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ABSTRACT 

Introduction: Schistosomiasis, a neglected tropical disease, remains endemic in Mali 
despite ongoing preventive chemotherapy with praziquantel (PZQ). This study aimed 
to assess the therapeutic efficacy of PZQ against Schistosoma haematobium and S. 
mansoni infections in school-aged children residing in urban and peri-urban areas of the 

Bamako district. Methods: A prospective cohort study was conducted between April 
and May 2023 among children aged 6 to 14 years who tested positive for 
schistosomiasis, recruited from an epidemiological survey involving 736 children. Data 
on sociodemographic, socioeconomic, clinical, and parasitological variables were 
collected at baseline (Day 0) and 14 days after PZQ treatment. Treatment was 
administered on Day 0 according to WHO recommendations (40 mg/kg). 
Parasitological diagnosis was performed using the urine filtration technique for S. 
haematobium and the Kato-Katz method for S. mansoni at both Day 0 and Day 14. 
Treatment efficacy was assessed using the cure rate (CR) and the egg reduction rate 
(ERR). Results: A total of 99 children infected with schistosomiasis were followed up, 
including 77 children positive for S. haematobium, 35 for S. mansoni, and 13 who were 
co-infected. Among these 99 children, 82.8% resided in Taliko and 17.2% in 

Missabougou. Most Taliko children lived within 500 meters of the Woyowayanko 
River and had frequent contact with it. The overall CR for S. haematobium was 80.5%, 
with an ERR of 87.3%. In Taliko, the highest ERR (79.4%) was observed among 
children with low parasite burden, while in Missabougou, all children with low 
infection intensity were egg-negative two weeks after treatment. 
Conclusion: The 14-day follow-up was chosen in accordance with WHO 
recommendations for assessing short-term efficacy and egg clearance after praziquantel 
(PZQ) treatment. Although the results suggest a reduction in infection levels among 
treated children, the limited follow-up period does not allow firm conclusions on long-
term efficacy or reinfection dynamics. The relatively lower cure and egg reduction rates 
observed in some subgroups may indicate the need for extended follow-up and 
sustained monitoring, as well as targeted interventions such as health education and 
community engagement—to enhance schistosomiasis control and elimination 
outcomes.  
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Introduction 

 

Schistosomiasis is one of the neglected tropical 

diseases (NTDs) among the five targeted by 

preventive chemotherapy (NTD-PC) in Mali [1]. It 

is a parasitic disease endemic in tropical and 

subtropical regions [2]. In 2021, chemoprevention 

against schistosomiasis was required for 51 countries 

for a total of 251.4 million people, including 136 

million school-age children [3] with 90% of cases in 

sub-Saharan Africa [4]. Schistosome species have a 

two-host life cycle, with an asexual stage in a 

freshwater snail host and a sexual stage in the 

definitive mammalian host. Parasite eggs are 

excreted in the urine (Schistosoma haematobium) or in 

the feces for all other schistosome species found in 

humans (Schistosoma mansoni, S. guineensis, S. 

intercalatuùm, S. mekongi and S. japonicum). The 

worldwide distribution of schistosomes shows that 

of the six species infecting humans, S. 

haematobium and S. mansoni (responsible for 

urogenital and intestinal schistosomiasis 

respectively) are the most endemic in Africa [5,6]. 

 

In Mali, Schistosomiasis caused by Schistosoma 

haematobium and S. mansoni is endemic, with an 

overall prevalence of 38.3% for the former species 

versus 6.7% for the latter [7]. The villages most 

affected are those along the Niger and Senegal rivers, 

those on the Dogon Plateau and in the Office du 

Niger, and those around large ponds in the Diéma 

cercle [8,9]. While S. haematobium is the most 

widespread species, with a prevalence of up to 

78%, S. mansoni is locally distributed, with 

prevalences in the Office du Niger exceeding 50% in 

the general population [10]. 

 

In all national schistosomiasis control programs, a 

single drug, praziquantel (PZQ), is currently used for 

the control and treatment of all forms of 

schistosomiasis. According to World Health 

Organization (WHO) recommendations, a single 40 

mg/kg dose of PZQ is required as preventive 

chemotherapy both in whole communities (as mass 

treatment) or in school-age children in areas where 

the prevalence of infection is sufficiently high; 

however, the drug could additionally be used to treat 

infected individuals in areas of low transmission 

[11]. According to the World Health Organization 

(WHO) guidelines on the control and elimination of 

human schistosomiasis, the frequency of mass drug 

administration (MDA) is determined based on the 

prevalence of Schistosoma spp. infection among 

school-aged children (SAC): High prevalence 

(≥50%): Biannual MDA for all SAC; Moderate 

prevalence (10–49.9%): MDA annually for all SAC 

[12]. But in addition to school-age children 

considered the main target of interventions, younger 

children (of preschool age) are now recognized as a 

vulnerable population. However, data on this age 

group are relatively limited [12]. 

 

For over a decade, since 2006, PZQ has been used 

systematically as a preventive chemotherapy for the 

control of schistosomiasis worldwide. But it should 

be noted that this strategy is also used in the case of 

other helminthiases such as lymphatic filariasis, 

onchocerciasis, geohelminthiases, hookworm, 

ascariasis, trichocephalosis and the bacterial 

infection causing trachoma [3]. The revised WHO 

roadmap for neglected tropical diseases targets the 

elimination of schistosomiasis as a public health 

issue and the interruption of its transmission in 

endemic regions by 2030, supporting progress 

toward Sustainable Development Goal 3 [3]. 

 

Mali was among the first countries in sub-Saharan 

Africa to launch a schistosomiasis control initiative, 

beginning in 1972. The initial program targeted two 

major endemic areas: the Bandiagara area on the 

Plateau Dogon and the irrigated rice-growing region 

of the Office du Niger, known for its small dams. In 

1982, the country established the National 

Schistosomiasis and Geohelminthiasis Control 

Program (PNLSH) to strengthen the fight against the 

disease. The program’s main objective was to reduce 

morbidity through a strategy centered on mass drug 

administration (MDA) using a single dose of 

praziquantel (PZQ) at 40 mg/kg—an approach 

widely adopted in other endemic countries as well 

[13–15]. 

