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Abstract: Preventive chemotherapy with single-dose praziquantel is the WHO-recommended in-
tervention strategy to eliminate schistosomiasis as a public health problem in endemic countries.
Surveillance of drugs used in mass drug administration (MDA) programs is recommended to evaluate
its effectiveness in reducing transmissions. After a decade-long implementation of a school-based
MDA program in Rwanda, we conducted efficacy surveillance of single-dose praziquantel MDA
against S. mansoni infection. Two weeks before MDA, stool examinations were performed to screen
MDA-eligible school children (n = 4998) for S. mansoni infection using the Kato–Katz technique, and
265 (6.5%) children tested positive for the infection. All children received praziquantel and albenda-
zole as preventive chemotherapy through the MDA campaign. Infected children were enrolled and
followed for efficacy monitoring, and stool examination was repeated after three weeks post-MDA
(n = 188). Before treatment, 173 (92%) had a light infection, and 15 (8%) had a moderate infection
intensity. The primary and secondary outcomes were parasitological cure and egg reduction rates at
three weeks post-treatment. The overall cure and egg reduction rates for S. mansoni infection were
97.9% (95% CI = 94.6–99.4) and 97.02%, respectively. Among the 173 children with light infection
intensity, 170 (98.3%, 95% CI = 95.0–99.6) were cured, and among the 15 children who had moderate
infection intensity, 14 (93.3%) were cured. No significant association between cure rate and pre-
treatment infection intensity was observed. We conclude that single-dose praziquantel is efficacious
against light-to-moderate S. mansoni infection. Preventive chemotherapy with praziquantel effectively
reduces schistosome reservoirs and transmission among school-age children.

Keywords: praziquantel; efficacy; preventive chemotherapy; mass drug administration; school-age
children; schistosomiasis; preventive chemotherapy; S. mansoni infection; neglected tropical diseases;
Rwanda

1. Introduction

Human schistosomiasis is a chronic parasitic disease caused by infection with blood
flukes (trematode worms) of the genus Schistosoma [1]. Schistosomiasis is a public health
problem in tropical and subtropical regions of Africa, Asia, the Caribbean, and South
America. Globally, more than 779 million people are at risk of acquiring the infection [1].
Sub-Saharan Africa (SSA) remains the most significantly affected continent, bearing more
than 90% of the global burden of schistosomiasis [2,3]. Schistosomiasis causes significant
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health problems with socioeconomic impact in areas with inadequate control efforts and
sanitation, and most populations are impoverished [3]. School-aged children, teenagers,
women, and young adults are mainly affected by the morbidity and mortality of schistoso-
miasis. Schistosomiasis can cause growth retardation, fatigue, weakness, impairment of
memory and poor cognition, and anemia, leading to poor academic performance in infected
children [2,4]. To reduce the morbidity of schistosomiasis and soil-transmitted helminths
(STH), the World Health Assembly endorsed a resolution for regular treatment of all at-risk
populations, particularly school-age children, through mass drug administration (MDA) of
praziquantel and albendazole combination [5].

Currently, PZQ is the only approved drug recommended by the World Health Orga-
nization (WHO) for the treatment and control of all Schistosoma species worldwide [6].
The WHO recommends large-scale annual or biannual MDA with single-dose praziquantel
(PZQ) preventive chemotherapy (PC) to all people at risk of infection, especially school-age
children, to halt transmission of Schistosoma mansoni infection [6]. Neglected tropical disease
(NTD) programs in many endemic countries, including Rwanda, have been implementing
school-based deworming programs mainly targeting school-age children (SAC).

In Rwanda, the national NTD control program was established in 2007. In 2008, the ini-
tial disease mapping reported the overall prevalence of S. mansoni infection is 2.7%, ranging
from 0 to 69.5% [7]. The first MDA was delivered in 2008. Despite several rounds of PC in
the last decade, different studies still report a high prevalence of intestinal schistosomiasis in
both pre-SAC and SAC in Rwanda, with significant variations between districts [8,9]. WHO
advises member states and NTD programs to monitor drug efficacy when treatment failure
is suspected or regardless of suspected drug failure when MDA is implemented for at least
four consecutive years [1,10]. Studies have reported that reduced efficacy of PZQ following
repeated exposure to MDA may cause threats to the effectiveness of schistosomiasis control
programs as parasite tolerance or drug resistance was suspected in some studies [11,12].

To date, PZQ is the only WHO-approved drug to treat schistosomiasis for the past four
decades. Its use has been scaled up at a national level as preventive chemotherapy in many
endemic countries, including Rwanda. Due to the large-scale use including in children,
safety and efficacy monitoring in MDA programs is recommended by WHO [10]. Despite
multiple rounds of MDA with PZQ, a high prevalence of S. mansoni infection and reduced
cure rate (CR) among school children was reported in SSA [13–16]. Currently, no confirmed
evidence of PZQ resistance has been documented, but findings of drug tolerance and low
CR have been reported in field studies from SSA [17,18]. Various factors, including parasite
species, parasite stage, and infection intensity, influence PZQ on CR and egg reduction rate
(ERR) [19]. Previous reports have indicated the need for regular monitoring of the safety
and efficacy of PZQ following MDA [12,15], which is in line with WHO’s recommendations
for routine efficacy monitoring of anthelmintics used in MDA [10].

