, lack of effective preventative measures, limited access to health care, study design, and time of survey (Booth et al., 2004; Brooker et al., 2007; Ojo et al., 2019).

In the present study, the prevalence of anemia [(Hemoglobin levels ≤ 12 mg/dl)] (41.9%) among malaria patients was comparable with an earlier study done in Northwest Ethiopia (41.4%) (Hailu et al., 2018), and Congo (41.6%) (Matangila et al., 2014), but higher than a study done in Kenya (23.3%) (Valice et al., 2018). This finding was also lower than reports from studies conducted in Ethiopia (Getie et al., 2015; Tuasha et al., 2019). The observed variation in the prevalence of anemia could be explained by changing patterns of parasitic infection, nutritional status, the density of parasites, and differences in age distribution. Similar to the result of the current study, previous studies from Congo and Northwest Ethiopia reported a higher prevalence of anemia among co-infected[66% (68/103)] compared to Plasmodium–only (Matangila et al., 2014; Getie et al., 2015). In agreement with an earlier study (Kinung’hi et al., 2017), the current study did not find a significant statistical difference in the prevalence of anemia between sexes or age groups.

In this study, the rate of malaria attack [7.7%(19/246)] was significantly higher in patients heavily co-infected compared to those who were free from Schistosoma mansoni infection. This finding corroborates those of other studies that found that the heavy egg burden of Schistosoma mansoni increases the risk of developing severe malaria (Sokhna et al., 2004; Mulu et al., 2013; Getie et al., 2015). An increased risk of severe malaria in co-infected patients may result from the heavy egg burden of Schistosoma mansoni, which can affect liver function, exacerbate anemia, induce immunosuppression, alter cytokine profiles, and regulate the immunological response.

The current study demonstrated a significant mean difference in Plasmodium parasite density, hemoglobin, hematocrit, SGPT, SGOT, ALP, BIL-D, and TP among Plasmodium -only and Plasmodium–Schistosoma mansoni co-infected. In contrast, a previous study only reported a significant mean difference in the mean hemoglobin level; the difference between other biochemical parameters was not statistically significant (Getie et al., 2015). This difference in findings can be attributed to the laboratory method employed, unproportional study participants allocated among strata, study design, sample size, and study setting in the previous study (Getie et al., 2015). Similar to earlier reports on the association of co-infection with lower hemoglobin levels (Getie et al., 2015; Kinung’hi et al., 2017), the present study showed that co-infection significantly lowers hemoglobin levels. The observed significantly higher mean in biochemical parameters among the co-infected group can be explained by the synergistic effect on liver pathology, leading to increased inflammation, impaired liver function, fibrosis, and raising the likelihood of serious liver consequences in co-infected people (Dufera et al., 2017).

In this study, a higher prevalence of severe parasitemia (>10,000/μL) was observed among P. falciparum-infected patients. This can be explained by the fact that P. falciparum infects both young and old red blood cells, and rapid replication increases the level of parasitemia during P. falciparum malaria infection. In contrast to an earlier study (Getie et al., 2015), a higher frequency of fever was observed among Plasmodium-only than in the co-infected counterpart. This may be due to anti-inflammatory markers being unregulated due to the dominance of heavy Schistosoma mansoni infection among Plasmodium–Schistosoma mansoni co-infected individuals. In Plasmodium-only infected Th1 pro-inflammatory mediators such as Tumor Necrosis Factor- (TNF-), which is pyrogenic, resulting in an aggravated fever presentation (Karunaweera et al., 1992).

In the current study, a higher mean malaria parasitemia was observed among Plasmodium–Schistosoma mansoni co-infected participants than Plasmodium-only infected participants. This finding concurs with results from western Ethiopia and southern Ethiopia, where co-infected malaria patients were more likely to have high parasitemia than Plasmodium-only infected patients (Degarege et al., 2012; Dufera et al., 2016). However, this contradicts a result from Zimbabwe and northwest Ethiopia, where a higher mean malaria parasite density was observed among Plasmodium-only infected individuals (Sangweme et al., 2010; Getie et al., 2015). This difference can be due to variation in Schistosoma mansoni infection intensity, which would affect Plasmodium density.

In this study, higher mean malaria parasitemia was observed among heavy Schistosoma mansoni co-infected patients than light-intense co-infected ones. In concordance with this finding, a study in northwest Ethiopia shows that co-infected patients with a moderate-heavy intensity of Schistosoma mansoni had significantly higher mean malaria parasitemia than co-infected patients with light-intense Schistosoma mansoni infection (Getie et al., 2015). Similarly, a study from western Ethiopia indicates that co-infection due to Plasmodium–Schistosoma mansoni reciprocally leads to an increase in parasite density (Dufera et al., 2016). Therefore, Schistosoma mansoni co-infection could affect malaria parasite density, depending on the intensity of Schistosoma mansoni infection.





Limitations of the study

In this study, the nutritional assessment and immunological profile of study participants were not done to see the effect of nutritional status and host immune response. These considerations may have contributed to strengthening the outcome of the present study.





Conclusions

Our findings suggest that co-infection is associated with altered Plasmodium parasite density, hematological, and biochemical parameters in malaria patients. A strong association between the intensity of the concomitant Schistosoma mansoni infection and Plasmodium parasite density was observed, which might be a load-related factor for the development of severe malaria with the course of infection. Moreover, malaria attacks were associated with the intensity of concurrent Schistosoma mansoni infections. Being male, being in the age group of 6–15, the presence of a stream, a water body distance within 1000m, and the presence of irrigation practice are risk factors of co-infection. The severity of Schistosoma mansoni infection is affected by age.
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Background: Malaria and schistosomiasis are among the most important
parasitic diseases with overlapping geographical distribution in Ethiopia. The
objective of this study, therefore, was to assess parasitological and clinical
correlates and determinants of co-infection among malaria patients.

Methods: A health facility-based comparative cross-sectional study was
conducted among malaria patients attending public health facilities in Damot
Woyide district, Wolaita zone, South Ethiopia regional state, from December
2020 to June 2021. A total of 246 (123 Plasmodium-only and 123 Plasmodium—
Schistosoma mansoni co-infected) study participants were sampled
consecutively. A pre-tested structured questionnaire was used to collect data
on demographic and risk factors. Detection and quantification of Schistosoma
mansoni ova and malaria parasites were done with the Kato—Katz technique and
blood film, respectively. Determination of hematological and biochemical
parameters was done by the aL.Cose®HemoGo test system and the Cobas C
311 chemistry analyzer, respectively.

