
136 www.thelancet.com/infection   Vol 22   January 2022

Articles

Effect of preventive chemotherapy with praziquantel 
on schistosomiasis among school-aged children in 
sub-Saharan Africa: a spatiotemporal modelling study
Christos Kokaliaris, Amadou Garba, Martin Matuska, Rachel N Bronzan, Daniel G Colley, Ameyo M Dorkenoo, Uwem F Ekpo, Fiona M Fleming, 
Michael D French, Achille Kabore, Jean B Mbonigaba, Nicholas Midzi, Pauline N M Mwinzi, Eliézer K N’Goran, Maria Rebollo Polo, Moussa Sacko, 
Louis-Albert Tchuem Tchuenté, Edridah M Tukahebwa, Pitchouna A Uvon, Guojing Yang, Lisa Wiesner, Yaobi Zhang, Jürg Utzinger, 
Penelope Vounatsou

Summary
Background Over the past 20 years, schistosomiasis control has been scaled up. Preventive chemotherapy with 
praziquantel is the main intervention. We aimed to assess the effect of preventive chemotherapy on schistosomiasis 
prevalence in sub-Saharan Africa, comparing 2000–10 with 2011–14 and 2015–19.

Methods In this spatiotemporal modelling study, we analysed survey data from school-aged children (aged 
5–14 years) in 44 countries across sub-Saharan Africa. The data were extracted from the Global Neglected Tropical 
Diseases database and augmented by 2018 and 2019 survey data obtained from disease control programmes. 
Bayesian geostatistical models were fitted to Schistosoma haematobium and Schistosoma mansoni survey data. 
The models included data on climatic predictors obtained from satellites and other open-source environmental 
databases and socioeconomic predictors obtained from various household surveys. Temporal changes in 
Schistosoma species prevalence were estimated by a categorical variable with values corresponding to the 
three time periods (2000–10, 2011–14, and 2015–19) during which preventive chemotherapy interventions were 
scaled up.

Findings We identified 781 references with relevant geolocated schistosomiasis survey data for 2000–19. There were 
19 166 unique survey locations for S haematobium and 23 861 for S mansoni, of which 77% (14 757 locations for 
S haematobium and 18 372 locations for S mansoni) corresponded to 2011–19. Schistosomiasis prevalence among 
school-aged children in sub-Saharan Africa decreased from 23·0% (95% Bayesian credible interval 22·1–24·1) in 
2000–10 to 9·6% (9·1–10·2) in 2015–19, an overall reduction of 58·3%. The reduction of S haematobium was 67·9% 
(64·6–71·1) and that of S mansoni 53·6% (45·2–58·3) when comparing 2000–10 with 2015–19.

Interpretation Our model-based estimates suggest that schistosomiasis prevalence in sub-Saharan Africa has 
decreased considerably, most likely explained by the scale-up of preventive chemotherapy. There is a need to 
consolidate gains in the control of schistosomiasis by means of preventive chemotherapy, coupled with other 
interventions to interrupt disease transmission.
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Introduction
Schistosomiasis is a water-based disease caused by 
parasitic trematode worms of the genus Schistosoma.1 
In 2017, the global burden of schistosomiasis was 
estimated at 1·4 million disability-adjusted life-years.2 
WHO reported that 229 million people were affected 
by schistosomiasis in 2015, with more than 90% of 
them living in sub-Saharan Africa, 54% of whom were 
school-aged (aged 5–14 years) children.3 The 
two main Schistosoma species affecting people in Africa 
are Schistosoma haematobium (causing urogenital 
schisto somiasis) and Schistosoma mansoni (causing 
intestinal schistosomiasis). In 2001, the World Health 
Assembly endorsed a resolution that emphasised morbi-
dity control through preventive chemotherapy with 

prazi quantel as the global strategy and set a target of 
regularly treating at least 75% of school-aged children by 
the year 2010. Revitalising schistosomiasis control 
efforts in 2012, WHO put forward the 2020 targets (a 
series of action points, main targets, and milestones for 
accelerating work to overcome the global effect of 
neglected tropical diseases, including schistosomiasis, 
the ultimate goal being disease eradication) and 
established a roadmap to get there.4 Endemic countries 
were urged to scale-up schistosomiasis control inter-
ventions and strengthen surveillance, improve the 
environ ment to decrease disease transmission, and 
ensure access to praziquantel.4

Before the early 2000s, preventive chemotherapy using 
praziquantel was not widespread in sub-Saharan Africa, 
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which changed in 2005 when 250 million praziquantel 
doses were pledged to be provided every year by Merck. 
From 2002 onwards, preventive chemotherapy efforts for 
schistosomiasis were scaled up in the form of mass drug 
administration programmes. A WHO report revealed 
that approximately 76·2 million school-aged children 
and 19·1 million adults were treated with praziquantel 
in 2018, corresponding to 61·2% treatment coverage for 
children and 18·2% treatment coverage for adults.3 By 
contrast, in 2006, only 7 million individuals were 
treated. In 2017, 17 African countries had achieved the 
75% treatment coverage target for school-aged children.3 
However, difficulties accessing praziquantel for at-risk 
adult populations and preschool-aged children remain a 
key issue in further scaling up control efforts. Over the 
past 20 years, praziquantel has been targeted at school-
aged children and made available through WHO to 
ministries of health free of charge.5

