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1. Introduction

Parasitic diseases, among which schistosomiasis and soil-transmitted helminthiasis (anky-
lostosomiasis, ascariasis and trichuriasis), affect more than two billion people through the
world (WHO, 2012). These diseases occur mainly in tropical regions, are real public health
problems, and have a negative impact on socioeconomic development (WHO, 2008).

Cote d’Ivoire, located in West Africa, is not spared. Many parasitic diseases exist in this
country. Schistosomiasis is widespread (Doumenge et al.,, 1987; N'Goran et al., 1997;
N’Guessan et al., 2007; Raso et al., 2005; Utzinger et al., 2000; WHO, 2011) with prevalence
generally higher in communities around the water projects built to solve the problems of
electrical safety and / or food (Steinmann, 2006). As for soil-transmitted helminthiasis, there
is very little data on the prevalence and intensity in Cote d'Ivoire. But according to the
WHO, they are common throughout the territory [WHO, 2010.3]. The available data show
that the prevalence of hookworm infection may reach 100% in endemic communities in Cote
d'Ivoire, 71.6% of ascariasis and trichuriasis 24%. Concerning soil-transmitted helminth in-
fections, hookworm is the main parasite of our study area with 50% prevalence and less
than 10% for other affections (N’Guessan, 2003).

In this study, we seek lasting solutions to fight against schistosomiasis and soil-transmitted
helminthiasis in the ecoepidemiological context of a large dam. Our results can be extrapo-
lated in similar epidemiological settings elsewhere in Cote d'Ivoire, and other African coun-
tries. To this end, our investigations were conducted in the locality of Taabo-village
straddling the area of forest and savannah woodland. The set of two areas represents 2/3 of
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the different vegetation types encountered in this country. Parasitological monitoring con-
ducted, in such eco-epidemiological context, for two consecutive years of annual mass treat-
ment revealed a high prevalence of urinary schistosomiasis among school children.
Prevalence ranged from 94% to 74% at the beginning to the end (N’Goran et al., 2001). More-
over, the evaluation of reinfection of Schistosoma haematobium in various eco-epidemiological
systems has shown that it is faster in the context of large dams. The high prevalence and
limited reductions after mass treatments could be explained by the almost continuous trans-
mission of this parasite (N’Goran et al., 2001; N'Guessan et al., 2007).

The example of Taabo-village located near the large dam Taabo where urinary schistosomia-
sis is a real public health problem is remarkable (N'Goran et al., 1997 and 2001). Given the
importance of this disease at Taabo-village, which approach control could put important
pressure on large and sustained transmission of S. haematobium and hope to significantly re-
duce the morbidity due to urinary schistosomiasis?

In this perspective, a preventive approach and the fight against disease caused by schis-
tosomiasis and soil-transmitted helminthiasis as recommended by the World Health Or-
ganization (WHO, 2003, 2004 a and 2004b) were implemented. We believe that the
communication for behavior change associated with the ongoing management could al-
low a significant decrease in the prevalence and morbidity of these diseases. To do so,
parasitological surveys were conducted in schools before and after a control action to as-
sess the epidemiological situation. Then, teachers and Community Health Workers
(AUC) were trained to educate and support consistently the population. Finally, sociolog-
ical surveys were conducted to determine the perceptions and human factors in risk as-
sociated with the endemicity of these diseases.

2. Methods

2.1. Study area

The Taabo dam is located in south-center of Cote d'Ivoire, on the river Bandama in degrad-
ed forest area. Its construction was completed in 1979 (Sellin B. and Simonkovich, 1982). It
has a maximum depth of 34 m and a dam of 7.5 km long. The water reservoir is 630 million
m?® and an area of 69 km?. It is used to generate electricity. Taabo- village is 0.5

km far from the lake (Figure 1). This study area includes 3 929 inhabitants from the database
collected in 2009 by the Demographic Surveillance System of Taabo (SSD).

2.2. Parasitological surveys

From the list of the two primary schools of the study site, a school was chosen according to
the largest number of students. In the selected school, about 60 students at the rate of 10 per
classroom from the first year of the primary (CP1) to the last year (CM2) were selected by
lottery for the baseline survey and the second survey. Participation in the study was volun-
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tary. Parents or guardians of selected children were invited to sign a written informed con-
sent after explanation of the objective of the study and procedures by investigators.
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Figure 1. Overview of the study area

The selected school children participated in parasitological surveys conducted in April 2008
before treatment and on May 2009 after one year. In 2008 as in 2009, each student gave a
urine sample and a stool sample. These samples were taken between 10 a.m and 2 p.m.

The search for eggs of Schistosoma haematobium in each urine sample was performed by the
standard filtration of 10 ml of urine on a filter Nytrel ®, then the analysis of the filter under
a microscope after coloration with lugol (Plouvier et al., 1975). The eggs of Schistosoma hae-
matobium were identified and counted.

