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Abstract 

Background: Schistosomiasis remains an important public health problem, also among adults, and infected indi‑
viduals not treated serve as a reservoir for continued transmission. Despite this fact, evidence on the epidemiology 
of schistosomiasis in adults in Côte d’Ivoire is scanty. This study aimed to determine the prevalence and risk factors 
of Schistosoma infection and co‑infection with other helminth species and Plasmodium among adults in the Taabo 
region in the south‑central part of Côte d’Ivoire.

Methods: A cross‑sectional survey was carried out in April and May 2017 in the frame of the “Côte d’Ivoire Dual Bur‑
den of Disease Study” (CoDuBu). A total of 901 randomly selected individuals, aged 18–90 years, provided blood, stool 
and urine samples for the diagnosis of malaria and helminth infections. Stool samples were subjected to the Kato‑Katz 
technique for detection of Schistosoma mansoni and soil‑transmitted helminth eggs, while urine samples were exam‑
ined for eggs of Schistosoma haematobium and circulating cathodic antigen of S. mansoni. Risk factors and morbidity 
profiles were assessed using health examination and questionnaires. Multinomial logistic regressions were employed 
to identify risk factors and morbidity patterns associated with S. mansoni mono‑ and co‑infections.

Results: The prevalence of S. mansoni and S. haematobium was 23.2% and 1.0%, respectively. Most S. mansoni were 
mono‑infections (81.3%). Independent determinants of S. mansoni infection were young age, low socioeconomic sta‑
tus (mono‑ and co‑infection) and poor hygiene practices (co‑infection) (P < 0.05). S. mansoni infection was indepen‑
dently associated with higher pain and symptom scores (mono‑infection), poor self‑rated health and low healthcare 
use (co‑infection) (P < 0.05).
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Background
In Côte d’Ivoire, schistosomiasis remains a considerable 
public health problem [1–3]. In many regions, health 
education and hygiene conditions are poor, and hence, 
there is sustained transmission of schistosomiasis and 
other helminth infections. Following recommendations 
put forth by the World Health Organization (WHO) 
15 years ago [4], a national schistosomiasis control pro-
gramme was launched [5]. In the meantime, multiple 
rounds of preventive chemotherapy have been con-
ducted, using praziquantel against schistosomiasis and 
albendazole or mebendazole against soil-transmitted 
helminth infections, primarily targeting school-aged 
children. Of note, a limitation of this strategy is that 
parts of the population are excluded, such as preschool-
aged children, women of reproductive age and adults 
more generally. This issue might represent an obstacle 
to the achievement of the Sustainable Development 
Goals (SDGs) adopted by the United Nations, calling to 
end neglected tropical diseases such as schistosomia-
sis by 2030 [6, 7]. Although school-aged children are at 
highest risk of schistosomiasis in endemic areas, infec-
tion of adults remains an important cause of morbid-
ity and even mortality [8, 9]. Infected adults not treated 
also serve as a reservoir of the Schistosoma parasites. 
Nonetheless, the epidemiology of schistosomiasis in 
adults in Côte d’Ivoire is poorly understood [1, 10, 11].

Previous studies focusing on school-aged children 
showed that Schistosoma infection is common in the 
south-central part of Côte d’Ivoire, particularly the 
region of Taabo, with Schistosoma haematobium being 
the predominant species [12, 13]. The Bandama River 
and the hydroelectric dam built across the river in the 
late 1970s constitute a key feature of this region that 
governs the transmission of schistosomiasis [14]. How-
ever, in 2011, as a result of an investigation carried out 
by the Taabo Health and Demographic System (HDSS), 
multiple cases of intestinal schistosomiasis were 
observed for the first time downstream of the dam. 
Interestingly, a recent cross-sectional epidemiological 
study suggested a shift from S. haematobium to S. man-
soni [11]. Moreover, Schistosoma infection may occur 
concurrently with soil-transmitted helminths (STHs) 
and Plasmodium infections [15, 16]. In this context, 
risk factors for Schistosoma infection and co-infection 
with these diverse parasites and related morbidity 

may overlap extensively. Yet, there are limited data on 
adults.

Against this background, it is important to characterize 
the epidemiological profile of this important schistoso-
miasis focus, which will shape the design, implementa-
tion and monitoring of a control strategy that is tailored 
to the social-ecological setting. The objectives of this 
study were to determine the prevalence of Schistosoma 
infection and co-infection with other helminth spe-
cies and Plasmodium, as well as to identify associated 
risk factors and morbidities among adults in the Taabo 
region, Côte d’Ivoire.

Methods
Study area and participants
This study was conducted in the Taabo HDSS, located in 
the south-central part of Côte d’Ivoire. The Taabo HDSS, 
launched in late 2008, covers a surface area of 980  km2 
and comprises of a small town (Taabo-Cité), 13 main vil-
lages and over 100 hamlets with an initial population of 
approximately 38,000 people. It provides high-quality 
longitudinal data on all the residents, with particular 
emphasis on demography (age, sex, education, pregnancy, 
birth, causes of death, migration, ethnicity, nationality, 
religion and employment). Data are collected prospec-
tively at the individual and household level, usually done 
in three rounds per year [17]. The Taabo HDSS serves 
also as a platform for specific epidemiological studies like 
the one presented here and, under the leadership of dis-
trict health personnel with support of the Taabo HDSS 
staff, interventions were undertaken for specific parasitic 
infections. The strong link with the health system not 
only enables effective interventions, but also facilitates 
transfer of key results to health authorities. The Taabo 
HDSS is predominantly rural and most income generat-
ing activities are related to cash crop cultivation (cocoa 
and coffee) and fishing. The health system comprises pri-
mary health care facilities in the villages and a small gen-
eral hospital in Taabo-Cité.