Results: The prevalence of Plasmodium—Schistosoma mansoni co-infection was
18.2%. Plasmodium—Schistosoma mansoni co-infected with a heavy intensity of
Schistosoma mansoni had the highest parasitemia and was also significantly
associated with malaria attack. In addition, anemia was associated with the
presence of Plasmodium-Schistosoma mansoni co-infection. Schistosoma
mansoni co-infection among malaria patients significantly increased mean
Plasmodium density, serum glutamate oxaloacetate transaminase, serum
glutamate pyruvate transaminase, alkaline phosphatase, direct bilirubin, and
total protein. Hemoglobin and hematocrit were significantly lower among co-
infected individuals. On multivariate analysis, being male (AOR=3.03, Cl: 1.56-
5.91,p=0.001), being in the 6-15 years age group (AOR = 5.85, Cl: 2.45-13.93,
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p=0.00), the presence of stream (AOR = 4.1, Cl: 1.65-10.15,p=0.002), having a
water body distance of less than 1,000 m (AOR=2.33, Cl: 1.23-4.41,p=0.009),
and presence of irrigation practice (AOR= 3.24, Cl: 1.69-6.18,p=0.00) were
found to be significant risk factors of co-infection.

Conclusion: Malaria attack and level of parasitemia were associated with the
intensity of concurrent Schistosoma mansoni infection. Co-infection results in
the change of Plasmodium density, hematological, and biochemical parameters

in malaria patients.

KEYWORDS

malaria, Schistosoma mansoni, co-infection, Wolaita zone, Ethiopia

Introduction

Malaria and Schistosomiasis are among the most important
parasitic diseases with significant economic and public health
consequences, particularly in Africa. Both parasites exert significant
health, social, and financial burdens on infected individuals,
households, and the health care system of the country in general
(WHO, 2022; WHO, 2023). The two parasites have been associated
with poverty, climate change, and several other related factors, which
may result in their co-distribution and a high co-infection rate in
humans (Brooker et al., 2007; Degarege et al., 2016).

Malaria causes an estimated 241 million cases and 627,000
deaths worldwide in 2020. The African region continues to carry the
highest burden of malaria, accounting for about 95% of all malaria
cases and 96% of all malaria deaths worldwide (WHO, 2023). In
Ethiopia, malaria continues to be a major public health problem
with over 68 percent which is approximately 74 million of the
country’s total population living in areas at risk of malaria (Girum
et al,, 2019). In 2016, Ethiopia had an estimated three million new
cases of malaria, resulting in 4,782 deaths and 365,900 Disability
Adjusted Life Years (DALYs) in the same year (Girum et al., 2019).
According to a malaria trend analysis conducted in the southern
Ethiopian region’s Wolaita zone, Damot Woyide district is a high-
transmission area where the prevalence of malaria is continuously
rising (Legesse et al., 2015).

Schistosomiasis, on the other hand, remains a major cause of
morbidity and mortality in several tropical and subtropical countries,
with an estimated 240 million people infected worldwide and more
than 700 million people living in endemic areas, mostly (90%) in
Africa (W.H.O., 2018; WHO, 2022). In Ethiopia, intestinal
schistosomiasis due to Schistosoma mansoni also remains the most
widespread and predominant public health problem despite
implementing several rounds of preventive chemotherapy. Every
year, more than 35 million are at risk of infection, resulting in a
pooled prevalence of 18% (Hussen et al., 2021; Ponpetch et al., 2021).
Suitable environmental factors and human activities such as washing
clothes, fetching water, swimming in rivers, bathing in open
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freshwater bodies, and engaging in irrigation farming are among
the significant risk factors associated with schistosomiasis (Calasans
et al., 2018; Bekana et al., 2021).

Several epidemiological studies show malaria and
schistosomiasis co-endemic in many geographical areas. Due to
this co-endemicity, multifactorial determinants like social-
demographic (Abay et al., 2013; Getie et al., 2015), environmental
(Booth et al., 2004; Chimbari et al., 2004), and behavioral factors
(Juma et al., 2018) contribute to co-infection with schistosomiasis
and malaria. Not only this, the different studies conducted in many
countries reported different co-infection rates (Mazigo et al., 2010;
Degarege et al., 2012; Mulu et al., 2013; Getie et al., 2015; Kinung’hi
et al., 2017). Malaria and schistosomiasis co-infection, in turn, can
affect parasitological (Getie et al., 2015; Dufera et al.,, 2016),
hematological (Getie et al, 2015; Kinung’hi et al,, 2017; Hailu
et al,, 2018; Abebe et al, 2024a), and biochemical parameters
(Getie et al., 2015; Abebe et al., 2024b) among malaria patients
thereby affecting the malaria clinical outcome

However, the current state of knowledge on the impact of co-
infection on transmission dynamics and disease is contentious and
inconclusive. Several studies found conflicting results regarding the
effect of co-infection on malaria clinical outcomes. Some studies
reported that co-infection increases malaria parasitemia (Degarege
et al, 2012; Dufera et al., 2016).In contrast, others reported an
association of co-infection with lower parasitemia (Sangweme et al.,
2010; Getie et al., 2015), and still, others reported no correlation
(Mazigo et al., 2010; Mulu et al., 2013). The disparity in findings was
also observed concerning the hemoglobin level. Several studies have
shown that co-infection reduces hemoglobin level (Degarege et al.,
2012; Getie et al., 2015; Kinung’hi et al., 2017), while others found
no effect of co-infection on hemoglobin level (Sangweme et al.,
2010). Regarding pathological outcomes, some reported that co-
infection with cerebral malaria was protective (Waknine-Grinberg
etal,, 2010), while others reported exacerbated hepatosplenomegaly
(Wilson et al., 2011).

In Ethiopia, a previous related study was conducted to assess the
prevalence and clinical correlates of Schistosoma mansoni co-
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infection among malaria-infected patients in Northwest Ethiopia,
but, essential liver enzymes were not investigated in this study. In
addition, renal involvement was not assessed, and potential risk
factors were not considered in the analysis (Getie et al., 2015). The
clinical and parasitological effects of Plasmodium-Schistosoma
mansoni co-infection and factors favoring co-occurrence remain
poorly understood. Therefore, this study aimed to assess
parasitological and clinical correlates and determinants of co-
infection among malaria-infected patients.