Despite the implementation of MDA programs for years, the continued transmission
of schistosomiasis calls for a collective and coordinated effort to control the infection.
Infected but not treated individuals can serve as a reservoir for continued transmission
in the community. The goal of preventive chemotherapy is treating all populations at
risk through MDA at regular intervals to reduce transmission and prevent the disease.
Multiple rounds of MDA are proven to reduce the disease burden over time but may also
be a risk for parasite tolerance and the emergence of drug resistance. Therefore, the WHO
guideline recommends continued vigilance to monitor drug efficacy over time through
efficacy surveys to detect any emergence of drug resistance [1]. Efficacy surveillance in
MDA programs is essential to assess the drug’s effectiveness in reducing parasite reservoir
in the community to halt transmission and for early detection of parasite resistance.

The attainment of schistosomiasis control and elimination as a public health prob-
lem by 2030 requires strategic interventions, including investigating the effectiveness of
PZQ used as preventive chemotherapy in MDA campaigns [1]. Periodic large-scale ad-
ministration of PZQ to all at-risk populations over several years effectively reduced the
disease burden in sub-Saharan Africa over time [20]. On the other hand, as the drug
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pressure increases, the development of parasite resistance or tolerance becomes a concern.
Indeed, recent studies reported reduced effectiveness of PZQ, particularly among those
with moderate to high infection intensities [13,15,21], highlighting the need to closely mon-
itor intervention measures, including the effectiveness of drugs used in MDA programs.
Although MDA has been implemented for many years, the efficacy surveillance of PZQ
in MDA campaigns has not been studied in Rwanda. After a decade-long annual MDA
program implementation, we conducted the first efficacy surveillance of a single-dose PZQ
administered as preventive chemotherapy through MDA program by investigating both
CR and ERR among infected school-age children living in the western province of Rwanda
as recommended by the WHO [10].

2. Methods
2.1. Study Design, Area, and Setting

This observational prospective PZQ efficacy surveillance study was conducted dur-
ing MDA camping in April 2019. The study was conducted among school-age children
attending six selected schools in three districts of the western province of Rwanda. The
three districts (Rubavu, Nyamasheke, and Rusizi) are located around lake Kivu and were
chosen for this study based on epidemiological data related to the endemicity of S. mansoni
infection using a purposive sampling method. Selected schools were within proximity of
five (5 km) from Lake Kivu. In each district, two schools were selected based on previous
schistosomiasis prevalence data, proximity to the lakes, and the number of school-age
children in the school. Each school contributed a sample proportion to the whole study
sample based on student population size. This was distributed to classes, and school
children were systematically sampled in each class using class lists. The study area was
chosen due to its high prevalence of S. mansoni infection as reported by previous studies,
despite many rounds of PZQ MDA [22].

2.2. Ethical Considerations

Before the study initiation, permission to carry out the study was obtained from the
relevant authorities, including education officers, health district hospitals, health centers,
schoolteachers, and parents or guardians. Ethical approval to conduct PZQ efficacy surveil-
lance was obtained from the Rwanda National Ethics Committee (RNEC) and the National
Health Research Committee of the Ministry of Health, Rwanda. Study participants whose
parents/guardians gave written informed consent were enrolled in the study. Children
whose parents or guardians were not willing to participate were excluded from entering
the study. Study participants and their guardians/parents were informed about the study
and data collection processes.

2.3. Study Population, Treatment, and Follow-Up

All children attending the study schools were eligible for PZQ preventive chemother-
apy as per the WHO guidelines and the Rwandan NTD program. Two weeks before
the implementation of the MDA campaign, 4998 school children (age 5 to15 years old)
attending the six study schools were screened for intestinal S. mansoni infection, of whom
265 (5.3%) children who were found infected. S. mansoni-infected children were enrolled
in this PZQ efficacy surveillance study. The body weight of children was measured in
kilograms (kg) and height in centimeters (cm). For assessment of the nutritional status of
the children, anthropometric measurements were converted to height for age Z score (HAZ)
and body mass index (BMI) for age Z score (BAZ) using the WHO Anthro-Plus software
version 1.0.4 [23]. Children with HAZ and BAZ scores less than 2 standard deviations were
considered stunted and wasted, respectively.

The WHO MDA guideline recommends co-administration of PZQ and albendazole
(ALB) as preventive chemotherapy to control schistosomiasis and STHs, respectively [6].
Accordingly, all children attending the study schools, including our study participants,
received single-dose PZQ (40 mg/kg body weight) and albendazole (400 mg) irrespective
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of their infection status as scheduled by the Rwandan national NTD program. Children
participating in the study were given a standardized meal before the drug was administered
to minimize the nauseating effect of PZQ. The study team had no role in the MDA planning
or administration of the drugs. S. mansoni-infected children were followed to monitor the
efficacy of PZQ after three weeks of MDA by analyzing the CR and ERR of S. mansoni
infection as described below.