Investigations were carried out within the frame of the 
“Côte d’Ivoire Dual Burden of Disease” (CoDuBu) study, 
aiming for a deeper understanding of interrelation of 
common infectious diseases and non-communicable dis-
eases among adults in the Taabo HDSS. The design of the 
CoDuBu study is described in detail elsewhere [18]. In 
brief, for this multi-disease, co-morbidity study, a sample 

Conclusions: This study showed that adults represent a substantial reservoir of S. mansoni. To sustain schistosomiasis 
control and improve people’s wellbeing, it is important to expand preventive chemotherapy from school‑aged chil‑
dren to adults, coupled with hygiene and health education.
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size of 976 adults aged ≥ 18 years was estimated based on 
an expected malaria and diabetes co-occurrence preva-
lence of 2%, an error margin of 1%, a 95% confidence level 
and a nonresponse rate of 30% for a reference popula-
tion of 200,000. Using a sampling frame generated by the 
Taabo HDSS, participants were randomly selected from 
three sites: Tokohiri, Amani-Ménou and Taabo-Cité. 
These sites are located along the Bandama River and are 
illustrative of the diverse residence settings encountered 
in the Taabo HDSS: Taabo-Cité reflecting the only semi-
urban setting that is situated in close proximity to the 
man-made dam and the impounded lake, while Tokohiri 
and Amani-Ménou are two villages located upstream and 
downstream of the man-made dam, respectively.

Ethical considerations
The CoDuBu study adheres to the principles of Declara-
tions of Helsinki. Ethical approvals were obtained from 
the National Ethics Committee for Life and Health Sci-
ences of Côte d’Ivoire (reference no. 032/IMSHP/CNER-
kp; date of approval: March 24, 2017) and the Ethics 
Committee of North-West and Central Switzerland (ref-
erence no. 2016-00143; date of approval: May 2, 2016). 
Before the implementation of field activities, the objec-
tives, procedures, potential risks and benefits of the study 
were explained to community leaders, and local approv-
als were also obtained. All participants provided written 
informed consent prior to enrollment in the study. Par-
ticipants who were diagnosed with any screened infec-
tion were treated free of charge, according to national 
guidelines.

Data collection and administration of questionnaire
A cross-sectional survey was carried out in April and 
May 2017. Randomly selected adults who agreed to par-
ticipate in the study received prelabelled containers to be 
partially filled with their fresh morning stool and mid-
stream urine samples the next day. Stool and urine sam-
ples were collected at home and transferred in cool boxes 
to the Taabo-Cité laboratory for analysis. The same day, 
participants were invited at the local health centre to pro-
vide venous whole blood samples in ethylenediaminetet-
raacetic (EDTA) tubes, which were taken for laboratory 
screening.

Participants had anthropometric (including body 
weight and height) and body temperature measurements 
recorded. Body weight (nearest 0.1 kg) and height (near-
est 1  cm) were measured using SECA weighing scales 
and stadiometers (SECA GmbH; Hamburg, Germany), 
respectively. Body temperature (nearest 0.1  °C) was 
measured using Omron auricular thermometers (Omron 
Healthcare; Kyoto, Japan).

Participants also had interviews covering lifestyle and 
health-related characteristics. Demographic, socio-
economic, water, sanitation and hygiene (WASH) and 
health-related indicators were collected using a combi-
nation of the CoDuBu study and the Taabo HDSS ques-
tionnaires. Demographic indicators collected were age, 
sex and area of residency. For socioeconomic status, 
indicators were education, wealth index and occupation. 
WASH indicators were assessed by documenting seven 
parameters: (1) presence of household toilet; (2) use of 
surface water; (3) water storage; (4) disposal of household 
waste; (5) disposal of toilet water in the open; (6) faecal 
handling; and (7) handwashing practices. Health-related 
indicators were clinical symptoms, self-rated health 
and healthcare use in the preceding 12 months. Clinical 
symptoms included 10 parameters: (1) abdominal pain; 
(2) general body pain; (3) use of pain medications; (4) 
pain disturbance; (5) fever; (6) fatigue; (7) nausea or vom-
iting; (8) diarrhea; (9) blood in the stool; and (10) blood in 
the urine. Pain comprised general body pain, pain sever-
ity, abdominal pain and pain medication. Self-reported 
fever and presence of blood in the urine were augmented 
with objectively measured body temperature (> 37.5  °C) 
and positive dipstick test for haematuria, respectively.

Laboratory procedures
Stool samples were examined using the Baermann tech-
nique for the diagnosis of Strongyloides stercoralis [19] 
and the Kato-Katz technique [20] for S.  mansoni and 
soil-transmitted helminths. Duplicate Kato-Katz thick 
smears were prepared from each stool sample. Within an 
hour after preparation, the Kato-Katz thick smears were 
examined under a microscope by experienced labora-
tory technicians for the diagnosis of hookworm eggs as 
the eggs deteriorate rapidly. The same thick smears were 
re-examined later for the diagnosis of the eggs of S. man-
soni, Ascaris lumbricoides and Trichuris trichiura.

Urine samples were examined for the presence of 
S.  haematobium eggs using a filtration method [21], for 
S.  mansoni infection using a point-of-care circulating 
cathodic antigen (POC-CCA) cassette test (ICT Diag-
nostics; Cape Town, South Africa) and for microhaema-
turia using a Roche Combur-10 test (Roche Diagnostics; 
Basel, Switzerland). In accordance to the manufacturer’s 
instructions, POC-CCA tests were scored as either nega-
tive or positive, the latter stratified into trace, 1 +, 2 + or 
3 + .