Complementary control interventions include access to 
clean water and improved sanitation,6,7 snail control, and 
behaviour change.8,9 These approaches have not been 
applied widely in sub-Saharan Africa because there 
are insufficient human and financial resources and 
challenges in identifying water bodies containing 
infected intermediate-host snails.5

In this study, we estimate the effect of preventive 
chemotherapy on schistosomiasis prevalence across 
sub-Saharan Africa. We aimed to assess the changes 
in the geographical distribution of schistosomiasis, 
comparing 2000–10 (the early stages of scaling up the 
control programmes) with 2011–14 (intermediate period) 

and 2015–19 (after substantial scale-up efforts), and 
provide updated estimates of treatment needs per 
country.

Methods
Prevalence data
Cross-sectional survey data pertaining to S haematobium 
and S mansoni infection prevalence in the 2000–19 period 
were extracted from the Global Neglected Tropical 
Diseases database.10 Notably, Global Neglected Tropical 
Diseases compiles survey data through systematic 
reviews of published research, coupled with grey 
literature from country programmes and data from the 
Expanded Special Project for Elimination of Neglected 
Tropical Diseases (ESPEN).121

To supplement data available in the Global Neglected 
Tropical Diseases database, we did a systematic review 
following PRISMA guidelines, with strict inclusion and 
extraction criteria to ensure that high-quality data were 
included in the analysis.12 We searched PubMed, ISI Web 
of Science, and African Journals Online from Jan 1, 2000, 
to May 29, 2020, without language restrictions, for 
surveys that reported schistosomiasis prevalence data for 
countries in sub-Saharan Africa. The search string 
included the following criteria: “schisto* (OR mansoni, 
OR bilhar*, OR haema*) AND sub-Saharan Africa (OR 
Angola, OR Benin, OR Botswana, OR Burkina Faso, OR 
Burundi, OR Cameroon, OR Central African Republic, 
OR Chad, OR Congo*, OR Côte d’Ivoire, OR Democratic 
Republic of the Congo, OR Djibouti, OR Equatorial 
Guinea, OR Eritrea, OR Eswatini, OR Ethiopia, OR 

Research in context

Evidence before this study
Schistosomiasis is a neglected tropical disease that is mainly 
concentrated in sub-Saharan Africa. In 2012, WHO published a 
roadmap for the control and elimination of the disease and set 
targets to be reached by 2020. Over the past 20 years, control 
efforts against schistosomiasis have been scaled up, with 
preventive chemotherapy using praziquantel being the main 
intervention. There is a need to evaluate the effect of these 
increased control efforts on the distribution of schistosomiasis 
and to estimate progress made towards the WHO targets. 
In 2015, Lai and colleagues published maps of schistosomiasis 
prevalence across sub-Saharan Africa during 2000–12 and 
estimated that 122 million doses of praziquantel were required 
for 228 million school-aged children in 2012 using survey data 
from 1980 to 2012.

Added value of this study
We provide updated maps of schistosomiasis prevalence in 
sub-Saharan Africa at high resolution covering 2000–19, by 
including the latest available epidemiological data that 
correspond with periods in which preventive chemotherapy 
was scaled up. In our analysis, we assess the effect of 

preventive chemotherapy using praziquantel on 
schistosomiasis prevalence in school-aged children, overall 
and by species. We provide estimates of schistosomiasis 
prevalence reduction by country during the scaling up of 
praziquantel by comparing data from 2015–19 with 2000–10. 
We also update the estimates of schistosomiasis prevalence 
and treatment needs for each sub-Saharan African country 
using population data from 2020, to compare them with the 
2020 WHO goals. Our modelling accounts for spatial 
confounding in the covariates, which enables an accurate 
estimation of the effect of each risk factor.

Implications of all the available evidence
Our research should assist policy makers to plan their future 
schistosomiasis control strategies according to the prevalence 
trends from the past 5–10 years; provide a measure of 
programme assessment and evaluation by using prevalence 
estimates before, during, and after preventive chemotherapy; 
and provide evidence on the effect of socioeconomic and 
environmental factors (eg, improved sanitation and distance 
from freshwater bodies) to be considered for future 
supplementary control projects.

http://www.gntd.org
http://www.gntd.org
http://www.gntd.org
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Gabon, OR Gambia, OR Ghana, OR Guinea, OR 
Guinea-Bissau, OR Kenya, OR Lesotho, OR Liberia, 
OR Madagascar, OR Malawi, OR Mali, OR Mauritania, 
OR Mozambique, OR Namibia, OR Niger, OR 
Nigeria, OR Rwanda, OR Senegal, OR Sierra Leone, OR 
Somalia, OR South Africa, OR South Sudan, OR Sudan, 
OR Tanzania, OR Togo, OR Uganda, OR Zambia, OR 
Zimbabwe).