2.4. Stool Examination

Fresh stool samples were collected two weeks before receiving MDA (for S. mansoni
infection screening) and three weeks after receiving MDA (to monitor PZQ efficacy). Two
Kato–Katz smears were prepared from the collected stool sample as per the WHO recommen-
dation [24]. Duplicate slides were prepared from each stool sample and read independently by
the two laboratory technicians. Laboratory technicians from the National Reference Laboratory,
Hospitals, and Health Centers analyzed samples, and senior laboratory technicians performed
quality control and analyzed 10% of all stool samples examined each day. Designated study
supervisors per school supervised the study enrollment, data collection, laboratory data
analysis and processing, and data entry into an electronic database using tablets.

S. mansoni infection intensity was expressed in eggs count per gram of stool (epg)
multiplied by a constant factor of 24, and then classified according to the WHO guidelines as
(i) light infection (1–99 epg), (ii) moderate infection (100–399 epg), and (iii) heavy infection
(epg ≥ 400) [25,26]. Parasitological examination of CR and ERR was conducted three weeks
after PZQ administration as recommended by the WHO [10].

The primary study outcomes for PZQ efficacy were CR and ERR after 3 weeks of
MDA. CR was defined as the proportion of egg-positive children before treatment who
became egg-negative at three weeks post-MDA. The ERR was calculated as 100 times
[1 − (Arithmetic mean of epg after treatment/Arithmetic mean of epg before treatment)],
following the WHO guideline [10].

2.5. Data Processing and Statistical Analysis

All data collected in the electronic database were imported into STATA 13 (StataCorp
LLC, College Station, TX, USA) for cleaning, processing, and analysis. Descriptive statistics
were used to analyze the sociodemographic and baseline characteristics and presented in
tables and figures. Pearson’s chi-square test or Fisher’s exact test were used to compare
proportions between groups. A participant was considered negative when no S. mansoni egg
was detected on both slides examined. Factors associated with egg count/gram of stool were
analyzed using a negative binomial regression model. Predictors of CR were analyzed using
univariate regression analysis. A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Sociodemographic and Baseline Characteristics of Study Participants

Out of the 4998 school children screened for S. mansoni infection, 265 tested positive
and were enrolled in this PZQ efficacy surveillance study. Study participants received
PZQ as part of MDA and followed up to 3 weeks to monitor treatment outcome. Only
188 (70.9%) children completed the study and 77 (29.1%) were lost to follow-up. The study
flow chart, including study enrollment, follow-up, and treatment outcome after three weeks
of MDA is presented in Figure 1.

The baseline sociodemographic characteristics of study participants is presented in
Table 1. Most of the study participants were female (52.7%)). Of the total enrolled school-
age children, 144 (76.6%) were aged from 10–15 years old, while 44 (23.4%) were aged
from 5–9 years old. Most study participants had a light infection intensity (173 (92%)),
while 15 (8%) had moderate infection intensity. Most of the study participants (89.4%) were
coinfected with at least one type of STH parasites, and only 20 (10.6%) were not coinfected
with any of the STH species screened (Hookworm, Ascaris lumbricoides, and or Trichuris
trichiura) infections as described in Table 1.
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Figure 1. Study flow chart of participant enrollment, follow-up, and treatment outcome.

Table 1. Sociodemographic and baseline characteristics of study participants.

Variable N %

Sex
Male 89 47.3

Female 99 52.7

Age categories
5–9 years 44 23.4

10–15 years 144 76.6

District

Rubavu 56 29.8

Nyamasheke 59 31.4

Rusizi 73 38.8

School

Rambo 49 26.1

Rubona 7 3.7

Buhokoro 52 27.7

Mukoma 7 3.7

Bugumira 39 20.7

Nkombo 34 18.1

Consistency of stool

Formed 3 1.6

Soft 184 97.9

Watery 1 0.5

Stunting status
Non stunted 128 68.1

Stunted 60 31.9

Wasting status
Not wasted 179 95.2

wasted 9 4.8

S. mansoni infection intensity

Light 173 92

Moderate 15 8

Heavy 0 0

Co-infection with STH
No 20 10.6

Yes 168 89.4
STH = Soil transmitted helminths.

3.2. Cure Rate and Egg Reduction Rates

WHO recommends parasitological CR and ERR to measure the PZQ drug efficacy
in MDA program for schistosomiasis control and elimination [10]. The study findings
revealed that CR and ERR for intestinal schistosomiasis were 97.9% and 97.0%, respectively.
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The ERR of 97.0% was above the WHO-recommended efficacy threshold (ERR: ≥90), as
described in Table 2. The current efficacy surveillance study assessed the proportion of
cured and not cured school-age children within each infection intensity after mass drug
administration. The findings indicate that, among 173 cases of light infection intensity
for intestinal schistosomiasis, 170 (98.3%) children were cured, while 3 (1.7%) were not
cured post-drug administration. Similarly, among 15 cases of moderate infection intensity,
14 (93.3%) were cured after drug administration, while 1 (6.7%) was not cured.

Table 2. Cured and egg reduction rates for S. mansoni infection.