Blood samples were subjected to a rapid diagnostic test 
(ICT Diagnostics; Cape Town, South Africa) and thick 
and thin blood films were examined under a microscope 
for the assessment of Plasmodium infection. Haemoglo-
bin level in blood samples was measured using Hemocue 
301 system (Angelholm, Sweden).
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Statistical analysis
Participants were considered as positive for a specific 
infection if at least one of its diagnostic methods revealed 
a positive result, and if otherwise, were considered nega-
tive. Participants’ age was classified along the median 
value (≤ 41 years vs > 41 years). Study area was classified 
into semi-urban (Taabo-Cité) and rural (Amani-Ménou 
and Tokohiri). Educational status was classified into for-
mal education (i.e., attending primary, secondary or ter-
tiary education institution) and no formal education (i.e., 
not attending any formal schools). Occupation was classi-
fied into farming (i.e., agriculture, fishing) and non-farm-
ing occupation. Participants were categorized into three 
socioeconomic strata (lowest, middle and upper wealth 
tertiles) based on an index derived from a principal com-
ponent analysis of their respective household assets (e.g., 
radio, television, motorcycle, bicycle, cell phone, fan and 
refrigerator) [17]. In order to do this, assets were coded 
as binary variables (1 = yes, 0 = no). The first principal 
component was used to derive wealth tertiles according 
to a widely used methodology [22], readily adapted to the 
local context. An additive hygiene score (comprising the 
seven WASH parameters; range: 0–7) was generated and 
participants were classified (along the median value) as 
having either poor or good hygiene practices.

Anaemia was defined as haemoglobin < 12 g/100 ml in 
females and < 13 g/100 ml in males [23]. Body mass index 
(BMI) was calculated as a ratio of weight and height-
squared and underweight was defined as BMI < 18.5 kg/
m2 [24]. An additive pain score (comprising the four pain 
parameters; range: 0–4) was generated, and participants 
were classified (along the median value) as having either 
lower or higher pain problems. Similarly, additive gen-
eral symptom score (comprising the 10 symptoms; range: 
0–10) was also generated, and participants were classi-
fied (along the median value) as having either lower or 
higher symptoms. These additive scores represent more 
robust and minimally biased measures (in comparison to 
using the single components) to capture to some extent, 
the hygiene-related risk factors and the morbidity-related 
parameters in the study sample.

Descriptive statistics were used to summarize char-
acteristics of the study sample. Categorical variables 
were summarized as counts and proportions, whereas 
continuous variables were summarized as medians and 
interquartile ranges. Infection prevalence was compared 
between subgroups of the study sample and the Pear-
son’s χ2 test was used to test the differences between the 
subgroups.

A bivariate logistic regression analysis based on 
the crude odds ratio (cOR) was performed to iden-
tify potential risk factors associated with S. mansoni 

infection status. Significant predictors from bivari-
ate model were included in the multivariate analysis. 
Adjusted odds ratio (aOR) and P-value from multivari-
ate logistic regression model were utilized to investigate 
the strength of associations. The potential risk factors 
assessed were age (≤ 41 years vs > 41 years), sex (males 
vs females), study area (semi-urban vs rural), formal 
education (yes vs no), occupation (farming vs non-
farming) and wealth index (lowest vs upper tertiles) 
and hygiene score (> 3 vs ≤ 3). To reduce the bias (on 
the regression estimates) that may arise due to other 
infectious agents, participants who had other infections 
(Plasmodium and soil-transmitted helminths) without 
S. mansoni were excluded from the regression analyses. 
Thus, participants were stratified by S. mansoni infec-
tion status: (1) no infection as the reference group; 
(2) S. mansoni mono-infection; and (3) S. mansoni co-
infection with other parasitic species.

The morbidity-related parameters (the dependent 
variables) were regressed on the S. mansoni infection 
status (the independent variable) using two-level logis-
tic regressions. Specifically, two-level logistic regres-
sion was done for each of the seven morbidity-related 
parameters, including self-rated health (poor vs good), 
anaemia (yes vs no), underweight (yes vs no), abdomi-
nal pain (yes vs no), pain score (> 2 vs ≤ 2), symptom 
score (> 4 vs ≤ 4) and healthcare use (yes vs no).

Three groups of analytical models based on S. man-
soni diagnostic method were tested for each regres-
sion model. Model 1 pertains to S.  mansoni infection 
defined as a positive Kato-Katz or a positive POC-CCA 
test including trace as positive (i.e., trace, 1 +, 2 + and 
3 +). Model 2 refers to S. mansoni infection defined as a 
positive Kato-Katz or a positive POC-CCA test exclud-
ing trace positive-only cases (i.e., 1 +, 2 + and 3 +). 
Model 3 relates to S. mansoni infection defined as posi-
tive Kato-Katz test (excluding all POC-CCA positive-
only cases).

For all analyses, effect estimates were considered as 
statistically significant if the two-sided P-value of the 
test statistic was < 0.05. Effect estimates were further 
considered as ‘indicating a trend’ if 0.05 ≤ P < 0.1. Anal-
yses were performed using Stata version 14 (Stata Cor-
poration, College Station, Texas, USA) and R Statistical 
Software version 3.6.2 (R Foundation; Vienna, Austria).

