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Abstract
In 2013, Benin developed strategies to control neglected tropical diseases and one of the

first step was the diseasemapping of the entire country in order to identify endemic districts

of schistosomiasis and soil transmitted helminths (STH). This study was carried out in 30 of

the 77 districts of Benin. Of these 30 districts 22 were previously treated for Lymphatic Filari-

asis (LF) using the Ivermectin and Albendazole combination. In each district, five schools

were selected and 50 children aged 8 to 14 years were sampled in each school, making a

total of 250 children sampled in the district. The schools were selectedmainly according to

their proximity to lakes or any bodies of water that were likely to have been used by the chil-

dren. Samples of faeces and urinewere collected from each pupil. Urinaryschistosomiasis

was identified using the urine filtration techniquewhile STH and intestinal schistosomiasis

were identified through the Kato Katz method. Overall a total of 7500 pupils were surveyed

across 150 schools with a gender ratio of 1:1. Hookwormwas identified in all 30 districtswith

a prevalence ranging from 1.2% (95%CI: 0.0–2.5) to 60% (95%CI: 53.9–66.1).Ascaris lum-
bricoideswas detected in 19 districts with a prevalence rate between 1% (95%CI: 0.0–2.2)

and 39% (95%CI: 32.9–45.0). In addition to these commonSTH, Trichuris trichiura,Entero-
bius vermicularisand Strongyloides stercoraliswere found at low prevalence. Only 16 dis-
tricts were endemic to Schistosomamansoni, while 29 districtswere endemic to S.
haematobium. The S. haematobium prevalence ranged from 0.8% (95%CI: 0.0–1.9) to 56%

(95%CI: 50.2–62.5) while the prevalence of S.mansoni varied from 0.4% (95%CI: 0.0–1.2)

to 46% (95%CI: 39.8–52.2). The 22 districts, where LF was successfully eliminated, still

requiremass drug administration (MDA) of albendazole indicating that school-basedMDA

would be needed even after LF elimination in districts co-endemic to LF and STH in Benin.
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Introduction
Schistosomiasis and soil-transmitted helminthiasis (STH) are the most widespread parasitic
neglected tropical diseases in the world. These infections are poverty-related and particularly
abundant among people with limited access to safe water, sanitary facilities or adequate health
facilities [1–3].

Schistosomiasis, is water-associated vector-borne disease caused by parasitic blood flukes,
known as schistosomes with at least 200 million people affected worldwide [4–6]. According to
previous estimates, the disease causes the annual loss of between 1.7 and 4.5 million disability
adjusted life years (DALYs) [1]. Of the 78 endemic countries, 39 are located in Africa and it is
estimated that around 85 to 90% of the people at risk live in Sub-Saharan Africa [5,7] making
schistosomiasis the most prevalent neglected tropical disease in Sub-Saharan Africa. In com-
parison to malaria, schistosomiasis is the second most important parasitic disease in the major-
ity of the African nations when comparing the number of infected people [8]. The morbidity
due to schistosome infection is dependent on whether it is intestinal or urinary schistosomiasis.
S mansoni infection has been associated with diarrhoea, blood in stool and hepatosplenome-
galy while S haematobium infection is associated with haematuria, dysnuria and major hydro-
nephrosis [9] as well as bladder cancer although data are scarce in support of this.
Schistosomiasis complications can lead to death [10].

As with schistosomiasis, most of the people affected with STH are in Sub-Saharan Africa
[3,11–13]. STH are commonly known as intestinal worms and three main parasites are fre-
quently associated with STH including Ascaris lumbricoides, whipworms (Trichuris trichiura)
and Hookworms (Ancylostoma duodenale and Necator americanus). Most of the STH are from
faecal-oral contamination or by trans-cutaneous penetration through unprotected skin, sug-
gesting a lack of personal hygiene and poor sanitation in affected populations. STH infection
can lead to anaemia caused by the parasites, intestinal obstruction and reduced vitamin A
absorption, resulting in the stunted growth of children affected [14,15]. Impairment of cogni-
tive development in young children associated to poor educational outcomes is frequently
reported as is morbidity due to STH [16–19].

An escalation in schistosomiasis and STH control has been observed in the last decade.
The control of these neglected tropical diseases (NTD) has become a priority for many gov-
ernments and has the support of donors as international organizations following the World
Health Assembly resolution in 2001 [20]. In Benin, the control of preventive chemotherapy
NTD is progressively being scaled up following WHO guidelines. Instead of sporadic treat-
ment with a Praziquantel and Albendzole combination that would normally be provided to
school age children by the National Public Health department to reduce the burden of schis-
tosomiasis and STH, a National control Program has been implementing mass drug adminis-
tration in districts with confirmed cases. However the misconception that schistosomiasis is
not a disease [21] make the population reluctant to seek treatment even in the presence of
explicit symptoms such as haematuria. For most people in rural areas, schistosomiasis is con-
sidered to be a sign of puberty for boys rather than a disease. STH control is also facing chal-
lenges in communities in which the use of toilets is forbidden by local traditions.
Nevertheless, in order to treat people in each district based on prevalence and achieve control
of these NTDs by 2020, the national control program of communicable diseases with the sup-
port of RTI ENVISION intends as a starting point to assess the distribution of STH and schis-
tosomiasis in all districts of Benin (West Africa). This study aimed to identify the baseline
prevalence of both schistosomiasis and STH in 30 districts of Benin prior to the implementa-
tion of control strategies.
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Materials andMethods