Materials and methods
Study area

The study was conducted in four health centers in Damot
Woyide district, Wolaita Zone, south Ethiopia regional state. The
district is located 90 km and 384 km south of Hawassa and Addis
Ababa, respectively. The administrative capital of the district is
Bedesa. According to the Central Statistical Agency (CSA, 2015),
the population of the district was 115,558 (57,670 males and 57,888
females) and it has twenty-three rural kebeles(the smallest
administrative unit in Ethiopia) and two urban kebeles. There are
four health centers (Bedessa, Girara, Sure Koyo, and Sake Health
Center) and twenty-five health posts in the district. The majority of
residents support their livelihoods life through subsistence farming
(SNNPR, 2002). The area is known to be endemic to both malaria
and schistosomiasis (Alemayehu and Tomass, 2015; Legesse et al.,
2015) (Figure 1). Malaria transmission occurs in the district during
two seasons: September to December, following heavy rain, and April
to May, following light rain (health facility report). Previous research

10.3389/fmala.2025.1519846

in the area found a high prevalence and intensity of Schistosoma
mansoni infection, but a moderate prevalence of other soil-
transmitted helminths (STHs) infections (81.9% vs. 32%)
(Alemayehu and Tomass, 2015), and the co-endemicity of the two
parasites in the districts make the area suitable for studying the effect
of Schistosoma mansoni on Plasmodium infection. In addition to this,
the area has no potable water access. Major coping strategies for the
challenges of the area’s water supply are synchronizing different water
sources and conserving water sources (Ermias et al., 2016). That is
why native inhabitants of the community heavily rely on the “Bisare”
stream for their water usage, as there is no sufficient safe water supply
in the area (Ermias et al., 2016). The local community also uses the
“Bisarestream” for irrigation.

Study design, period, and participants

A health facility-based comparative cross-sectional study was
conducted from December 2020 to June 2021 among malaria-
suspected febrile patients. All microscopically confirmed
Plasmodium-only infected and Plasmodium-Schistosoma mansoni
co-infected patients attending public health facilities who met the
inclusion criteria were included in the study (Figure 2).

Inclusion and exclusion criteria

The inclusion criteria were age of >5 years and being diagnosed
with a confirmed malaria case. Exclusion criteria were with a history
of antimalarial/anthelmintic medication use within 3 weeks before
enrollment, patients who were co-morbid with confirmed chronic

Demba Girara Kebele

A

HealthCenterSchool
BisareStream

Legend
A Girara Coordinates.csv Events
D.Girara
1050 1 2 .
s‘(llometers
FIGURE 1
Study area map (Alemayehu and Tomass, 2015).
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FIGURE 2
Diagram showing the eligibility assessment of study participants.

diseases, pregnant women attending an antenatal outpatient
department, being on antiretroviral therapy, and concurrent
infection with intestinal helminths other than Schistosoma mansoni.

Sampling techniques and sample
size determination

The double population means formula was used for sample size

determination.

N = (St +S)Zioaps + Zip) /(s - 1)’ (1)

N = ((206°) + (393%))(1.96 + 1.28)? /(4053 — 3917)* = 112 (2)

112 participants for each group and a total of 224 (112*2)for
both groups, then a 10% non-response rate added 224 *10/100 =
22.4, the total sample size was 224 + 22 = 246. Where 3 =0.1 (power
90%) and o = 5%][confidence interval (CI) 95%)] for two side t-tests.
Where, N - Sample size in each of the groups, y; - Mean malaria
parasitemia in Plasmodium-only-infected, p, - Mean malaria
parasitemia in Plasmodium-Schistosoma mansoni co-infected
group, Wy - W, Difference in mean malaria parasitemia between
the two groups, S, -Variance of Plasmodium-only-infected, and S,
-Variance of Plasmodium-Schistosoma mansoni co-infected group,
taken from a study done in Northwest Ethiopia (Getie et al., 2015).
A consecutive sampling technique was employed to recruit all
patients diagnosed with microscopically confirmed malaria from
the four health facilities until the sample size was reached.

Frontiers in Malaria

Socio-demographic and clinical information

A pre-tested structured questionnaire was used to collect data
on demographic and risk factors. Axillary body temperature was
measured during a physical examination at the outpatient
department of the public health facilities in the district. Other
necessary clinical history was taken from the patients’ cards. In this
study, a malaria attack was defined as P. falciparum-positive
patients with a body temperature greater than 38°C and a malaria
parasite density greater than or equal to 5000/pl, which is a case
definition used elsewhere (Sokhna et al., 2004). The questionnaire
was prepared in English and translated into both “Wolaita doona”
and Ambharic languages.

Stool sample collection, transportation,
and examination

From each public health center, about five grams of fresh stool
specimens were collected in screw-capped plastic, clean, and dry
containers labeled with unique identification. A cold chain box was
used to transport stool samples from each site of collection to the
Girara Health Center for further processing and examination.
Detection and quantification of Schistosoma mansoni ova were
performed using a Kato-Katz thick smear utilizing a standardized
template, measuring 41.7 mg of stool. The Kato-Katz thick smear
was examined for Schistosoma mansoni ova after 24 hours of smear
preparation to increase the sensitivity by improving the clarity of
the ova during an examination. The number of eggs per gram of
stool (infection intensity) was calculated by multiplying the number
of eggs per Kato-Katz slide by 24, and infection intensities of
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Schistosoma mansoni were classified as follows: 1-99 infection
intensity as light, 100-399 infection intensity as medium, and >
400 infection intensity as heavy (WHO, 2002).

Blood sample collection

A total of 5-mL venous blood was collected using a sterile
disposable 5-mL syringe after cleaning the vein puncture site with
an alcohol pad by trained laboratory personnel. A 2-mL blood
sample was transferred into an anti-coagulated ethylene diamine
tetraacetic acid (EDTA) tube for thick- and thin-blood film
preparation and to measure hemoglobin and hematocrit levels.
The remaining 3 mL of the blood were transferred to a serum
separator tube for biochemical analysis.

Blood smear examination

Blood films were prepared at each public health facility from the
2 mL of anti-coagulated venous blood by placing two small drops of
blood separately on a clean and pre-labeled microscopic glass slide.
Prepared blood films were stored in a slide box and transported to
the Girara health center for further processing and examination.
Both thick and thin blood films were made on a single slide, and
then the slide was allowed to dry, stained with 10% Giemsa stain for
10 minutes, and examined under an Olympus microscope with a
100X oil immersion objective lens. The thick blood smear was used
to calculate the parasite density by counting the number of asexual
parasites in a set number of white blood cells (WBCs) (typically
200) with a hand tally counter. The number of asexual parasites per
ul of blood was calculated by dividing the number of asexual
parasites by the number of WBCs counted and then multiplying
by an assumed WBC density in 1ul of blood (typically 8000 per ul)
(WHO, 2010). Finally, the level of parasitemia was graded as low
(1-999/ul), moderate (1000-9999/ul), and High (> 10,000/ul), a
method used elsewhere (Nega et al., 2015).