Of note, we used the following operational defini-
tions for some key terms: poor handwashing practice 
meant lack of handwashing with soap; poor faecal han-
dling practice was considered as disposal of faeces into 
a drain, bush, ditch, on the ground or garbage heap; and 
poor water storage meant storage of water in uncovered 
containers.
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Results
Characteristics of the study participants
Sociodemographic characteristics Overall, 1019 adults 
were invited to participate in this study as we assumed 
that the final sample size would be reduced due to non-
response and missing data. Among them, 118 were 
excluded from the analyses for missing data. Hence, final 
analyses included 901 individuals who had complete par-
asitological and questionnaire data. Table 1 shows char-
acteristics of the included study participants. The median 
age of the participants was 41 years (range 18–90 years). 
Females represented 48.4% of the participants. There was 
an equal representation of semi-urban (50.1%) and rural 
(49.9%) dwellers. Most of the participants were farmers 
(54.1%). Slightly less than half (45%) of the participants 
had no formal education.

Hygiene-related characteristics Among the included 
participants, 47.3% reported having no toilet in their 
house, and 22.3% reported use of surface water. The 
majority disposed their household waste in the environ-
ment (88.7%) and toilet water in the open (71.6%). Only 
0.7% of individuals had poor handwashing practice. The 
proportion of individuals storing their water in unsani-
tary conditions was 12.8%. Almost half of participants 
(49.5%) had a poor faecal handling practice. Overall, the 
median score for poor hygiene was 3 (out of 7), and 41.2% 
of participants had a poor hygiene score > 3 (Table 1).

Health-related characteristics General body pain and 
pain disturbance were reported by 81.7% and 61.1% 
of participants, respectively. The proportion of people 
reporting abdominal pain was 38.4%, while that of indi-
viduals reporting use of pain medication was 26.4%. A 
median pain score of 2 (out of 4) was obtained, and 36.5% 
of the study population had a pain score > 2.

Among the other investigated symptoms, fatigue was 
often reported (77.8%). Only 18.8% and 0.7% of the par-
ticipants reported blood in stool and blood in urine, 
respectively. Median score of symptoms reported by 
participants was 4 (out of 10) and 40.1% of people had 
a symptom score > 4. One-fifth of participants (20.5%) 
were anaemic, whereas 7.7% were underweight. More 
than three-quarters (77.4%) of the participants reported 
regular use of conventional healthcare services, whereas 
4.8% of the participants reported poor general health 
(Table 1).

Parasitic infections
Among the 901 participants, the most frequent infection 
diagnosed was S. mansoni with an overall prevalence of 
23.2% (n = 209) when considering positive results from 
the Kato-Katz thick smear and the POC-CCA urine cas-
sette test. The prevalence of S.  haematobium infection 

was low (1.0%), giving a combined schistosomiasis preva-
lence of 24.0%. S.  mansoni cases were 81.3% (n = 170) 
mono-infection and 18.7% (n = 39) co-infections with 
either Plasmodium, S.  haematobium or hookworm. 
Overall, there were 96 participants (10.6%) with other 
infections, but without S. mansoni.

Due to the small number of S. haematobium cases, fur-
ther analyses focused on S. mansoni. The distribution of 
S. mansoni infection within the study population is sum-
marized in Table  2. Infection was significantly higher 
in younger (≤ 41 years) than in older (> 41 years) adults 
(30.0% vs 15.6%, P < 0.001). There was no significant dif-
ference (P > 0.05) in S.  mansoni infection with regard to 
sex and educational attainment. S.  mansoni infection 
prevalence varied considerably with the socioeconomic 
status, with the highest prevalence observed in the low-
est tertile compared to the upper wealth tertiles (30.7% 
vs 19.3%, P < 0.001). Individuals involved in farming 
activities were more likely to be infected than those with 
non-farming occupation (25.7% vs 20.3%, P = 0.05). With 
regard to residency, there was no significant difference 
between the semi-urban and combined rural settings 
(P > 0.05). However, within the rural settings, prevalence 
of S.  mansoni was significantly higher in Tokohiri com-
pared to Amani-Ménou (29.4% vs 19.8%, P = 0.04).

Risk factors associated with S. mansoni mono‑infection 
and co‑infection with other species
The bivariate logistic regression model analysis results 
show the risk factors associated with S. mansoni infec-
tion status according to the diagnostic method (Table 3). 
Among adults of age > 41  years (vs age ≤ 41  years), S. 
mansoni mono- (all models) and co-infections (model 
1) were less likely to be observed, when compared to no 
infection (P < 0.05). Belonging to the lowest wealth ter-
tile (vs upper wealth tertile) increased the odds of both 
S. mansoni mono- and co-infections (all models) in the 
studied participants (P < 0.05). Farmers (vs non farm-
ers) had higher odds of co-infections (model 1 and 2) 
(P < 0.05). Poor hygiene (score > 3 vs score ≤ 3) increased 
the odds of mono-infection (model 1) and co-infections 
regardless of the model (P < 0.05). Living in the semi-
urban area (vs combined rural area) significantly reduced 
the odds of mono-infection (model 3) and co-infections 
(models 1 and 3) (P < 0.05). Formal education (vs. non 
formal education) reduced only the odds of co-infec-
tions (model 2) (P < 0.05). Males (vs females) tended to 
have higher odds of co-infections (model 1) (P < 0.1). The 
multivariate logistic regression analysis of the independ-
ent variables is detailed in Table  4. Age > 41  years, low-
est wealth tertile and poor hygiene (score > 3) were still 
significantly associated with S.  mansoni infection status 
(P < 0.05).
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Table 1 Summary of participants’ characteristics of a cross‑sectional survey carried out in the region of Taabo, south‑central part of 
Côte d’Ivoire in April and May 2017