Ethical considerations
Ethical approval was granted from the National Ethic Committee for Health Research, (Comite
National d’Ethique pour la Recherche en Sante; Ministere de la Sante CNERS-MS) under the
authorisation reference 009/CNERS-MS.With the approval of the CNERS-MS, written consent
was obtained from each school’s head teacher and sometimes from the chief of each village on
behalf of school parents. In cases where those that were to give authorisation were unable to
read and write, a detailed verbal explanation of the form was given so that informed consent
was guaranteed. Two copies of the written consent form were therefore signed and dated. The
person giving consent kept one copy with the second copy being returned to the National Con-
trol Program of Communicable Diseases. In some districts where parent and teacher associa-
tions exist, the head of the association and school’s head teacher would be responsible for
providing formal approval using the consent form. No sample was collected until the consent
form was signed.

Participants found with a high intensity of schistosomiasis infectionwere directed to a
health centre in order to receive appropriate treatment before the mass drug administration
scheduled for the following year.

Study sites and sample collection
The study was carried out in early 2014 in 30 districts selected in five departments of Benin
(Fig 1). The country is divided into 12 departments (political subdivisions), which are further
divided into 77 districts. These districts are further divided into 545 sub-districts with each sub-
district having at least one public school. The geographical location of each school surveyed
including the departments’ Universal Transverse Mercator coordinates is provided in S1 Table.
The districts surveyed in this study were located in differing hydro-geographic systems with a
rainfall spread that increases from the south to the north. In the northern departments (Atacora,
Borgou and Alibori), the annual rainfall varies between 900 mm and 1200 mm with numerous
lakes and rivers feeding the region. In the southern departments (Collines,Mono and Couffo),
the annual rainfall varies from 800 mm to 1200 mm. Of these 30 districts 22 were previously
treated for Lymphatic Filariasis (LF) using the Ivermectin and Albendazole combination. In
each district, five schools were selected based on their proximity to a river or bodies of water
where snails, suspected to be the vector of schistosomiasis in the area, are present and where
children are often seen swimming. In each school, 25 girls and 25 boys aged between 8 and 14
years were randomly selected. Eligible boys and girls who agreed to participate in the study were
divided into two lines by gender. The total number in each line was divided by 25 to determine
the sampling interval. This number was rounded up to the closest integer. Then counting each
child from the start of the line every child with a position which was a multiple of the sampling
interval was selected for the study. We selected this age group not only for convenience but also
because children are generally more active at this age, more likely to go swimming and also
more likely to be exposed to STH [22]. The children were given two containers each in order to
provide urine and faeces samples. The samples were collectedwithin an hour. The target sample
size was estimated with a desired precision of 5%, confidence level of 95% and an expected prev-
alence of 20% based on the country report following a questionnaire-based survey in 2003.

Detection of schistosomiasis and STH
The urine samples were tested for the presence of blood using reagent strips Uricolor1. In
addition 10ml of each urine sample were filtered through a Nytrile filter (12–14 μm pore size)
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and stained with 10% Lugol [23] in order to identify urinary schistosomiasis infection. The
eggs were double-counted within an hour following the filtration by two lab-technicians. The
intensity of the infestation was estimated as number of eggs of S. haematobium per 10 ml of
urine and classified as either light or high infection[24].

The faeces samples were analysed using the Kato Katz technic in which 41.7 mg of faeces
was filtered through a nylon mesh and covered with cellophane previously soaked in 50% Mal-
achite Green [25]. The slides were observedunder a microscope by two technicians and their
results were validated by a supervisor. Hookworm eggs were counted within 30 min after slides
were prepared before they cleared. All the other STH eggs and the S. mansoni eggs were
counted 24 hours later. The intensity of the infestation was estimated in terms of the number
of eggs per gram (EPG) of faeces for the designated parasite and classified as either light, mod-
erate or intense.

The mapping of the entire country had been carried out over a three years period. The cur-
rent study was limited to the 30 districts out of the 77 of the country due to resources con-
straints though the following year the remaining districts were to be surveyed.