We excluded case reports, in-vitro studies, non-human 
studies, or those that did not report on schistosomiasis. 
We additionally excluded studies without prevalence 
data, those done in specific groups of patients (eg, 
patients in hospital, people living with HIV) or clearly 
defined population groups (ie, travellers, military perso-
nnel, expatriates, nomads, and displaced or migrating 
populations, pregnant women, neonates) not represen-
tative of the general population, studies that used either 
indirect diagnostic techniques (because such tests 
distinguish between active and cleared infection) or 
direct stool smear (because of low diagnostic sensitivity), 
reports of case-control studies, clinical trials, pharma-
cological studies (except control groups without anthel-
mintic intervention), intervention studies (except for 
baseline data or control groups), studies that reported on 
species other than S haematobium and S mansoni, and 
surveys done before 2000, that were not community 
based or school based, or were done in places where 
population deworming had been done within 1 year, or 
study findings reported aggregated within regions (ie, 
administrative division of level one).

The search strategy and selection criteria are described 
in detail in the appendix (pp 1–2) and in a previous 
publication.13 Quality control was applied for each country 
on approximately 30% of the data, which were selected at 
random and embedded in the GNTD database as a 
function written in Javascript Survey. Locations with 
missing coordinates were geolocated using Google 
Maps and georeferenced school databases such as the 
Humanitarian Data Exchange.Relevant survey data were 
extracted and entered in the Global Neglected Tropical 
Diseases database.

Data on covariates
Socioeconomic data on improvements in drinking water, 
sanitation, and infant mortality rates during 2000–19 were 
obtained from Demographic and Health Surveys, Multiple 
Indicator Cluster Surveys, and World Health Surveys. 
Socioeconomic survey data were not available at yearly 
basis. Therefore, socioeconomic data from these surveys 
were aggregated in the 2000–10, 2011–14, and 2015–19 time 
periods as per schistosomiasis prevalence data and were 
aligned to the appropriate countries.

Environmental proxies (including land surface 
temperature [LST] during the day [LSTD] and at night 
[LSTN], normalised difference vegetation index [NDVI], 
rainfall, bioclimatic variables, agro-ecological zones and 
distance to freshwater bodies) were downloaded from 

remote-sensing satellite sources and model-based 
gridded surfaces (appendix p 3). Population data for 
2010–19 were extracted from the WorldPop database. 
The national preventive chemotherapy coverage for 
schistosomiasis in sub-Saharan Africa for each country 
and year was obtained from a publicly available WHO 
database.14 A description of the raw data and their sources 
is provided in the appendix (p 3).

Statistical modelling
We used Bayesian restricted, geostatistical, hierarchical 
models to predict the prevalence of S haematobium and 
S mansoni across sub-Saharan Africa (appendix p 5), 
relating cross-sectional disease survey data with socio-
economic and environmental predictors, accounting 
for spatial confounding in the covariates.15 The models 
included a temporal indicator variable for the periods 
of 2000–10 (baseline), 2011–14, and 2015–19. The 
socioeconomic predictors were linked with the prevalence 
data as areal exposures, aggregated at the first-level 
administrative unit because of misalignment. The 
environmental predictors LST, NDVI, and rainfall were 
summarised by yearly averages and linked to the survey 
data according to the corresponding year. The bioclimatic 
predictors were obtained as long-term averages between 
1970 and 2000 and linked to the survey data according to 
the geographical location. Potential socioeconomic and 
environmental predictors resulted in a large number of 
models. All models were fitted to the environmental and 
socioeconomic predictors and the models with the best 
predictive ability (minimum log conditional predictive 
ordinate score)16,17 for S haematobium and S mansoni 
prevalence were used for inference and predictions. 
Disease heterogeneity can vary between ecological zones.18 
Hence, we validated the assumption of non-stationarity (ie, 
implying that spatial correlation varies in space) by 
introducing the agroecological zone covariates (ie, humid, 
arid, highlands, semiarid, and subhumid) in the covariance 
structure of the spatial Gaussian process. Furthermore, we 
examined the hypothesis of disease prevalence distribution 
depending on the geographical and temporal variation of 
the data, by implementing spatiotemporal geo statistical 
models.19,20 We obtained two separate models, one for each 
species, differing by the associated covariates and spatial 
heterogeneity. Parameter estimates were summarised 
using posterior medians and the corresponding 95% 
Bayesian credible intervals (BCI) obtained from the 0·025 
and 0·975 quantiles of the posterior distribution of the 
parameter. The effect of a predictor was considered to be 
statistically important if the 95% BCI did not include a 0. 
Model validation was done through out-of-sample pre-
dictions, leaving out 10% of the data repeated 20 times.

To estimate the effect of preventive chemotherapy on 
schistosomiasis prevalence for a given country and year, 
we calculated the mean national coverage of preventive 
chemotherapy over the past 3 years and used it as a 
covariate in the models. The number of school-aged 

For the Humanitarian Data 
Exchange see https://data.

humdata.org/

See Online for appendix

For the WorldPop database see 
https://www.worldpop.org/

https://data.humdata.org/
https://www.worldpop.org/
https://data.humdata.org/
https://data.humdata.org/
https://www.worldpop.org/
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children infected with Schistosoma species was estimated 
by overlaying predicted Schistosoma species prevalence 
surfaces with gridded surfaces of population counts at 
high spatial resolution (100 m × 100 m). Preventive 
chemotherapy needs for each country were calculated 
in accordance with WHO guidelines (appendix p 8).21 
We used R (version 3.3.3) for the statistical analysis. 
Modelling details are presented in the appendix (pp 5–6, 8).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the paper.