The stools were examined by the Kato-Katz technique, which involved analysis of 41.7
mg of stool under a microscope after plating and clarification by malachite green (Katz
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et al., 1972). The readings of the slides were made after 30 to 60 min for clarification in
order to observe hookworms in addition to other helminths. The eggs of Schistosoma
mansoni and soil-transmitted helminths (Ancylostoma spp, Ascaris lumbricoides and Trichuris
trichiura) were detected and counted by species. The intensity of infection was expressed
as number of eggs per gram of stool. After microscopic examination, a quality control
was used to check the consistency of results. Prevalences and intensities of parasites
were classified into three categories: mild, moderate and heavy according to WHO classi-
fication (WHO, 2004 and 2004a).

2.3. Training of teachers and community health workers (CHW) for awareness and
treatment

During a workshop held in 2008 at Taabo city, two teachers and one community health
worker (CHW), selected per locality and by their authorities, attended a course of half a day.
They were trained to use the awareness tools and prevention on the one hand and on the
other hand administration of praziquantel against schistosomiasis and mebendazole against
soil-transmitted helminthiasis. Then they received the tablets, treatment forms and media
for awareness and health education.

2.4. Awareness and treatment

The awareness, prevention and control studies were conducted in the two primary
schools by two teachers among the school-age populations and by a CHW among the
other community members. Everyone was aware of the opportunity to treat himself ac-
cording to his convenience because drugs were available to them from teachers and
CHW. Treatment (praziquantel and mebendazole) cost per student was 100 CFA francs
in schools and 150 CFA in community during the first year. At the end of the study, all
parasitized individuals were treated with praziquantel and/or mebendazole for free for
ethical reasons.

2.5. Sociological survey

The sociological survey concerned on the one hand the school-age children (children attend-
ing school or not) and on the other hand the general population, particularly the heads of
households. The selection of children attending school was done by a reasoned choice of 12
students per class from the first year elementary classes (CE1) to the last year of primary
school (CM2). As for children who do not attend school, they have been chosen unintention-
ally on the ground during the investigation. Based on the estimated number of households,
the quota of households to be interviewed has been determined. This survey was made after
the awareness and treatment. The majority of respondents are farmers and students, the sur-
vey took place when they were free i.e in the morning (from 6:00 to 10:00) and in the eve-
ning (from 16:00 to 20:00). We collected qualitative information from focus group and
quantitative information by questionnaire.
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2.6. Data analysis

The data were analyzed using STATA software, version 9 (Stata Cooperation, College Sta-
tion, Tx, USA). The various parasites were collected in two groups of diseases: schistosomia-
sis and soil-transmitted helminthiasis. For each condition, the prevalences and intensities of
infection were calculated for each survey. the 2008 data were compared with those of 2009
by comparison test of two proportions unrelated. The treatement results of the sociological
survey have been analised by the same test.

3. Results

Both parasitological surveys were conducted in Taabo-village 1 primary school, successively
in 2008 and 2009. The age group of school children who participated in the survey is be-
tween 6 and 15 years. The urine and feces analyzes of 114 school children have identified 62
(54.4%) school children infected. Among schoolchildren examined, 42.1% are infected with
schistosomes and soil-transmitted helminths by 28.9% (Table 1). At the baseline, 37.5% of
school children were carriers of at least one parasite against 70.1% a year later. The school
children infected in the second survey appeared to be significantly (P < 0.0001) more numer-
ous than those of the baseline survey, regarding schistosomiasis (P <0.0001). For soil-trans-
mitted helminths difference is not significantly (P = 0.131). Considering prevalence of the
parasitic species, Schistosoma haematobium attained 41.2% as judged by urine analysis, and
Ancylostoma spp. (27.2%) excreted in the feces. Trichuris trichiura (2.6%) and Schistosoma man-
soni (0.9%) were rarely observed following stool analyses. Based on prevalence, urinary
schistosomiasis is the main parasite of Taabo-village.

The intensities of infections reported in Table 2, indicate that whatever the year, the majority
of the population is infected with schistosomes i.e more than 75% have a mild infection (<50
eggs in 10 ml of urine for S. haematobium and <100 eggs in 1 g of stool for S. mansoni) (WHO,
2004). Heavy infections (= 50 eggs in 10 ml of urine for S. haematobium and > 400 eggsin 1 g
of stool for S. mansoni) appear to be solely due to S. haematobium. As for those who are infect-
ed by soil-transmitted helminths, they all have a mild infection (Table 2). It is of note that the
intensities of infection of these parasites remained invariant after treatment.