Fig 1. Districts surveyed duringSchistosomiasis and soil transmitted helminthsmapping in 2014.
The surveyed districts endemic to lymphatic filariasis, have received six rounds of LF-MDA in community.
Elimination of LF was confirmed following transmission assessment survey andMDA was stopped in these
districts in 2013.

doi:10.1371/journal.pone.0162798.g001
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Prior to sample collection, all lab-technicians and their supervisors received refresher train-
ing in the Kato Katz, urine filtration technique and the standard operating procedure to be fol-
lowed in order to ensure normalisation of data collected. Each team was given a training
module which included images of the various parasites expected.

For quality control purpose, 10% of the collected slides in each district were examined by an
independent team of biologists and parasitologists.

Statistical analysis
R Core Team (R Version 3.2.2–2015) software was used for data processing. The multiple com-
parison test chi2 proportions was used to compare the prevalence by departments. The chi-
square test comparison of two proportions was also used to compare the prevalence of STH
and schistosomiasis within each district. The Fisher exact method of maximum likelihood and
calculation of confidence intervals was used to calculate odds ratios by gender in each of the
districts. Average of prevalence histograms were obtained after a least significant difference test
on an analysis of variance with department as a factor. The bands of the histogram affected by
the same letter are averages not significantly different prevalence and those sharing different
letters represent averages significantly different prevalence. The Epitools R package for Epide-
miologic Data and Graphs [26] was used to estimate the confidence intervals.

Results
Overall 7500 pupils in regular attendance at school were surveyed in 150 schools of the 30 dis-
tricts (Table 1). The gender ratio was 1:1. At least one type of STH was identified in all 30 dis-
tricts surveyed and one type of schistosomiasis was found in 29 districts. Hookworm was the
most widespread STH while S. haematobium was the common form of schistosomiasis in 29 of
the districts (Table 1). The p-value and the chi-square value obtained from the comparison of
S. haematobium prevalence and Hookworm prevalence within a district are summarised in
Table 2.

STH distribution and intensity
The prevalence rate of Hookworm varies from 1.2% (95%CI: 0.0–2.5) to 60% (95%CI: 53.9–
66.1). The highest prevalence was observed in the district of Djakotomey within the depart-
ment of Couffowhereas the lowest prevalence was observed in the district of Dogbo in the
southern region of Benin and in Karimama in the department of Alibori in the northern region
(Table 1). In general, the intensity of the infestation was light as 83% to 100% of the children
sampled had a light infestation, 1 to 1999 eggs per gram (EPG) of faeces. However, a few highly
infectedHookworm cases were recorded (Table 3). The percentage of those identifiedwith
high loads of Hookworm eggs in positive cases were found in only four districts, Come (10%),
Lalo (4.1%), Lokossa (1.3%) and Djakotomey (1.3%). In the district of Lokossa, up to 8441
EPG of Hookworm were found.

In addition to Hookworm, other STH groups including Ascaris lumbricoides, Trichuris tri-
chiura and Enterobius vermicularis were identified. A. lumbricoides was found in 63% of the
districts (19 out of 30 districts surveyed)with a prevalence ranging from 1% (95%CI: 0.0–2.2)
to 39% (95%CI: 32.9–45.0) in endemic districts (Table 1). The severity of A. lumbricoides infes-
tation is mostly light with some high intensity recorded in the districts of Lalo (23.5%), Tovik-
lin (4.7%) and Djakotomey (4.7%) where the most infected child was found with 4,872 eggs
counted i.e. over 100,000 eggs of A. lumbricoides per gram of faeces (Table 3). A total of 49 chil-
dren were co-infectedwith both Hookworm and A. lumbricoides.
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Cases of Enterobius vermicularis, Trichuris trichiura and strongyloides stercoralis were iden-
tified in many districts (Table 4). Of the 30 surveyeddistricts, Enterobius vermicularis was
recorded in 21 districts with a prevalence ranging from 0.4% (95%CI: 0.0–1.2) to 15.2% (95%
CI: 10.7–19.6). Only one pupil, an 11 years old girl in Kandi, was highly infected with an egg
count of more than 5,000 for E. vermicularis. Whipworm was identified in 10 districts at low
prevalence ranging between 0.8% (95%CI: 0.0–1.9) to 9.6% (95%CI: 5.9–13.2). All the other
samples were lightly or moderately infected. There were no cases of high intensity infestations
of whipworm. In Tchaourou and in Materi, moderate cases were identifiedwhile all the other
positive samples were lightly infected. A total of 43 samples were found with light infection of
Strongyloides stercoralis.

A comparison of the Hookworm average prevalence per department indicated a significant
difference betweenCouffo and all the other departments surveyed (Fig 2) and the departments
of Mono and Couffo have a significant higher average prevalence for roundworm (Fig 3). A

Table 2. Comparison of the prevalence of themost common STH (Hookworm) to S.haematobium. X2: Chi-square value of comparison of Hook-
worm and S. haematobium prevalencewithin each district. p-value: p value of comparison of Hookwormand S. haematobium prevalencewithin
each district. In each column, the letter “a”, “b” or “c” indicates that the prevalence sharing similar letter are not significantly different while those sharing dif-
ferent letters are significantly different.