No. parasites/ 1l = Parasite count /200WBC x 8000

Determination of hemoglobin and
hematocrit levels

The remaining blood sample from the 2 mL of anti-coagulated
venous blood was transported within 8 h of blood collection to Girara
Health Center by using a cold chain system. The determination of
hemoglobin and hematocrit levels was done by the aLCose®
HemoGo blood hemoglobin test system (jjplus corporation, New

Taipei City, Taiwan) following standard operating procedure.

Biochemical sample handling, storage,
and transportation

The 3 mL of venous blood in the pre-labeled non-anti-
coagulated serum separator tube were allowed to clot at the bench
top for 30 min. Following that, blood was centrifuged at 3,000 rpm
for 5 min and serum was separated. The test tubes with the patient’s
identification were stored for 5 days until testing at 2°C-80°C.
During transportation, the test tube rack is placed into the vaccine
carrier cool box. Each test tube is individually protected by
absorbent materials (cotton) to reduce shock or prevent breakage.
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Dry ice packs are placed at the bottom of the box and along the
sides, specimens are placed in the center, and then extra ice packs
are placed on top to keep the temperature at 2-8°C.

Biochemical analysis

Serum was analyzed by a Cobas C 311 chemistry analyzer (Hitachi
high-technologies corporation, Germany) for serum glutamate
pyruvate transaminase (SGPT), serum glutamate oxaloacetate
transaminase (SGOT), alkaline phosphates (ALP), bilirubin total
(BIL-T), bilirubin direct (BIL-D), albumin (alb), total protein (TP),
blood glucose, creatinine, and urea at Wachemo University Negist
Eleni Mohamed Memorial comprehensive specialized hospital.

Quality control of data

Before actual data collection, one day’s training was given to
data collectors about data collection methods and how to handle
ethical issues. A pre-test was conducted on 5% of the study sample
size of patients not included in the study. Thus, the flow, clarity, and
completeness of questions and the time needed to fill them were
checked. Lastly, amendments were made to some of the unclear
questions after discussion with the data collectors based on the
results of the pre-test. To ensure that all necessary data were
properly compiled, the supervisor (Head of the Health Center)
and the principal investigator conducted regular supervision. Each
day, during data collection, questionnaires were checked for
completeness and consistency by the principal investigator. A
necessary correction was made on incomplete questionnaires,
otherwise discarded. The quality of the result from the
biochemical analysis was assured by performing daily internal
quality control and daily preventive maintenance. The
functionality of the Giemsa stain was checked by preparing a
smear from a known positive and negative sample from patients
already diagnosed with malaria at Beddesa Health Center. Giemsa’s
working solution was discarded after 24 hours, and a fresh working
solution was prepared after use. A blood film was considered
negative after examination of 1000 WBCs or 200 fields containing
at least 10 WBCs per field revealing no asexual parasites. At least
10% of the randomly chosen positive and negative slides at
Wachemo University Negist Eleni Mohamed Memorial
Comprehensive Specialized Hospital were rechecked by a skilled
lab technician who was blind to the previous result.

Data analysis

All raw data was coded and entered into SPSS version 25. The data
was checked for missed values and outliers and was cleaned timely.
Descriptive statistics were used to explore the data and to describe the
demography of the participants. A Chi-square test was used to assess
the associations of fever, Plasmodium infection, and anemia with the
presence of Plasmodium-Schistosoma mansoni co-infection. An
independent t-test was used to assess the mean difference in
hematological (Hemoglobin and Hematocrit), biochemical
parameters, and malaria parasite intensity (parasites/uL) among
Plasmodium-only and Plasmodium-Schistosoma mansoni co-
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infected study participants. Analysis of variance (ANOVA) was used
to compare the mean of Schistosoma mansoni infection intensity,
parasitemia, hemoglobin, hematocrit, and biochemical parameters
among subgroups. The multiple comparisons of mean Plasmodium
density were made using Hochberg’s GT2 -post hoc test for
Schistosoma mansoni infection intensity categories. The binary
outcome of interest, the presence or absence of co-infection, was
measured. Binary logistic regression and multivariate analysis were
used to determine the statistical association between dependent and
independent variables. Those variables associated with the dependent
variable in the bivariate regression model (p-value< 0.25) were entered
into multivariate analysis to control for possible confounders. The
preliminary assumptions such as multi-collinearity and model fitness
were checked. The odds ratio (OR) with a 95% CI was used to
determine the strength of association between the presence of
Plasmodium-Schistosoma mansoni co-infection and variables like
sex, age, place of residence, presence of water body, farm working
activities, length of stay, type of water body, proximity to a water body,
and presence of irrigation practice. Statistical significance was defined
at 95% confidence and a p-value less than 0.05.

Ethical consideration

Ethical clearance was obtained from the Ethical Review Board
(IRB) of the Jimma University Institute of Health Science: Ref No:
IHRPGD/947/20, Date: November,11,2020 After ethical clearance
was received, permission to conduct the research was obtained from
the Wolaita Zone Health Bureau and district health office. All
participants were informed about the purpose, benefit, procedure,
and potential risk of the study and their participation was voluntary.
For children younger than eighty years, assent was obtained from
parents or guardians on behalf of their children. Confidentiality of
the information was maintained at each level of the study. The
name of the participant was omitted from the questionnaire;
instead, a number code was used to ensure confidentiality. All
participants enrolled in the study received a free-of-charge
diagnostic test on blood and stool. Those found to be positive for
either or both of the infections including participants excluded in
the study due to polyparasitism received the standard dose of
treatment according to the National protocol by Health officers or
Nurses at Health Centers in the district. Patients who were
diagnosed with P. falciparum and P. vivax malaria were treated
with artemether-lumefantrine (AL) and chloroquine, respectively.
Individuals who were found positive for S. mansoni, Hymenolepis
nana (H. nana), and Taenia spp were treated with Praziquantel
while 400mg of albendazole was used to treat those who were
positive for soil-transmitted helminths (STHs).