Awareness, prevention and treatment were made by two teachers from the school age popu-
lation and a community health worker (CHW) to other members of the community. In the
general population of Taabo-village, the number of infected individuals is estimated at 70%
and yet only 12% were treated between 2008 and 2009 (Table 3). This low rate indicates that
there was no enthusiasm in general; however it was more encouraging in schools where
32.9% were treated against 8.2% in the village.

The sociological survey involved 176 people including 78 school-age children and 98 adults.
The quantitative information reported in Table 4 indicate that schistosomiasis and soil are
considered as diseases by over 65% of respondents. However, the majority states that these
parasites do not have serious consequences on their health and more than 95% confirms that
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they are not dreadful. The concept of illness and fear is determined by a set of characters
which are: immobility, pain, costly treatment, lack of effective remedy, contagiousness, disa-
bility, lack of knowledge of symptoms and rapid death. To fight against the parasites, the
most common practice (19.4%) is the association of pharmaceutical products and plants. In
the control project against the diseases in question, the community generally wants to or-
ganize neighborhood with awareness as major roles (35.7%) and environmental health
(18.4%). According to the qualitative data, people think that these ailments do not require
treatment because they are supposed to heal over time. Also they do not know the mode of
contamination which they think would be done by drinking dirty water from the lake, span-
ning the urine of a schistosomiasis patient, or by bathing in the lake water.

Taabo-village 1 TOTAL
2008 2009
Number of subjects examined 56 58 114
Number of parasitized individuals 21 41 62
Prevalence % 37.5 70.1 54.4
Schistosomiasis
Number of parasitized individuals 13 35 48
Prevalence (%) 23.2 60.3 421
S. haematobium
Number of parasitized individuals 12 35 47
Prevalence (%) 214 60.3 41.2
S. mansoni
Number of parasitized individuals 1 0 1
Prevalence (%) 1.8 0 0.9
Soil-transmitted helminths
Number of parasitized individuals 13 20 33
Prevalence (%) 23.2 34.4 28.9
Ancylostoma spp.
Number of parasitized individuals 13 18 31
Prevalence (%) 23.2 31.0 27.2
T.trichiura
Number of parasitized individuals 0 3 3
Prevalence (%) 0 5.1 2.6

Table 1. Prevalence of schistosomiasis and soil-transmitted helminths before (2008) and after deworming (2009) in
Taabo lake dam in south-center of Céte d'lvoire
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Schistosomiasis

Soil-transmitted helminths

Infection intensities (%) in years

2008 2009 2008 2009
Light infection 76.9 771 100 100
High infection 23.1 229 0 0

Table 2. Percentages of intensities of schistosomiasis infection and soil-transmitted helminths in the Taabo lake dam

in south-center of Cote d'lvoire

Population

Workforces Treated Treated Percentage
Attending school 598 197 32.97
Not attending school 3331 275 8.25
Total 3929 472 12.01

Table 3. Percentage of treated population to Taabo-village of 2008 — 2009

They use water from Lake dam for all daily activities including laundry, washing dishes,

cooking, bathing, swimming and even sometimes for drinking when drinking water is inac-

cessible. Fishing takes place in the lake, and the water is also used to irrigate nurseries of

coffee and cocoa.

Reactions et reponses to Workforces Percentages
questions
Knowledge of diseases
Know 128 72.7
Schistosomiasis
Do not Know 48 27.3
Serious 39 22.2
Less serious 137 77.8
Know 115 65.3
soil-transmitted helminths
Do not Know 61 34.7
Serious 55 31.2
Less serious 121 68.8
Communities attitudes Non dreadful schistosomiasis 168 95.5
Dreadful schistosomiasis 8 45
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Reactions et reponses to Workforces Percentages
questions
Non dreadful soil-transmitted 172 97.7
helminthes
Dreadful soil-transmitted 4 2.3
helminthes

Practices in communities None 2 2.1
Never infected 61 62.2
Pharmaceutical products 10 10.2
Medicinal Plants 6 6.1
Pharmaceutical products + Plants 19 19.4

Control Project By neighborhood 57 58.1
Combination 2 2.1
Gender 9 9.2
No answer 30 30.6

Role in participation Decision making 10 10.2
Environmental health 18 18.4
Awareness 35 35.7
Supervision 5 5.1
No answer 30 30.6

Table 4. Results of sociological surveys conducted in Taabo-village community near the dam Taabo in south-center of
Cote d'lvoire.

4. Discussion

Parasitic diseases highlighted in the locality of the Taabo-village are schistosomiasis and
hookworm. Schistosomiasis was the predominant parasitosis. It was followed by ankylosto-
somiasis. This classification is different from the distribution observed in Africa south of the
Sahara where ankytosmosomiasis is top of the list (Hotez et Kamath, 2009). The prevalence
of these parasitoses are moderate overall. However, a high prevalence of Schistosoma haema-
tobium in the order of 60% was recorded at the end of the study in 2009 where no case of S.
mansoni infection was observed. The study area is an environment with a high prevalence of
urinary schistosomiasis as already reported by N'Goran and colleagues more than 20 years
ago (N'Goran et al., 1987).

