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Abstract — Schistosomiasis is an endemic disease in Cote d’Ivoire. We compared the conventional Kato Katz (KK)
test and a more sensitive but rarely used method, the point-of-care circulating cathodic antigen (POC-CCA), in
order to contribute to the development of a more appropriate strategy for the control and elimination of intestinal
schistosomiasis in western Cote d’Ivoire. A cross-sectional epidemiological survey was conducted in eight elementary
schools in the Guémon and Cavally regions from February to December 2020. Selected schoolchildren provided stool
and urine samples to detect the presence of Schistosoma mansoni eggs and parasite antigen using the KK and POC-CCA
tests, respectively. A total of 554 schoolchildren were included in the study. The overall prevalence of intestinal
schistosomiasis was 10% and 67% for KK and POC-CCA, respectively. The POC-CCA detected an infection rate of
100%, while the KK yielded a rate of 42%. In schools, prevalence ranged from 27 to 100% with POC-CCA and from
0 to 42% with KK. Swimming, fishing, washing clothes, and dishwashing were significantly associated with the onset of
infection and high intensities. The epidemiological risk factors for intestinal schistosomiasis updated here using KK
and POC-CCA diagnostic methods showed that prevalence was much higher than previously estimated using the
KK. The POC-CCA is more sensitive and ways should be considered to improve its specificity in order to improve
the diagnosis.

Key words: Intestinal schistosomiasis, Prevalence, Intensity, Risk factors, Western Cdte d’Ivoire, KK, POC-CCA.

Résumé — Evaluation de la situation épidémiologique de la schistosomiase intestinale a ’aide du test antigénique
parasitaire POC-CCA et du test de numération des ceufs Kato-Katz chez les enfants d’age scolaire de villages
endémiques de I’ouest de la Cote d’Ivoire. La schistosomiase est une maladie endémique en Cote d’Ivoire. Nous
avons comparé le test conventionnel Kato Katz (KK) et une méthode plus sensible mais rarement utilisée, I’antigene
cathodique circulant au point d’intervention (POC-CCA), afin de contribuer au développement d’une stratégie plus
appropriée pour le contrdle et I'élimination de la schistosomiase intestinale dans 1’ouest de la Cote d’Ivoire. Une
enquéte épidémiologique transversale a été menée dans huit écoles élémentaires des régions de Guémon et Cavally
de février a décembre 2020. Des écoliers sélectionnés ont fourni des échantillons de selles et d’urine pour détecter la
présence d’ceufs de Schistosoma mansoni et d’antigéne parasitaire a 1’aide respectivement des tests KK et POC-
CCA. Au total, 554 écoliers ont été inclus dans cette étude. La prévalence globale de la schistosomiase intestinale
était respectivement de 10% et 67% pour KK et POC-CCA. Le POC-CCA a détecté un taux d’infection de 100%,
tandis que le KK a donné un taux de 42%. Dans les écoles, la prévalence variait de 27 a 100% avec POC-CCA et
de 0 a 42% avec KK. La natation, la péche, la lessive et la vaisselle étaient associées de maniere significative a
I’apparition de I'infection et a des intensités élevées. La mise a jour ici des facteurs de risque épidémiologiques de la
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schistosomiase intestinale a 1’aide des méthodes de diagnostic KK et POC-CCA a montré que la prévalence était
beaucoup plus élevée que celle estimée précédemment a 1’aide du KK. Le POC-CCA est plus sensible et des
moyens devraient étre envisagés pour améliorer sa spécificité afin de rendre un meilleur diagnostic.

Introduction

Human schistosomiasis or bilharzia is a waterborne disease
caused by trematodes of the genus Schistosoma [20, 32].
Human infection occurs in water via freshwater snails, which
serve as intermediate hosts and vectors [2, 20]. Classified as
a neglected tropical disease, human bilharzia is considered the
most important helminthic disease of humanity in terms of mor-
bidity and mortality [63]. It is endemic in low-income regions,
particularly in sub-Saharan Africa. In this part of Africa, two
main forms of the disease have been identified: the intestinal
form caused by Schistosoma mansoni and the urinary form
involving Schistosoma haematobium. Every year, more than
112 million people are affected by bilharzias and between
150,000 and 200,000 deaths are estimated [39, 45, 58].
Schistosoma mansoni is the most common parasite of human
schistosomiasis [32, 65]. The disease is particularly prevalent
in school-age children [5, 35] who contract the parasite during
domestic activities such as laundry, dishwashing and water
collection, as well as during recreational activities such as
swimming and playing in rivers infected with the parasite.

