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efficacy and re-infection levels

Bruno Senghor' ®, Eglantine Mathieu-Begné?, Olivier Rey?, Souleymane Doucouré', Doudou Sow?,
Bocar Diop?, Mariama Séne”, Jéréme Boissier? and Cheikh Sokhna'®

Abstract

Background: Urogenital schistosomiasis is a neglected tropical disease most prevalent in sub-Saharan Africa. In the
Senegal river basin, the construction of the Diama dam led to an increase and endemicity of schistosomiasis. Since
2009, praziquantel has frequently been used as preventive chemotherapy in the form of mass administration to Sen-
egalese school-aged children without monitoring of the treatment efficacy and the prevalence after re-infection. This
study aims to determine the current prevalence of urogenital schistosomiasis (caused by Schistosoma haematobium),
the efficacy of praziquantel, and the re-infection rates in children from five villages with different water access.

Methods: The baseline prevalence of S. haematobium was determined in August 2020 in 777 children between 5
and 11 years old and a single dose of praziquantel (40 mg/kg) was administered to those positive. The efficacy of
praziquantel and the re-infection rates were monitored 4 weeks and 7 months after treatment, respectively, in 226
children with a high intensity of infection at baseline.

Results: At the baseline, prevalence was low among children from the village of Mbane who live close to the Lac de
Guiers (38%), moderate among those from the villages of Dioundou and Khodit, which neighbor the Doue river (46%),
and very high at Khodit (90.6%) and Guia (91.2%) which mainly use an irrigation canal. After treatment, the observed
cure rates confirmed the efficacy of praziquantel. The lowest cure rate (88.5%) was obtained in the village using the
irrigation canal, while high cure rates were obtained in those using the lake (96.5%) and the river (98%). However,

high egg reduction rates (between 96.7 and 99.7%) were obtained in all the villages. The re-infection was significantly
higher in the village using the canal (42.5%) than in the villages accessing the Lac de Guiers (18.3%) and the Doue
river (14.8%).

Conclusion: Praziquantel has an impact on reducing the prevalence and intensity of urogenital schistosomiasis.
However, in the Senegal river basin, S. haematobium remains a real health problem for children living in the villages
near the irrigation canals, despite regular treatment, while prevalence is declining from those frequenting the river
and the Lac de Guiers.
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Background

Human schistosomiasis is a neglected tropical disease
which affects more than 230 million people worldwide
[1] and accounts for an estimated 1.9 million disability-
adjusted life years annually [2]. The disease is mostly
prevalent in sub-Sharan Africa (SSA), where up to 90%
of the world’s total cases live, leading to an estimate of
280,000 deaths each year [3]. Human schistosomiasis is
caused by five species of flatworm parasites belonging
to the Schistosoma genus. The two most notable species,
Schistosoma haematobium and Schistosoma mansoni are
predominant in SSA and cause urogenital and intestinal
schistosomiasis, respectively [4]. People get infected dur-
ing occupational, domestic or recreational activities in
contact with freshwater containing infested snail inter-
mediate hosts [5].

Schistosoma infections can be treated by the praziqu-
antel (PZQ), a drug routinely used at the standard oral
dose of 40 mg/kg body weight [6]. In the past 10 years,
PZQ has been repeatedly administered in sub-Saharan
Africa through National Schistosomiasis Control Pro-
grams (NSCP), to children aged between 5 and 14, to
prevent them from developing severe, late-stage chronic
forms of the disease [7, 8]. Between 2010 and 2019, the
total number of people treated has increased consider-
ably from 33 to 105.4 million and the number of tablets
for the 2020 campaigns was estimated at 226 million [9].
Although globally efficient, this ongoing and repeated
mass drug administration (MDA) acts as an important
drug pressure which could lead to the development of
schistosome strains which are resistant to the PZQ [10].
Several studies have monitored the efficacy of PZQ in
field populations in endemic countries. The majority of
these studies indicated a considerable reduction of mor-
bidity and transmission of schistosomiasis, with a high
cure rates and satisfactory eggs reduction rates [11, 12],
while some reported treatment failure based on low CR
and ERR [13]. None of them has confirmed the existence
of schistosome resistance to the PZQ, but there is always
a need to continuously monitor PZQ efficacy in various
epidemiological situations.