Results
Socio-demographic characteristics

A total of 2,989 suspected malaria patients visited the public
health facilities within Damot Woyide district, Wolaita Zone, from
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December 2020 to June 2021. Out of these, 675 (22.6%) were found
positive for Plasmodium parasites, with a proportion of 69% (466/
675) and 29.6% (200/675) for P. falciparum and P. vivax species,
respectively. Out of the 675 malaria-positive participants, 123
(18.2%) were found to be co-infected with Schistosoma mansoni.
For our study, 246 malaria-positive study participants (123
Plasmodium-only-infected and 123 Plasmodium-Schistosoma
mansoni co-infected) who fulfilled the inclusion criteria were
included in the study. Out of these, the majority were males
(58.1%), resided in rural areas (74.8%), and in the age group
between 6-15 years (35%) (Table 1). The median [interquartile
range (IQR)] age of the study participants was 28 (SNNPR, 2002;
WHO, 2002; Sokhna et al.,, 2004; Mazigo et al., 2010; Sangweme
et al,, 2010; Waknine-Grinberg et al., 2010; WHO, 2010; Wilson
et al,, 2011; Matangila et al., 2014; Alemayehu and Tomass, 2015;
Nega et al., 2015; Dufera et al., 2016; Ermias et al., 2016; Alemayehu
etal,, 2017; Kinung'hi et al., 2017; Hailu et al., 2018; Tilla et al., 2019;
Abebe et al., 2024a; Abebe et al., 2024b) years for malaria-only
infected, and 17 (Juma et al., 2018; SNNPR, 2002; Booth et al., 2004;
Chimbeari et al., 2004; Mazigo et al., 2010; Sangweme et al., 2010;
Woaknine-Grinberg et al., 2010; Wilson et al., 2011; Degarege et al.,
2012; Mulu et al., 2013; Alemayehu and Tomass, 2015; Getie et al.,
2015; Dufera et al.,, 2016; Kinung'hi et al., 2017; Hailu et al., 2018;
Abebe et al.,, 2024a; Abebe et al., 2024b) years for those
Plasmodium-Schistosoma mansoni co-infected.

Clinical characteristics of the
study participants

Out of the total 246 malaria-positive participants included in
the study, 71.1% (175/246) and 25.6% (63/246) were positive for P.
falciparum and P. vivax respectively. The remaining 3.3% (8/246)
had mixed infections. Of the 246 malaria-positive study
participants, most Plasmodium infections were among males
(58.1%), and within the age group of 6-15 years(35%). Similarly,
most of the Plasmodium-Schistosoma mansoni co-infections were
observed among male(66.7% (82/123) participants and in the age
group between 6-15 years(49.6% (61/123)).

Approximately 72.5% (74/102) of P. falciparum and 27.2% (28/
102) of P. vivax-infected participants were anemic, with a mean
hemoglobin concentration of 10.2 + 1.71, and 10.65 * 1.17
respectively. The majority of anemic study participants were
males [64.1% (66/103)] and aged between 6-15 years [37.9% (39/
103)]. Moreover, the 6-15 years age group has the lowest mean
Hemoglobin level compared to older age groups (F = 2.7, p = 0.046).
Severe parasitemia (>10,000/pl) was found only in 4% (7/175) of the
study participants with P. falciparum infection among
Plasmodium-Schistosoma mansoni co-infected. Severe anemia
(<7g/dl) and severe hypoglycemia (< 40mg/dl) were found in
2.8% (7/246) and 8.9% (22/246) of the study participants,
respectively. Mean malaria parasite density tends to decrease with
increasing participant age groups. However, this effect was
statistically not significant (F = 1.465, p = 0.225).

Infection intensity of Schistosoma mansoni among co-infected
female patients was slightly higher than the male with mean
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TABLE 1 Socio-demographic characteristics of study participants, Wolaita zone, south Ethiopia regional state, 2021.

Socio-demographic Plasmodium Plasmodium -Schistosoma o
- : Total Percent (%)
characteristics —only co-infected
Female 62 (60.2) 41 (39.8) 103 41.9
Sex
Male 61 (42.7) 82 (57.3) 143 58.1
6-15 25 (29.1) 61 (70.9) 86 35
16-25 22 (55) 18 (45) 40 16.2
Age in years
26-35 35 (61.4) 22 (38.6) 57 232
>35 41 (65.1) 22 (34.9) 63 25.6
Rural 93 (50.5) 91 (49.5) 184 74.8
Residence
Urban 30 (48.4) 32 (51.6) 62 252
Single 35 (32.4) 73 (67.6) 108 439
Married 76 (65.5) 40 (34.5) 116 472
Marital status
Divoreced 2 (40) 3 (60) 5 2
Widowed 10 (58.8) 7 (41.2) 17 6.9
Illiterate 20 (45.5) 24 (54.5) 44 17.9
Read and write 41 (59.4) 28 (40.6) 69 28
Educational level
Primary 28 (38.4) 45 (61.6) 73 29.7
Secondary and above = 34 (56.7) 26 (43.3) 60 24.4
Civil servant 14 (77.8) 4 (22.2) 18 7.3
Farmer 43 (53.8) 37 (46.2) 80 325
Student 31 (31.3) 68 (68.7) 99 40.2
Occupation
Merchant 17 (70.8) 7 (29.2) 24 9.8
Housewife 13 (76.5) 4 (23.5) 17 6.9
Daily laborer 5 (62.5) 3 (37.5) 8 33
%3 22 (51.2) 21 (48.8) 43 17.5
Household size 4-6 82 (51.2) 78 (48.8) 160 65
=7 19 (44.2) 24 (55.8) 43 17.5

Schistosoma mansoni infection intensity of 325.5 + 167.5 and 301.8
+ 179.9, respectively (p=0.48). Similarly, the intensity of
Schistosoma mansoni showed an age-related pattern with the
highest (F= 3.706, p=0.014) mean being observed among
individuals of the 16-25 years age group (mean Schistosoma
mansoni infection intensity =355.17 + 166.3) followed by the age
group 6-15 (mean Schistosoma mansoni infection intensity =342.69
+ 160.5) compared to older age groups (Figures 3, 4).

Factors associated with Plasmodium—
Schistosoma mansoni co-infection

After adjusting for possible confounders like sex, age, place of
residence, presence of water body, farm working activities, length of
stay, type of water body, proximity to a water body, and presence of
irrigation practice, males are three times more likely to be co-
infected than females (AOR = 3.03, CI: 1.56-5.91,p=0.001).

