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A B S T R A C T   

The World Health Organization (WHO) recommends periodic assessment of the therapeutic efficacy of prazi-
quantel (PZQ) to detect reduced efficacy that may arise from drug resistance in schistosomes. In this multi- 
country study (2014), we assessed the therapeutic efficacy of a single oral dose of PZQ (40 mg/kg) against 
Schistosoma mansoni (Brazil, Cameroon, Ethiopia, Mali, Madagascar and Tanzania), S. haematobium (Cameroon, 
Ethiopia, Mali, Tanzania and Zanzibar) and S. japonicum (the Philippines) infections in school-aged children, 
across a total of 12 different trials. Each trial was performed according to the standardized methodology for 
evaluating PZQ efficacy as described by the WHO. Overall, therapeutic efficacy, measured as the reduction in 
arithmetic mean of schistosome egg counts following drug administration (egg reduction rate; ERR), was high for 
all three schistosome species (S. mansoni: 93.4% (95%CI: 88.8–96.8); S. haematobium: 97.7% (95%CI: 96.5–98.7) 
and S. japonicum: 90.0% (95%CI: 68.4–99.3). At the trial level, therapeutic efficacy was satisfactory (point es-
timate ERR ≥90%) for all three Schistosoma species with the exception of S. mansoni in Cameroon where the ERR 
was 88.5% (95%CI: 79.0–95.1). Furthermore, we observed that in some trials individual drug response could 
vary significantly (wide 95%CI) and that few non-responsive individuals could significantly impact ERR point 
estimates. In conclusion, these results do not suggest any established reduced efficacy of the standard PZQ 
treatment to any of the three schistosome species within these countries. Nevertheless, the substantial degree of 
variation in individual responses to treatment in some countries underpins the need for future monitoring. The 
reported ERR values serve as reference values to compare with outcomes of future PZQ efficacy studies to ensure 
early detection of reduced efficacies that could occur as drug pressure continues increase. Finally, this study 
highlights that 95%CI should be considered in WHO guidelines to classify the therapeutic efficacy of PZQ.   
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1. Introduction 

Human schistosomiasis is a parasitic disease caused by Schistosoma 
haematobium (and hybrids therein; causing urogenital schistosomiasis) 
S. mansoni, S. japonicum, S. guineensis, S. intercalatum and S. mekongi 
(causing intestinal schistosomiasis). It is estimated that over 229 million 
people currently require preventive treatment against this disease, the 
vast majority of whom live in sub-Saharan Africa (WHO, 2020a). In 
2017, an estimated 1.4 million disability adjusted life years (DALYs) 
were lost to schistosomiasis, accounting for 8.3% of the total disease 
burden attributable to the Neglected Tropical Diseases (NTDs) (DALYs 
and HALE Collaborators, 2018). 

Today, the backbone of schistosomiasis control and/or elimination 
strategies remains large-scale preventive chemotherapy (PC) deworm-
ing programs, during which a single oral dose praziquantel (PZQ; 40 
mg/kg) is administered to at-risk populations such as school-aged chil-
dren (SAC). During the last decades considerable progress has been 
made towards the control of schistosomiasis, the proportion of the at- 
risk SAC receiving PZQ increasing from 30 million (26%) in 2012 to 
76.2 million (61.3%) in 2018 (WHO, 2014, 2019). The WHO thus set 
goals for achieving elimination as a public health problem (defined as 
prevalence of heavy intensity infections below 1% in all sentinel sites) in 
88% of endemic countries by 2025 and in all 78 endemic countries by 
2030 (WHO, 2020b). However, progress towards these ambitious goals 
could be threatened by the potential emergence of anthelmintic resis-
tance. For example, Crellen et al. (2016) observed suboptimal PZQ ef-
ficacy (reduction in schistosome egg counts following drug 
administration (ERR) < 90%) in Ugandan SAC following multiple 
rounds of PZQ administration. In this study, ~16% of SAC that had 
received 8–9 rounds of PZQ showed a treatment response below 90%, 
compared to only ~5% in SAC who had received up to 5 rounds of PZQ, 
underpinning the need to closely monitor drug efficacy during any 
control program. 