Results
We identified 781 relevant references from the systematic 
review and national control programmes, including data 
provided by WHO after consultation with ministries of 
health and the ESPEN portal. A flowchart of the total 
number of articles searched and those deemed relevant 
after applying our inclusion and exclusion criteria is 
presented in the appendix (p 2). There were 19 166 unique 
survey locations for S haematobium and 23 861 unique 
survey locations for S mansoni, of which 77% (14 757 locations 
for S haematobium and 18 372 locations for S mansoni) 
corresponded to 2011–19. From the 26 780 unique locations, 
15 344 (57·3%) were obtained from peer-reviewed studies, 

7739 (28·9%) from control programmes, and 3695 (13·8%) 
from ESPEN records. The main diagnostic method for 
S haematobium was urine filtration (done in 340 [77%] of 
444 surveys). The Kato-Katz method was the predominant 
approach for S mansoni (421 [96%] of 437 surveys). The raw 
prevalence data by Schistosoma species and survey period 
are presented in figure 1. Most of the surveys were school-
based: 174 (97%) of 180 schisto somiasis surveys were 
school-based during 2000–10, and 594 (99%) of 601 were 
school-based in 2011–19. A detailed description of the data, 
stratified by country and survey period, is provided in the 
appendix (p 4).

Risk factor analysis showed that high praziquantel 
coverage during a 3-year period and higher proportion of 
households with access to improved sanitation facilities 
were related to lower risk of infection for S haematobium 
and S mansoni (table 1). Close proximity to freshwater 
bodies was associated with higher risk of Schistosoma 
species infection. S haematobium risk was associated 
positively with LSTN, NDVI, and the mean diurnal 
range. Humid agroecological zones, altitude, and the 
mean temperature of the driest quarter showed negative 
associations with S haematobium risk. S mansoni 
infection risk was associated positively with isothermality, 
precipitation, and humid agroecological zones (table 1).

Our geostatistical analysis showed that the infection 
prevalence decreased over time compared with 2000–10 

Figure 1: Observed prevalence of Schistosoma species in sub-Saharan Africa
(A–C) Schistosoma haematobium. (D–F) Schistosoma mansoni.
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(table 1). Population-adjusted estimates of the prevalence 
reduction (ie, relative to prevalence during 2000–10) and 
the prevalence ratio (table 2) between different time 
periods confirmed that there was a statistically important 
(determined by 95% BCI) drop in prevalence for both 
Schistosoma species across sub-Saharan Africa (table 2). For 
the 44 countries in sub-Saharan Africa included in our 
analysis, we estimated a 67·9% overall relative prevalence 

reduction for S haematobium and 53·6% reduction for 
S mansoni in 2015–19 compared with 2000–10 (table 2).

The predictive prevalence maps (figure 2) show a decline 
in prevalence for S haematobium and S mansoni from 
2000–10 to 2011–14 and from 2011–14 to 2015–19. 
Prediction uncertainty was high in areas with sparse data 
for both periods (2000–10 to 2011–14 and 2011–14 
to 2015–19; appendix p 4). The population-adjusted 
prevalence of schistosomiasis in sub-Saharan Africa 
was esti mated at 23·0% (95% BCI 22·1–24·1) during 
2000–10, which declined to 9·6% (9·1–10·2) by 2015–19 
(table 3). In sub-Saharan Africa, the population-adjusted 
prevalence in 2010 was estimated at 17·4% (16·5–18·5) for 
S haematobium and 7·1% (6·5–7·6) for S mansoni (table 3). 
Estimates based on population data from 2019 suggest a 
prevalence of 6·2% (5·7–6·7) for S haematobium and 
3·7% (3·4–4·0) for S mansoni (table 3). The countries with 
the highest prevalence of infection (ie, >40%) in 2000–10 
were the Central African Republic, Chad, Guinea, Liberia, 
and Mozambique. During the same period, Burundi, 
Equatorial Guinea, Eswatini, Lesotho, and Rwanda had 
the lowest prevalence (<5%). During 2015–19, we observe 
that all countries had lower prevalence than the 2000–10 
period; however, Guinea remained the country with the 
highest prevalence (32·6%%).

Among the 223 million school-aged children in 2010, 
51 million (23·0%, 95% BCI 22·1–24·1) were infected 
with either species (table 3), and approximately 
111 million children (109–113) were in need of treatment 
according to WHO praziquantel guidelines (table 4). 
In 2019, of 288 million school-aged children, 28 million 
(9·6%, 9·1–10·2) were infected with either S haematobium 
or S mansoni (table 3), and 112 million (110–113) required 
praziquantel in accordance with WHO guidelines (table 4).

Model validation suggested that our models were able 
to correctly estimate the prevalence within a 95% BCI in 
78% of S haematobium locations and 86% of S mansoni 
locations on average. The mean absolute error was 
8% for S haematobium and 5% for S mansoni, with a low 
percentage of prevalence underestimation of around 2% 
(appendix p 7).