In Senegal, prior to the Diama dam being constructed
in 1986 to prevent the intrusion of seawater into the
Senegal river, intestinal schistosomiasis had never been
reported in the Senegal river delta [14], and only a low
prevalence of S. haematobium (average 10.4%) had been

found in villages situated in the higher land away from
the river, where the transmission sites were rain pools
[15]. The same epidemiological situation was described
by Vercruysse et al. in 1985 [16], in several villages near
the Lampsar river in the lower valley and in the Podor
area in the middle valley, where the prevalence of hae-
maturia varied between 0 and 33%. Once the Diama dam
was operational, extensive water development took place
in the Senegal river basin, resulting in a large increase
in the amount of freshwater available for irrigation [17].
Two years later, Talla et al. reported for the first time
the presence of S. mansoni in the town of Richard Toll
[14]. More generally, such major changes to the Senegal
river basin scale led to the expansion of the population of
snails which are schistosomes’ intermediate hosts, which
led subsequently to a major outbreak of intestinal schis-
tosomiasis [14, 18—20] and an increase in the prevalence
of urinary schistosomiasis [21]. Over the same period, the
Manantali dam was completed upstream in Mali, to con-
trol the flow of the Senegal river and to generate electric-
ity. It contributed significantly to the observed increase
in the infection intensity of urinary schistosomiasis in
the middle valley, where prevalence reached 55% within
7 years [22] and up to between 95.5 and 100% between
2006 and 2007 [23, 24]. Since 2009, regular MDA pro-
grammes by the Senegalese NSCP have been conducted
in several endemic villages along the Senegal river basin
[25], but the disease still constitutes a public health prob-
lem in certain localities where a high prevalence of uro-
genital schistosomiasis has been observed, including
in the town of Richard Toll (87%) and around the Lac
de Guiers (88%) area [26]. The efficacy of PZQ against
S. haematobium and S. mansoni and the patterns of re-
infection in this region have been evaluated by previous
studies [23, 27-30]. Historically, PZQ resulted in gener-
ally low cure rates (18—42.5%) and a moderate reduction
of infection intensity, especially for S. mansoni [28-30].
In more recent studies, a high reduction of infection
intensity (between 97-98%) was achieved, with high cure
rates (81-95%) after a single dose of PZQ (40 mg/kg) for
S. mansoni and a 100% cure rate after a second dose at
a 6 week interval for S. haematobium [23, 27]. This vari-
ability in response to schistosome parasites to the drug
sparked controversy over possible resistance to PZQ,
especially for S. mansoni in Senegal [13]. The high egg
loads before treatment, as well as the rapid re-infection
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rate, were evoked to explain the poor response of the
parasites to PZQ [4, 20, 23]. However, the possibility of
emerging PZQ-resistant schistosome strains remains a
global concern [31-33] and the efficacy of treatment in
the field needs to be continuously monitored in areas
undertaking MDA. In the Senegal river basin, schistoso-
miasis transmission occurs in three major epidemiologi-
cal systems, depending on the type of water access: the
Senegal river and its tributaries, the Lac de Guiers, and
irrigation canals. The dynamics of schistosomiasis trans-
mission can vary from one type to another, mainly due to
differences in the snail intermediate hosts’ dynamics [34,
35], the extent and accessibility of the transmission sites
[36], the nature of the water contact behaviour [37], and
the unequal exposure of the population [38]. The aim of
this study was primarily to evaluate the prevalence of S.
haematobium among these systems and, secondarily, to
monitor the efficacy of a single dose of PZQ and the pat-
tern of re-infection in five villages located in these three
epidemiological systems in the Senegal river basin.

Methods

Study area and villages

The study was carried out in the area of the Senegal river
basin in five villages (Mbane, Ndiawara, Dioundou, Guia,
and Khodit). The Senegal river basin has three distinct
regions which are characterised by distinct environmen-
tal conditions: a mountainous upper valley which runs
from the source in Guinea to Bakel; a middle valley which

Page 3 of 12

runs from Bakel to Dagana, including Podor, and a lower
valley which runs from Dagana to the delta, where the
Diama dam is located. The study villages belong to two
regions of the Senegal river basin and represent three
different means of accessing water. The village of Mbane
(16° 16’ 15” N 15° 48’ 07" W) is located along the Lac of
Guiers in the lower valley. The villages of Ndiawara (6°
35’ 05” N 15° 51’ 2” W) and Dioundou (6° 36’ 4” N 14° 54/
31" W) are located along a tributary of the Senegal river
(Doue river), while Guia (16° 35’ 53" N 14° 55’ 23.2" W)
and Khodit (16° 35’ 44.2"” N 14° 56’ 41.1” W) are located
between the Doue and an irrigation canal in the middle
valley (Fig. 1).

The village of Mbane

The village of Mbane has a population of 2650 inhabit-
ants. Water for domestic and recreational activities is
mainly supplied directly from the lake. Livestock, agricul-
ture and fishing are the main income-generating activi-
ties. Fishing is artisanal and is focused exclusively on the
lake. Market gardening is the main agricultural activity
and takes place close to the lakeside. The village has two
primary schools, with a total of 598 pupils. There are taps
and latrines in the village and pit latrines at the schools.