All estimates are counts and proportion unless stated otherwise; IQR interquartile range
a Combines no toilet in household, use of surface water, disposal of household waste in nature or toilet water in the open and poor handwashing, fecal handling or 
water storage practices
b Combines general body pain, pain disturbance, abdominal pain and use of pain medication
c Combines pain score, fatigue, fever, nausea or vomiting, diarrhoea, blood in the stool and blood in the urine

Group Characteristic Number (%)

All 901 (100.0)

Sociodemographic factors Age [years; median (IQR)] 41 (18)

Age: 18–41 years 477 (52.9)

Females 436 (48.4)

No formal education 405 (45.0)

Lowest wealth tertile 309 (34.3)

Farmers 487 (54.1)

Area: Taabo‑Cité (semi‑urban) 451 (50.1)

Area: Amani‑Ménou (rural) 222 (24.6)

Area: Tokohiri (rural) 228 (25.3)

Rural area 450 (49.9)

Hygiene‑related factors No toilet in household 426 (47.3)

Use of surface water 201 (22.3)

Disposal of waste in the environment 799 (88.7)

Disposal of toilet water in the open 645 (71.6)

Poor handwashing practice 6 (0.7)

Poor water storage 115 (12.8)

Poor faecal handling 446 (49.5)

Poor hygiene score [median (IQR)]a 3 (2)

Poor hygiene score > 3 371 (41.2)

Health‑related factors Fatigue 701 (77.8)

Nausea or vomiting 154 (17.1)

Fever 374 (41.5)

Diarrhea 362 (40.2)

Blood in the stool 169 (18.8)

Blood in the urine 6 (0.7)

General body pain 736 (81.7)

General body pain disturbance 450 (61.1)

Abdominal pain 346 (38.4)

Use of pain medication 238 (26.4)

Pain score [median (IQR)]b 2 (2)

Pain score > 2 329 (36.5)

Symptom score [median (IQR)]c 4 (3)

Symptom score > 4 369 (41.0)

Poor self‑rated general health 43 (4.8)

Use of conventional healthcare 697 (77.4)

Hemoglobin, Hb [g/dl; median (IQR)] 13.3 (2.2)

Anaemia 185 (20.5)

Body mass index, BMI [kg/m2; median (IQR)] 22.7 (4.8)

Underweight 69 (7.7)
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Association of S. mansoni mono‑infection and co‑infection 
with morbidity parameters
As shown in Table  5, participants with S. mansoni co-
infections were the most likely to report poor health 
(models 2 and 3) and non-use of healthcare (model 
2), when compared to participants with no infection 
(P < 0.05). However, only participants with S. mansoni 
mono-infection had higher odds of reporting pain and 
general symptoms (model 3), compared to participants 
with no infection (P < 0.05). There was a trend for higher 
likelihood of underweight among participants with co-
infections (model 2) and abdominal pain among indi-
viduals with S. mansoni mono-infection (models 2 and 3) 
(P < 0.1), but this did not reach significance. No associa-
tion was found between anaemia and S. mansoni infec-
tion status (P > 0.05).

Discussion
Our results confirmed the presence of both S.  mansoni 
and S. haematobium among adults in the Taabo HDSS in 
the south-central part of Côte d’Ivoire, with the former 
being the predominant species. In agreement with prior 
observations in the study area [11, 15], the prevalence of 

Table 2 Prevalence of Schistosoma mansoni infection according 
to the sociodemographic factors

*P-value: Probability value; Difference in infection prevalence between 
subgroups of the study sample was tested using the Pearson’s χ2; Difference 
between a and b is statistically significant (P-value < 0.05)

Sociodemographic variables Examined Prevalence (%) P‑value*

Total 901 23.2 –

Age ≤ 41 years 477 30.0

Age > 41 years 424 15.6 3.10–7

Females 436 21.6

Males 465 24.7 0.25

No formal education 405 23.9

Formal education 496 22.6 0.62

Upper wealth tertiles 592 19.3

Lowest wealth tertile 309 30.7 10–4

Non‑farmers 414 20.3

Farmers 487 25.7 0.05

Area: Taabo‑Cité 451 21.7

Area: Amani‑Ménou 222 19.8a

Area: Tokohiri 228 29.4b 0.04

Rural area 450 24.7

Table 3 Bivariate associations between Schistosoma mansoni infection status and sociodemographic and hygiene related factors 
according to the diagnostic method

Estimates represent increase or decrease in odds of S. mansoni only infection or S. mansoni co-infection compared to no infection. All estimates were derived from 
bivariate multinomial logistic regression models including each independent variable at a time. Poor hygiene score combines lack of household toilet, use of surface 
water, disposal of household waste or toilet water in nature or open and poor handwashing, faecal handling or water storage practices. Median (IQR) of poor hygiene 
score is 3 (2)

IQR interquartile range, cOR crude odds ratio, CI confidence intervals, Ref. reference
‡ S. mansoni co-infection with either Plasmodium, S. haematobium or hookworm

*P-value between 0.05 and 0.1; **P-value < 0.05; ***P-value < 0.001

Model 1: All participants (n = 805); S. mansoni defined as positive Kato-Katz or point-of-care circulating cathodic antigen (POC-CCA);

Model 2: n = 695; S. mansoni defined as positive Kato-Katz or POC-CCA test (excluding trace positive-only cases);

Model 3: n = 626; S. mansoni defined as positive Kato-Katz test (excluding all POC-CCA positive-only cases)

Variables Model 1 cOR (95% CI) Model 2 cOR (95% CI) Model 3 cOR (95% CI)