 

Since then, annual or biannual treatment campaigns 

have been conducted in endemic areas, based on the 

prevalence thresholds currently recommended by the 

WHO. In 2005, the PNLSH was integrated into the 

broader Programme de Lutte contre les Maladies 

Tropicales Négligées (MTN). Mass distribution of 

praziquantel (PZQ) has continued under this 

integrated framework since 2007, with financial 

support from USAID/RTI/HKI, WHO, and 

Sightsavers. Despite these sustained efforts, 

unexpectedly high prevalence peaks have been 

observed in some endemic areas even after PZQ 

treatment, raising concerns about the effectiveness of 

current control strategies [16–18].  This study aimed 
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to assess the efficacy of praziquantel 

against Schistosoma haematobium and S. 

mansoni infections among school-aged children in 

the Bamako district. 

 

Methods 

 

Study setting 

The Bamako district is composed of six communes 

and over fifty neighborhoods. As of October 2019, 

its population was estimated at approximately 

3,007,122 inhabitants. Bamako, the capital city of 

Mali, spans an area of 1,420 km² and is intersected 

by the Niger River and its tributaries. It is situated 

within the northern Sudanese climatic zone, which 

is characterized by two distinct seasons. The rainy 

season occurs from June to November, often 

accompanied by intense thunderstorms and heavy 

runoff events at its onset and conclusion. The mean 

annual precipitation is approximately 1,400 mm. 

The dry season extends from December to May, 

with consistently elevated temperatures, averaging 

33°C annually [19]. The Bamako district is equipped 

with four university hospital centers (CHUs): 

Gabriel Touré, Point G, CNOS, and Hôpital du 

Mali. Each of the six communes within the district is 

served by a referral health center, in addition to a 

network of community health centers and numerous 

private medical facilities. Regarding the educational 

infrastructure, the district encompasses two basic 

education academies, located on either side of the 

Niger River. Each commune houses one or two 

Centres d’Animation Pédagogique (CAP), 

depending on the density of schools within its area. 

During the present study, both public and private 

schools were selected for sampling across the 

different identified ecological zones. 

 

The study was conducted in two distinct areas of the 

Bamako district: Missabougou (2.637°N, 7.921°W), 

located in Commune VI (CVI), which is undergoing 

significant social and environmental changes; and 

Taliko (12.626°N, 8.059°W), a peri-urban zone 

situated in Commune IV (CIV) of Bamako (Figure 

1). 

In the peri-urban area of Taliko, the Woyowayanko 

tributary of the Niger River was initially engineered 

to serve as a rainwater drainage system. However, 

progressive residential encroachment along and 

adjacent to the watercourse has occurred, resulting 

in its concurrent use for the discharge of domestic 

wastewater. The Taliko educational facility is 

located in close proximity to this water body. 

Missabougou has experienced significant 

environmental changes, including the rehabilitation 

of the canal bordering the neighborhood and the 

construction of bridges to enhance pedestrian 

connectivity across the waterway. The area benefits 

from a reliable potable water supply. Strategically 

situated near Bamako’s third bridge, Missabougou 

hosts several key infrastructures, including a modern 

hospital, and is traversed by a major four-lane 

arterial road providing direct access to National 

Route 6 (RN°6) (Figure 1). 

 

Study design,  population and duration 

The findings presented herein are derived from a 

larger initial epidemiological investigation of 

schistosomiasis conducted in the Taliko and 

Missabougou districts [20].  However, due to its 

specific focus, the current study concentrated 

exclusively on the follow-up of individuals who 

tested positive during the initial screening and 

subsequently received treatment.  The base study 

population comprised 736 schoolchildren aged 6 to 

14 years enrolled in basic schools in Taliko and 

Missabougou, specifically those in grades 4, 5, and 6 

[20]. This cohort was selected based on the 

documented peak prevalence and intensity of 

schistosomiasis [20] and geohelminthiasis within 

this age group, as well as because infection levels in 

these pupils provide a relevant measure of the impact 

of repeated mass drug administration following the 

implementation of control programs. Exclusion 

criteria included: (i) inability to provide biological 

samples during follow-up; (ii) presence of severe 

concomitant medical conditions; (iii) occurrence of 

diarrhea at the time of initial sampling; (iv) suspected 

pregnancy; (v) history of severe adverse reactions to 

praziquantel; and (vi) unavailability for follow-up on 

Day 14. The study employed a prospective cohort 

design with two cross-sectional surveys conducted 

14 days apart, carried out in April and May 2023. 

 

Sampling 

Sociodemographic and economic data collection 

Socio-demographic characteristics, including 

participants’ age, sex, and parental occupation, 

along with detailed information on human-water 

contact patterns, were obtained via a structured 

questionnaire. Data encompassed habitat-River 

Distance (<50 m and≥ 50 m), River frequentation, 

the types of water sources utilized (e.g., well, river, 
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Tap, rainwater, Borehole), Taking traditional 

medicines, and parents’ profession. These 

parameters were selected to quantify direct exposure 

to contaminated aquatic environments, which are 

recognized as the primary factors in schistosomiasis 

transmission, and to enable the analysis of the 

relationships between behaviour, environmental 

context, and infection risk. 

 

Clinical data collection 

The clinical examination was limited to symptoms 

indicative of urogenital schistosomiasis, including 

bladder and abdominal pain, pollakiuria, and 

dysuria. A single general practitioner, blinded to the 

infection status of the participants, performed all 

assessments. 