The villages of Ndiawara and Dioundou

The villages of Ndiawara and Dioundou have their eco-
nomic activity mainly based on agro-pastoralism. Market
gardening is practiced along the Doue river. This river is

W) and Khodit (16° 35" 44.2" N 14° 56 41.1” W)

Fig. 1 Satellite map of the study area showing the location of the study villages (red dots) in northern Senegal. The GPS coordinates of the villages
are: Mbane (16° 16" 15” N 15°48’ 07" W), Ndiawara (6° 35’ 05” N 15° 51/ 2" W), Dioundou (6° 36" 4” N 14° 54’ 31" W), Guia (16° 35" 53" N 14° 55’ 23.2"
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near to the houses and is mainly frequented for laundry,
dishes, swimming and recreational activities. It consti-
tutes the main transmission site for the populations of
the two villages.

Ndiawara has a population of about 3842 inhabitants
with one school of 367 pupils and four pit latrines. The
village also has a health centre, water tower and two wells
which are accessible to all villagers. Public taps are gener-
ally not operational, although some households have run-
ning tap water.

Dioundou is a small village with about 620 inhabitants
and one school with four classes and a total of 50 pupils.
There are three public taps which are served by the Ndia-
wara water tower. There is also one well and latrines in
the village, and some houses have tap water. There is no
health centre in the village and the populations consult at
the medical centre at Ndiawara.

The villages of Guia and Khodit

The villages of Guia and Khodit depend on a pumping
station that drains water from the river into a large irri-
gation canal. The villages include several farms mainly
producing food which includes winter crops (market
gardening near the canals that runs through the two vil-
lages), livestock and fishing. Several access points exist
along the irrigation canal where people come into con-
tact with the water and which that constitute the major
source of transmission.

Guia has a population of about 4672 inhabitants and
two schools with a total intake of 640 pupils. The largest
(465 pupils) is located not far from the irrigation canal.
There are four pit latrines in each school. There is also a
water tower and two wells. Tap water is supplied to most
houses. The village has a health centre serving other vil-
lages, including Khodit.

Khodit counts about 2336 inhabitants and one school
which had 216 pupils. There are four pit latrines, one well
and one water tap in the school and one in the village.
The tap water is supplied by the Guia water tower.

Sample selection and study design

This study is based on a prospective cohort of children
aged between 5 and 11, before and after a single treat-
ment with PZQ (40 mg/kg) in five villages selected based
on previously reported S. haematobium prevalence [24].
The minimum sample size for the baseline prevalence for
this study was calculated based on the normal distribu-
tion N=¢€2pq/i2, with N being the size of the sample;
e the normal Z score corresponding to the risk of error
a=>5%; p the mean prevalence of S. haematobium (90%)
in the villages; q=(1 — p); and i the precision, fixed at 5%.
N=(1.96) x 2 x (0.9) x (0.1)/(0.05) 2=138. We increased
this number to account for the possible loss of patients
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during the study that could be due to failure to sign the
informed consent paperwork, the absence of children
during the baseline screening, failure to provide a sample,
and other reasons, by adding 5% of the minimum sam-
ple size: N=138+ (138 x 5/100) = 145. Each village was
considered as a cluster and since, at the village level, chil-
dren living in the same household incur the same risks
for S. haematobium infection, the sample size in each vil-
lage (N'=145) was multiplied by two in order to limit this
cluster effect. We therefore calculated the sample size
for the study at 1450 children, from whom, 1054 were
screened in 8 villages pre-selected, but only five villages
were finally selected for the longitudinal follow-up with
777 children included in the analysis of S. haematobium
at the baseline. As the previous prevalence was high (over
89%), we expected to have at least 50 positive children in
each village (250 in total) at baseline for PZQ efficacy and
re-infection monitoring, but only 226 positive children
were monitored (Fig. 2).

Sampling and data collection

The baseline sample collection took place in August
2020, 9 months after the last mass drug administration by
the NSCP. Class registers were used to randomly select
the study participants, taking into account the sex ratio
in each school, and an identifier number was randomly
allocated to each child throughout the follow-up period.
Urine samples were collected in sterile 150 ml contain-
ers between 10 am and 2 pm. A urine container with
the corresponding identifier was given to each child,
and they were asked to go individually to the latrine and
fill the container with their urine. The containers were
checked to ensure that at least 10 ml could be obtained
for the quantification of eggs. If the volume collected was
too low, the child was asked to drink water and wait until
urinating again. The container was then placed directly in
a cooler in a room class to protect it from sunlight and
to prevent the eggs from hatching. Once collection was
completed, the cooler containing the samples were intro-
duced in the car and transferred to the laboratory for
microscopic examination on the same day.