Department District Hookworm Prevalence (%) S. haematobiumPrevalence (%) p-value X2

Alibori Banikoara 7.6 a 25.2 a < 0.0001 26.9

Gogounou 10.4 a 6.4 b 0.107 2.1

Malanville 2.8 b 32.0 a < 0.0001 72.1

Karimama 1.2 b 9.2 b 0.00013 14.6

Segbana 14.0 a 2.0 b < 0.0001 22.8

Kandi 4.8 a 23.2 a < 0.0001 33.6

Atacora Cobly 30.4 b 5.6 b < 0.0001 50.4

Boukoumbe 13.2 a 20.0 a 0.041 3.7

Materi 10.8 a 2.8 b 0.00074 11.4

Kouande 21.6 b 11.2 a 0.00169 9.1

Toucountouna 4.4 c 0.8 c 0.0246 5.0

Tanguieta 10.4 a 0.8 c < 0.0001 20.0

Borgou Parakou 21.2 a 22.4 b 0.8285 0.05

Sinende 5.6 b 36.4 a < 0.0001 69.6

Tchaourou 19.2 a 56.4 c < 0.0001 72.0

Collines Glazoue 24.4 a 6.4 b < 0.0001 29.7

Savalou 16.8 a 20.0 a 0.3558 0.6

Bante 24.4 a 18.4 a 0.102 2.3

Couffo Klouekanmey 38.4a 24.8 a 0.00107 10.1

Dogbo 1.2c 3.2 b 0.223 1.5

Aplahoue 32.4a 18.8 a 0.0004 11.4

Djakotomey 60.0b 8.4 b < 0.0001 145.6

Lalo 29.2a 19.2 a 0.00904 6.3

Tovikl in 18.4d 0.4 c < 0.0001 45.5

Mono Bopa 8.8a 0.8 b 0.00007 15.8

Athieme 12.0 a 5.6 a 0.011 5.6

Come 4.0 b 1.2 b 0.091 2.8

Lokossa 30.4 c 8.0 a < 0.0001 38.9

Grand Popo 8.0 a 0.0 b 0.00001 18.8

Houeyogbe 15.2 a 12.0 a 0.297 0.8

doi:10.1371/journal.pone.0162798.t002
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comparison within the district indicates that in Aplahoue, boys are twice more likely to be
infected with Hookworm (OR: 2.2; 95%CI: 1.3–3.7) than girls in the districts of Parakou,
Lokossa, Bante, Lalo and Come. In contrast, for the district of Kouande, boys were less likely to
be infected with Hookworm compared to girls of similar age (OR: 0.37–95%CI: 0.18–0.74) (S2
Table). Due to the low number of positive samples of E. vermicularis and whipworm in most
districts, data could not be subjected to powerful statistical analysis.

Schistosomiasis distribution and intensity of infection
While S. haematobium was endemic in 29 districts, S. mansoni was identified in only 16 dis-
tricts. In the department of Collines for example none of the districts surveyedwas found with
cases of S. mansoni although S. haematobium was endemic to all of them. There were no cases
of schistosome infection detected in the district of Grand Popo during this survey.

Table 3. Intensityof Hookworm andA. lumbricoides infections in districtssurveyed. N: Number of positive sampled out the total (250) examined in
each commune. For Hookworm intensity, Light: 1-1999EPG; Moderate: 2000-3999EPG; High:�4000EPG. For A. lumbricoides intensity, Light: 1-4999EPG;
Moderate: 5000-49999EPG;High:�50000EPG.