 

Procedures for parasitological data collection 

Participants involved in both the initial and follow-

up phases of the study were provided with two 

labeled 125 ml containers and instructed to submit a 

fresh morning stool sample as well as a urine sample 

collected between 10 a.m. and 2 p.m. Both urine and 

stool specimens were processed following 

standardized parasitological protocols as previously 

described [20].  The intensity of Schistosoma 

haematobium infection was measured as the number 

of eggs per 10 ml of urine and classified into three 

categories based on WHO guidelines: (i) no eggs 

detected; (ii) light infection (1–49 eggs per 10 ml of 

urine); and (iii) heavy infection (≥50 eggs per 10 ml 

of urine). Schistosoma mansoni infection intensity was 

expressed as eggs per gram (EPG) of stool and 

categorized into four WHO-defined classes: (i) no 

eggs; (ii) light infection (1–99 EPG); (iii) moderate 

infection (100–399 EPG); and (iv) heavy infection 

(≥400 EPG) [20]. Quality control procedures 

involved re-examination of 10% of randomly 

selected filters and slides by an independent, 

experienced biologist. 

 

Participant handling procedure 

All children found positive for S. 

haematobium and/or S. mansoni [20] received 

praziquantel (PZQ) treatment at a dose of 40 mg/kg 

body weight, administered under direct supervision 

following the recommendations of Mali’s National 

Program for the Control of Schistosomiasis and Soil-

Transmitted Helminths (PNLSH). Before treatment, 

each child was given doughnuts to reduce potential 

gastrointestinal side effects. Dosage was calculated 

based on individual body weight, measured with a 

calibrated scale, to ensure accurate dosing. 

Post-treatment, children were observed for 

approximately four hours at school while engaging 

in normal activities. Any adverse effects were 

promptly reported to the school administration. 

Participants who vomited following PZQ 

administration were excluded from the analysis. 

Fourteen days after treatment, stool and urine 

samples were collected again. Children who 

continued to excrete schistosome eggs were retreated 

with the same regimen. During follow-up, 

participants infected with other helminths were 

treated with a single oral dose of either 400 mg 

albendazole or 500 mg mebendazole, administered 

under supervision after providing doughnuts to each 

child. 

 

Follow-up of treated children 

The efficacy assessment of praziquantel targeted 

children who tested positive for Schistosoma 

haematobium and/or S. mansoni during the initial 

epidemiological survey. All infected children 

received a single oral dose in Day 0 of praziquantel 

(40 mg/kg), in accordance with WHO 

recommendations for preventive chemotherapy in 

endemic areas. Fourteen days post-treatment, the 

children were re-evaluated to assess therapeutic 

outcomes, following WHO (2013) guidelines for 

short-term efficacy studies [21]. Stool and/or urine 

samples were collected during this second survey 

round to determine egg counts and calculate the cure 

rate (CR) and egg reduction rate (ERR). 

 

The 14-day follow-up period was specifically chosen 

to minimize the confounding effect of reinfection, 

which can occur rapidly in endemic settings. This 

interval aligns with WHO recommendations, which 

suggest that post-treatment assessments be 

conducted sufficiently early (2–3 weeks) to 

distinguish between true treatment failure and new 

infections, while allowing adequate time for 

praziquantel to act on adult worms [21]. During 

follow-up, the same trained laboratory personnel 

conducted standardized parasitological 

examinations for urine and stool samples, ensuring 

consistency and comparability of results. 

 

Praziquantel (PZQ) treatment efficacy 

The efficacy of praziquantel was evaluated using two 

metrics: the cure rate (CR), defined as the proportion 

of children testing negative after treatment relative to 
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the number initially positive, expressed as a 

percentage; and the egg reduction rate (ERR), 

calculated following the formula recommended by 

the WHO (2013). 

 

 
 

 
 

Data analysis 

Data were systematically collected using case report 

forms, digitized in Microsoft Excel, and subjected to 

statistical analysis via IBM SPSS Statistics (version 

23). Age was stratified into two categories: 6–10 

years and 11–14 years. Multivariate logistic 

regression models were employed to investigate 

associations between parasitic infection status and 

demographic factors. The binary variable 

(positive/negative) was included in the multivariate 

logistic regression model for each Schistosoma species 

to assess associations with demographic factors. 

Proportional differences were assessed using 

Pearson’s Chi-square test or Fisher’s exact test when 

applicable. Due to the small sample size, 95% 

confidence intervals for the cure rates (CR) were 

calculated using the exact binomial method 

(Clopper-Pearson). Quantitative variables (egg 

counts) were presented as arithmetic means and 

standard deviations (AEMC). A univariate analysis 

was first performed to assess the associations 

between infection status and sociodemographic 

variables (study site, sex, age, water contact, distance 

between home and river, and parents’ occupation). 

The multivariate analysis using a logistic regression 

model was performed to estimate adjusted odds 

ratios (ORs) and their 95% confidence intervals (95% 

CI). A threshold of p < 0.05 was applied to 

determine statistical significance. 

 

Ethical considerations 

The study protocol was reviewed and approved by 

the Institutional Ethics Committee (IEC) of the 

Faculty of Medicine and Odontology and the 

Faculty of Pharmacy at the University of Sciences, 

Techniques, and Technologies of Bamako 

(Approval No. 2023/69/CE/USSTB). Before the 

initiation of the study, oral consent was obtained 

from teachers as well as from the parents or 

guardians of the participating children. However, 

written consent was also obtained from the school 

principals, and assent was obtained from children 

aged over 12 years. All participants who tested 

positive for one or both Schistosoma species received 

praziquantel treatment at 40 mg/kg body weight 

administered postprandially, in accordance with the 

guidelines of Mali’s National Program for the 

Control of Schistosomiasis and Soil-Transmitted 

Helminths (PNLSH). Participants who remained 

positive following initial treatment were retreated 

accordingly. Concurrent helminth infections were 

managed with albendazole. To ensure 

confidentiality and data protection, each participant 

was assigned a unique identification number and 

securely stored with restricted access limited to 

authorized investigators. 