Baseline microscopic examination

In the laboratory, each urine sample was gently shaken
to ensure homogenisation of the eggs before filtering
10 ml of the liquid through a Swinnex® filter. Micro-
scopic examination of each sample to detect S. haema-
tobium eggs was performed using the filtration method
[39]. The positivity of S. haematobium and the number
of eggs per 10 ml of urine (infection intensity) were
recorded. A child was considered to be infected by S.
haematobium at baseline if at least one egg was found
in their urine sample during microscopic observation.
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Baseline screening of S. haematobium children (n=777)

-

Positive children
(n=464)

-

Negative children
(n=313)

Pzq efficacy assesment
(n=226)

-

Cured children
(n=210)

-

Not cured children
(n=16)

A 4
April Control reinfection
2021 (n=195

~

-

Reinfected children
(n=63)

Not reinfected children
(n=132)

Fig. 2 Flowchart of the study design

The baseline prevalence and intensity of infection of S.
haematobium were calculated considering all partici-
pants in each village.

PZQ treatment

The product used was Praziquantel, an existing prod-
uct manufactured by Merck, SA de CV, Mexico. The
drug is also used by the NSCP in MDAs in school-aged
children in Senegal. Treatment was administered at the
standard dose of 40 mg/kg at the health centre or at the
school in each village, in accordance with Senegalese
NSCP guidelines and in the presence of community
relays, persons which help the health post in the MDAs
at the community level. To make sure that the drug was
swallowed correctly, each child was asked to open their
mouth for verification. If the drugs had not been swal-
lowed, another glass of water was given to the child. For
children who vomited the drug, a second full dose was
given approximately 30 min after. Children who contin-
ued to eliminate schistosome eggs (either viable or not)
1 month after the initial treatment received a second
dose of 40 mg/kg.

PZQ efficacy assessment

PZQ efficacy was determined 4 weeks after the treat-
ment. Urine samples were collected and microscopically
analysed in search of residual eggs and infection inten-
sity was recorded, as previously described. In all samples
in which calcified or non-calcified eggs were found, a
hatching test to verify the egg’s viability was performed.
The hatching test consisted of filtering out the remain-
ing urine and rinsing the filter then placing the eggs in
a Petri dish containing fresh water. The Petri dish was
then exposed to artificial light for 30 min to allow hatch-
ing, and then checked under a dissecting microscope to
detect swimming miracidia. The assessment of PZQ effi-
cacy was measured by determining cure rate (CR) and
egg reduction rate (ERR). The CR is the percentage of
children who are positive at baseline and who become
negative after treatment (i.e. no miracidium is found after
eggs hatching in the total urine sample) and the ERR is
the percentage of reduction in the arithmetic or geo-
metric mean egg count between the baseline and after
treatment [40, 41]. The ERR was calculated using the
following formula: [1—AMEC after treatment/AMEC
before treatment)] x 100 [40].
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Monitoring re-infection

Re-infection was monitored 7 months after treatment,
in April 2021. At this time, any child emitting parasite
eggs was considered as being re-infected with S. haema-
tobium. Urine samples were collected and examined as
described above as eggs/10 ml urine. Re-infection was
only monitored in children who were positive at baseline,
received treatment and who were negative at the treat-
ment assessment time point. Each individual was consid-
ered as being re-infected if at least one miracidium was
found after the eggs had hatched.

Data analysis

Quantitative variables (mean and standard deviation)
were calculated using Microsoft Office Excel 2010. The
prevalence of S. haematobium was calculated as the num-
ber of children who were positive over the total number
screened. Intensity of infection was classified as “light”
if the number of eggs/10 ml was between 1-49 eggs and
“heavy” if it was more than 50 eggs [42].

At the baseline (S0), we aimed to test the effect of the
type of water access, namely, irrigation canal (Guia and
Khodit), lake (Mbane) or river (Dioundou and Ndiawara),
and also the age and the sex of the child with regards to
parasite prevalence and parasite egg load. Since our sam-
pling design displayed an underlying spatial structure in
villages, we used generalised linear mixed models (glmm)
with villages set as random effect. The first model aimed
at explaining the parasite prevalence (measured at the
individual level, i.e. 0 or 1) and, hence, a binomial error
term distribution was used. The second model aimed at
explaining the parasitic load (measured at the individual
level and only for children who had been parasitized),
and a negative binomial error term distribution was used,
since over-dispersion was detected. The two glmm were
adjusted using the R package glmmADMB [43] and the
significance of the results was examined using a type II
Anova. The level of re-infection between water accesses
types were compared using the Chi-squared test. In the
case of a p-value <0.05, the difference was considered as
statistically significant.

Table 1 Demographic Information of the study population
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Results

General population description and baseline parasitology
A total of 777 children were enrolled at baseline. The
sex ratio (male/female) and the average age of partici-
pants were 0.64 and 7.9 years (Standard Deviation=1.4),
respectively. Table 1 summarises the demographic char-
acteristic of the study population.