S. mansoni Infection
Cure Status Egg Reduction Rate (ERR)

Total N Cured(n) Cure Rate ERR (%) WHO Threshold

Overall 188 184 97.9% 97.0 ≥90

Infection
intensity

Light 173 170 98.3% 97.2 ≥90

Moderate 15 14 93.3% 96.7 ≥90

3.3. Factors Associated with Cure Rates

The correlations of sociodemographic and baseline characteristics with CR of S. mansoni
infection were assessed. Explorations were made on CR in each category of studied
variables. Overall, 86 (96.6%) male school-age children were cured, and 98 (98.9%) female
school-age children were cured after drug administration. Among 144 children aged from
10–15 years, 141 (97.9%) were cured after treatment, while among 44 school-age children
(5–9 years old) who received treatment during MDA program, 43 (97.7%) were cured.

Among 60 stunted children, 59 (98.3%) were cured. Among 128 not stunted children
with intestinal S. mansoni infection, 125 (97.7%) were cured after MDA. Among the 179 non-
wasted children, 175 (97.8%) were cured, while all 9 (100%) wasted children were cured
after treatment. Among the 173 children with light infection intensity of S. mansoni infection,
170 (98.3%) were cured, while 15 children with moderate infection 14 (93.3%) were cured.
Among the 168 children co-infected with any STH infections (Ascaris lumbricoides, Hook-
worms, or Trichuris trichiura), 165 (98.2%) were cured, while among 20 children infected
with S. mansoni infection, only 19 (95%) were cured.

Factors such as age, sex, consistency of stool, wasting, stunting, pre-treatment S. mansoni
infection intensity, and co-infections with any STH infections were not significantly associ-
ated with CR of S. mansoni infection (Table 3).

Table 3. Association of sociodemographic and baseline characteristics with cure rates among study
participants.

Variable
Schistosomiasis (n = 188)

N Cured N (%) p

Sex
Male 89 86 (96.6)

0.27
Female 99 98 (98.9)

Age categories
5–9 years 44 43 (97.7)

0.66
10–15 years 144 14 1(97.9)

Stunting status
Non stunted 128 125 (97.7)

0.62
Stunted 60 59 (98.3)

Wasting status
Not wasted 179 175 (97.8)

0.82
wasted 9 9 (100.0)

Infection intensity
Light intensity 173 170 (98.3)

0.28
Moderate intensity 15 14 (93.3)

Co-infections with STH
No 20 19 (95.0)

0.37
Yes 168 165(98.2)

STH = Soil-transmitted helminths.
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Univariate logistic regression analysis of factors associated with CR at three weeks
post-MDA of PQZ against S. mansoni infection revealed that factors such as age, sex,
wasting, stunting, infection intensity, co-infections were not significant predictors of CR
(Table 4). Since there were no biologically plausible predictor variables in the univariate
analysis model, the multivariate model for analysis was not performed.

Table 4. Predictors of cure rate at three weeks of post-praziquantel administrations.

Variables
Cured Univariate Analysis

N (%) cOR 95% CI p

Sex
Female 89 98 (98.9) 1

0.29
Male 99 86 (96.6) 3.41 0.34–34.19

Age categories
5–9 years 44 43 (97.7) 1

0.94
10–15 years 144 141 (97.9) 1.1 0.11–11.01

Stunting
Non-stunted 128 125 (97.7) 1

0.77
Stunted 60 59 (98.3) 1.42 0.14–14.19

Wasted
Non-wasted 179 175 (97.8) 1

Wasted 9 9 (100.0)

Infection
Intensity

Light 173 170 (98.3) 1
0.24

Moderate 15 14 (93.3) 0.25 0.024–2.59

Co-infections
(with STH)

Schistosomiasis only 20 19 (95.0) 1
0.37

Any co-infection with STH 168 165 (98.2) 2.89 0.28–29.86
cOR = Crude odd ratio; STH = soil transmitted helminths.

4. Discussion

Our study findings indicate a high CR (98%) and ERR (97%) of PZQ (Table 2), which
is above the 90% threshold for satisfactory effectiveness set by the WHO [10]. The study
findings show that PZQ used in MDA is effective in treating light and moderate infection
intensities of S. mansoni infection in the study area. Consequently, MDA with PZQ effec-
tively reduces the parasite reservoirs and transmission among school-age children, the
most at-risk population for S. mansoni infection. The observed higher CR and ERR in our
study is an indication that PZQ is efficacious against S. mansoni in our study setting and can
still be recommended for use in MDA for the control and elimination of schistosomiasis in
Rwanda. Our study finding aligns with a recent report showing that a decade-long MDA
with PZQ and Albendazole in Rwanda successfully reduced the burden of schistosomiasis
and STH over time [8,22].

However, despite the high MDA coverage nationwide and the good PZQ efficacy
identified in this study, transmission of S. mansoni infection continues in the country [8].
Hence, a multisectoral approach is needed in Rwanda to achieve its NTD strategic plan and
goal: to make Rwanda free from NTDs as a public health problem by 2024 by implementing
WHO-recommended public health strategies for the prevention and control of NTDs [27].
Thus, implementing other preventive measures, including improving water, sanitation, and
hygiene (WASH) is needed to complement the effect of MDA in controlling schistosomiasis
in the country [28].