 

Results 

 

Of the 99 children successfully followed up and 

resampled during the second survey (Day 14), 77 

were initially positive for S. haematobium, 35 for S. 

mansoni, and 13 were coinfected with both species at 

baseline (Figure 2). The majority of the followed-up 

participants resided in Taliko (82.8%, 82/99), while 

17.2% (17/99) were from Missabougou. 

Socioeconomic data were collected for all 99 

children at follow-up, whereas clinical assessments 

were performed only for those infected with S. 

haematobium (n = 77). 

 

Socio-demographic and socio-economic characteristics of 

participants at both sites 

The majority of children included in this study 

originated from Taliko, representing 82.8% (82/99) 

of the cohort. The sample was predominantly 

composed of older children aged 11 to 14 years and 

males (Table 1). Regarding socioeconomic factors, 

38.4% of the participants reported prior use of 

traditional medicines for schistosomiasis treatment. 

A substantial proportion (77.8%) frequently accessed 

the Woyowayanko River, with 94.9% residing 

within less than 50 meters of this water source. 

Additionally, 82.8% of children reported using tap 

water for household purposes. The majority of 

parents were engaged in manual labor (82.8%), 

followed by shopkeepers (10.1%) (Table 1). 

 

Clinical signs observed before and after treatment 

Clinical data collected at baseline indicated that 

most children infected with urogenital 

schistosomiasis (S. haematobium) did not exhibit 

symptoms such as pollakiuria (p < 0.001) or dysuria 

(p = 0.006) at the time of enrollment (Table 2). 
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However, following treatment, some children 

presented clinical signs, although the differences 

were not statistically significant (p > 0.05). 

 

Cure and egg reduction rates according to demographic 

factors 

S. haematobium infection 

The overall cure rate (CR) for Schistosoma 

haematobium was 80.5% (62/77), which falls below 

the WHO efficacy threshold of 90% for praziquantel. 

Similarly, the overall egg reduction rate (ERR) was 

87.3%, also below the WHO-recommended level of 

≥95%. A significantly higher cure rate (CR) was 

observed among children in the univariate analysis 

according to study sites (p < 0.0001); however, the 

multivariate analysis showed an OR of 1.4 (95%CI: 

0.00-5.80) in favor of Taliko (p > 0.9). In Taliko, the 

highest CR (79.4%) was recorded among children 

with low infection intensity, with an ERR of 83.8%. 

In Missabougou, all children (100%) with low 

baseline egg loads achieved complete parasitological 

clearance two weeks after treatment. ERRs were 

89.5% and 83.8% among participants with high and 

low egg burdens in Taliko, respectively. When 

stratified by sex, CRs were 83.3% in females and 

78.0% in males, a non-significant difference (p = 

0.89). ERRs were slightly higher in females (90.3%) 

than in males (86.0%). The stratified analysis of cure 

rates (CR) according to infection intensity across 

different age groups showed that CRs varied 

significantly between age categories (p < 0.0001). 

Moreover, the overall CR was higher among 

younger children (6–10 years) compared to older 

ones (11–14 years), with 90.9% and 78.8%, 

respectively (OR=0.35; 95%CI: 0.02-2.15; p=0.3). 

(Tables 3 & 4). Although efficacy in younger 

children approached WHO standards, results in 

older children remained suboptimal. 

 

S. mansoni infection 

Among the 35 stool samples positive for S. 

mansoni and re-examined two weeks after treatment, 

the overall CR was 91.4% (32/35), which meets the 

WHO efficacy threshold (≥90%), and the ERR 

reached 98%, above the WHO-recommended level 

(≥95%). A statistically significant difference in CR 

was found between study sites at univariate anlysis, 

ranging from 77.8% in Missabougou to 96.2% in 

Taliko (p = 0.002). Both CR and ERR were higher 

among participants with high baseline egg counts 

compared to those with lower intensities. ERRs were 

relatively consistent between sites but tended to be 

higher in heavily infected individuals. Sex-stratified 

analysis indicated that girls in Taliko had a higher 

proportion of heavy infections (64.8%), whereas 

boys were predominantly lightly infected (61.3%). 

The CRs were 88.2% in females and 94.4% in males; 

the difference was not statistically significant at 

univariate analysis (p = 0.86). ERRs were slightly 

higher in females (98.8%) than in males (97.1%), 

both exceeding WHO efficacy standards. Among 

girls, the highest ERR (100%) was observed in those 

with low infection intensity, whereas among boys, it 

was observed in those with moderate infection 

intensity. Among children aged 6–10 years, low-

intensity infections predominated (57.1%), with no 

moderate infections detected. In contrast, 50.0% of 

those aged 11–14 years had high infection intensities. 

The overall CR across age groups was 85.7%, 

showing not significant variation between age 

categories at bivariate analysis (OR=0.95, 95%CI: 

0.04-13.5, p>0.9). The highest CR was recorded 

among low-intensity infections in younger children, 

while in older children, higher CRs were observed 

among those with heavier infections. Overall ERRs 

were 98.9% in younger children and 97.8% in older 

children, both above the WHO-recommended 

threshold (Tables 5 & 6). 

 

Of the 99 children re-evaluated two weeks after 

praziquantel administration, 13 (13.1%) were 

coinfected with S. haematobium and S. mansoni, all 

residing in Taliko. The overall CR among coinfected 

children was 69.2%, which is substantially below the 

WHO-recommended level of ≥90%, suggesting a 

possible reduced efficacy of praziquantel in mixed 

infections. No statistically significant difference in 

CR was observed between sexes (OR=1.30;  95%CI: 

0.15-14.9, p=0.8). All coinfected individuals 

belonged to the 11–14-year age group. 

 

Discussion 

 

This study aimed to assess the efficacy of 

praziquantel (PZQ) in school-aged children after 

more than a decade of mass drug administration. A 

large proportion of infected children reported 

frequent contact with natural water bodies, 

underscoring the critical role of water sources in the 

transmission dynamics of schistosomiasis. These 

findings are consistent with those of Agniwo et al. 