In 2013, the Department of NTDs of WHO has published guidelines 
on how to best monitor drug efficacy against both schistosomiasis and 
soil-transmitted helminthiasis (WHO, 2013). Over time, it has reached 
out to its partners to evaluate the efficacy of PZQ against different 
Schistosoma species in countries with ongoing large-scale deworming 
programs. The ultimate goal was to estimate the baseline efficacy that 
can be expected following a single PZQ treatment based on the current 
WHO guidelines, which can then serve as a reference for future efficacy 
studies in these countries. 

In the present study, we report the data from a WHO-supported, 
multi-country study in which we assessed the therapeutic efficacy of a 
single oral dose of PZQ (40 mg/kg) against S. mansoni (Brazil, 
Cameroon, Ethiopia, Mali, Madagascar and Tanzania), S. haematobium 
(Cameroon, Ethiopia, Mali, Tanzania and Zanzibar) and S. japonicum 
(the Philippines) infections in SAC. 

2. Materials and methods 

2.1. Ethics statement 

The study protocol was reviewed and approved by the Institutional 
Review Board (IRB) of the Faculty of Medicine and Health Sciences of 
Ghent University, Belgium (Ref. No, 2013/580, B670201318077). The 
trial protocol was subsequently reviewed and approved by the IRBs 
associated with each trial site (Brazil: Ethics Committee of Oswaldo Cruz 
Institute - Fiocruz (Ref. No. CAAE, 18257613.3.0000.5248); Cameroon: 
Ethics board (Ref. No. 147/CNE/DNM/11); Ethiopia: IRB of Aklilu 
Lemma Institute of Pathobiology, Addis Ababa University (Ref. No. IRB/ 
22-A/2012/13); Madagascar: National Ethics Committee under the 
Ministry of Health in Madagascar (Ref. No. 017/MSANP/SG/AMM/CE/ 
2016); Mali: Ethics Board of the National Institute of Research and 
Public Health (Ref. No. 02/2014/CE-INRSP); Philippines: Research 
Ethics Board of University of the Philippines Manila (Ref. No. UPM-REB, 

2013-243-01); Tanzania: Lake Zone Institutional Review Board (Ref. No 
MR/53/100/143); Zanzibar: Zanzibar Medical Research and Ethics 
Committee, (Ref. No. ZAMREC 0003/September/011). Parent(s) or 
guardians of participants signed an informed consent document to 
confirm that they understood the purpose and procedures of the study, 
and that they allowed their child to participate. Participants that were 
older than 12 years of age were only included if they signed an informed 
consent document (also referred to as assent for older children; informed 
consent for parent/guardian) to confirm that they understood the pur-
pose and the procedures of the study, and were willing to participate. 

2.2. Trial sites 

The current study reports the results of 12 different trials performed 
in seven endemic countries located in sub-Saharan Africa (Cameroon, 
Ethiopia, Mali, Madagascar, the United Republic of Tanzania (mainland 
and Zanzibar)), Asia (Philippines), and Latin America (Brazil). These 
Schistosoma-endemic countries were selected based on the presence of 
investigator groups or institutions with extensive experience in the 
diagnosis, together with historical schistosomiasis control efforts. 
Table 1 provides an overview of the history of PZQ administration in the 
different study sites up to the year of the drug efficacy study. 

2.3. Trial design 

After obtaining informed consent, SAC between the age of 5 and 18 
were recruited and asked to provide a fresh stool and/or urine sample. 
The target was to reach a minimum of 50 complete cases (children who 
were positive at baseline who also provided a follow-up sample) in each 
site, as per WHO guidelines (WHO, 2013a). In many trial sites however, 
a much higher of number of complete cases was obtained. All children 
providing a stool/urine sample were treated with PZQ 600 mg tablets 
under direct observation. Each child was given a light snack (e.g. a slice 
of bread, a biscuit or porridge) before PQZ administration. The number 
of tablets that was administered to each child depended on their 
respective weight (measured by a scale) to ensure a minimum treatment 
dose of 40 mg/kg body weight (15–22.4 kg: 1.5 tablets; 22.5–29.9 kg: 2 
tablets; 30–37.4 kg: 2.5 tablets; 37.5–44.9 kg: 3 tablets and 45–59.9 kg: 
4 tablets). Children were observed for approximately 4 h following drug 
administration while they remained at school and continued with their 
usual activities. They were asked to report any side effect as soon as they 
occurred. Study participants who reported to have vomited following 
drug administration were excluded from the analysis. 