No infection S. mansoni 
only

S. mansoni 
co‑infection

No infection S. mansoni 
only

S. mansoni 
co‑infection

No infection S. mansoni 
only

S. mansoni 
co‑infection

N (%) 596 (74.0) 170 (21.1) 39 (4.9) 596 (85.8) 78 (11.2) 21 (3.0) 596 (95.2) 22 (3.5) 8 (1.3)

Age > 41 Ref 0.40 (0.28–
0.60)***

0.39 (0.19–
0.78)**

Ref 0.28 (0.16–
0.48)***

0.63 
(0.25–1.59)

Ref 0.19 (0.06–
0.58)**

0.52 
(0.12–2.20)

Males Ref 1.12 
(0.79–1.57)

1.77 (0.90–
3.48)*

Ref 1.16 (0.72–
1.86)

1.70 
(0.66–4.39)

Ref 1.74 
(0.72–4.21)

1.66 
(0.39–6.99)

Formal 
education

Ref 0.98 
(0.70–1.38)

0.60 (0.31–
1.15)

Ref 1.31 (0.80–
2.13)

0.36 (0.13–
0.95)**

Ref 0.93 
(0.39–2.18)

2.32 
(0.46–11.61)

Lowest 
wealth tertile

Ref 1.89 (1.33–
2.69)***

3.69 (1.90–
7.17)***

Ref 1.88 (1.16–
3.06)**

7.19 (2.54–
20.30)***

Ref 3.08 (1.31–
7.28)**

4.28 (1.01–
18.14)**

Farmers Ref 1.28 
(0.91–1.80)

2.86 (1.37–
5.98)**

Ref 1.21 (0.75–
1.95)

5.26 (1.52–
18.26)**

Ref 2.11 
(0.85–5.26)

1.64 
(0.39–6.95)

Semi‑urban 
area

Ref 0.89 
(0.63–1.25)

0.51 (0.26–
1.00)**

Ref 0.86 (0.54–
1.39)

0.33 (0.12–
0.91)**

Ref 0.34 (0.13–
0.89)**

0.30 
(0.06–1.52)

Poor hygiene 
score > 3

Ref 1.52 (1.07–
2.14)**

4.44 (2.17–
9.11)**

Ref 1.42 (0.88–
2.29)

9.31 (2.68–
32.36)**

Ref 1.75 
(0.74–4.10)

5.24 (1.05–
26.22)**
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S. haematobium was low, confirming a strong decrease in 
the prevalence of urogenital schistosomiasis, which heav-
ily affected school-aged children in the mid-1990s [12]. 
The relatively high prevalence of S. mansoni infection in 
adults observed in our study suggests an increase in the 
level of endemicity of intestinal schistosomiasis in the 
Taabo HDSS. The increase of S. mansoni might be gov-
erned by social-ecological conditions. Yet, the diagnostic 
methods used for case identification is also worth men-
tioning. Indeed, in the present study, a composite meas-
ure for detection of S. mansoni infection was employed, 
consisting of the widely used Kato-Katz technique, cou-
pled with a much more sensitive POC-CCA urine cas-
sette test [25].

We observed a higher prevalence of S. mansoni infec-
tion in younger adults (18–41  years) compared to their 
older counterparts (aged 41  years and above), which 
might be explained by difference in behaviour. Young 
adults are more mobile and more engaged in farm-
ing activities that involve regular contacts with infested 
water bodies, which put them at a higher risk of S. man-
soni infection than the older age group. This is particu-
larly concordant in the village of Tokohiri, where most of 

people regularly cross the Bandama River to have access 
to their farms or visit their relatives living in hamlets at 
the opposite side of the river. Thus, the highest preva-
lence observed in this village may be attributed to the 
frequent contacts of residents with unprotected open 
freshwater that may contain infected intermediate host 
snails.

In line with previous investigations [26, 27], the preva-
lence of S. mansoni infection was similar among males 
and females. However, some studies have reported a sig-
nificant sex difference, due to social or cultural consid-
erations that can prevent women from having access to 
water bodies [28, 29]. In the current study area of south-
central Côte d’Ivoire, women equally participated in out-
door water-related activities. Similarly, participants with 
formal and non-formal education were equally exposed 
to S. mansoni infection, which corroborates findings 
from Tanzania [30].

Low socioeconomic status was associated with higher 
odds of S. mansoni mono- and co-infections, suggesting 
that adults belonging to the poorest group constitute an 
important target for control of schistosomiasis in this 
setting. Poor hygiene was identified as a risk factor for 

Table 4 Multivariate logistic regression analysis of factors associated with Schistosoma mansoni infection status according to the 
diagnostic method

Estimates represent increase or decrease in odds of S. mansoni only infection or S. mansoni co-infection compared to no infection. All estimates were derived from 
multivariable multinomial logistic regression models including all sociodemographic variables. Poor hygiene score combines lack of household toilet, use of surface 
water, disposal of household waste or toilet water in nature or open and poor handwashing, faecal handling or water storage practices. Median (IQR) of poor hygiene 
score is 3 (2)

IQR interquartile range, aOR adjusted odds ratio, CI confidence intervals, Ref. reference
‡ S. mansoni co-infection with either Plasmodium, S. haematobium or hookworm;

*P-value between 0.05 and 0.1; **P-value < 0.05; ***P-value < 0.001

Model 1: All participants (n = 805); S. mansoni defined as positive Kato-Katz or point-of-care circulating cathodic antigen (POC-CCA);

Model 2: n = 695; S. mansoni defined as positive Kato-Katz or POC-CCA test (excluding trace positive-only cases);