(2023) [9], who reported in the Kayes region of Mali 

that parental occupation had a modest influence on 

infection prevalence, with higher infection rates 
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observed among children of traders and fishermen. 

The association between water contact and infection 

is likely attributable to the participation of children 

in high-risk activities such as swimming, recreational 

play, and other behaviours that increase exposure to 

contaminated water. 

 

Clinically, the most frequently reported symptoms 

among Schistosoma haematobium-infected children 

were bladder and abdominal pain, which were 

significantly more common than in non-infected 

children, followed by dysuria and pollakiuria. These 

symptoms showed notable improvement within two 

weeks following PZQ treatment. The prevalence of 

abdominal pain (66.7%) and dysuria (46.7%) in the 

present study was higher than that previously 

reported in the Kayes region in 2021 (46.1% and 

39.6%, respectively), whereas the frequency of 

pollakiuria (33.3%) was lower compared to the 

58.4% reported in Kayes [9]. 

 

The ERR was calculated in addition to the CR, as 

Montresor (2011) suggested that the CR alone was 

not a valid indicator for assessing drug efficacy [22]. 

According to WHO guidelines, a satisfactory 

efficacy is defined by a cure rate (CR) and egg 

reduction rate (ERR) of at least 90%. Based on these 

criteria, praziquantel efficacy against S. 

haematobium in this study (CR = 80.5%; ERR = 

87.3%) would be considered “doubtful efficacy”, 

whereas efficacy against S. mansoni (CR = 91.4%; 

ERR = 98.0%) meets the WHO definition 

of “satisfactory efficacy”. The lower response observed 

in co-infected children (CR = 69.2%) would 

correspond to “reduced efficacy”. 

 

This difference in CR and ERR by species could be 

explained by their incubation times, since reinfection 

with S. mansoni generally occurs more rapidly than 

with S. haematobium, as observed in several studies of 

mixed infections [23,24]. The differential efficacy of 

praziquantel observed between S. 

haematobium and S. mansoni could possibly be 

related to the migratory behaviour of mature S. 

mansoni worms, as suggested by previous studies, 

although this mechanism remains hypothetical and 

requires experimental confirmation. Further 

parasitological or pharmacokinetic studies would be 

required to substantiate this hypothesis. The low 

cure rates observed in this study, particularly in 

Taliko, may reflect ongoing transmission, although 

longitudinal data are needed to confirm this. This 

finding may suggest the need to reconsider the 

current dosing regimen or the possibility of emerging 

parasite resistance. Specifically, aged S. 

mansoni adults are transported from the mesenteric 

venous plexus through the portal vein to the liver, 

where they can undergo a period of recovery before 

migrating back to their oviposition sites. This hepatic 

sequestration may reduce drug susceptibility and 

contribute to the reduced praziquantel efficacy 

against S. mansoni [25]. Praziquantel remains the 

drug of choice for schistosomiasis treatment, 

pending the development of a more effective single-

dose alternative [21]. Despite sustained selective 

pressure since its introduction as an antiparasitic 

agent in 1975, praziquantel continues to exhibit a 

favorable safety and tolerability profile, with adverse 

effects typically being mild, transient, and resolving 

within one week post-treatment [26]. Accordingly, 

the World Health Organization (WHO) 

recommends large-scale preventive chemotherapy 

through periodic mass administration of single-dose 

praziquantel to all at-risk populations in endemic 

regions as the cornerstone strategy for 

schistosomiasis control and elimination. Given 

emerging concerns, rigorous monitoring of 

treatment efficacy is imperative, particularly as 

previous studies have documented reductions in 

praziquantel efficacy, evidenced by egg reduction 

rates (ERR) below 90% and suboptimal cure rates 

(CR) following treatment [27]. The overall cure rate 

(80.5%) and egg reduction rate (87.3%) for S. 

haematobium therefore correspond to the WHO-

defined category of “doubtful efficacy” (80–90%), 

suggesting a possible decline in treatment 

performance that warrants further monitoring. 

Conversely, numerous other investigations have 

reported satisfactory CRs, including a multicenter 

trial assessing the therapeutic efficacy of a single 40 

mg/kg oral dose of praziquantel against Schistosoma 

mansoniand S. haematobium infections across six 

African countries (Cameroon, Ethiopia, Mali, 

Madagascar, Tanzania, and Zanzibar), as well as 

against S. mansoni in Brazil and S. japonicum in the 

Philippines [28,29]. 

 

The cure rate (CR) for Schistosoma 

haematobium observed in our study (80.5%; Figure 3) 

was higher than that reported by Tchuenté et al. 

(2004) in Loum, Cameroon, where a CR of 50.4% 

was recorded three weeks post-treatment [30]. 

Similarly, in Niger, children infected with S. 

haematobium exhibited a CR of 53.1% and an egg 
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reduction rate (ERR) of 84.9% six weeks after 

treatment with 40 mg/kg praziquantel [31]. In 

Nigeria, a CR of 49.4% was reported at four weeks 

post-treatment [32], however, these authors 

documented CRs comparable to our findings nine 

months after treatment [33]. A study conducted in 

south-central Côte d’Ivoire reported an acceptable 

CR of 82% four weeks post-treatment with a single 

40 mg/kg dose of praziquantel, consistent with our 

results [34]. Higher CRs of 96% and 93% have been 

reported in Nigeria and Côte d’Ivoire, respectively 

[35,36]. Similarly, a recent study conducted in 

several villages along the Senegal River Basin on 

urogenital schistosomiasis reported CRs ranging 

from 96.5% to 98.0% in lakeside villages and 88.5% 

in a canal-irrigated village, with ERRs ranging from 

96.7% to 99.7% [37]. The relatively low CRs 

observed in the present study, particularly in Taliko, 

may reflect ongoing transmission or early 

reinfections, although longitudinal data would be 

required to confirm this. Moreover, differences 

between study sites should be interpreted cautiously 

due to variation in sample size and potential 

unmeasured environmental or behavioural 

confounders. 