Several environmental factors have been examined in the
epidemiology of schistosomiasis, including temperature, rain-
fall, altitude, soil, vegetation and intermediate host ecology
[15, 36, 37]. All these factors, combined with poor hygiene
conditions, favour the onset and spread of the disease.

In Cote d’Ivoire, intestinal schistosomiasis is endemic in the
south, centre and west of the country [4, 6]. In the western
region, prevalence can reach 100% in certain localities [7],
despite the mass treatments administered each year [8]. In Cote
d’Ivoire, diagnosis of cases and determination of the intensity
of schistosomiasis infection have almost always been carried
out using the Kato Katz (KK) technique, which has high speci-
ficity but low sensitivity [3, 7, 8, 53]. On rare occasions, the
point-of-care circulating cathodic antigen (POC-CCA) tech-
nique has also been used. POC-CCA is a urine test for active
schistosome worm infections, providing a semi-quantitative
rather than quantitative estimate of the intensity of infection,
but is much more sensitive than the KK test and may lead to
an overestimate of the true prevalence due to false positives
[10, 33]. The characteristics of these two tests highlight the
urgent need to further compare and understand the variability
between POC-CCA and KK results. Importantly, the use of
sensitive and specific diagnostic tools is essential for accurate
surveillance and to support progress towards the elimination
of schistosomiasis. To establish an effective diagnosis, diagnos-
tic methods must be accurate, simple and affordable for all
diagnostic facilities and provide results within a short time in
clinical services [64]. To achieve this, we complemented the
existing KK technique with a measurement of the intensity of
infection (POC-CCA) using an electronic reader to accurately
determine the intensity of the band in the POC-CCA test and
to provide an appropriate quantitative test [48]. This provides
more accurate and consistent results on infection status and

represents a more appropriate strategy to control infection in
the region. The aim of our study was to update the epidemio-
logical situation of Schistosoma mansoni bilharzia in western
Cote d’Ivoire using two different diagnostic methods. It aimed
to contribute to understanding the environmental determinants
and persistence of intestinal schistosomiasis in the west of the
country. Our results may contribute to the development of a
more appropriate strategy for infection control and elimination
of the disease in western Cote d’Ivoire.

Materials and methods
Ethical considerations

This study is part of the TrypanoGEN+ project conducted
in Uganda, Democratic Republic of Congo (DRC), Cameroon
and Coéte d’Ivoire for intestinal bilharzia. The study protocol
was approved by the National Ethics Committee for Life
Sciences and Health (CNESVS) under approval number
N/Ref: 040-19/MSHP/CNESVS-kp. The study also received
authorisation from regional, departmental, village health and
education authorities. Parents of pupils were informed of the
purpose of the study in their own language. Parents agreed to
their child’s participation in the study and signed an informed
consent form, in addition to oral assent obtained from children.
When the analyses (KK or POC-CCA) were positive, the
participants were treated with praziquantel.

Study area

This study took place in the western part of Cote d’Ivoire in
two regions of the Mountain District, which is located between
latitudes 06°10'N and 06°80'N and longitudes 8°39'W and
7°0'W (Fig. 1). These regions are Guémon (Duékoué) and
Cavally (Guiglo, Bloléquin and Toulepleu) [8]. This is a
forested and mountainous area watered by the Sassandra and
Cavally rivers. This area was chosen because of high preva-
lence of S. mansoni reported in previous studies [4, 8]. The sites
of Pona (PON), Fouédougou (FOU) (Duékoué), Domobly
(DOM) (Guiglo), Zéaglo (ZEA), Francdougou (FRA), Yoya
(YOY), Golou (GOL) (Bloléquin) and Sahibly (SAH)
(Toulepleu) were selected following an environmental and
malacological survey that showed that both rivers had many
riparian communities and were also infested with Biomphalaria
pfeifferi, the only intermediate host of S. mansoni recorded in
Cote d’Ivoire.