Discussion
We assessed the effect of large-scale preventive chemo-
therapy on reducing the prevalence of S haematobium and 
S mansoni by comparing 2000–10 data (before most 
countries in sub-Saharan Africa had scaled up their 
schistosomiasis control programmes) with 2011–14 and 
2015–19 data. Additionally, we provide updated estimates 
of the disease prevalence at high spatial resolution, the 
number of infected school-aged children, and treatment 
needs in sub-Saharan Africa for schistosomiasis. Our 
results should enable disease control programme 
managers to deliver spatially targeted treatment, according 
to WHO guidelines, and prioritise disease control in a 
cost-effective manner. Furthermore, the maps identify 
regions with high heterogeneity in the geographical 

S haematobium S mansoni

Stationary geostatistical model

Risk factors

Year period

2000–10 1·00 (ref) 1·00 (ref)

2011–14 –0·98 (–1·05 to –0·91) –0·09 (–0·18 to 0·01)

2015–19 –1·39 (–1·48 to –1·29) –1·00 (–1·12 to –0·88)

Mean preventive chemotherapy coverage 
in the past 3 years (%)

–0·13 (–0·17 to –0·09) –0·16 (–0·22 to –0·11)

Distance from freshwater bodies

≥500 m 1·00 (ref) 1·00 (ref)

<500 m 0·42 (0·31 to 0·54) 1·15 (1·03 to 1·27)

Isothermality* NA 0·30 (0·22 to 0·38)

Precipitation (mm) NA 0·24 (0·18 to 0·30)

Improved sanitation (%)† –0·21 (–0·25 to –0·18) –0·22 (–0·27 to –0·16)

Altitude –0·64 (–0·72 to –0·57) NA

Land surface temperature at night (°C) 0·17 (0·10 to 0·23) NA

Normalised difference vegetation index 0·28 (0·24 to 0·33) NA

Mean diurnal range (°C) 0·12 (0·07 to 0·17) NA

Mean temperature of driest quarter (°C) –0·32 (–0·39 to –0·25) NA

Precipitation of wettest month –0·18 (–0·22 to –0·13) NA

Agroecological zone

Humid 1·00 (ref) 1·00 (ref)

Arid 0·48 (0·24 to 0·72) –1·54 (–2·05 to –1·02)

Highlands 1·65 (1·48 to 1·82) –0·50 (–0·63 to –0·37)

Semiarid 2·16 (2·02 to 2·29) –0·77 (–0·99 to –0·54)

Subhumid 1·30 (1·19 to 1·40) –0·31 (–0·45 to –0·17)

Geographical variation parameters

Range (km) 133·5 (122·1 to 146·2) 222·1 (200·1 to 252·3)

Non-spatial variance (σe²) 1·44 (1·41 to 1·46) 1·42 (1·39 to 1·45)

Spatial variance (σ²) 2·20 (2·09 to 2·31) 4·40 (4·07 to 4·84)

Non-stationary geostatistical model‡

Spatial variance (σ²)§

Agroecological zone

Humid 1·00 (ref) 1·00 (ref)

Arid 2·50 (2·20 to 2·87) 2·37 (1·96 to 2·89)

Highlands 2·67 (2·43 to 2·93) 3·20 (2·99 to 3·43)

Semiarid 2·15 (1·98 to 2·32) 3·02 (2·78 to 3·28)

Subhumid 1·38 (1·35 to 1·41) 1·42 (1·38 to 1·46)

Data are posterior medians (95% Bayesian credible intervals) unless otherwise stated. NA=not applicable. *Isothermality 
is calculated by the ratio of the mean diurnal range (difference between minimum and maximum daily temperature) to 
the annual temperature range.†Improved sanitation refers to connection to a public sewer or to a septic system, pour-
flush latrine, simple pit latrine, or ventilated improved pit latrine. ‡Risk factors, range, and non-stationary variance are 
similar to the non-stationary geostatistical model and were omitted. §Spatial variance was modelled as a function of the 
agroecological zone categories.

Table 1: Estimates for covariates obtained from Bayesian geostatistical stationary and non-stationary 
models for Schistosoma haematobium and Schistosoma mansoni in sub-Saharan Africa



Articles

www.thelancet.com/infection   Vol 22   January 2022 141

Relative prevalence reduction (2011–14) Relative prevalence reduction (2015–19)