Frontiers in Malaria

Individuals within the 6-15 age range are six times more likely to
be co-infected compared with those above 35 years (AOR = 5.85, CI:
2.45-13.93,p=0.00). Furthermore, people who live near a stream are
four times more likely to have co-infection than people who live
near other types of water bodies (AOR = 4.1, CL: 1.65-10.15,
p=0.002). In addition, individuals living within a 1000m stretch of
a water body are two times chance to get co-infection than those
living above 1000m stretches (AOR = 2.33, CI: 1.23-4.41,p=0.009).
Concerning irrigation practice, individuals practicing irrigation are
three times more likely to get co-infection than those who do not
practice irrigation (AOR = 3.24, CI: 1.69-6.18,p=0.00). The
Hosmer-Lemeshow (HL) goodness-of-fit test (GOF) shows that
the multivariate logistic regression model of co-infection fits well
(HL XZ = 5421, df = 8, p = 0.71Parasitological correlates of
Plasmodium-Schistosoma mansoni co-infection

The mean parasitemia among Plasmodium-Schistosoma
mansoni co-infected individuals increased significantly as the level
of Schistosoma mansoni infection intensity increased. There was a

frontiersin.org



https://doi.org/10.3389/fmala.2025.1519846

https://www.frontiersin.org/journals/malaria

https://www.frontiersin.org



Mohamed et al. 10.3389/fmala.2025.1519846

600

400

200

Egg per gram(EGP) of S. mansoni infection

Female Male

Sex of Study Participant

FIGURE 3
Comparision of S. mansoni infection intensities by gender.
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Comparision of S. mansoni infection intensities by age groups.
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TABLE 2 One-way ANOVA analysis of malaria parasitemia specific to the intensity of Schistosoma mansoni among Plasmodium—Schistosoma mansoni
co-infected patients, Wolaita zone, south Ethiopia regional state, 2021.

fectn iy Mean porssiemie povatone way
Light (1-99 infection intensity) 40 1898.5+ 1932.382 F=14.68 0.2
Medium (100-399 infection intensity) 12 2896.67 + 2843.990
Heavy (>400 infection intensity) 71 4260.85 + 2270.203
Total 123 3359.51 + 2464.505

statistically significant mean difference in Plasmodium parasite
density among light, moderate, and heavy Schistosoma mansoni
co-infected individuals (F = 14.68, p< 0.001). In Hochberg’s GT2
post hoc analysis, this means the difference lies only among light and
heavily co-infected malaria patients (1898.5 vs. 4260.85 parasite/l,
p<0.001) (Table 2).

Clinical correlates of Plasmodium—
Schistosoma mansoni co-infection

In this study, the prevalence of fever presentation (axillary body
temperature = 38°C) was higher among Plasmodium-only infected
than Plasmodium-Schistosoma mansoni co-infected patients. However,
the observed difference in prevalence was suggestive rather than
conclusive (y2 = 3.739, p = 0.053). In addition, a higher proportion
of anemia was observed among Plasmodium-Schistosoma mansoni co-
infected patients [66% (68/103)] than Plasmodium-only infected
patients [34%(35/103)] (2 = 18.18, p =0.00). There were no
significant differences in mean Hemoglobin concentration between
patients with light, moderate, and heavily co-infected malaria (F = 2.34,
p = 0.101) (Supplementary Table 2).

In this study, malaria attacks were observed among 7.7% (19/
246) of the study participants. In addition, a higher proportion of

malaria attacks was identified among males 73.7% (14/19) than
females 26.3% (5/19). After adjusting for sex and age, patients with a
heavy egg load of Schistosoma mansoni were ten times more likely
to experience malaria attacks than those who were free from
Schistosoma mansoni infection (AOR = 9.834, CI: 2.487-38.828,
p=0.001) (Table 3). Seventy-nine percent [79% (15/19)] of the study
participants with malaria attacks had Schistosoma mansoni co-
infection (Table 3).

Between those with Plasmodium-only infection and those with
Plasmodium-Schistosoma mansoni co-infection, there was a mean
difference in clinical parameters. Co-infected individuals showed a
statistically significant increase in mean Plasmodium density, SGPT,
SGOT, ALP, BIL-D, and TP. However, the level of Hemoglobin and
hematocrit was significantly lower among Plasmodium-
Schistosoma mansoni co-infected individuals. In contrast, other
parameters like urea, creatinine, and glucose were not statistically
significant (Figures 5-7).

When comparing P. falciparum-Schistosoma mansoni co-
infection to Plasmodium-only, and P. vivax-Schistosoma mansoni
co-infection, there is a statistically significant increase in the mean
Plasmodium density, SGPT, SGOT, and BIL-D among P.
falciparum-Schistosoma mansoni co-infected. However, the
hemoglobin and hematocrit level is significantly lower among P.
falciparum-Schistosoma mansoni co-infected compared to

TABLE 3 Logistic regression model for malaria attack among study participants diagnosed with P. falciparum, adjusting for sex, age, and the intensity
of Schistosoma mansoni,n=183, Wolaita zone, south Ethiopia regional state, 2021.

Malaria attack status

H 3 o,
Variables Options ST ST OR(95% Cl)
n(%) n(%) Total
Female 5(6.8) 68 (93.2) 73 1 1*
Sex
Male 14 (12.7) 96 (87.3) 110 1.79 (.574-5.581) 0.315
6-15 9 (13.6) 57 (86.4) 66 .883 (.184-4.241) 0.887
16-25 3(10.7) 25 (89.3) 28 1.061 (.173-6.501) 0.949
Age
26-35 4(9.8) 37 (90.2) 41 2.01 (375-10.744) | 0.416
>35 3(6.3) 45 (93.7) 48 1 1*
Light 1(3.4) 28 (96.6) 29 748 (.077-7.246) 0.802
Moderate 1(14.3) 6 (85.7) 7 3.97 (.363-43.377) 0.258
Schistosoma mansoni egg load
Heavy 13 (26) 37 (74) 50 9.83 (2.487-38.828) 0.001**
No egg 4 (4.1) 93 (96.9) 97 1 1*

*Reference categories ** statistically significant with p< 0.05 CI, confidence interval.
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FIGURE 5
Comparision of mean Plasmodium parasitemia by coinfection status.

Plasmodium -only, and P.vivax-Schistosoma mansoni co-infected.
In contrast, the serum level of ALP was significantly higher among
P. vivax-Schistosoma mansoni co-infected patients. In addition, the
serum TP level was significantly higher among Plasmodium-only
infected study participants (Table 4).

Discussion

Plasmodium-Schistosoma mansoni co-infection is a major
public health concern in developing countries where their
geographical distribution overlaps (Juma et al, 2018; Chimbari
et al., 2004; Mazigo et al,, 2010; Matangila et al,, 2014; Kinunghi
et al,, 2017). Previous studies conducted in Damot Woyide district,
Wolaita zone, south Ethiopia regional state reported the presence of
malaria and Schistosoma mansoni transmission in the district
(Alemayehu and Tomass, 2015; Alemayehu et al., 2017; Tilla
et al, 2019). The current study revealed that Damot Woyide
district, Wolaita zone, is one of such epidemiological settings in
Ethiopia where malaria and schistosomiasis transmission overlap
with a co-infection rate of 18.2%.