District Hookworm Ascaris lumbricoides

Light Moderate High Light Moderate High

N % N % N % N % N % N %

Banikoara 19 100 0 0 0 0 25 100 0 0 0 0

Gogounou 26 100 0 0 0 0 14 100 0 0 0 0

Malanville 7 100 0 0 0 0 15 100 0 0 0 0

Karimama 3 100 0 0 0 0 6 100 0 0 0 0

Segbana 35 100 0 0 0 0 33 100 0 0 0 0

Kandi 12 100 0 0 0 0 9 100 0 0 0 0

Cobly 72 94.7 4 5.3 0 0 13 100 0 0 0 0

Boukoumbe 31 93.9 2 6.1 0 0 32 100 0 0 0 0

Materi 27 100 0 0 0 0 30 93.7 2 6.2 0 0

Kouande 52 96.3 2 3.7 0 0 15 93.7 1 6.2 0 0

Toucountouna 11 100 0 0 0 0 15 100 0 0 0 0

Tanguieta 26 100 0 0 0 0 12 100 0 0 0 0

Tchaourou 48 100 0 0 0 0 14 100 0 0 0 0

Parakou 52 98.1 1 1.9 0 0 17 100 0 0 0 0

Sinende 14 100 0 0 0 0 8 100 0 0 0 0

Bante 60 98.4 1 1.6 0 0 56 100 0 0 0 0

Glazoue 61 100 0 0 0 0 58 100 0 0 0 0

Savalou 36 85.7 6 14.3 0 0 11 100 0 0 0 0

Aplahoue 81 100 0 0 0 0 41 100 0 0 0 0

Djakotomey 142 94.7 6 4.0 2 1.3 17 80.9 3 14.3 1 4.7

Dogbo 3 100 0 0 0 0 8 100 0 0 0 0

Klouekanmey 94 97.9 2 2.1 0 0 4 66.7 2 33.3 0 0

Lalo 58 79.5 12 16.4 3 4.1 7 41.2 6 35.3 4 23.5

Toviklin 45 97.8 1 2.2 0 0 17 80.9 3 14.3 1 4.7

Athieme 25 83.3 5 16.7 0 0 3 75.0 1 25.0 0 0

Bopa 22 100 0 0 0 0 7 100 0 0 0 0

Come 9 90.0 0 0 1 10.0 27 69.2 12 30.8 0 0

Grand Popo 18 90.0 2 10.0 0 0 1 100 0 0 0 0

Houeyogbe 36 94.7 2 5.3 0 0 13 100 0 0 0 0

Lokossa 71 93.4 4 5.3 1 1.3 16 94.1 1 5.9 0 0

doi:10.1371/journal.pone.0162798.t003

Schistosomiasis and Soil Transmitted Helminths in 30 Districts, Benin

PLOSONE | DOI:10.1371/journal.pone.0162798 September 19, 2016 8 / 17



Ta
b
le
4.

P
re
va
le
n
ce

ra
te
an

d
in
te
n
si
ty
o
fo

th
er

so
il
tr
an

sm
itt
ed

h
el
m
in
th
s
fo
u
n
d
in
th
e
30

d
is
tr
ic
ts
m
ap

p
ed

in
20
14

in
B
en

in
.
N
:T
ot
al
nu
m
be
ro
fp
os
iti
ve
sa
m
pl
es
ou
tt
he
to
ta
l

(2
50
)e
xa
m
in
ed
in
ea
ch
co
m
m
un
e,
95
%
C
I:
95
%
co
nf
id
en
ce
in
te
rv
al
fo
rp
re
va
le
nc
e.
F
or
E
.v
er
m
ic
ul
ar
is
an
d
T.
tr
ic
hi
ur
a
in
te
ns
ity
:L
ig
ht
:1
-9
99
E
P
G
;M
od
er
at
e:
10
00
-9
99
9E
P
G
;H
ig
h:

�
10
00
0E
P
G
.F
or
S
.s
te
rc
or
al
is
Li
gh
t:
1-
80
0E
P
G
;M
od
er
at
e:
80
1-
12
00
E
P
G
;H
ig
h:
>1
20
0E
P
G
.

D
is
tr
ic
ts

E
nt
er
ob
iu
s
ve
rm
ic
ul
ar
is

Tr
ic
hu
ri
s
tr
ic
hi
ur
a

S
tr
on
gy
lo
id
es
st
er
co
ra
lis

P
re
va
le
n
ce

%
[9
5%

C
I]

L
ig
h
t

M
o
d
er
at
e

H
ig
h

P
re
va
le
n
ce

%
[9
5%

C
I]

L
ig
h
t

M
o
d
er
at
e

P
re
va
le
n
ce

%
[9
5%

C
I]

L
ig
h
t

H
ig
h

N
%

N
%

N
%

N
%

N
%

N
%

N
%

B
an

ik
o
ar
a

0
0

0
0

0
0

0
1.
2
[0
.0
–2
.6
]

3
10
0

0
0

0
0

0
0

0

G
o
g
o
u
no

u
6.
8
[3
.7
–9
.9
]

17
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

M
al
an

vi
lle

5.
6
[2
.7
–8
.5
]

14
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

K
ar
im

am
a

9.
6
[5
.9
–1
3.
2]

24
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

S
eg

b
an

a
6.
8
[3
.7
–9
.9
]

12
70
.6

5
29
.4

0
0

1.
6
[1
.0
–3
.2
]

4
10
0

0
0

0
0

0
0

0

K
an

d
i

19
.2
[1
4.
3–
24
.1
]

41
87
.2

6
12
.8

1
2.
1

0
0

0
0

0
0

0
0

0
0

K
o
b
li

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

B
o
u
ko

u
m
b
e

3.
2
[1
.0
–5
.4
]

8
10
0

0
0

0
0

2.
4
[0
.5
–4
.3
]

6
10
0

0
0

8.
8
[5
.3
–1
2.
3]

22
10
0

0
0

M
at
er
i

1.
6
[1
.0
–3
.2
]

4
10
0

0
0

0
0

9.
2
[5
.6
–1
2.
8]