Study design and population

This was a cross-sectional study carried out between
February and December 2020 in a school setting. The partici-
pants were schoolchildren selected by random sampling from
eight schools in two regions of western Cote d’Ivoire.
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Figure 1. Map of the regions of Guémon and Cavally indicating the schools of the surveyed localities. map obtained from: https://www.qgis.
org/fr/site/forusers/download.html with layers downloaded via the link: https://www.diva-gis.org/ (consulted 18/03/2022).

Inclusion and exclusion criteria

The villages were selected on the basis of the presence of the
mollusc Biomphalaria pfeifferi, the only known intermediate
host of Schistosoma mansoni in Cote d’Ivoire. The study
included schoolchildren who had been resident for at least two
years and were attending school in the selected village, and
whose parents or guardians had given their informed consent.
The schoolchildren also gave their assent. Participants had to
have at least one biological parent and one first-degree relative
available and be between 5 and 14 years of age. Children with
a history of treatment with praziquantel in the last six months
and those under 5 and over 14 years of age were excluded.

Questionnaires to school children

The school children and their parents were informed about
the purpose of the study, how they should collect their samples,

and how the samples would be processed by the research team.
When parents permitted their children to participate in the
study, a questionnaire was used to collect socio-demographics
information such as age, gender and activities related to contact
with freshwater. This questionnaire also included information
about praziquantel intake.

Detection of Schistosoma mansoni eggs by the
Kato-Katz test

Each school child included in this study provided a stool
sample of approximately 20 g. These samples were processed
the same day by the Kato-Katz technique to test for S. mansoni
eggs according to the WHO standard procedure [38]. Each
sample was prepared using a sieve and a smear 41.7 mg thick
was taken on two slides. The slides were read by two different
experienced technicians using a microscope. For quality control
purposes, 10% of the slides were randomly drawn and then
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re-examined. The sample was considered positive to the Kato-
Katz test when an S. mansoni egg was observed. Then, S. man-
soni eggs were counted per slide, multiplied by 24, and the
arithmetic means of the two slides were expressed as the num-
ber of eggs per gram (EPG) of stool [38, 66, 67]. The intensity
of infection was classified as low (1-99 EPG), moderate (100-
399 EPG) and high (>400 EPG) [14, 47].

Detection of Schistosoma mansoni circulating
cathode antigen by POC-CCA

The POC-CCA technique is a rapid diagnostic serological
method implemented to detect the adult egg antigen of S. man-
soni [16, 29]. The POC-CCA test was performed according to
the manufacturer’s instructions (ICT Diagnostics, Cape Town,
South Africa). Thus, schoolchildren provided approximately
50 mL of urine in collection boxes on the spot. The test was
conducted in two steps.

The first step was to detect the presence or absence of CCA
and to determine the semi-quantitative intensity (visual detec-
tion based on the intensity of staining of the test line) of the
infection in the urine sample.

For this purpose, two drops of urine from each individual
were inoculated into the cassette well. After 20 min of complete
absorption and incubation, the reading was taken and the semi-
quantitative result was given based on the absence or presence
and intensity of staining of the test line. Results were scored as
follows: Negative (absence of test line staining), Trace, +1, +2,
+3 (depending on the intensity of test line staining) [48, 54, 62].

The second step consisted of the quantification of the CCA.

After annotation of the semi-quantitative result, the cassette
was introduced into an ESEQuant LR3 reader (QIAGEN,
Hilden, Germany) previously calibrated with samples contain-
ing different concentrations of CCA provided by the University
of Leiden, The Netherlands implemented in the LF Studio
application. The amount of antigen (CCA) is correlated to the
intensity of the staining of the test strip, which is expressed
in millivolts for each sample. This millivolt value is therefore
considered a relative measurement of the amount of CCA
present in the urine sample.

Statistical analysis

All data collected were entered into Excel and then Rstudio
was used to import the data into R software, version 4.3.3 [60]
for analysis. To identify the factors responsible for the mainte-
nance of intestinal schistosomiasis in the study area, indepen-
dent qualitative variables were defined. These were socio-
demographic factors (schools, departments, regions, sex, age)
and behavioural factors (swimming, washing, fishing). The
quantity of eggs and the quantity of CCA were considered to
be dependent quantitative variables.