Of the 777 screened children, 464 (59.7%) were
infected by S. haematobium. Very high prevalence was
found at baseline in the villages of Guia (91.2%) and
Khodit (90.6%), whose inhabitants frequent the irriga-
tion canal, while moderate prevalence was noted in the
village of Ndiawara (45%), and Dioundou (49%), whose
inhabitants use the river, and also in the village of Mbane
(38%) which is located near Lac de Guiers (Table 2). The
same trend was noted for heavy infections (more than 50
eggs/10 ml urine) where higher intensity (44% and 46.7%)
were recorded in villages near the irrigation canal than
other villages (Table 2).

Significant differences in the prevalence and intensity
of infection were noted between the types of water access
(Chi-square=172.472, df=2, p-value<0.001; F=18.90,
df=2, p-value<0.001, respectively) (Additional file 1:
Fig. S1 and Additional file 2: Table S1). With regards to
sex, the prevalence and intensity of infection were higher
in females (62.6% and 39.3% respectively) than in males
(55.2% and 34.3%, respectively) (Table 2), but the differ-
ence was not significant (Chi-square=0.9714, df=1,
p-value=0.424; F=0.0253, df=1, p-value=0.874,
respectively) (Additional file 2: Table S1). When classify-
ing the population into two age groups, the prevalence
and intensity of infection were higher in children aged 5
to 8 years (61.3% and 39.7%, respectively) than those aged
9 to 11 years (57.5% and 34.2%, respectively) (Table 2),
with no significant difference (Chi-square=0.9714,
df=1, p-value=0.324; F=0.003, df=1, p-value=10.960,
respectively) (Additional file 2: Table S1).

Treatment and efficacy of PZQ
All the 464 children who were infected at the first screen-
ing step received one dose of 40 mg/kg of PZQ, but only

Villages Water access Sample size at baseline Mean age (SD) in years Sex ratio (M/F)
Mbane Lac de Guiers 269 8.5(1.07) 1.2

Ndiawara Senegal river (Doue) 172 79 (1.4) 4.7

Dioundou Senegal river (Doue) 49 71(13) 13

Guia Irrigation canal 159 7.8 (1.5) 04

Khodit Irrigation canal 128 7(1.6) 03

Total 777 7901.4) 0.64
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Table 2 Baseline prevalence and intensity of infection of S. haematobium (S0) according to village, sex and age

Variables Prevalence of S. 95% confidence interval  Heavy infection (more than 50 Light infection
haematobium eggs/10 ml) (1-49 eggs/10 ml)

Mbane 38% (102/269) 32.1-43.7 27 (26.5%) 75 (73.5%)
Ndiawara 45% (77/172) 373-522 23 (30%) 54 (70%)
Dioundou 49% (24/49) 34.8-63.1 5(20.8%) 9 (79.1%)
Khodit 90.6% (116/128) 85.5-95.7 51 (44%) 65 (56%)

Guia 91.2% (145/159) 86.8-95.6 68 (46.9%) 77 (53.1%)
Male 55.2% (169/306) 49.6-61 58 (34.3%) 111 (65.7%)
Female 62.6% (295/471) 57.9-66.9 16 (39.3%) 179 (60.7%)
5-8 years 61.3% (277/452) 56.6-65.8 110 (39.7%) 167 (60.3%)
9-11 years 57.5% (187/325) 52-62.9 64 (34.2%) 123 (65.8%)

226 with a moderate to high baseline infection and from
whom informed consent was obtained were screened for
PZQ efficacy (Table 3). Of the 226 children, 210 (92.9%)
were negative for S. haematobium eggs 4 weeks after
treatment, while 16 (7.1%) continued to excrete viable
eggs (Fig. 2). Of the 16 children who were not completely
cured, 13 live in the villages near the irrigation canal (six
in Guia and seven in Khodit) and had a high infection at
baseline. The other three children live in the villages near
the river (two of whom had a high infection) and the Lac
de Guiers (one with a light infection). The overall CR and
ERR were high (92.9% and 97.16%, respectively). The low-
est CR (88.8%) was obtained in children from the villages
bordering the irrigation canal, with high baseline infec-
tion intensity, while the highest CRs were recorded in
children from the villages along the Lac de Guiers (99.8%)
and the river (98.7%). However, the ERRs were high in all
the villages, with rates of 96.9%, 98.8% and 99.8% in the
villages using the canal, the river and the lac de Guiers,

respectively. One month after PZQ treatment, a very
high decrease in the arithmetic mean was recorded in all
children living in the three epidemiological systems, from
68.31 to 0.88, 58.87 to 0.14 and 135.17 to 4.16 at the Lac
De Guiers, the river and the irrigation canal, respectively
(Table 3). The change in the intensity of infection (mean
egg load) before and after treatment is presented in Fig. 3.