Schistosomiasis S haematobium S mansoni Schistosomiasis S haematobium S mansoni

Angola 39·2% 43·2% 21·9% 58·2% 61·7% 53·6%

Benin 42·8% 44·9% 29·8% 65·4% 65·6% 69·7%

Botswana 41·5% 47·8% 16·5% 59·1% 63·7% 44·6%

Burkina Faso 67·2% 69·5% 50·1% 77·9% 78·5% 70·7%

Burundi 43·7% 67·4% 34·0% 69·7% 80·1% 64·0%

Cameroon 41·1% 53·3% 19·9% 68·1% 73·1% 60·8%

Central African Republic 24·6% 43·6% 14·0% 36·4% 56·7% 23·7%

Chad 34·2% 37·6% 14·8% 50·9% 52·6% 47·1%

Congo 27·3% 46·5% 6·9% 57·4% 67·8% 48·8%

Côte d’Ivoire 36·4% 54·6% 17·8% 54·9% 67·0% 44·4%

Democratic Republic of the Congo 50·1% 53·0% 24·2% 71·6% 73·3% 59·2%

Djibouti 54·0% 60·5% 37·2% 66·0% 68·5% 45·6%

Equatorial Guinea 44·6% 67·2% 21·8% 60·7% 74·5% 48·3%

Eritrea 19·9% 54·8% 2·7% 68·1% 78·4% 61·1%

Eswatini 44·1% 63·5% 24·5% 66·5% 78·3% 54·7%

Ethiopia 32·7% 53·0% 9·9% 59·7% 69·4% 49·3%

Gabon 34·1% 54·2% 8·7% 55·3% 69·0% 35·4%

Gambia 51·0% 52·5% 9·5% 71·6% 72·0% 65·4%

Ghana 46·7% 54·0% 21·9% 64·6% 68·0% 57·5%

Guinea 15·2% 43·8% 7·0% 29·0% 58·6% 20·4%

Guinea-Bissau 45·0% 55·3% 33·0% 64·3% 71·6% 52·9%

Kenya 39·2% 51·0% 18·2% 61·7% 67·4% 55·3%

Lesotho 49·2% 61·0% 8·5% 67·9% 69·7% 61·1%

Liberia 30·1% 51·6% 19·3% 43·1% 58·2% 38·8%

Madagascar* ·· ·· ·· ·· ·· ··

Malawi 45·7% 51·2% 28·7% 69·4% 70·9% 69·8%

Mali 42·9% 46·6% 35·4% 56·3% 59·3% 55·6%

Mauritania 41·6% 44·4% 25·0% 56·9% 58·7% 48·9%

Mozambique 31·8% 40·4% 17·3% 47·5% 53·0% 43·6%

Namibia 38·8% 49·4% 8·8% 59·4% 64·4% 43·7%

Niger 57·5% 58·7% 42·7% 70·5% 71·3% 63·9%

Nigeria 44·9% 48·6% 21·1% 67·1% 68·7% 59·9%

Rwanda 28·2% 60·3% 20·5% 61·9% 78·6% 57·8%

Senegal 47·5% 52·8% 30·9% 64·5% 67·7% 55·1%

Sierra Leone 44·2% 69·2% 37·8% 51·3% 79·4% 42·5%

Somalia 39·6% 45·3% 14·1% 55·9% 59·8% 49·1%

South Africa 37·3% 46·8% 6·8% 55·5% 60·3% 40·7%

South Sudan 22·3% 48·8% –1·6% 46·3% 64·3% 32·4%

Sudan 27·9% 45·1% 10·3% 48·7% 62·2% 38·2%

Tanzania 31·9% 46·2% 6·7% 51·6% 59·8% 37·8%

Togo 68·4% 69·7% 65·0% 73·6% 74·7% 69·9%

Uganda 24·9% 53·3% 8·9% 62·0% 71·5% 55·9%

Zambia 31·8% 45·9% 15·5% 56·3% 63·8% 53·9%

Zimbabwe 47·0% 57·9% 22·8% 72·0% 75·8% 65·1%

Total (95% Bayesian credible interval) 39·4% 
(34·3–43·6)

51·2% 
(46·9–56·4)

19·5% 
(9·2–27·3)

60·5% 
(55·7–64·6)

67·9% 
(64·6–71·1)

53·6% 
(45·2–58·3)

Relative prevalence reduction was calculated as the prevalence in 2000–10 minus the prevalence in 2011–14 or 2015–19 divided by the prevalence in 2000–10. For example, 
the 39·2% relative prevalence reduction of schistosomiasis in Angola during the 2011–14 period suggests that in Angola the schistosomiasis prevalence during 2011–14 
decreased by 39·2% compared with the baseline prevalence during 2000–10. *Madagascar only had data available for 2015–19, therefore reduction prevalences could 
not be calculated.

Table 2: Estimated relative prevalence reduction (percentage decrease of schistosomiasis prevalence) by species and country, comparing 2011–14 and 
2015–19 with 2000–10 across sub-Saharan Africa
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distribution of the disease, data sparsity, or large 
uncertainty in the prevalence estimates and, therefore, 
could assist control programmes in the design of follow-
up surveys for disease monitoring and evaluation.

We estimated that, by comparison with 2000–10, the 
prevalence of S haematobium was reduced by 67·9% and 
S mansoni by 53·6% in 2015–19. However, reductions 
were not uniform, with variations by country and species. 
Differences in relative reduction rates between species 
could be due to the higher effectiveness of single-dose 
praziquantel against S haematobium than S mansoni.22,23