 

For Schistosoma mansoni, the cure rate (CR) of 91.4% 

and egg reduction rate (ERR) of 98.0% observed in 

our study were significantly higher than those 

reported in the Senegal River Valley, where a CR of 

76.1% was recorded following two 40 mg/kg doses 

of praziquantel administered over four weeks [38]. 

Similarly, in Niger, lower CR (59.6%) and treatment 

response outcomes (TRO) of 56.1% were reported at 

six weeks post-treatment with 40 mg/kg 

praziquantel [31]. Webster et al. (2013) reported CRs 

ranging from 81% to 95.5%, accompanied by high 

ERRs of 98.4% to 98.9%, comparable to our 

findings, though assessments were conducted six 

weeks after treatment [39]. These authors 

hypothesized that the persistence of S. 

mansoni infection in the village of Nder may result 

from rapid reinfection dynamics or suboptimal 

praziquantel efficacy in this setting. 

 

The cure and egg reduction rates in Missabougou (17 

out of 99), being below 90%, would fall into the 

WHO-defined category of “reduced 

efficacy” although interpretation is limited by small 

sample size (Figure 3). This reduced prevalence may 

partly reflect recent environmental changes that are 

unfavorable to the parasite’s lifecycle; however, this 

hypothesis cannot be confirmed in the absence of 

specific environmental data [20]. Consequently, this 

explanation remains speculative until corroborated 

by ecological or malacological assessments. 

Nevertheless, the small sample size of treated 

individuals in this locality necessitates prudence 

when extrapolating these findings. Indeed, the 

relatively small number of children included, 

particularly in Missabougou, reduces the statistical 

power of the analyses and limits the generalization 

of the findings to the entire exposed population. This 

constraint may partly explain the low prevalence of 

schistosomiasis observed in Missabougou (an urban 

area) and the resulting variability in cure rates (CR) 

and egg reduction rates (ERR). Furthermore, the loss 

to follow-up recorded after treatment administration 

represents another potential source of bias across the 

study sites. It is likely that the children lost to follow-

up had different exposure patterns, infection 

intensities, or treatment responses compared to those 

who were reassessed, thereby introducing a selection 

bias that could either overestimate or underestimate 

the true efficacy of praziquantel across the different 

studies. 

 

The observed variation in cure rate (CR) and egg 

reduction rate (ERR) according to age suggests a 

possible trend toward greater efficacy of praziquantel 

among younger children. However, this observation 

should be interpreted with caution given the limited 

size of the subgroups. Further studies involving 

larger, age-stratified cohorts are needed to confirm 

this trend. Other studies have attributed higher CRs 

in older children to the higher absolute doses of PZQ 

administered, as dosing is weight-dependent [26]. 

Considerable variation in PZQ efficacy has also been 

reported relative to infection intensity. While our 

study demonstrated variable CRs and ERRs across 

different intensity levels, research from Ethiopia 

indicated that individuals with moderate to high egg 

burdens exhibited relatively elevated ERRs at 

various follow-up intervals. Although subgroup 

analysis by infection intensity provided useful 

insights, these comparisons were based on small 

numbers and should therefore be interpreted as 

indicative rather than conclusive. Conversely, in 

Mozambique, PZQ efficacy was found to be 

inversely correlated with parasite load [40]. 

Importantly, previous investigations have suggested 

that reductions in egg excretion post-treatment may 

result from praziquantel’s impact on parasite 
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fecundity rather than immediate worm elimination, 

thereby accounting for the high ERRs observed [41]. 

Variations in reported cure rates (CRs) may result 

from multiple factors beyond ecological and 

epidemiological conditions, such as the presence of 

temporary versus permanent water bodies, patterns 

of human water contact, pre-treatment infection 

intensity, and schistosome species diversity [24,42]. 

Additionally, the potential emergence of 

anthelmintic resistance, as outlined by the WHO 

(2013), may compromise praziquantel efficacy. For 

instance, continued egg excretion post-treatment 

could reflect residual egg release from deceased 

worms, or administration of praziquantel during the 

immature worm stages, against which the drug is 

known to be less effective [43].  Although hybrid 

schistosomes (S. haematobium × S. bovis and S. 

haematobium × S. curassoni) have been reported in 

Mali [9] and neighboring countries such as Senegal 

[44] and Niger [45], suggesting possible implications 

for praziquantel susceptibility, no genotyping or egg 

viability analyses were conducted in the present 

study. Therefore, the mention of potential 

hybridization as a factor influencing drug efficacy 

should be interpreted with caution. Further 

molecular investigations, including genetic 

characterization of miracidia or eggs, are needed to 

confirm the presence of hybrid parasites and to better 

understand their epidemiological and therapeutic 

significance. Preventive chemotherapy (PTC) is also 

hypothesized to induce genetic alterations in 

schistosome populations driven by drug-induced 

selection pressures [46]. Comparable phenomena 

have been observed with ivermectin treatment 

of Onchocerca volvulus, resulting in reduced female 

parasite fecundity [47]. However, no genetic data 

were collected in this study, and such evolutionary 

interpretations remain conjectural. 

 

ERR values were categorized as follows: satisfactory 

(ERR ≥ 90%), doubtful (90% > ERR ≥ 80%), and 

reduced efficacy (ERR ≤ 80%). The cure rate (CR) 

among children co-infected with S. 

haematobium and S. mansoni was 69.2%, lower than 

the 97.1% reported by Garba (2013). In our cohort, 

most co-infected children exhibited higher baseline 

egg counts for S. haematobium than for S. mansoni, 

suggesting that S. haematobium may have 

contributed more strongly to the overall lower cure 

rate observed in mixed infections. However, the 

small number of co-infection cases did not allow a 

robust comparison of species-specific therapeutic 

responses. It is therefore possible that both species 

contributed to the reduced efficacy observed, 

considering potential interspecific interactions and 

differences in praziquantel susceptibility. The 

relationship between mixed-species infection and 

infection intensity likely varies according to 

differences in local transmission dynamics and the 

endemicity of each schistosome species [48]. Further 

site-specific investigations are needed to clarify 

whether these interactions affect the response to 

praziquantel. 