Fourteen to 21 days after PZQ administration, a second stool and/or 
a urine sample was collected from those SAC who had tested positive for 
Schistosoma infections at baseline. During follow-up examination, egg 
counts were determined in the same way as during baseline. Stool and 
urine samples were collected between 10 a.m. and 2 p.m. both at 
baseline and at follow-up. Subjects who were: (i) unable to provide a 
sample at follow-up; (ii) experienced a severe concurrent medical con-
dition; (iii) had diarrhea at time of the first sampling; (iv) were poten-
tially pregnant or (v) had shown adverse reactions to PZQ in the past 
were excluded from the study. After follow-up, subjects that were 
infected with soil-transmitted helminths (Ascaris lumbricoides, Trichuris 
trichiura and hookworm) at baseline were also treated with a single-oral 
dose of 400 mg albendazole or 500 mg of mebendazole. 

2.4. Parasitological techniques 

A single Kato-Katz smear was applied on each stool sample collected 
during baseline and follow-up screening to determine the S. mansoni or 
S. japonicum egg counts. The Kato-Katz thick smear was performed as 
described previously (WHO, 1991). The fecal egg counts (FEC) per 
Kato-Katz slide were expressed as eggs per gram of stool (EPG) by 
multiplying the FEC with a factor 24. The presence of S. haematobium 
eggs in urine samples was determined by urine syringe filtration method 
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(WHO, 1991). The result was expressed as number of eggs per 10 ml of 
filtered urine. 

2.5. Statistical analysis 

Treatment efficacy was calculated on the data obtained from com-
plete cases only (i.e., individuals who were positive at baseline and did 
also provide a follow-up sample), and was reported separately for each 
of the Schistosoma species (S. mansoni, S. japonicum and S. haematobium). 

At baseline, the intensity of schistosome infection in the complete cases 
was classified into low or moderate-to-heavy based on the thresholds 
proposed by WHO (WHO, 2013b). For S. mansoni and S. japonicum in-
fections this threshold was 100 EPG, while for S. haematobium, ≥50 eggs 
per 10 ml urine represent a moderate-to-heavy intensity infection 
(WHO, 2013b). 

Efficacy was expressed as ERR, applying the formula: ERR = 100% x 
(1 – arithmetic mean (egg count at follow-up)/arithmetic mean (egg 
count at baseline)) (WHO, 2013a). The corresponding 95% confidence 
intervals (95% CI) were calculated as described by Levecke and col-
leagues (Levecke et al., 2018). Efficacy classification was based on the 
WHO thresholds (WHO, 2013a), whereby a point estimate of ERR of 
≥90% is considered satisfactory, <80% is considered reduced, and ERR 
between 80% and 90% is considered doubtful. Individual egg reduction 
rates (iERRs) were calculated as follows: iERR = 100% x (1-egg count at 
follow-up/egg count at baseline). 

3. Results and discussion 

We conducted 12 trials (6 on S. mansoni, 5 on S. haematobium and 1 
trial on S. japonicum). The results of the different trials are summarized 
in Fig. 1 and Supplementary Table S1 and S2. Overall, complete data 
were available for 2229 individuals, with sample sizes at the trial level 
ranging from 90 to 381. The study showed that PZQ efficacy against 
S. mansoni was satisfactory (ERR based on all complete cases = 92.9% 
(95%CI: 87.6–96.7)) in all trials except for the trial performed in 
Cameroon, which showed an ERR of 88.5% but with a 95%CI spanning 
from 79.0% to 95.1%. The efficacy of PZQ to S. haematobium was also 
satisfactory in all five study sites, with ERR based on all complete cases 
of 97.4% (95%CI: 96.2–98.3). The efficacy of a single PZQ treatment to 
S. japonicum was only evaluated in the Philippines and showed to be 
borderline satisfactory (ERR = 90.0%) with the lower 95% confidence 
interval spanning into the zone of reduced efficacy (95%CI: 68.4–99.3). 
Overall, these results appear to be consistent with the findings of pre-
vious meta-analyses that found that a single oral dose of PZQ (40 mg/kg) 
was highly effective against Schistosoma spp. infections without any 
reports of severe adverse events (Zwang and Olliaro, 2014, 2017). 