20
87
.0

3
13
.0

0
0

0
0

0

K
o
u
an

d
e

0
0

0
0

0
0

0
0

0
0

0
0

0.
4
[0
.0
–1
.2
]

1
10
0

0
0

To
u
co

u
n
to
u
n
a

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

Ta
n
g
u
ie
ta

12
.0
[7
.9
–1
6.
0]

25
83
.3

5
16
.7

0
0

0
0

0
0

0
0

0
0

0
0

T
ch

ao
u
ro
u

1.
6
[1
.0
–3
.2
]

4
10
0

0
0

0
0

3.
2
[1
.0
–5
.4
]

6
75
.0

2
25
.0

0
0

0
0

0

P
ar
ak
o
u

2.
8
[0
.7
–4
.8
]

7
10
0

0
0

0
0

0.
8
[0
.0
–1
.9
]

2
10
0

0
0

0
0

0
0

0

S
in
en

d
e

15
.2
[1
0.
7–
19
.6
]

32
84
.2

6
15
.8

0
0

0
0

0
0

0
0

0
0

0
0

B
an

te
10
.0
[6
.3
–1
3.
7]

25
10
0

0
0

0
0

0
0

0
0

0
2.
0
[0
.3
–3
.7
]

4
80

1
20

G
la
zo
u
e

0
0

0
0

0
0

0
8.
4
[4
.9
–1
1.
8]

21
10
0

0
0

0
0

0
0

0

S
av
al
o
u

0
0

0
0

0
0

0
2.
0
[0
.3
–3
.7
]

5
10
0

0
0

1.
6
[0
.0
–3
.2
]

4
10
0

0
0

A
p
la
h
o
u
e

0.
4
[0
.0
–1
.2
]

1
10
0

0
0

0
0

2.
8
[0
.7
–4
.8
]

7
10
0

0
0

0
0

0
0

0

D
ja
ko

to
m
ey

5.
6
[2
.7
–8
.5
]

14
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

D
o
g
b
o

0
0

0
0

0
0

0
9.
2
[5
.6
–1
2.
8]

22
91
.7

1
4.
2

0
0

0
0

0

K
lo
u
ek
an
m
ey

3.
6
[1
.3
–5
.9
]

9
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

L
al
o

4.
8
[2
.1
–7
.5
]

12
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

To
vi
kl
in

1.
2
[0
.0
–2
.6
]

3
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

A
th
ie
m
e

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

B
o
p
a

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

C
o
m
e

4.
0
[1
.6
–6
.4
]

10
10
0

0
0

0
0

4.
8
[2
.1
–7
.4
]

12
10
0

0
0

4.
4
[1
.9
–6
.9
]

11
10
0

0
0

G
ra
n
d
P
o
p
o

3.
6
[1
.3
–5
.9
]

9
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

H
o
u
ey
o
g
b
e

1.
6
[0
.0
–3
.2
]

4
10
0

0
0

0
0

3.
6
[1
.3
–5
.9
]

9
10
0

0
0

0
0

0
0

0

L
o
ko

ss
a

3.
2
[1
.0
–5
.4
]

8
10
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

do
i:1
0.
13
71
/jo
ur
na
l.p
on
e.0

16
27
98
.t0
04

Schistosomiasis and Soil Transmitted Helminths in 30 Districts, Benin

PLOSONE | DOI:10.1371/journal.pone.0162798 September 19, 2016 9 / 17



The S. haematobium prevalence rate varied from 0.8% (95% CI: 0.0–1.9) to 56% (95% CI:
50.2–62.5) while the S. mansoni prevalence rate increased from 0.4% (95%CI: 0.0–1.2) to 46%
(95% CI: 39.8–52.2) in districts where schistosome infectionwas detected. The district of Tan-
guieta had the lowest prevalence for S. haematobium but the highest prevalence rate for S. man-
soni. On the contrary the district of Tchaourou had the highest prevalence rate for S.
haematobium against 0.8% (95%CI: 0.0–1.9) for S. mansoni. Generally the prevalence of S. hae-
matobium was either higher or similar to S. mansoni except in the districts of Lokossa, Materi
and Tanguieta where the prevalence of S. mansoni was significantly higher than the prevalence
of S. haematobium (Table 1).

Within the studied departments, the schistosomiasis was not uniformly distributed. The
department of Borgou, where only two districts were surveyed, had the highest average preva-
lence of S. haematobium while Atacora was the department with the highest S. mansoni preva-
lence rate (Figs 4 & 5). In the majority of the surveyeddistricts, both urinary and intestinal
schistosomiasis infectionwere not gender specific.However in the districts of Savalou, Klouekan-
mey and Boukoumbe, boys were likely to be infectedwith S. haematobium (S2 Table). A total 13
cases of S haematobium and S. mansoni co-infectionwere recorded throughout the study.