 

Finally, it is important to note that the potential bias 

related to reinfection was minimized in this study by 

assessing parasitemia 14 days after treatment [21]. 

Overall, according to WHO efficacy benchmarks, 

the results obtained in this study indicate satisfactory 

efficacy against S. mansoni, doubtful efficacy 

against S. haematobium, and reduced efficacy in cases 

of co-infection. Therefore, the results presented here 

should be interpreted with caution, considering the 

limited sample size, the short follow-up period, and 

the absence of long-term parasitological 

confirmation. 

 

Conclusion 

 

The results of this study suggest that praziquantel 

(PZQ) may be highly effective in treating school-

aged children infected with Schistosoma mansoni in 

Taliko and Missabougou, within the Bamako 

district; however, these findings should be 

interpreted with caution and confirmed through 

further studies. However, a lower efficacy of PZQ 

was observed against S. haematobium, highlighting 

the need for further follow-up studies in Mali. These 

should include egg viability assessments after 

treatment and systematic monitoring of drug efficacy 

within the framework of the National 

Schistosomiasis Control Program (PNLSH). 

Beyond the potential for parasite tolerance to PZQ, 

the persistence of schistosomiasis in the Bamako 

district also underlines the importance of 

complementary control measures, such as health 

education in schools and environmental sanitation 

along the banks of the Niger River and its tributaries 

the main snail breeding sites to help interrupt 

transmission. Furthermore, continued efforts to 

identify and develop new molecules to complement 

the action of PZQ remain essential in the context of 

parasite evolution. 
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What is already known about the topic 

 

• Schistosomiasis is a neglected parasitic 

disease caused by Schistosoma spp., 

transmitted through contact with freshwater 

infested with cercariae. 

• Despite large-scale control efforts using 

praziquantel (PZQ, 40 mg/kg), the disease 

remains endemic in many sub-Saharan 

African countries, particularly Mali. 

• PZQ is effective in reducing parasite burden, 

but its efficacy varies with species, infection 

intensity, age, geography, and water contact 

behaviors. 

• Continued transmission in some 

areas[28,29], despite repeated treatment 

campaigns, raises concerns about possible 

reduced efficacy or rapid reinfection. These 

observations underscore the importance of 

ongoing monitoring of treatment 

effectiveness and transmission dynamics to 

support schistosomiasis control and 

elimination efforts. 

 

What this study adds 

 

• This study provides updated evidence on 

praziquantel (PZQ) efficacy in school-aged 

children infected with Schistosoma 

haematobiumand mansoni in urban and peri-

urban areas of Bamako, Mali. 

• While PZQ showed overall satisfactory 

efficacy, cure rates (CR) and egg reduction 

rates (ERR) were below WHO-

recommended thresholds in some cases, 

especially in coinfections or high-intensity 

infections. 

• The study highlights variations in response 

by site, age, sex, and socioeconomic status, 

and presents the first data suggesting reduced 

PZQ efficacy in West Africa. 

• It underscores the role of repeated water 

contact and calls for adapted control 

strategies and ongoing efficacy surveillance 

in endemic areas. 
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Table 1. Distribution of children included in the study according to 

sociodemographic, socioeconomic, and infection status (N = 99) 

Variables Frequency (n=99) Percentage (%) 

Sites   

Taliko 82 82.8 

Missabougou 17 17.2 

Gender   

Male 52 52.5 

Female 47 47.5 

Age   

6–10 18 18.2 

11–14 81 81.8 

Taking traditional medicines   

No 61 61.6 

Yes 38 38.4 

River frequentation   

Yes 77 77.8 

No 22 22.2 

Habitat–River Distance   

< 50 m 94 94.9 

≥ 50 m 5 5.1 

Domestic water source   

River 1 1 

Well 1 1 

Tap 82 82.8 

Borehole 15 15.2 

Parents profession   

Shopkeeper 10 10.1 

Civil servant 5 5.1 

Gardener 1 1 

Manual labor 82 82.8 

Fisherman 1 1 

S. haematobium   

Yes 77 77.8 

No 22 22.2 

S. mansoni   

Yes 35 35.4 

No 64 64.6 

Coinfected   
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Table 1. Distribution of children included in the study according to 

sociodemographic, socioeconomic, and infection status (N = 99) 

Variables Frequency (n=99) Percentage (%) 

Yes 13 13.1 

No 86 86.9 

 

 

Table 2. Distribution of Schistosoma haematobium–infected children included in 
the cohort according to clinical signs at both study sites (N = 77) 

Clinical signs 
Pre-treatment n=77 

(%) 
p 

Post-treatment n=15 
(%) 

p 

Bladder pain     

No 36 (46.8) 0.65 8 (53.3) >0.05 

Yes 41 (53.2)  7 (46.7)  

Abdominal pain     

No 32 (41.6) 0.17 5 (33.3) 0.30 

Yes 45 (58.4)  10 (66.7)  

Pollakiuria     

No 58 (75.3) <0.001 10 (66.7) 0.30 

Yes 19 (24.7)  5 (33.3)  

Dysuria     

No 51 (66.2) 0.006 8 (53.3) >0.05 

Yes 26 (33.8)  7 (46.7)  
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Table 3. Cure rate (CR) and egg reduction rate (ERR) observed for S. haematobium infection in children in relation 
to sociodemographic factors and infection intensity in Taliko and Missabougou sites, N=77 

Demographic 
variable 

Number 
Examined (%) 

Number 
cured (Cure 

Rate) 
95% CI p 

AEMC before 
treatment 

AEMC after 
treatment 

ERR 
(%) 