Overall, MDA with PZQ is safe and tolerable and associated adverse events are mild-
to-moderate and transient, resolving within a week of receiving MDA [29,30]. However,
reports on the effectiveness of PZQ in treating S. mansoni infection vary between pop-
ulations and geographic areas [13,21,31]. Recent studies highlight genetic variations in
drug-metabolizing enzymes can affect inter-individual variability in PZQ plasma exposure
and treatment outcomes [32,33]. A study that evaluated the therapeutic efficacy of PZQ
in seven countries indicated no overall sign of reduced effectiveness of the standard PZQ
treatment, but substantial inter-individual variation in treatment responses underscored
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the need for efficacy monitoring [34]. Although we found high CR (98%) in our study,
low CRs of PZQ, particularly from high-burden areas, are reported from Cote d’Ivoire
(69%), Tanzania (81.2%), and Ethiopia (89.1%) [13,15,35]. Therefore, there is a need to
continue monitoring and evaluating PZQ efficacy and inform the program implementation,
policymakers, medicines regulators, and WHO for informed decision-making.

The current study indicates higher CR (98.3%) in participants with light infection
intensity compared to participants with moderate infection intensity (93.3%). Our findings
align with reports from Tanzania and Ethiopia, which indicated PZQ is more effective in
curing light S. mansoni infection than moderate to heavy infections [13,15]. In our study,
only 2% were not cured. This may be attributed to the poor performance of PZQ against
juvenile/immature parasites, as reported in previous studies [13,36]. The findings also
align with reports that treatment with PZQ reduces worm burden, intensity of infection,
and reverse schistosomiasis-associated morbidity in treated individuals [37]. The revised
Rwanda national NTD Strategic Plan (2019–2024) that has included regular assessment
strategies for the effectiveness of drug use during MDA [27] is in alignment with the WHO
global strategy that recommends regular efficacy and safety monitoring for drugs deployed
during the MDA campaign [10].

Our study has some limitations. PZQ effectiveness is influenced by the burden and
infection intensity of S. mansoni [13,15]. Though statistically not significant, we found
a higher CR among light infection intensity than moderate infection intensity. In our study,
most (92%) participants had light infection intensity, while only 8% had moderate infection
intensity, and none had heavy infection intensity. Since most of our study participants had
light infection intensity, the observed high CR and ERR may not reflect PZQ effectiveness
in high S. mansoni infection intensity settings.

5. Conclusions

We report that MDA with single-dose PZQ is efficacious against S. mansoni infection
and reduces parasite reservoirs and transmission rate among school-age children. The
study findings show that PZQ in MDA reduces morbidities associated with light and
moderate infection intensities caused by S. mansoni infection. The persistent transmission
of schistosomiasis in Rwanda, despite the high MDA coverage and the good PZQ effective-
ness against S. mansoni infection, indicates the need to equally scale up other preventive
measures to consolidate gains in the control of schistosomiasis made through preventive
chemotherapy. To achieve the Rwanda NTD revised strategic plan targets by 2024, inten-
sified control and elimination measures, including a multisectoral approach that brings
together the national NTD program, policymakers, partners, researchers, medical products
regulators, and the community is of high importance to control morbidity and elimination
of schistosomiasis in Rwanda.

Author Contributions: Conceptualization, J.K., M.M., A.B., E.B. and E.A., Data curation, J.K., M.M.
and L.N., Formal analysis, J.K., L.N, M.M. and E.A., Investigation, J.K., L.N., M.M., A.B., E.B. and
E.A., Methodology, J.K., L.N, M.M., A.B., E.R., E.B. and E.A., Supervision, E.B., U.B. and E.A.,
Writing—original draft, J.K. and L.N., Writing—review and editing, J.K., M.M., L.N., A.B., E.R., E.B.,
U.B. and E.A. All authors have read and agreed to the published version of the manuscript.

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

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Rwandan National Ethics committee (Review Approval
Notice: No 0064/RNEC/2019, 14 February 2019) and National Health Research Committee of the
Ministry of Health, Rwanda (NHRC/2018/PROT/042, 10 September 2018).



Pathogens 2023, 12, 1170 9 of 10

Informed Consent Statement: A written informed consent was obtained from all parents/guardians.
For participants > 12 years of age, written informed consent was obtained from the parents/guardians,
and assent was obtained from the study participants.

Data Availability Statement: Data are contained within the article.

Acknowledgments: We thank the hospital director generals and school directors and teachers for
their support during the study preparation, planning, and implementation. We thank the par-
ents/guardians and school-age children who participated in the study. We also appreciate the
technical support from the National Reference laboratory and data managers from hospitals and
health centers who contributed to the success of this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. WHO. WHO Guideline on Control and Elimination of Human Schistosomiasis; World Health Organization: Geneva, Switzerland, 2022.
2. Adenowo, A.F.; Oyinloye, B.E.; Ogunyinka, B.I.; Kappo, A.P. Impact of human schistosomiasis in sub-Saharan Africa. Braz. J.

Infect. Dis. 2015, 19, 196–205. [CrossRef] [PubMed]
3. Aula, O.P.; McManus, D.P.; Jones, M.K.; Gordon, C.A. Schistosomiasis with a Focus on Africa. Trop. Med. Infect. Dis. 2021, 6, 109.