Countries that had multiple rounds of preventive chemo-
therapy showed a considerable decline in schistosomiasis 
prevalence. Our analysis suggests that maintaining high 
preventive chemotherapy coverage over a 3-year period 
is associated with reductions in Schistosoma species 
prevalence. Burkina Faso, Burundi, Gambia, Malawi, Niger, 
and Togo reported national treatment coverage rates 
above 75% during 2015–19; therefore, further reduction can 
be expected in these countries in the coming years. 
Similarly, Cameroon, Congo, and Zimbabwe with reported 
national preventive chemotherapy coverage of more 
than 50% during 2015–19 (prevalence >10% in 2000–10) are 
expected to result in further reductions of schistosoma 
prevalence. In 2010, the highest estimates of schisto somiasis 

population-adjusted prevalence (>40%) were observed in 
the Central African Republic, Chad, Guinea, Liberia, and 
Mozambique, with prevalence reduction rates of less 
than 50% when comparing 2000–10 with 2015–19. In 2019, 
these same countries had the highest prevalence in 
sub-Saharan Africa, with all of them reporting low national 
treatment coverage that were far from the WHO roadmap 
target of 75%, apart from Liberia, where it was only reached 
in 2019. Notably, the countries where prevalence was 
highest did not necessarily correspond to those countries 
where the number of treatment needs was highest, as 
treatment needs depend on the population at risk (ie, all 
population living in an area). Treatment needs in 2019 for 
the Democratic Republic of the Congo, Ethiopia, Nigeria, 
and Tanzania amounted to 52 million, with Nigeria 
requiring approximately 18% (20 million) of the total 
treatment needs for sub-Saharan Africa.

Preventive chemotherapy campaigns mostly focus on 
school-aged children, as this age group is considered to be 
at highest risk of infection and associated morbidity, and 
schools are a suitable setting for treatment campaigns. Our 
estimates are based on school-based survey data; there 
were very few community-based surveys in the Global 
Neglected Tropical Diseases and other databases. To avoid 
bias, we did not consider community-based surveys in our 

Figure 2: Schistosomiasis prevalence estimates across sub-Saharan Africa
Data are posterior predictive median. (A–C) Schistosoma haematobium. (D–F) Schistosoma mansoni.
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analysis. According to our estimates, in 2010, approximately 
111 million doses of praziquantel were required for 
a total of 223 million school-aged children living in 
sub-Saharan Africa. The required number of tablets varies 
for each child, as praziquantel is administered according to 
a child’s weight (or height), with a recommended dose of 
40 mg/kg of bodyweight. These estimates increased in 2019 
to 112 million doses of praziquantel for 288 million school-
aged children. The need of praziquantel in the study is 
based on the treatment of the estimated number of infected 
people through targeted treatment. However, from an 
implementation perspective, the need of praziquantel is 
much higher given that preventive chemotherapy is 
recommended for the treament of all at-risk children 
(infected or not) leaving in the adminstrative unit target for 
treatment. Schistosomiasis prevalence across sub-Saharan 
Africa has decreased from 23·0% in 2000–10 to 
9·6% in 2015–19; however, the population of school-aged 
children has grown considerably, leading to a slight 
increase in preventive chemotherapy needs when 
considering existing WHO guidelines.21 The 2015 estimates 
by Lai and colleagues13 were 122 million doses for a 
population of 228 million school-aged children in 2012. 
Considering the population growth and the schistosomiasis 
prevalence, Lai and colleagues’13 estimates are consistent 
with the estimates presented in this Article.

The geostatistical models suggested an increased 
S haematobium and S mansoni risk in areas located in 
close proximity to freshwater bodies. Such habitats are 
required to complete the schistosomiasis lifecycle, which 
involves an intermediate host snail. The parasites require 
optimal environmental conditions to survive; extreme 
humidity or high temperatures are detrimental for 
survival. In our study, we had a smaller number of 
statistically significant climatic predictors than Lai and 
colleagues,13 most likely because of the effect of 
interventions, which blur the effect of climatic factors on 
disease transmission.

Improved water and sanitation in the general population 
are associated with a lower risk of schistosomiasis and are 
considered as supplementary strategies in control and 
elimination programmes.24,25 In our study, high coverage of 
improved sanitation was associated with lower risk of 
infection for S haematobium and S mansoni. Reports from 
WHO suggested that sub-Saharan African countries 
in 2015 had a coverage of basic sanitation services 
below 50%, apart from South Africa and Botswana 
(50–75% coverage).26 Improvements in sanitation com-
paring the situation in 2000–10 with 2011–19 are relatively 
modest. In fact, almost half of the countries had 
improvement rates below 20% at the national level. In 
Ethiopia, the proportion of households with improved 
sanitation has increased by almost 80%, from 15% in 2005 
to 28% in 2015, although admittedly from a low starting 
point. Angola, Benin, Burkina Faso, Guinea, Guinea-Bissau, 
Mauritania, and Niger follow, with improvement rates 
varying from 42% (Niger) to 31% (Guinea). These countries 

also showed high Schistosoma species prevalence 
reductions. However, in Gambia, Nigeria, South Sudan, 
and Zimbabwe, the proportion of households with 
improved sanitation decreased at the national level when 
comparing prevalence in 2000–10 with 2011–14 and 
2015–19, yet we observed high Schistosoma species 
reduction rates in these countries.