In most surveyeddistricts, the urinary schistosomiasis infestation was light (Table 5). Over-
all, 767 positive samples had 1–50 eggs of S. haematobium per 10 ml (light infestation) and 253
samples had more than 50 eggs of S. haematobium per 10 ml (high infestation). Similarly, the
intestinal schistosomiasis infection was mostly light. A total of 207 positive samples had a light
infection of 1–99 eggs of S. mansoni per gram of faeces, 102 positive samples with a moderate

Fig 2. Comparisonof the average prevalence of Hookworm in each department.On the chart, the department
sharing similar letter are not significantly different. Those sharing different letters indicate a significant difference
[p<0.0001]

doi:10.1371/journal.pone.0162798.g002

Schistosomiasis and Soil Transmitted Helminths in 30 Districts, Benin

PLOSONE | DOI:10.1371/journal.pone.0162798 September 19, 2016 10 / 17



intensity of 100–399 eggs per gram and 63 samples with more than 400 eggs of S. mansoni per
gram of faeces.

In addition to all these studied parasites, 95 samples with eggs of Hymenolepis nana, 24 with
eggs of Taenia spp and seven samples with Dicrocelium dendriticum were identified at various
levels of prevalence and intensity (S3 Table).

Discussion
This study was a key study for the implementation of a well organised strategy to control schis-
tosomiasis and STH in Benin. Prior to this mapping, sporadic drug administration for the con-
trol STH and schistosomiasis was carried out in some districts without a clear knowledge of the
prevalence of the disease present there, in other words WHO guidelines on MDA [11] were
not being followed. The mapping was scheduled in order to scale up MDA based on the preva-
lence of each endemic district. In addition, at a national level, there were no reports held on the
treatment and the protocol used to map the country in 2003. Consequently there were no his-
torical data available to assess the impact of treatment against schistosomiasis and STH in the
endemic districts thus justifying the need for mapping. As a result of our study the mass drug
administration for the control of schistosomiasis and STH has now being scaled up in accor-
dance with the WHO guideline and the national policy. Benin national policy only accommo-
dates one round of MDA a year even in districts that may require two rounds per year.

The current findings indicate STH endemicity in all surveyed districts at various levels
depending on geographical location thus confirming that these parasite infections are endemic
to all departments in Benin [27]. Apart from A. lumbricoides which seems to be predominant

Fig 3. Comparison of the average prevalence ofA. lumbricoides in each department.

doi:10.1371/journal.pone.0162798.g003
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in the south eastern Benin, other STH infections were widely spread across the country with
Hookworm being the most widely spread STH. S. mansoni and S. haematobium remain the
only schistosome parasites identified in Benin so far [28,29]. The study has also confirmed that
urinary schistosomiasis is more common than intestinal schistosomiasis in Benin [30,31]. Even
though our study indicated that schistosomiasis and STH prevalence rates overall are higher
than reported in a previous study [30,31], we believe Benin is following the trend of other Sub-
Saharan African countries where the prevalence of these neglected tropical diseases (NTD)
appears to drop over the time [32] and that schistosomiasis prevalence in Benin is steadily
decreasing with time. As an example, in a previous study carried out among 1,585 pupils an
average prevalence of 29% was observed [27] while the current average in the 30 districts for S.
haematobium was less than 20%.

Among the districts surveyed, lymphatic filariasis was co-endemic in 22 out of the 30 and
these 22 districts were included in the study in order to assess the impact of mass drug adminis-
tration with an Albendazole and Ivermectin combination for LF. This had been carried out for
many years in these districts and LF has even been cleared in some of these districts.We were
expecting low STH prevalence in these districts as they have received six rounds of Albendazole
treatment and LF has been eliminated successfully there. However there were no previous STH
data available that could be used to compare with the current status. Nevertheless it is worth
noting that in some of these districts such as Djakotomey (highest prevalence of STH) and
Tchaourou (highest prevalence of schistosomiasis and only 19% for STH) LF-MDA was

Fig 4. Comparisonof the average prevalence of S. haematobium in each department.

doi:10.1371/journal.pone.0162798.g004
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stopped just a year before this survey. On the one hand, this is an indication that school-based
MDA would be needed even after LF elimination in districts where LF is endemic in order to
reduce significantly STH prevalence in Benin. On the other hand however, this indicates that
integrated control of diseases is essential. It is also a wake-up call for the Benin health system as
it lacks strong prevention strategies and relies instead on MDA to control schistosomiasis. Cur-
rently, the national control program for these diseases is working in collaboration with donors
who are only supporting MDA in Benin.However without any additional strategies, Benin will
not be able to maintain treatment in endemic districts and this could lead to an increase of
these infections.