Simple logistic regression was used to test for associations
between the infection status variable and potential factors. The
association of the factors with the intensity of infection was
performed using Negative Binomial Generalised Linear Models
(NB-GLM) and Negative Binomial Generalised Linear Mixed
Models (NB-GLMM) for POC-CCA data and Negative

Binomial Logit Hurdle (NBLH) for Kato-Katz data for the
bivariate analysis. Partial missing data were removed for each
variable. School or region were modeled as random factors in
NB-GLMM. Values of p < 0.05 were considered significant.

To compare the performance of the POC-CCA and Kato
Katz tests, only samples with data from both tests were consid-
ered. Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), accuracy and Kappa value
were the parameters considered in this study.

Results
Prevalence of intestinal schistosomiasis

A total of 610 registered schoolchildren were potentially
eligible. Of these, 56 either did not provided a sample (stool
or urine) or did not give consent. Thus, 554 from the eight
schools were included in the study. However, among these
pupils, there was some missing data in terms of gender, age
and Kato Katz results. As a result, 550 pupils were considered
for the calculation of the sex ratio (265 girls and 285 boys). The
ratio of boys to girls was 1.07. The mean age of the children
sampled was 9.35 + 2.07 years.

The overall prevalence of S. mansoni detected by the
diagnostic tests was 67% for the POC-CCA and 10% for the
Kato-Katz test (KK) (Table 1). The population of the Cavally
region (74% and 10% for POC-CCA and KK, respectively)
was more infected with intestinal schistosomiasis than that of
Guémon (42% and 9%, respectively) (Table 1). A total of
87% of individuals positive by POC-CCA and 83% for KK
were detected in Cavally. The highest infection rates detected
by POC-CCA were obtained in Toulepleu (100%) and Blolé-
quin (71%) in the department of Cavally. Toulepleu had the
highest rate of S. mansoni egg excretors (42%) (Table 1 and
Fig. 2). In the schools, prevalence ranged from 27% to 100%
with POC-CCA and from 0% to 42% with KK. However, in
Francdougou in Cavally and Pona in the Guémon region, no
schoolchildren excreted eggs, although the antigen test (POC-
CCA) indicated infections. The most affected schools were
Sahibly and Zéaglo, in the departments of Toulepleu and
Guiglo, respectively with a 100% infection rate by POC-CCA
(Fig. 3). The overall prevalence among boys was 73% by
POC-CCA and 13% by KK compared to 60% with POC-
CCA and 6% with KK among girls. The age group 12—-14 years
recorded the highest prevalence (84% with POC-CCA and 27%
with KK) of infection compared with the others (Table 1).

Spatial distribution of prevalence

Figures 2 and 3 show the distribution of intestinal schistoso-
miasis infection in the surveyed departments and schools. The
results showed a significant variation in prevalence in the
schools, departments and regions of interest. The POC-CCA test
showed cases of schistosomiasis in 100% of surveyed schools
and KK showed cases of intestinal schistosomiasis in 75% of
schools. Also, cases of infection were recorded in 100% of the
departments and regions visited, based on the results of both
tests. Therefore, prevalence ranged from 27% to 100% for
POC-CCA and from 0% to 43% for KK in schools. At the
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Table 1. Prevalence of intestinal schistosomiasis in relation to sites and demographic characteristics.

Variable No. tested Positive POC-CCA (%) No. Tested Positive KK (%)
Socio-demographic factors
School
Fouédougou 65 35 (54) 65 9 (14)
Pona 2 55 15 (27) 40 0 (0)
Domobly 59 37 (63) 59 3(5
Francdougou 50 39 (78) 50 0 (0)
Golou 100 54 (54) 100 4 4)
Sahibly 60 60 (100) 60 26 (43)
Yoya 111 78 (70) 111 7 (6)
Zéaglo 54 54 (100) 57 509)
Total 554 372 (67) 542 54 (10)
Departments
Bloléquin 315 225 (71) 318 16 (5)
Duékoué 120 50 (47) 105 99
Guiglo 59 37 (63) 59 3(5)
Toulepleu 60 60 (100) 60 26 (43)
Total 554 372 (67) 542 54 (10)
Region
Guémon 120 50 (42) 105 99
Cavally 434 322 (74) 437 45 (10)
Total 554 372 (67) 542 54 (10)
Gender
Male 285 209 (73) 277 37 (13)
Female 265 160 (60) 260 17 (07)
Total 550 537
Age (year)
05-07 118 74 (63) 109 6 (6)
08-09 127 89 (70) 114 13 (11)
10-11 203 143 (70) 184 21 (11)
12-14 70 59 (84) 57 14 (27)
Total 518 464
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gis.org/. A: Prevalence distribution according to the POC-CCA test, B: Prevalence distribution according to Kato-Katz test.