[CrossRef]
4. Stecher, C.W.; Sacko, M.; Madsen, H.; Wilson, S.; Wejse, C.; Keita, A.D.; Landoure, A.; Traore, M.S.; Kallestrup, P.; Petersen,

E.; et al. Anemia and growth retardation associated with Schistosoma haematobium infection in Mali: A possible subtle impact of
a neglected tropical disease. Trans. R. Soc. Trop. Med. Hyg. 2017, 111, 144–153. [CrossRef]

5. World Health Organization World Health Assembly. Schistosomiasis and Soil-Transmitted Helminth Infections. World Health
Assembly 54.19. 2001. Available online: https://apps.who.int/iris/bitstream/handle/10665/78794/ea54r19.pdf (accessed on
27 June 2023).

6. World Health Organization. Preventive Chemotherapy in Human Helminthiasis. Coordinated Use of Anthelminthic Drugs in
Control Interventions: A Manual for Health Professionals and Programme Managers. Available online: https://www.who.int/
publications/i/item/9241547103 (accessed on 7 February 2023).

7. Center for Infectious Diseases Control Rwanda. National Prevalence Survey on Soil-Transmitted Helminths and Schistosomiasis; Centre
for Infectious Diseases Control Rwanda Access Project and National Reference Laboratory: Kigali, Rwanda, 2008.

8. Rujeni, N.; Morona, D.; Ruberanziza, E.; Mazigo, H.D. Schistosomiasis and soil-transmitted helminthiasis in Rwanda: An update
on their epidemiology and control. Infect. Dis. Poverty 2017, 6, 8. [CrossRef] [PubMed]

9. Ruberanziza, E.; Wittmann, U.; Mbituyumuremyi, A.; Mutabazi, A.; Campbell, C.H.; Colley, D.G.; Fleming, F.M.; Ortu, G.; van
Dam, G.J.; Umulisa, I.; et al. Nationwide Remapping of Schistosoma mansoni Infection in Rwanda Using Circulating Cathodic
Antigen Rapid Test: Taking Steps toward Elimination. Am. J. Trop. Med. Hyg. 2020, 103, 315–324. [CrossRef]

10. World Health Organization. Assessing the Efficacy of Anthelminthic Drugs against Schistosomiasis and Soil-Transmitted
Helminthiases. 2013. Available online: https://apps.who.int/iris/handle/10665/79019 (accessed on 10 June 2023).

11. Danso-Appiah, A.; De Vlas, S.J. Interpreting low praziquantel cure rates of Schistosoma mansoni infections in Senegal. Trends
Parasitol. 2002, 18, 125–129. [CrossRef] [PubMed]

12. Crellen, T.; Walker, M.; Lamberton, P.H.; Kabatereine, N.B.; Tukahebwa, E.M.; Cotton, J.A.; Webster, J.P. Reduced Efficacy of
Praziquantel Against Schistosoma mansoni Is Associated With Multiple Rounds of Mass Drug Administration. Clin. Infect. Dis.
2016, 63, 1151–1159.

13. Mnkugwe, R.H.; Minzi, O.S.; Kinung’hi, S.M.; Kamuhabwa, A.A.; Aklillu, E. Efficacy and Safety of Praziquantel for Treatment of
Schistosoma mansoni Infection among School Children in Tanzania. Pathogens 2019, 9, 28. [CrossRef]

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

15. Gebreyesus, T.D.; Makonnen, E.; Tadele, T.; Mekete, K.; Gashaw, H.; Gerba, H.; Aklillu, E. Efficacy and safety of praziquantel
preventive chemotherapy in Schistosoma mansoni infected school children in Southern Ethiopia: A prospective cohort study.
Front. Pharmacol. 2023, 14, 968106. [CrossRef]

16. Tadele, T.; Astatkie, A.; Abay, S.M.; Tadesse, B.T.; Makonnen, E.; Aklillu, E. Prevalence and Determinants of Schistosoma mansoni
Infection among Pre-School Age Children in Southern Ethiopia. Pathogens 2023, 12, 858. [CrossRef] [PubMed]

17. Gryseels, B.; Mbaye, A.; De Vlas, S.J.; Stelma, F.F.; Guisse, F.; Van Lieshout, L.; Faye, D.; Diop, M.; Ly, A.; Tchuem-Tchuente,
L.A.; et al. Are poor responses to praziquantel for the treatment of Schistosoma mansoni infections in Senegal due to resistance?
An overview of the evidence. Trop. Med. Int. Health 2001, 6, 864–873. [CrossRef] [PubMed]