The presence of streams(AOR = 4.1, CL: 1.65-10.15,p=0.002),
small irrigation-based agricultural activities in the area (AOR = 3.24,
CL: 1.69-6.18, p=0.00), as well as other social demographic
characteristics such as age (AOR = 5.85, CI: 2.45-13.93, p=0.00)
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and sex (AOR = 3.03, CL: 1.56-5.91, p=0.001), were factors that
showed significant associations with Plasmodium-Schistosoma
mansoni co-infection among communities living in the study areas
(Alemayehu and Tomass, 2015; Legesse et al., 2015; Alemayehu et al.,
2017).In this study, living close to the water body was strongly
associated with Plasmodium-Schistosoma mansoni co-infection.
This is explained by a slight geographical variation in the risk of
contracting schistosomiasis and malaria (Booth et al., 2004).
Moreover, the risk of co-infection was higher among
individuals living around streams than in other types of water
bodies. The possible explanation was that the previous study in the
area identified the Bisare Stream and Adacha River as sources of
Schistosoma mansoni infection (Alemayehu et al, 2017). Even
though residents use both sources of water for irrigation, during a
snail survey, most adult and cercaria-shedding snail intermediate
hosts were identified from the stream compared to the river. Also,
the physical characteristics, the slow velocity of the water body,
vegetation density, and the presence of substrate like aquatic
vegetation, mud, or rocks, of the stream are more conducive to
Biomphalaria pfeifferi snail’s existence compared to the river, This
might increase the co-infection rate (Alemayehu et al., 2017).
Another risk factor that was identified as an important
determinant for Plasmodium -Schistosoma mansoni co-infection
was the presence of irrigation practice. This result was in agreement
with earlier studies conducted in Zimbabwe and Kenya (Juma et al.,
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FIGURE 6
Comparison of mean Hgb and Hct by confection status.

TABLE 4 One-way ANOVA analysis for clinical parameters, the mean difference between Plasmodium-only-infection and co-infection type among
malaria patients, Wolaita zone, south Ethiopia regional state, 2021.

P. vivax -S. mansoni Pfalciparummi=s.

Plasmodium -only . mansoni
Parameters co-infected )
mean + SD co-infected
mean + SD
= mean + SD

Parasitemia

2688.67 + 1545.6 3167.57 + 2158.16 3466.91 + 2644.16 0.032
(mpd/pl)
Hemoglobin (g/dl) 13.82 + 1.94 11.41 + 1.54 10.97 + 2.24 <0.001
Hematocrit (%) 4045 + 5.15 33.67 + 5.59 3223 + 645 <0.001
SGOT (U/L) 3756 + 54.0 63.08 + 35.18 67.43 + 1593 <0.001
SGPT (U/L) 21.81 + 8.71 35.64 + 22.65 36.04 + 25.71 <0.001
ALP (U/L) 129.14 + 138.49 209.92 + 87.28 200.49 + 98.38 <0.001
BIL-D (mg/dl) 0.14 + 0.17 0.39 + 0.72 0.57 + 1.16 <0.001
BIL-T (mg/dl) 1.30 + 3.57 1.19 + 0.90 129 +1.43 0.976
Alb (g/dl) 3.81 4233 3.63 +0.76 3.72 + 0.80 0.837
TP (g/dl) 7833 + 7.90 71.49 + 6.45 7352 + 7.62 <0.001
Urea (mg/dl) 28.82 + 7.84 29.96 + 12.92 31.99 + 18.58 0.252
Creatinine (mg/dl) 0.92 + 0.26 0.94 + 0.14 0.97 + 022 0.307
Glucose (mg/dl) 75.46 + 26.74 81.42 + 21.92 82.77 + 44.093 0.273
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FIGURE 7
Comparison of mean biochemical parameters by confection status.

2018; Chimbari et al., 2004). The presence of water bodies with
suitable ecological conditions (Mereta et al., 2019), and irrigation
practices create an ideal habitat for mosquitoes found in fields and
irrigation ditches with stagnant water to lay their eggs and breed.
Because more mosquitoes carrying the malaria parasite can flourish
in these environments, there is an increased risk of malaria
transmission. Similar to this, irrigation systems can produce
stagnant or slow-moving water, which is preferred by the snails
that serve as intermediate hosts for the schistosomiasis infection.
In the present study, co-infection status is strongly associated
with gender. Males have been shown to have a higher co-infection
rate compared to females. The observed difference between females
and males can be linked with a higher frequency of contact with
cercariae-contaminated water bodies by engaging in farming
activities and outdoor night activities of males like irrigation,
livestock care, and wild animal control that are active at night to
minimize damage to their crops. This finding is supported by
previous studies conducted in Ethiopia (Abay et al., 2013; Dufera
et al,, 2016; Kinung’hi et al,, 2017). In contrast to this finding, a
study from Kenya found no association between sex and co-
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infection; this is probably because of the few participants included
in the study (Juma et al., 2018).

Additionally, in the present study, the risk of co-infection is
higher among school-age children compared to adults this can be
linked to the behavior and lifestyle of school-age children like
bathing, swimming, rare cattle along water bodies, and lower-
aged males also share tasks with their father by engaging outdoor
night activities. Since mosquitoes are most active at dusk and dawn,
malaria is frequently transmitted at these times. Participating in
nighttime outdoor activities raises the possibility of coming into
contact with mosquitoes that transmit malaria, particularly in
regions where the disease is prevalent. Previous studies conducted
in Western Ethiopia in 2020 (Dufera et al., 2016), Northwestern
Ethiopia in 2015 (Getie et al., 2015), and Northeastern Ethiopia
(Abay et al.,, 2013)also reported the association of age with
co-infection.

Even though the current study could not identify gender and
age relationships with Schistosoma mansoni infection, there is a
difference in mean infection intensity between gender and age
groups. Higher mean Schistosoma mansoni infection intensity was
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observed in the lower age group than in the older age group. It is
expected that school-age children are the most affected due to high
levels of unsafe water contact behavior such as swimming, bathing,
and rare cattle near the grassy area along with water bodies. This
finding is supported by other studies (Alemayehu and Tomass,
2015; Dufera et al.,, 2016; Alemayehu et al., 2017). Considering
gender, female participants had slightly higher mean Schistosoma
mansoni infection intensity than males, which is in contrast to
previous studies (Alemayehu and Tomass, 2015; Alemayehu et al.,
2017), but in agreement with the other study conducted in western
Ethiopia (Abay et al., 2013). The observed gender variation could be
attributed to the difference in the nature of the study participants,
socioeconomic status, and immune status of the patients.