Re-infection

Of the 210 children who were completely negative
1 month after treatment, 195 were still present in the vil-
lages 7 months after treatment and were diagnosed for
potential re-infection (i.e. the presence of viable eggs in
the urine sample). Of them, 63 (32.3%) had at least one
miracidium after the egg viability test was conducted
and considered as being re-infected. Re-infection was
recorded in all the villages regardless of water access, but
children from the villages of Guia and Khodit who fre-
quented the irrigation canal were twice as likely to be

Table 3 PZQ efficacy against S haematobium and re-infection according to the type of water access

S. haematobium infection

Water access Lac de Guiers Senegal river (Dioundou Irrigation canal (Guia Total
(Mbane) and Ndiawara) and Khodit)

PZQ efficacy (S1)
Number of children assessed 51 58 117 226
Arithmetic mean egg count before treatment 58.87 6831 135.17 100.02
No. of children cured 50 56 104 210
No. of children not cured 1 2 13 16
Cure rate (%) 98% 96.5% 88.8% 92.9%
Arithmetic mean egg count after treatment 0.14 0.88 4.16 237
Egg reduction rate (%) 99.76% 98.71% 96.92% 97.16%

Re-infection assessment (52)
No. of children screened 48 53 94 195
No. of children reinfected (%) 9 (18.7%) 10 (18.8%) 44 (46.8%) 63 (32.3%)
Arithmetic Mean egg count 2.28 0.46 13.62 7.56
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SITE
irriguation canal
. Lake de Guiers

Senegal river

100-
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Fig. 3 Evolution of egg loads before (S0) and 4 weeks after treatment
(S1), and after 7 months (re-infection) (S2) at the different sites

according to the type of water access (lake, river, irrigation canal)

reinfected (46.8%) than children from the villages near
Lac de Guiers (18.7%) and the river (18.8%). Significant
differences in re-infection rates were noted between
children from the villages close to the irrigation canal
and those from the villages along the Lac de Guiers or
the river (Chi-square=5.2794, p-value=0.021579).
Conversely, no significant difference was observed in
the re-infection patterns among children from villages
neighbouring the lake and the river (Chi-square =0.0002,
p-value=0.990012) (Table 3).

Compared to the baseline, the infection intensity
remained low, and the new arithmetic mean of the eggs
counts varied from 0.4% in the villages using the river
to 13.62% in those frequenting the irrigation canal. The
overall change in the intensity of infection (egg load)
between the baseline (S1), after treatment (S1), and after
re-infection (S2) is illustrated in Fig. 3.

Discussion

The first objective of this study was to determine the
current prevalence of S. haematobium and the intensity
of infection, which are indicators of morbidity in five
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villages divided into three different epidemiological sys-
tems close to the Senegal river. At baseline, the percent-
age of urinary schistosomiasis and infection intensity in
the villages studied were in line with an overall trend of
a reduction in prevalence in the studied area. Indeed,
14 years ago, before regular MDA programmes were con-
ducted, very high prevalence, between 89 and 95%, was
reported in school-aged children from the Lac de Guiers
and the River Doue areas, based on data collected in 2006
and 2007 [24]. After 5 or 6 years of repeated MDA pro-
grammes, prevalence dropped in several villages estab-
lished in the Senegal river basin. Indeed, while in 2016,
a S. haematobium prevalence of 88% was reported in
children and adults from six villages including the village
of Mbane [26], in 2017, a 66.7% overall prevalence was
reported in six villages located along the Senegal river
and its tributaries and ten other located on the shores
of Lac de Guiers, excluding the village of Mbane [38]. In
this study, the prevalence of S. haematobium in children
from the village of Mbane using the Lac de Guiers and
children living in Ndiawara and Dioundou using the river
were relatively low (between 38 and 46%) compared to
previous high prevalence rates [24]. We expected to find
a high prevalence, since the urine examination conducted
to calculate the baseline prevalence took place after the
highest transmission period of S. haematobium (around
May-July) in the Lac de Guiers area and along the Sen-
egal river [35]. However, it appears that the decline in
prevalence in the Senegal river basin began a few years
ago, before our study, as indicate by previous studies
[26, 38]. The low prevalence obtained in our study sug-
gests that changes in the epidemiological situation of uri-
nary schistosomiasis and intestinal schistosomiasis are
under way in several villages in the Senegal river basin,
due to the MDA programmes conducted by the Senega-
lese NSCP, which began in 2009 and targets school-aged
children with therapeutic coverage of around 90% [25]. A
recent study in sub-Saharan Africa comparing the situa-
tion before regular MDA programmes (2000-2010) and
after MDA programmes (2011-2019) demonstrated that
countries which undertook multiple rounds of preventive
chemotherapy with high coverage over a 3-year period
showed a considerable decline in the prevalence of
schistosomiasis [44]. Unlike the situation in the villages
bordering the Lac de Guiers and the river, our results
showed that in the populations we studied, the burden
of S. haematobium is highest in children living in villages
bordering the irrigation canal. Indeed, in the villages of
Guia and Khodit, the prevalence and intensity of infec-
tion remains very high, with prevalence of over 90%. This
dramatic situation is similar to that which was reported
before regular MDA programmes in 2007-2008 by Web-
ster et al. [23], with a very high prevalence (95%) of S.
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haematobium. Early studies in the Senegal river basin
reported that people who practice irrigated agriculture
are more infected than others [45]. The very high preva-
lence of schistosomiasis and the intensity of infection in
children living in the villages using the irrigation canals
indicate that there are still significant transmission hot-
spots in the Senegal river basin, despite repeated MDA
programmes. This means that these communities are
consistently exposed to S. haematobium due to the prox-
imity of the primary canal to people’s homes, as well as
greater use of the canal by the population as part of their
daily recreational or household activities, via the multi-
ple points of contact with the water which exist along the
canal. Several studies have established that the proximity
of the households and or schools to natural water sources
such as lakes, rivers and ponds is directly linked to the
prevalence and intensity of the disease in sub-Saharan
Africa [46, 47]. Targeting schistosomiasis at the village
level, or by considering the nature and ecology of the
transmission sites is an important way of orienting and
adapting the strategy of intervention in order to achieve
the NSCP objective, which is the long-term reduction of
prevalence and morbidity of schistosomiasis.