Sites 

Taliko 

Low 63 (91.3) 50 (79.4) [68.4–88.1] <0.0001 5 7 83.8 

High 6 (8.7) 4 (66.7) [22.3–95.7]  72 0 89.5 

Total 69 54 (78.3) [68.4–88.1]    87.0 

Missabougou 

Low 8 8 (100.0) [63.1–100]  2 0 100 

High 0 – –  – – – 

Total 8 (100.0) 8 (100.0) [63.1–100]    100 

Gender 

Female 

Low 36 (100) 30 (83.3) [71.1–95.5] 0.89 6 4 90.3 

 High 0 – –  – – – 

Total 36 30 (83.3) [71.1–95.5]    90.3 

Male 

Low 35 (85.4) 28 (80) [63.9–91.6]  4 9 74.4 

 High 6 (14.6) 4 (66.7) [22.3–95.7]  72 – 89.5 

 Total 41 32 (78.0) [65.5–90.5]    86.0 

Age (years) 

6–10 

Low 10 (90.0) 9 (90) [55.5–99.7] <0.0001 7 2 96.4 

High 1 (10.0) 1 (100) [2.5–100]  52 – 100 

Total 11 10 (90.9) [74.1–100]    98.1 

11–14 

Low 61 (92.4) 49 (80.3) [68.8–88.9]  5 7 82.3 

High 5 (7.6) 3 (60) [14.7–94.7]  75 – 88.1 

Total 66 52 (78.8) [69.0–88.6]    85.5 

Total 77 62 (80.5) [71.2–89.8]    87.3 

*Arithmetic egg mean counts (AEMC) 
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Table 4. Multivariate analysis of sociodemographic variables as a function of S. haematobium infection, N = 77 

Demographic variable Subcategory OR 95% CI p-value 

Site 
Missabougou — — — 

Taliko 1.4 0.00–5.80 >0.9 

Gender 
Female — — — 

Male 1.76 0.55–5.95 0.3 

Age (years) 
6–10 0.35 0.02–2.15 0.3 

11–14 — — — 

OR = Odds Ratio, CI = Confidence Interval 
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Table 5. Cure Rate (CR) and Egg Reduction Rate (ERR) Observed in Schistosoma mansoni-Infected Children 
According to Sociodemographic Variables and Infection Intensity, N=35 

Demographic 
variable 

Subcategory 
Number 

Examined 
(%) 

Number 
cured (CR) 

95% CI p 
AEMC before 

treatment 
AEMC after 
treatment 

ERR 
(%) 

Site 

Taliko 

Low 6 (23.1) 5 (83.3) [35.9 – 99.6] 0,002 72 84 39 

Moderate 4 (15.4) 3 (75) [19.4 – 99.4] 0,002 354 264 91.5 

High 16 (61.5) 15 (93.8) [69.8 – 99.8] 0,002 1512 – 99.8 

Total 26 25 (96.2) [80.4 – 99.9] 0,002 – – 98.3 

Missabougou 

Low 8 (88.9) 6 (75) [34.9 – 96.8] 0,002 51 60 70.6 

Moderate 0 – [2.5 – 100] 0,002 – – – 

High 1 (11.1) 1 (100) [40.0 – 97.2] 0,002 1224 – 100 

Total 9 7 (77.8) [35.9 – 99.6] 0,002 – – 92.6 

Gender 

Female 

Low 3 (17.6) 3 (100) [29.2 – 100] 0,86 56 84 100 

Moderate 3 (17.6) 2 (66.7) [9.4 – 99.2] 0,86 344 – 88.4 

High 11 (64.8) 10 (90.9) [58.7 – 99.8] 0,86 1210 – 99.6 

Total 17 15 (88.2) [63.6 – 98.5] 0,86 – – 98.8 

Male 

Low 11 (61.2) 8 (72.7) [39.0 – 93.9] 0,86 61 60 42.9 

Moderate 1 (5.5) 1 (100) [2.5 – 100] 0,86 384 264 100 

High 6 (33.3) 6 (100) [54.1 – 100] 0,86 2016 – – 

Total 18 17 (94.4) [72.7 – 99.9] 0,86 – – 97.1 

Age (years) 

6-10 

Low 4 (57.1) 4 (100) [39.8 – 100] 0,0005 66 48 100 

Moderate 0 – [9.4 – 99.2] 0,0005 – – – 

High 3 (42.9) 2 (66.7) [42.1 – 99.6] 0,0005 1344 – 98.8 

Total 7 6 (85.7) [34.8 – 93.3] 0,0005 – – 98.9 

11-14 

Low 10 (35.7) 7 (70) [19.4 – 99.4] 0,0005 58 80 33.3 

Moderate 4 (14.3) 3 (75) [76.8 – 100] 0,0005 354 264 91.5 

High 14 (50.0) 14 (100) [67.3 – 96.0] 0,0005 1527 – 100 

Total 28 24 (85.7) [76.9 – 98.2] 0,0005 – – 97.8 

Total 35 30 (85.7) [39.8 – 100] – – – 98 

*Arithmetic egg mean counts (AEMC) 
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Table 6. Multivariate analysis of sociodemographic variables as a function of S. mansoni infection, N=35 

Demographic variable Subcategory OR 95% CI p-value 

Site 
Missabougou — — — 

Taliko 0.48 0.06, 4.71 0.5 

Gender 
Female — — — 

Male 1.30 0.15, 14.9 0.8 

Age (years) 
6-10 0.95 0.04, 13.5 >0.9 

11-14 — — — 

OR = Odds Ratio, CI = Confidence Interval 
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Figure 1: Map of the Bamako district indicating the geographic locations of the two study sites: Taliko and 

Missabougou schools 
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Figure 2: Flowchart of the Study design 
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Figure 3: Analysis of Egg Reduction Rates (ERR) for Schistosoma mansoni and S. haematobium at Second 

Follow-Up according to Sociodemographic Factors and Study Site 

 