The co-infection rate of 18.2% reported in the current study is
comparable to the rate reported in the study conducted in Kemise
town, northeast Ethiopia (18.4%) (Abay et al., 2013), but lower than
a study conducted at Dore Bafeno Health Center, southern Ethiopia
(38.5%) (Degarege et al,, 2012), and Northwest Ethiopia (19.5%)
(Getie et al.,, 2015), the shores of Lake Victoria, northwestern
Tanzania (22.6%) (Mazigo et al., 2010), southern Ethiopia
(22.6%) (Mulu et al., 2013), and the Mara region, Northwestern
Tanzania(81.9%) (Kinung’hi et al., 2017). However, it was higher
than the finding of another study conducted in Zambia’s Zambezi
District (2.7%) (Rutagwera and Tylleskir, 2012). The differences in
the prevalence of co-infections among these studies could be
attributed to the environmental and micro-climatic conditions
that influence the two parasites. Some of these factors include
types of water bodies, water contact practices, poverty, other
socioeconomic factors, lack of effective preventative measures,
limited access to health care, study design, and time of survey
(Booth et al., 2004; Brooker et al., 2007; Ojo et al., 2019).

In the present study, the prevalence of anemia [(Hemoglobin
levels < 12 mg/dl)] (41.9%) among malaria patients was comparable
with an earlier study done in Northwest Ethiopia (41.4%) (Hailu
etal., 2018), and Congo (41.6%) (Matangila et al., 2014), but higher
than a study done in Kenya (23.3%) (Valice et al., 2018). This
finding was also lower than reports from studies conducted in
Ethiopia (Getie et al., 2015; Tuasha et al,, 2019). The observed
variation in the prevalence of anemia could be explained by
changing patterns of parasitic infection, nutritional status, the
density of parasites, and differences in age distribution. Similar to
the result of the current study, previous studies from Congo and
Northwest Ethiopia reported a higher prevalence of anemia among
co-infected[66% (68/103)] compared to Plasmodium-only
(Matangila et al., 2014; Getie et al,, 2015). In agreement with an
earlier study (Kinung’hi et al., 2017), the current study did not find a
significant statistical difference in the prevalence of anemia between
sexes Or age groups.

In this study, the rate of malaria attack [7.7%(19/246)] was
significantly higher in patients heavily co-infected compared to
those who were free from Schistosoma mansoni infection. This
finding corroborates those of other studies that found that the heavy
egg burden of Schistosoma mansoni increases the risk of developing
severe malaria (Sokhna et al., 2004; Mulu et al., 2013; Getie et al.,
2015). An increased risk of severe malaria in co-infected patients
may result from the heavy egg burden of Schistosoma mansoni,
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which can affect liver function, exacerbate anemia, induce
immunosuppression, alter cytokine profiles, and regulate the
immunological response.

The current study demonstrated a significant mean difference in
Plasmodium parasite density, hemoglobin, hematocrit, SGPT,
SGOT, ALP, BIL-D, and TP among Plasmodium -only and
Plasmodium-Schistosoma mansoni co-infected. In contrast, a
previous study only reported a significant mean difference in the
mean hemoglobin level; the difference between other biochemical
parameters was not statistically significant (Getie et al., 2015). This
difference in findings can be attributed to the laboratory method
employed, unproportional study participants allocated among
strata, study design, sample size, and study setting in the previous
study (Getie et al., 2015). Similar to earlier reports on the
association of co-infection with lower hemoglobin levels (Getie
et al,, 2015; Kinung’hi et al., 2017), the present study showed that
co-infection significantly lowers hemoglobin levels. The observed
significantly higher mean in biochemical parameters among the co-
infected group can be explained by the synergistic effect on liver
pathology, leading to increased inflammation, impaired liver
function, fibrosis, and raising the likelihood of serious liver
consequences in co-infected people (Dufera et al., 2017).

In this study, a higher prevalence of severe parasitemia
(>10,000/uL) was observed among P. falciparum-infected patients.
This can be explained by the fact that P. falciparum infects both
young and old red blood cells, and rapid replication increases the
level of parasitemia during P. falciparum malaria infection. In
contrast to an earlier study (Getie et al., 2015), a higher frequency
of fever was observed among Plasmodium-only than in the co-
infected counterpart. This may be due to anti-inflammatory
markers being unregulated due to the dominance of heavy
Schistosoma mansoni infection among Plasmodium-Schistosoma
mansoni co-infected individuals. In Plasmodium-only infected
Thl pro-inflammatory mediators such as Tumor Necrosis Factor-
(TNF-), which is pyrogenic, resulting in an aggravated fever
presentation (Karunaweera et al., 1992).

In the current study, a higher mean malaria parasitemia was
observed among Plasmodium-Schistosoma mansoni co-infected
participants than Plasmodium-only infected participants. This
finding concurs with results from western Ethiopia and southern
Ethiopia, where co-infected malaria patients were more likely to
have high parasitemia than Plasmodium-only infected patients
(Degarege et al., 2012; Dufera et al., 2016). However, this
contradicts a result from Zimbabwe and northwest Ethiopia,
where a higher mean malaria parasite density was observed
among Plasmodium-only infected individuals (Sangweme et al.,
2010; Getie et al., 2015). This difference can be due to variation in
Schistosoma mansoni infection intensity, which would affect
Plasmodium density.

In this study, higher mean malaria parasitemia was observed
among heavy Schistosoma mansoni co-infected patients than light-
intense co-infected ones. In concordance with this finding, a study in
northwest Ethiopia shows that co-infected patients with a moderate-
heavy intensity of Schistosoma mansoni had significantly higher mean
malaria parasitemia than co-infected patients with light-intense
Schistosoma mansoni infection (Getie et al, 2015). Similarly, a
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study from western Ethiopia indicates that co-infection due to
Plasmodium-Schistosoma mansoni reciprocally leads to an increase
in parasite density (Dufera et al., 2016). Therefore, Schistosoma
mansoni co-infection could affect malaria parasite density,
depending on the intensity of Schistosoma mansoni infection.

Limitations of the study

In this study, the nutritional assessment and immunological
profile of study participants were not done to see the effect of
nutritional status and host immune response. These considerations
may have contributed to strengthening the outcome of the
present study.

Conclusions

Our findings suggest that co-infection is associated with altered
Plasmodium parasite density, hematological, and biochemical
parameters in malaria patients. A strong association between the
intensity of the concomitant Schistosoma mansoni infection and
Plasmodium parasite density was observed, which might be a load-
related factor for the development of severe malaria with the course
of infection. Moreover, malaria attacks were associated with the
intensity of concurrent Schistosoma mansoni infections. Being male,
being in the age group of 6-15, the presence of a stream, a water
body distance within 1000m, and the presence of irrigation practice
are risk factors of co-infection. The severity of Schistosoma mansoni
infection is affected by age.
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