Model 3: n = 626; S. mansoni defined as positive Kato-Katz test (excluding all POC-CCA positive-only cases)

Sociodemographic 
variables

Model 1 aOR (95% CI) Model 2 aOR (95% CI) Model 3 aOR (95% CI)

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

N (%) 596 (74.0) 170 (21.1) 39 (4.9) 596 (85.8) 78 (11.2) 21 (3.0) 596 (95.2) 22 (3.5) 8 (1.3)

Age > 41 Ref 0.39 (0.27–
0.57)***

0.35 (0.17–
0.69)**

Ref 0.27 (0.17–
0.48)***

0.55 (0.21–1.42) Ref 0.18 (0.06–
0.52)**

0.64 
(0.19–2.16)

Males Ref 1.13 
(0.78–1.63)

1.96 (0.94–
4.11)*

Ref 1.06 
(0.63–1.77)

1.94 (0.72–5.29) Ref 1.71 
(0.64–4.64)

1.42 
(0.31–6.56)

Formal education Ref 0.90 
(0.60–1.33)

0.57 (0.29–1.13) Ref 1.16 
(0.66–2.03)

0.40 (0.14–
1.10)*

Ref 0.82 
(0.29–2.34)

2.63 
(0.44–15.79)

Lowest wealth tertile Ref 2.03 (1.23–
3.35)***

1.82 (0.71–
4.65)**

Ref 2.10 (1.10–
3.99)**

2.82 (0.83–
9.55)*

Ref 2.39 
(0.65–8.35)

2.60 
(0.27–24.87)

Farmers Ref 1.06 
(0.67–1.67)

1.29 (0.43–3.84) Ref 1.10 
(0.60–2.01)

1.40 (0.23–8.51) Ref 1.13 
(0.37–3.49)

0.54 
(0.04–6.69)

Semi‑urban area Ref 1.44 
(0.94–2.20)*

1.55 (0.60–4.02) Ref 1.33 
(0.73–2.45)

1.66 (0.54–5.10) Ref 0.48 
(0.18–1.33)

0.63 
(0.15–2.67)

Poor hygiene 
score > 3

Ref 1.11 
(0.71–1.74)

3.10 (1.22–
7.83)**

Ref 1.02 
(0.56–1.85)

4.79 (1.26–
18.16)**

Ref 0.69 
(0.24–2.01)

3.59 (1.00–
12.90)**
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co-infections. Indeed, in the study area, adults exhibited 
risky behaviours. For example, almost half and 88.7% 
of the individuals surveyed reported having no toilet at 
home, and hence, they disposed waste in the environ-
ment, thus potentially contaminating the environment 
with human and animal faecal pathogens [31–33]. As 
shown by Hürlimann et  al. [34], including WASH as 
part of integrated control of schistosomiasis and other 
helminth and intestinal protozoa infections could be an 
effective approach to improve people’s health and wellbe-
ing in the study area.

The tendency for lower odds of healthcare use among 
participants with co-infections is not surprising. In many 
areas of Africa, several infectious diseases coexist [35–
37]. Hence, it is conceivable that people who do not seek 
treatment could accumulate the infections. An effective 
control strategy is regular mass administration of anthel-
minthic drugs outside the health care facilities (as rec-
ommended by WHO) and health education for prompt 
treatment of infections when symptoms occur.

Individuals with co-infections were more likely to rate 
their health as poor compared to their uninfected coun-
terparts. A possible explanation of this association is that, 

unlike people harbouring no or showing a single infec-
tion, people exposed to two or more infectious agents 
may develop more episodes of illness or acute diseases 
that affect permanently their wellbeing. This result is 
consistent with another study conducted in South Africa, 
where infectious diseases have been found to be associ-
ated with self-rated poor health compared with absence 
of infection [38].

Abdominal pain is one of the common symptoms 
described for intestinal schistosomiasis [39, 40]. Other 
common manifestations of intestinal schistosomiasis 
include diarrhoea, bloody stool, fever, nausea, vomiting, 
chills, weakness, headache, anorexia and general malaise 
[41, 42]. In our study area, it is understandable that many 
of the symptoms used to determine the symptom score 
were found among S. mansoni-infected individuals. It is 
important to note that those symptoms are often non-
specific and may be caused by other helminth infections 
or malaria [43]. Given this, an association between co-
infections and higher pain and symptom scores was also 
expected. However, a lack of association was observed. 
Pain and symptom scores were probably not reliable 
measurements of S. mansoni infection status among 

Table 5 Association between Schistosoma mansoni infection status and health‑related outcomes according to the diagnostic method

Estimates represent increase or decrease in odds of each outcome in S. mansoni only positive and S. mansoni co-infection compared to no infection. All estimates were 
derived from multivariable logistic regression models (one for each health-related outcome) containing the S. mansoni infection status and hygiene variables. Pain 
score included general body pain, pain severity, abdominal pain and pain medication. Median (IQR) of pain score was 2 (2). Symptom score included general body 
pain, pain severity, abdominal pain, pain medication, fatigue, blood in stool, blood in the urine, fever, nausea or vomiting and diarrhoea. Median (IQR) of symptom 
score was 4 (3). n.a. not applicable due to absence of self-rated poor health or anaemia in this group

IQR interquartile range, OR odds ratio, CI confidence intervals, Ref. reference, NA not available
‡ S. mansoni co-infection with either Plasmodium, S. haematobium or hookworm;

*P-value between 0.05 and 0.1; **P-value < 0.05

Model 1: All participants (n = 805); S. mansoni defined as positive Kato-Katz or point-of-care circulating cathodic antigen (POC-CCA);