It is of importance to note that there were five trials for which the 
lower limit of the 95%CI confidence interval stretched within the 
doubtful (S. mansoni: Madagascar and Mali; S. haematobium: Mali) or 
even reduced (S. mansoni: Cameroon; S. japonicum: the Philippines) ERR 
levels. However, when we classify the individual responses (iERRs) to 
the treatment (Fig. 2), we notice that in the Philippines, in only three 
(1.9%) out of the 156 S. japonicum cases there was no satisfactory 
response (iERR >90%). These three cases were thus responsible for the 
borderline ERR and the large 95%CIs. In the current WHO guidelines 
(WHO, 2013a), a measure of uncertainty around the calculated ERR is 
not considered in the interpretation of the results. Yet, such an indicator 
of uncertainty does carry important additional information on the 
possible variation in drug efficacy that can be expected. A large measure 
of uncertainty indicates that the measured efficacy is highly variable and 
integrating this variation in the interpretation of trial data is important 
to reach the appropriate conclusions with regards to true drug efficacy. 
Exploring the possibility to pivot towards more complex models that 
consider the distribution of individual drug responses (Walker et al., 
2016) might also be of substantial value. 

The reasons for the lack of observed drug efficacy in certain in-
dividuals is unclear. Although this might be explained by potential 
emergence of anthelmintic resistance, multiple other factors can affect 
the observed drug efficacy (WHO, 2013a). It is for example possible that 
participants do not report having vomited following treatment, leading 
to the inclusion of individuals that actually did not receive the optimal 
dose. The occurrence of non-compliers and their impact on reported 
drug efficacy estimates is a well-established in the field of schistosomi-
asis and soil-transmitted helminthiasis (Montresor, 2007; Moser et al., 
2020; Olliaro et al., 2015; Speich et al., 2015). The implications of 

Table 1 
Overview of the praziquantel treatment history up to the year 2014 at each study 
area included in this multi-country study.  

Country District/Province Schistosoma 
species 

Treatment history 
prior to efficacy trial. 

Brazil Municipality of 
Malacacheta, state 
of Minas Gerais 

S. mansoni No widespread PZQ 
distribution prior to 
2014 but area is 
subjected to 
successive control 
campaigns by the 
Schistosomiasis 
Surveillance and 
Control Program 
since 1997 (Cabello 
et al., 2016). 

Cameroon District of Galim  S. haematobium Sporadic treatment 
before 2009, 
significant coverage 
since then. 

District of 
Ndikiniméki 

S. mansoni 

Ethiopia Finchaa Sugar 
Estate, Oromia 
regional state 

S. mansoni Distribution of PZQ 
since 2013, 
maximum 1 round of 
PZQ prior to the start 
of the trial. 

Hasoba area, Afar 
regional state 

S. haematobium 

Madagascar District of 
Brickaville in the 
Atsinanana Region 
and district of Ihosy 
in the Ihorombe 
Region 

S. mansoni Distribution of PZQ 
since 2008, 
maximum 7/8 rounds 
of PZQ prior to the 
start of the trial 
(2016). 

Mali Dougoulakoro in 
the district of Kati 

S. mansoni and 
S. haematobium 

Distribution of PZQ 
since 2006, 
maximum 8 rounds of 
PZQ prior to the start 
of the trial. 