The high prevalence of 60.3% recorded only a year later, does not demonstrate that rein-
fection is fast because we have not reviewed all of the students selected in 2008. Rather
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we made another sample because we adopted a population-based approach to see how
the home would evolve in real conditions when the population was aware and had
medicines at their disposal. On the contrary, this result reveals that the treatment did
not have a great influence on morbidity indicators such as the prevalence and intensity
of infection. It is explained by the fact that only 12% of the population was treated.
Thus, for the treatments have a significant impact, they must extend at least 75% of the
school age population and for a long-term as recommended by the WHO (2012). Based
on the categories of prevalences and intensities of infection, we offer an annual treate-
ment of the entire community with praziquantel in the case of schistosomiasis. As for
soil-transmitted helminthiasis, albendazole may also be distributed once a year. Howev-
er, all children of preschool and school age and women of childbearing age and adults
at risk should be given priority in accordance with the recommendations of the WHO
(WHO, 2004.9; 2010.3). For ongoing management, it would be appropriate after the an-
nual mass distribution campaign to,make anthelmintics available to the public through
the channels of teachers and community health worker.

It should be noted that while anthelmintics were made available to the Taabo village’s
population, very few people were treated. There was no enthusiasm for the treatment
for the simple reason that these parasites are considered by the majority of the popula-
tion as non-serious illnesses and less dreadful. For this population it is not necessary to
observe measures of prevention and fight as they think diseases are supposed to heal
over time. We think that these perceptions are a major obstacle to control actions by che-
motherapy.

To develop an appropriate approach of prevention, we must attract the attention of the pop-
ulation through advocacy and health education as suggested by Monday (Useh, 2012). This
awareness action and the population’s education aim to significantly alter his perception of
the severity of these infections, the effectiveness of existing treatments anthelmintics and the
risk behaviors. Emphasis will be placed on the causes of the outbreak of schistosomiasis, the
consequences associated with schistosomiasis and soil-transmitted to the modes of transmis-
sion of these parasites and the importance of seeking treatment for infections. However,
awareness sessions will be done with the involvement of opinion leaders such as religious
and customary authorities and groups of associations. Awareness must be held at school in
the village, in places of worship and preferably on Sunday, which is the market day or the
gathering of this farming population. These control actions will take place between Decem-
ber and February which is the rest period for farmers.

Instead of preventing people from visiting the lake shore, we suggest people to collect water
for their domestic activities early in the morning i.e before 10 am or in afternoon after 2:00
p.m. The interval between 10 am and 2 p.m corresponds to the maximum period of cercariae
emission in water during which people would better avoid attending it. Moreover, the au-
thorities should ensure that drinking water is accessible and that latrines are available. To
reduce transmission, we recommend people not to urinate and defecate in the lake or to def-
ecate far away from the lake.
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It must be noted that the relatively low percentage of 23.2% of schistosomiasis, recorded at
the beginning of the study has not yet been determined in this locality to our knowledge.
This level of prevalence could be explained by the previous effect of control actions. We can
mention as examples the mass treatment against schistosomiasis conducted in five primary
schools around the dam of Taabo and in hyperendemic primary school of Tiassalé’s district
that Taabo-village is part of it (N'Goran et al., 1997 and 1998). In addition, control activities
are performed in Taabo-village for only about a decade (Esse, 1997; N'Goran et al., 1997,
2001 and 2003). This is also probably the reason why the intensities of infection were mostly
minor. Morbidity is less severe in the population examined. Indeed, the population exam-
ined would be concerned because it is often affected by the programs against schistosomia-
sis and soil-transmitted helminthiasis. It could be that the category of population such as
adultes that do not fall often in programs against these infections have more severe lesions.
This was noted by Keita et al. Mali (Keita et al., 2009).

The prevention and control proposed above should extend at least 75% of the school age
population and make long-term as recommended by the WHO (2012). We propose to this
end a period of at least five years.

5. Conclusion

The results of this study allow us to identify an approach for prevention and sustainable
fight against schistosomiasis and soil-transmitted helminthiasis in the context of a large
dam in Cote-d’Ivoire. It is partly based on the awareness of the population in order to
change significantly their perception of the seriousness of these infections and the effec-
tiveness of existing anthelmintics treatments. On the other hand, the population will
change habits in relation to periods of attendance at the lake and the discharge of excre-
ment in the water. This fight will be the responsibility of community and must be sus-
tained for a long term This community approach of prevention and control proposed at
the end of our study is most applicable in the context of eco-epidemiological of large
dams, where soil-transmitted helminthiasis and schistosomiasis are generally a serious,
but neglected, public health problem.
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