Model 2: n = 695; S. mansoni defined as positive Kato-Katz or POC-CCA test (excluding trace positive-only cases);

Model 3: n = 626; S. mansoni defined as positive Kato-Katz test (excluding all POC-CCA positive-only cases)

Health‑
related 
variables

Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

No 
infection

S. mansoni 
only

S. mansoni 
co‑infection‡

N (%) 596 (74.0) 170 (21.1) 39 (4.9) 596 (85.8) 78 (11.2) 21 (3.0) 596 (95.2) 22 (3.5) 8 (1.3)

Self‑rated 
poor health

Ref 1.84 
(0.84–4.03)

2.16 (0.57–8.27) Ref 0.78 
(0.17–3.53)

4.59 (1.06–
19.92) **

Ref NA 8.35 (1.24–
56.32) **

Healthcare 
use

Ref 1.11 
(0.72–1.72)

0.55 (0.27–1.13) 
*

Ref 1.12 
(0.62–2.03)

0.35 (0.14–0.88) 
**

Ref 1.12 
(0.39–3.22)

0.27 (0.06–
1.18) *

Anaemia Ref 0.84 
(0.52–1.33)

0.47 (0.16–1.39) Ref 0.61 
(0.30–1.24)

0.18 (0.02–1.42) Ref 0.22 
(0.03–1.68)

NA

Under‑
weight

Ref 0.61 
(0.29–1.30

1.64 (0.63–4.29) Ref 0.96 
(0.39–2.38)

2.68 (0.90–8.02) 
*

Ref 1.58 
(0.43–5.77)

1.52 
(0.22–13.09)

Abdominal 
pain

Ref 1.00 
(0.69–1.45)

0.89 (0.44–1.80) Ref 1.52 (0.92–
2.52) *

1.11 (0.44–2.81) Ref 2.32 
(0.91–5.92) *

0.37 
(0.07–1.99)

Pain 
score > 2

Ref 1.03 
(0.71–1.49)

0.87 (0.42–1.78) Ref 1.29 
(0.78–2.14)

1.46 (0.68–3.64) Ref 2.54 (1.03–
6.28) **

0.94 
(0.21–4.14)

Symptom 
score > 4

Ref 0.84 
(0.58–1.22)

0.61 (0.29–1.26) Ref 1.14 
(0.69–1.88)

1.08 (0.43–2.73) Ref 3.19 (1.18–
8.67) **

0.64 
(0.14–2.92)
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adults. Multimorbidity particularly due to chronic dis-
eases (such as cardiovascular diseases, arthritis and other 
neuromuscular diseases) may have had an influence on 
participants’ pain and symptom responses relatively to 
their health outcomes [44].

In line with previous studies from Uganda [45], there 
was no evidence of the effect of S. mansoni infection 
status on anaemia. Anaemia is known to be multifacto-
rial. Among adults, poor nutrition, for example, may be 
considered as a potential contributor [46, 47], which was, 
however, not assessed in our study.

Strengths and limitations
Strengths of the present study were that a comprehen-
sive approach was used in investigating the correlates of 
Schistosoma infection, including concurrent infections 
as well as factors related to clinical morbidity, in the 
same adult population. The well-characterized CoDuBu 
study allowed the investigation of these questions in a 
detailed manner. Two different methods for the diagno-
sis of S. mansoni (i.e., Kato-Katz thick smear and POC-
CCA urine cassette test) were employed to limit bias of 
misclassifications. The Kato-Katz thick smear technique 
is the recommended method for S. mansoni diagnosis. 
However, it has a low sensitivity, especially among lightly 
infected individuals [48]. The POC-CCA has the poten-
tial to provide sensitive and accurate results [25, 49, 50], 
with the potential bottleneck of “trace” result interpreta-
tion [51]. Different definitions of infection were included, 
which strengthens the fidelity of our results.

The study is limited by its cross-sectional nature, 
which precludes causal inferences. Given the very low 
prevalence of Kato-Katz positive cases, associations with 
infection intensity could not be investigated. However, 
the findings remain valid and call for future longitudinal 
research on adults, incorporating a parallel investigation 
in children (preschool- and school-aged), for improved 
understanding of the disease dynamics across a broader 
age range. It is also acknowledged that the study area 
faces a high burden from several non-communicable dis-
eases (NCDs), such as hypertension and diabetes [52, 53]. 
Hence, additional studies are warranted to investigate the 
concomitance of schistosomiasis and NCDs. This will 
help fill the data gap in areas of potential links between 
infectious diseases and NCDs and shed new light on their 
respective determinants.

Conclusions
The present study provides important information that 
might be useful to enhance the control of schistosomia-
sis and other helminthiases in the Taabo region. First, 
although both urogenital and intestinal schistosomiasis 

were co-endemic, the predominant health problem 
relates to intestinal schistosomiasis. Second, younger 
adults (< 41 years), and those from low socioeconomic 
status or those practicing poor hygiene appeared to 
be more commonly infected by S.  mansoni compared 
to their older and richer counterparts. Third, self-
rated poor health, low use of healthcare, higher pain 
and symptom scores were the morbidity correlates of 
S.  mansoni infection. Findings from the present study, 
taken together, show that adults represent a substantial 
reservoir of S. mansoni. Preventive chemotherapy with 
praziquantel targeting young adults, particularly those 
in the lowest wealth tertiles, every second year, coupled 
with specific interventions such as hygiene and health 
education, sanitation and improved access to clean 
water are necessary for the prevention and control of 
schistosomiasis in the Taabo HDSS.
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