M’Peba in the 
district of Segou 

S. haematobium 

Philippines Municipalities of 
Bunawan, 
Prosperidad, 
Rosario, San 
Francisco and 
Trento in the 
Province of Agusan 
del Sur 

S. japonicum Distribution of PZQ 
since 2008, 
maximum 6 rounds of 
PZQ prior to the start 
of the trial. 

Tanzania 
mainland, 
United 
Republic of 
Tanzania 

Ukerewe Islands 
district, Mwanza 
region, Lake zone. 

S. mansoni Intermittent 
distribution of PZQ 
since 2005 (i.e. 2005, 
2006, 2008, 2009 
and 2013) with a 
maximum of 5 rounds 
of PZQ prior to the 
start of the trial. 

Bariadi district, 
Simiyu region, Lake 
zone. 

S. haematobium Distribution of PZQ 
only in 2005 and 
2006 with a 
maximum of 2 rounds 
of PZQ prior to the 
start of the current 
trial. 

Zanzibar, 
United 
Republic of 
Tanzania 

Chake-Chake 
district, South 
Pemba 

S. haematobium Intermittent 
distribution of PZQ 
since 1986 but 
continuous 
distribution from 
2010.  
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having a small proportion of individuals who show reduced drug effi-
cacy for long-term sustainability of PZQ-based PC are still unknown and 
certainly warrant close longitudinal monitoring. There is an on-going 
important debate on how to address these outliers or non-responders 
in the context of drug efficacy studies (Moser et al., 2020). 

Overall, our results confirm that, at the time of performing these 
efficacy trials (2014), there was little reason to doubt the high efficacy of 
a single oral dose PZQ against schistosome infections in SAC, that an 
ERR point estimate exceeding 90% should be expected for all schisto-
some species in future surveys and that any deviation from this expected 
therapeutic efficacy should be viewed with concern in light of potential 
development of drug resistance. 

In 2016, Crellen and colleagues (Crellen et al., 2016) reported the 
first indications of reduced PZQ efficacy to S. mansoni in Uganda more 
than 10 years into the control program (program started in 2003, the 
efficacy trial was performed in 2014). In our study, Mali had the longest 

running schistosome PC program (since 2006) and also showed the 
highest number of individuals with iERRs below 90% for both S. mansoni 
(10.2%) as S. haematobium (35.2%) (Fig. 2). Further research is required 
to exclude anthelmintic resistance as possible cause of these findings. 

Finally, this study highlights that care should be taken to investigate 
the impact of apparent non-responsive individuals on overall reported 
drug efficacy and that including measures of uncertainty around the 
drug efficacy estimates would be of value to better interpret reported 
results. Nevertheless, the need for continued vigilance of PZQ efficacy in 
the large-scale deworming programs era remains, especially while 
alternative therapies remain absent and studies indicate the possible 
existence of a negative effect of multiple rounds on PZQ efficacy. Today, 
WHO and its partners are updating the current WHO manual (WHO, 
2013a) to take into account the experiences from drug efficacy trials 
conducted in the past seven years and to facilitate the interpretation of 
study results. 

Fig. 1. Measured egg reduction rates of a single 
treatment with 40 mg/kg of praziquantel 
against Schistosoma spp. The black vertical lines 
represent the measured egg reduction rate (ERR) 
for each Schistosoma species in each trial site. The 
95% confidence intervals are represented by the 
error flags. The colored zones represent ERR levels 
that correspond to a satisfactory (green), doubtful 
(grey) or reduced (red) drug efficacy of prazi-
quantel 40 mg/kg according to WHO guidelines 
(WHO, 2013a). The number of complete cases per 
trial is indicated between brackets. (For interpre-
tation of the references to color in this figure 
legend, the reader is referred to the Web version of 
this article.)   

Fig. 2. Distribution of individual egg reduction rates following a single treatment with 40 mg/kg of praziquantel against Schistosoma spp. For each trial, the in-
dividual egg reduction rates (iERRs) were calculated and grouped into four different drug efficacy categories. The iERRs were classified into being satisfactory (iERR 
≥ 90%), doubtful (90 > iERR ≥ 80), reduced (80 > iERR ≥0) or negative (iERR < 0). 
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