The majority of the surveyed schools were fitted with some sort of modern lavatory accessi-
ble to the children, however, the first reflex of the children when they were asked to collect
their faeces and urine, was to go to the wild (open air) indicating their usual habit. Children are
not encouraged to use the lavatories even at school as the lavatories lack maintenance in almost
all surveyed schools. We have noticed that many of these children walked to school bare foot
even in urban areas, and are permanently exposed to the risk of contracting an STH infection.
In such context, the national control program in charge of these diseases has set an epidemio-
logical coverage target of 75% for school-basedMDA. However, this target has not been
reached in most districts as of 2014 and 2015, the epidemiological coverage rates were below
20%. In such an environment, where MDA coverage targets cannot be reached and where less

Fig 5. Comparison of the average prevalence of S.mansoni in each department.

doi:10.1371/journal.pone.0162798.g005
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than 50% of the population have access to adequate toilet facilities [33,34], coupled with the
belief by some ethnic group of Benin that it is a sacrilege to use a toilet, the government needs
to redesign an integrated approach for the control of schistosomiasis and STH and scale up
sensitisation to raise awareness of these parasitic infections nationally. The National control
program for communicable diseases is also concernedwith the current situation and is plan-
ning a participative approach by evaluating the knowledge of the population in order to
encourage them to initiate some preventive measures.

As this study was a baseline survey to determine whether a district requires schistosomiasis
and STH MDA, only one stool and urine sample was collected from each selected student in
the morning. This was done generally between 9 am and 10 am. However three specimens on
three consecutive days could have been collected to assess daily egg shedding variations using
the Formol ether concentration method for more accurate results. Due to logistical reasons this

Table 5. Intensityof urinary and intestinalschistosomiasis infection in districts surveyed. N: Number of positive samples out the total (250) examined
in each commune. For S. haematobium intensity Light: 1–50 eggs/10ml of urine;High:� 50 eggs/10ml of urine For S.mansoni intensity Light: 1-99EPG;
Moderate: 100–399EPG; High:� 400EPG.

District Schistosoma haematobium Schistosomamansoni

Light High Light Moderate High

N % N % N % N % N %

Banikoara 40 63.5 23 36.5 0 0 0 0 0 0

Gogounou 15 93.7 1 6.2 0 0 0 0 0 0

Malanville 80 100 0 0 1 100 0 0 0 0

Karimama 23 100 0 0 0 0 0 0 0 0

Segbana 2 40.0 3 60.0 2 40.0 3 60.0 0 0

Kandi 43 74.1 15 25.9 0 0 0 0 0 0

Kobli 11 78.6 3 21.4 94 93.1 6 5.9 1 1.0

Boukoumbe 28 56.0 22 44.0 19 41.3 18 39.1 9 19.6

Materi 2 28.6 5 71.4 8 50.0 7 43.7 1 6.2

Kouande 25 89.3 3 10.7 1 100 0 0 0 0

Toukountouna 1 50.0 1 50.0 0 0 0 0 0 0

Tanguieta 1 50.0 1 50.0 31 27.0 37 32.2 47 40.9

Tchaourou 82 58.2 65 41.8 2 10.0 14 70.0 4 20.0

Parakou 47 83.9 9 16.1 1 100 0 0 0 0

Sinende 82 90.1 9 9.9 9 90.0 1 10.00 0 0

Bante 30 65.2 16 34.8 0 0 0 0 0 0

Glazoue 15 93.7 1 6.2 0 0 0 0 0 0

Savalou 12 24.0 38 76.0 0 0 0 0 0 0

Aplahoue 47 100 0 0 1 100 0 0 0 0

Djakotomey 21 100 0 0 8 80.0 2 20.0 0 0

Dogbo 8 100 0 0 0 0 0 0 0 0

Klouekanmey 50 80.6 12 19.3 1 100 0 0 0 0

Lalo 35 72.9 13 27.1 0 0 0 0 0 0

Toviklin 11 100 0 0 0 0 0 0 0 0

Athieme 13 92.9 1 7.1 0 0 0 0 0 0

Bopa 1 50.0 1 50.0 4 100 0 0 0 0

Come 3 100 0 0 3 100 0 0 0 0

Grand popo 0 0 0 0 0 0 0 0 0 0

Houeyogbe 19 63.3 11 36.7 0 0 0 0

Lokossa 20 100 0 0 22 59.5 14 37.8 1 2.7

doi:10.1371/journal.pone.0162798.t005
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was not possible and the national control program was limited to one sample collection for
each participant. In addition authors are aware of the fact that a single one-time Kato Katz
specimenmay not give confidence in the prevalence data given that the WHO recommends at
least two averaged specimens. Further studies have therefore been scheduled in districts with
no cases of schistosomiasis using the Formol ether concentration method on multiple samples.

Conclusion
This diseasemapping is a snapshot of what could be expected in other districts of Benin and
has given the National Control Program of Communicable Disease of Benin baseline detail of
the distribution of these neglected tropical diseases in endemic districts. The study will allow
appropriate scale up of mass drug administration in endemic districts making the control of
schistosomiasis and STH effective throughout the country. With adequate treatment and tar-
gets coverage, Benin should be able to control effectively these NTDs on its territory by 2020.
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