Our findings suggest that conducting MDA pro-
grammes once every 2 years in school-aged children
according to the WHO recommendation, in the villages
of Mbane, Dioundou and Ndiawara, whose inhabitants
use the lake and the river, is necessary [48]. However, in
the villages of Guia and Khodit, whose populations fre-
quent the irrigation canal, we suggest adapting the treat-
ment strategy by administering a double treatment every
6 months in school-aged children and at-risk adults.

The second objective of this study was to assess the effi-
cacy of PZQ treatment and the pattern of re-infection.
Four weeks after treatment, the prevalence and inten-
sity of S. haematobium drastically dropped in all villages.
Very high CRs (>96%) and ERRs (>98%) were obtained
in children from the sites near the Lac de Guiers and the
river sites, where baseline prevalence and intensity were
low. Even in the villages using the irrigation canal, where
baseline prevalence and intensity of infection were very
high, heavy intensity infections were almost completely
eliminated, with an ERR of 96.9% and a satisfactory CR
of 88.7%. This meets the aim of reducing morbidity and
thus, confirms the efficacy of a single dose of 40 mg/kg
PZQ for the treatment of urinary schistosomiasis. A pre-
vious study reported a CR>80% 6 weeks after treatment
in four villages in the Podor area, with marked declines
in levels of infection [22]. Webster et al. reported simi-
lar high ERR rates (97.8%) in children from the village
of Guia 6 weeks after the administration of two rounds
of 40 mg/kg at 3-week intervals, while a low CR (47.1%)
was obtained [23]. Our satisfactory CR may be associated
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with the fact that even children for whom a single mira-
cidia was detected in the urine sample after treatment
were considered to be uncured. Indeed, if a single egg in
the parasitological sample is considered to be a failure of
cure, without egg hatching for confirmation, this can lead
to low CR but high ERR [49, 50]. However, several non-
exclusive factors including, for instance, the transmis-
sion dynamic of S. haematobium, the baseline prevalence
and infection intensity, the age of the targeted popula-
tion, the PZQ dose, the timing of PZQ efficacy diagno-
sis, and the rapidity of re-infection could explain the
differences in the CR and EER observed between stud-
ies within and between countries [12, 23, 49, 51, 52]. In
the case of our study, as there was insufficient time for
re-infection between treatment and assessment time to
result in egg production [17, 23], the 13/16 failed cases
observed after treatment in the villages near the irriga-
tion canal were probably the result of the maturation of
pre-existing juvenile parasites, since PZQ has no effect
on them [53]. Alternatively, this result could also reflect
a higher resistance among some parasite genotypes to
the treatment. In general, it is difficult to obtain 100%
CR and ERR following treatment with PZQ, even in areas
with low prevalence and infection intensity. Some para-
sites that are not completely killed can continue excreting
viable eggs even after three doses of PZQ [40]. To explain
this, parameters such as infection intensity, low drug
absorption, high levels of catabolism, rapid re-infection,
and the lack of acquired immunity have often been advo-
cated [23, 54]. It is thus very difficult to tease apart the
possible resistance to treatment from treatment failure in
the field. Drug-induced resistance can only be confirmed
by linking changes in resistance allele frequencies to phe-
notypic indicators of drug tolerance or reduced suscepti-
bility [55]. It is very important to monitor PZQ resistance
given the drug pressure in endemic areas in sub-Saharan
Africa, in particular in the Senegal river basin [10, 49]. In
this regard, hybridisation between Schistosoma species
have been repeatedly documented in this geographical
area [26, 56—58] and are thought to potentially promote
the emergence of hybrid-resistant strains of schistosomes
[59-62]. Thus, the genomic comparison of parasite com-
munities before and after several rounds of treatment
using the next generation sequencing approach is indis-
pensable and will enable the detection of possible resist-
ance markers of Schistosome to PZQ by scanning whole
genomes [55, 63].