Our model-based estimates of the geographical patterns 
of S haematobium prevalence in 2000–10 showed 
similarities to those reported by Lai and colleagues.13 
Countries such as Guinea and Namibia initiated cross-
sectional surveys after 2011, which enabled us to obtain 
more accurate estimates. For 2011–19, the predictions for 
S haematobium prevalence showed a change in the 
geographical distribution across all of the included 
sub-Saharan African countries due to a major reduction 
of existing disease clusters in most of these countries. 
The only remaining areas with prevalence above 50% 
were settings in Senegal (around Kénièba near to the 
border with Mali), in Guinea (around Touba near the 
Guinea-Bissauan and Senegalese border, and around 
Banora near to the Malian border), and in the 
Democratic Republic of the Congo in the southwestern-
most bank of the Congo River. By comparison with 
prevalence estimates for 2000–10, areas considered at 
high risk are much smaller in size, with prevalence at 
moderate levels (between 10% and 50%). The majority of 
high prevalence (>50%) settings can be found in the 
vicinity of large rivers (eg, the Niger River) or lakes 
(eg, Lake Victoria). The geographical pattern of S mansoni 
for 2000–10 is in accordance with the pattern observed by 
Lai and colleagues,13 with the exception of Djibouti, 
Mozambique, and South Africa, for which we had no or 
very sparse data. During 2015–19, estimates showed a 
decline in countries that were previously known to be 
endemic. The reduction is most noticeable in Cameroon, 
the Democratic Republic of the Congo, and Ethiopia, 
where high-risk settings identified in 2000–10 have 
considerably decreased in size. Existing high-risk areas 
in west Africa still persist, although they have slightly 
decreased in size. In central and east Africa, S mansoni 
has decreased considerably across all countries; a few 
high-risk areas with infection prevalence among school-
aged children above 50% are located in close proximity to 
major rivers or lakes. In Angola, a major high-risk area is 
noticeable in the northwestern region in a large area 
around Uige.

The main limitation in our study is the scarcity of more 
granular data before 2010, which might have been caused 
by purposeful selection of sites for surveys in known 
endemic areas at that time. The prevalence during 2000–10 
could have been overestimated because of this bias, 
leading to an overestimation of the effect of preventive 
chemotherapy. The blank areas (scarce or no observed data 
with low predicted prevalence) might have been of low or 
no prevalence historically. The large number of surveys 
included in the analysis, obtained from heterogeneous 
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sampling designs, made assessing their risk of bias 
difficult. Prevalence values were based mainly on urine 
filtration and reagent strip testing for S haematobium and 
on Kato-Katz stool examinations for S mansoni. Although 
most of the surveys used the same diagnostic technique, 
bias might have been introduced by differences in the 
sampling efforts (eg, single strip for urine sample versus 
multiple samples). Unfortunately, the sampling effort is 
not always reported; therefore, it is not possible to adjust 
the estimates for this source of heterogeneity. In most 
cases urine filtration reagent strip testing or Kato-Katz 
thick smear examinations were done on one specimen; 
however, some data sources used two or three specimens 
from different days and calculated the mean prevalence.

Our analysis is based on survey data obtained through 
school-based sampling, however, information on school 
attendance was not available to adjust the models for 
possible selection bias in locations where school 
attendance was low. Most of the data were aggregated 
over different age groups for school-aged children, thus 
we could not obtain age-specific risk estimates. Bias 
might occur when the age distribution in the survey 
population differs across locations as different age 
groups might have different infection risks. Furthermore, 
long-term data are scarce as most countries started 
doing national surveys only after 2011. This limitation 
did not allow for a full spatiotemporal assessment of 
disease prevalence similar to the works of Blangiardo 
and colleagues,19 and Chammartin and colleagues,20 who 
analysed periodic data in time over the same set of 
locations. The most prominent examples in our study 
were Chad, Mozambique, and Sudan, which had 
available data only after 2011, showing a high prevalence 
of schistosomiasis. The spatiotemporal models for these 
countries predicted higher disease prevalence during 
2015–19 than 2000–10. This outcome might be an 
artefact of the imposed temporal structure, where 
observed data from the period 2015–19 only partially 
inform the predictions during 2000–10. Data were scarce 
in Central African Republic, Djibouti, and Equatorial 
Guinea; therefore, estimates for these countries might 
not be accurate. Our estimates of schistosomiasis 
prevalence assume that the probability of infection with 
one species does not affect the infection probability of 
the other species, an assumption also made in previous 
studies.13,27

In accordance with WHO guidelines, many countries 
in sub-Saharan Africa scaled up preventive chemotherapy 
in an effort to control and eliminate schistosomiasis. Our 
model-based predictions confirm that schistosomiasis 
decreased significantly during the period of intensified 
control and several countries (eg, Burundi, Eritrea, 
Eswatini, Gambia, Lesotho, and Rwanda) could already 
be in a position to start considering elimination 
strategies. Our observations suggest that it is feasible to 
get to a low prevalence of, and perhaps eliminate, 
schistosomiasis as a public health problem, as policy 

makers and WHO and the national programmes further 
amplify their efforts for disease control. Large-scale 
preventive chemotherapy targeting all at-risk groups 
coupled with social and economic development 
(eg, improvements in sanitation), snail control and 
information, education, and communication strategies 
will enable further decline in disease transmission and 
contribute to elimination. Unfortunately, the COVID-19 
pandemic has delayed or disrupted altogether preventive 
chemotherapy treatment in 2020. Hence, there is 
considerable concern that the progress made in 
schistosomiasis control over the past several years is 
reversing,28,29 which requires close monitoring and 
surveillance.
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