18. Wang, W.; Wang, L.; Liang, Y.S. Susceptibility or resistance of praziquantel in human schistosomiasis: A review. Parasitol. Res.
2012, 111, 1871–1877. [CrossRef]

https://doi.org/10.1016/j.bjid.2014.11.004
https://www.ncbi.nlm.nih.gov/pubmed/25636189
https://doi.org/10.3390/tropicalmed6030109
https://doi.org/10.1093/trstmh/trx037
https://apps.who.int/iris/bitstream/handle/10665/78794/ea54r19.pdf
https://www.who.int/publications/i/item/9241547103
https://www.who.int/publications/i/item/9241547103
https://doi.org/10.1186/s40249-016-0212-z
https://www.ncbi.nlm.nih.gov/pubmed/28245883
https://doi.org/10.4269/ajtmh.19-0866
https://apps.who.int/iris/handle/10665/79019
https://doi.org/10.1016/S1471-4922(01)02209-7
https://www.ncbi.nlm.nih.gov/pubmed/11854090
https://doi.org/10.3390/pathogens9010028
https://doi.org/10.3390/pathogens9110920
https://doi.org/10.3389/fphar.2023.968106
https://doi.org/10.3390/pathogens12070858
https://www.ncbi.nlm.nih.gov/pubmed/37513705
https://doi.org/10.1046/j.1365-3156.2001.00811.x
https://www.ncbi.nlm.nih.gov/pubmed/11703840
https://doi.org/10.1007/s00436-012-3151-z


Pathogens 2023, 12, 1170 10 of 10

19. King, C.H.; Olbrych, S.K.; Soon, M.; Singer, M.E.; Carter, J.; Colley, D.G. Utility of repeated praziquantel dosing in the treatment
of schistosomiasis in high-risk communities in Africa: A systematic review. PLoS Negl. Trop. Dis. 2011, 5, e1321. [CrossRef]

20. Kokaliaris, C.; Garba, A.; Matuska, M.; Bronzan, R.N.; Colley, D.G.; Dorkenoo, A.M.; Ekpo, U.F.; Fleming, F.M.; French, M.D.;
Kabore, A.; et al. Effect of preventive chemotherapy with praziquantel on schistosomiasis among school-aged children in
sub-Saharan Africa: A spatiotemporal modelling study. Lancet Infect. Dis. 2022, 22, 136–149. [CrossRef] [PubMed]

21. Mnkugwe, R.H.; Minzi, O.; Kinung’hi, S.; Kamuhabwa, A.; Aklillu, E. Efficacy and safety of praziquantel and dihydroartemisinin
piperaquine combination for treatment and control of intestinal schistosomiasis: A randomized, non-inferiority clinical trial. PLoS
Negl. Trop. Dis. 2020, 14, e0008619. [CrossRef]

22. Kabatende, J.; Mugisha, M.; Ntirenganya, L.; Barry, A.; Ruberanziza, E.; Mbonigaba, J.B.; Bergman, U.; Bienvenu, E.; Aklillu, E.
Prevalence, Intensity, and Correlates of Soil-Transmitted Helminth Infections among School Children after a Decade of Preventive
Chemotherapy in Western Rwanda. Pathogens 2020, 9, 1076. [CrossRef]

23. WHO. World Health Organization: AnthroPlus for Personal Computers Manual: Software for Assessing Growth of the World’s Children
and Adolescents; WHO: Geneva, Switzerland, 2009. Available online: http://www.who.int/growthref/tools/en/ (accessed on
27 June 2023).

24. Montresor, A.; Crompton, D.W.T.; Hall, A.; Bundy, D.A.P.; Savioli, L. Guidelines for the Evaluation of Soil-Transmitted Helminthi-
asis and Schistosomiasis at Community Level: A Guide for Managers of Control Programmes. World Health Organization.
1998. Available online: https://apps.who.int/iris/bitstream/handle/10665/63821/WHO_CTD_SIP_98.1.pdf?sequence=1&
isAllowed=y (accessed on 11 September 2023).

25. World Health Organization. Basic Laboratory Methods in Medical Parasitology. World Health Organization. 1991. Available
online: https://apps.who.int/iris/handle/10665/40793 (accessed on 11 September 2023).

26. WHO. World Health Organization. Schistosomiasis: Progress Report 2001–2011, Strategic Plan 2012–2020. World Health
Organization. 2013. Available online: https://apps.who.int/iris/handle/10665/78074 (accessed on 11 September 2023).

27. Ministry of Health (Moh). Rwanda’s Neglected Tropical Diseases Strategic Plan 2019–2024. Available online: https://rbc.gov.rw/
fileadmin/user_upload/guide2019/guide2019/RWANDA%20NTD%20STRATEGIC%20PLAN%202019-2024.pdf (accessed on
13 June 2023).

28. Grimes, J.E.; Croll, D.; Harrison, W.E.; Utzinger, J.; Freeman, M.C.; Templeton, M.R. The roles of water, sanitation and hygiene in
reducing schistosomiasis: A review. Parasites Vectors 2015, 8, 156. [CrossRef]

29. Gebreyesus, T.D.; Makonnen, E.; Tadele, T.; Gashaw, H.; Degefe, W.; Gerba, H.; Tadesse, B.T.; Gurumurthy, P.; Aklillu, E. Safety
Surveillance of Mass Praziquantel and Albendazole Co-Administration in School Children from Southern Ethiopia: An Active
Cohort Event Monitoring. J. Clin. Med. 2022, 11, 6300. [CrossRef] [PubMed]