One major obstacle in the fight against schistosomiasis
in SSA is the fact that a patient who has just been cured
of infection can be almost instantaneously reinfected
after contact with infested water. In our study, re-infec-
tion occurred 7 months after treatment, and reflected
the variation in the baseline prevalence in the different
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epidemiological systems, with the highest rate (42.4%) in
the villages near the irrigation canal and the lowest rates
in those close to the Lac de Guiers (18.4%) and the river
(14.8%). Nevertheless, the infection levels were still mark-
edly reduced compared to pre-treatment in all villages.
Similar results were reported by Shaw et al. in the middle
valley, in the villages of Diatar and Guia, where MDA was
administered, while in Donaye and Niandane where MDA
was not administered, prevalence levels had returned to
pre-treatment levels after 6 months [30]. Webster et al.
[23] also reported, in a cohort of children in 2009 and
2010, that 6 months after treatment, the prevalence after
re-infection approached the baseline in the village of Guia
whose population frequented the irrigation canal. Schis-
tosomiasis transmission and re-infection are known to
feature focal differentiation in endemic areas, as transmis-
sion is regulated by the distribution and dynamics of the
snail intermediate hosts in freshwater, which depends on
the environmental and ecological conditions. Therefore,
the transmission of schistosomiasis could vary from one
area to another and even within the same endemic villages
from 1 year to the next [52, 64]. In the river and the Lac de
Guiers, S. haematobium transmission is perennial, as water
is present all year long, while the canals may dry depend-
ing on agricultural activities in the farms [35]. The highest
rate of re-infection observed in children from Guia and
Khodit who used the canal could be due to a high expo-
sure of the population due to their proximity and frequency
of contact with the canal water as well as its accessibility.
However, these locations also present all the environmental
conditions that are favourable for the snail host populations
and/or for the parasites to be transmitted, thus constituting
important transmission hotspots. In our study, re-infection
was checked at the end of the high transmission season in
March—April, 7 months after treatment. At this time point,
any S. haematobium parasites that had reinfected the chil-
dren should be adults and should have started to excrete
eggs in the urine. However, by comparing our results to
those previously reported in the Senegal river basin, it
would appear that there is a new pattern of re-infection,
which is not rapid, with low to moderate rates, contrary to
the previous year, where re-infection was rapid and could
sometimes reach baseline prevalence [22, 23]. Overall, our
results show that regular annual MDA programmes have
had an impact on reducing the prevalence and intensity of
infection, and have limited the re-infection rates of S. hae-
matobium in the Senegal river basin. So while waiting for
the development and roll-out of a future anti-schistosome
vaccine, which will contribute greatly to the ultimate elimi-
nation of the disease [65], a multisectoral approach will be
required. This will include epidemiological surveillance,
effective risk mapping, correctly timing control measures
on the snail intermediate hosts, adapting the treatment
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regimen at the village level, improving access to clean
water, sanitation and hygiene, and public health education
to induce behavioural change and prevent infection and re-
infection [36, 66, 67].

Conclusion

Ours study confirms the efficacy of the standard dose of
40 mg/kg of praziquantel in the treatment of S. haema-
tobium infection in the several villages associated with
different transmission site profiles along the Senegal river
basin. The prevalence and intensity of infection is gen-
erally lower than 10 years previously, before the regular
annual mass administration of PZQ by the Senegalese
NSCP in school-aged children in the villages using the
river and the Lac de Guiers, while the villages frequenting
the irrigation canals remain hotspots of urogenital schis-
tosomiasis. Thus, a large investigation of prevalence by
NSCP through the school system could be a good means
of adapting the WHO recommendations to the local
situation. Due to the high level of re-infection observed
7 month after the first treatment in the villages near the
irrigation canals, we recommend two MDA programmes
at a 6-month interval in these villages, while maintain-
ing the annual single treatment in the other villages in
accordance with the WHO guideline on control and
elimination of schistosomiasis [68] (Additional file 3).
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