30. Kabatende, J.; Barry, A.; Mugisha, M.; Ntirenganya, L.; Bergman, U.; Bienvenu, E.; Aklillu, E. Safety of Praziquantel and
Albendazole Coadministration for the Control and Elimination of Schistosomiasis and Soil-Transmitted Helminths Among
Children in Rwanda: An Active Surveillance Study. Drug Saf. 2022, 45, 909–922. [CrossRef]

31. Minzi, O.M.; Mnkugwe, R.H.; Ngaimisi, E.; Kinung’hi, S.; Hansson, A.; Pohanka, A.; Kamuhabwa, A.; Aklillu, E. Effect of
Dihydroartemisinin-Piperaquine on the Pharmacokinetics of Praziquantel for Treatment of Schistosoma mansoni Infection.
Pharmaceuticals 2021, 14, 400. [CrossRef] [PubMed]

32. Mnkugwe, R.H.; Minzi, O.; Kinung’hi, S.; Kamuhabwa, A.; Aklillu, E. Effect of Pharmacogenetics Variations on Praziquantel
Plasma Concentrations and Schistosomiasis Treatment Outcomes Among Infected School-Aged Children in Tanzania. Front.
Pharmacol. 2021, 12, 712084. [CrossRef]

33. Barry, A.; Kabatende, J.; Telele, N.F.; Mnkugwe, R.H.; Mugisha, M.; Ntirenganya, L.; Bienvenu, E.; Aklillu, E. Effect of pharmaco-
genetic variations on praziquantel plasma concentration and safety outcomes among school children in Rwanda. Sci. Rep. 2023,
13, 1446. [CrossRef] [PubMed]

34. Levecke, B.; Vlaminck, J.; Andriamaro, L.; Ame, S.; Belizario, V.; Degarege, A.; Engels, D.; Erko, B.; Garba, A.D.; Kaatano,
G.M.; et al. Evaluation of the therapeutic efficacy of praziquantel against schistosomes in seven countries with ongoing large-scale
deworming programs. Int. J. Parasitol. Drugs Drug Resist. 2020, 14, 183–187. [CrossRef]

35. Coulibaly, J.T.; Panic, G.; Silue, K.D.; Kovac, J.; Hattendorf, J.; Keiser, J. Efficacy and safety of praziquantel in preschool-aged and
school-aged children infected with Schistosoma mansoni: A randomised controlled, parallel-group, dose-ranging, phase 2 trial.
Lancet Glob. Health 2017, 5, e688–e698. [CrossRef]

36. Kabuyaya, M.; Chimbari, M.J.; Mukaratirwa, S. Efficacy of praziquantel treatment regimens in pre-school and school aged
children infected with schistosomiasis in sub-Saharan Africa: A systematic review. Infect. Dis. Poverty 2018, 7, 73. [CrossRef]
[PubMed]

37. Inobaya, M.T.; Olveda, R.M.; Chau, T.N.; Olveda, D.U.; Ross, A.G. Prevention and control of schistosomiasis: A current
perspective. Res. Rep. Trop. Med. 2014, 2014, 65–75. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pntd.0001321
https://doi.org/10.1016/S1473-3099(21)00090-6
https://www.ncbi.nlm.nih.gov/pubmed/34863336
https://doi.org/10.1371/journal.pntd.0008619
https://doi.org/10.3390/pathogens9121076
http://www.who.int/growthref/tools/en/
https://apps.who.int/iris/bitstream/handle/10665/63821/WHO_CTD_SIP_98.1.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/63821/WHO_CTD_SIP_98.1.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/handle/10665/40793
https://apps.who.int/iris/handle/10665/78074
https://rbc.gov.rw/fileadmin/user_upload/guide2019/guide2019/RWANDA%20NTD%20STRATEGIC%20PLAN%202019-2024.pdf
https://rbc.gov.rw/fileadmin/user_upload/guide2019/guide2019/RWANDA%20NTD%20STRATEGIC%20PLAN%202019-2024.pdf
https://doi.org/10.1186/s13071-015-0766-9
https://doi.org/10.3390/jcm11216300
https://www.ncbi.nlm.nih.gov/pubmed/36362528
https://doi.org/10.1007/s40264-022-01201-3
https://doi.org/10.3390/ph14050400
https://www.ncbi.nlm.nih.gov/pubmed/33922522
https://doi.org/10.3389/fphar.2021.712084
https://doi.org/10.1038/s41598-023-28641-w
https://www.ncbi.nlm.nih.gov/pubmed/36702944
https://doi.org/10.1016/j.ijpddr.2020.10.003
https://doi.org/10.1016/S2214-109X(17)30187-0
https://doi.org/10.1186/s40249-018-0448-x
https://www.ncbi.nlm.nih.gov/pubmed/29986763
https://www.ncbi.nlm.nih.gov/pubmed/25400499

	Introduction 
	Methods 
	Study Design, Area, and Setting 
	Ethical Considerations 
	Study Population, Treatment, and Follow-Up 
	Stool Examination 
	Data Processing and Statistical Analysis 

	Results 
	Sociodemographic and Baseline Characteristics of Study Participants 
	Cure Rate and Egg Reduction Rates 
	Factors Associated with Cure Rates 

	Discussion 
	Conclusions 
	References