departmental level, the prevalence was between 47% and 100%
for the POC-CCA and between 5% and 43% for KK (Table 1).
Only one school (Pona) with 12.5% prevalence and only one
department (Duékoué) with 25% prevalence had a prevalence
of less than 50% according to the POC-CCA test; however, all
schools and departments had a prevalence less than 50% for KK.

Risk factors associated with infection status

Logistic regression analysis was conducted to identify
factors likely to influence the occurrence of the disease. The
risk of being infected was higher for students in Sahibly school
(p < 0.001) relative to Domobly students. Bloléquin (p < 0.001)
and Guiglo (p = 0.006) departments had significantly higher
prevalence compared to Duékoué, and the Cavally region
(p < 0.001) compared to Guémon. The students in the Pona
school had a significantly lower risk of being infected
(p < 0.001). The results of this analysis also revealed that the
infection rate in boys was 1.9 times higher than in girls by
KK (odds ratio = 2.15, p = 0.019) and 1.2 times higher by
POC-CCA (p = 0.007) (Tables 1 and 2). The 12-14 years
age group was three to four times more likely to be KK positive
than the 5-7 years age group (p = 0.004), but only 33% more
likely to be infected by POC-CCA (p = 0.002). The data from
the KK test indicated that activities in contact with water such
as swimming (p = 0.005), fishing (»p < 0.001) and washing
clothes (p = 0.002) were significantly associated with the prob-
ability of infection by S. mansoni (Table 2). However, when the
POC-CCA data were analysed with all outcomes without taking
into account the intensity level of the responses, no water-
related activities were significant. Additionally, when the anal-
yses were performed considering as positive the samples with a
higher intensity based on the visual result of the POC-CCA
cassette (+3), swimming (p = 0.013), fishing (p = 0.001) and
laundry (p < 0.001) were significantly associated with the prob-
ability of S. mansoni infection (Table 2). Water contact activi-

ties such as fishing (p < 0.001) and washing clothes (p = 0.007)
were significantly associated with the probability of S. mansoni
infection (Table 2).

Intensity of intestinal schistosomiasis

The average number of S. mansoni eggs detected in the
stool of all positive individuals was 199 EPG. Among the pos-
itive individuals, 39% had a low intensity of infection (1-99
EPG), 50% a moderate intensity of infection (100-399 EPG)
and 11% a high intensity of infection (>400 EPG), according
to the WHO classification (Fig. 4). In all, 83% of severe
infections were recorded in the Cavally region (Fig. 4).
The semi-quantitative result of the POC-CCA in the overall
population was 96 (26%) for Trace, 149 (40%) for +1, 37
(10%) for +2 and 90 (24%) for +3 (Fig. 4). The average amount
of CCA in the positives was 257 mV.

High levels of CCA (+3) (visual result of the POC-CCA
test or semi-quantitative diagnosis) were mainly recorded in
the Cavally region (90%), in the departments of Bloléquin
(51%) and Toulepleu (37%) and the schools of Sahibly
(37%) and Zéaglo (25%). Of the 6 heavy infections detected
by KK, 5 were from the Cavally region, 3 from the school of
Yoya in the department of Bloléquin and 2 from the school
of Sahibly in Toulepleu department. However, in Zéaglo, high
levels of circulating antigen (CCA) were detected, but no heavy
egg burdens in the infected cases (Fig. 4).

Spatial distribution of infection intensity

The spatial distribution of infection intensity based on the
visual result of the POC-CCA and the KK is shown in Figures 5
and 6. The different levels of infection intensity were heteroge-
neously distributed over the surveyed sites. High infection inten-
sities (+3 for POC-CCA) were found for all schools,
departments and regions, but with different proportions. They
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Table 2. Logistic regression analysis of predictors of intestinal schistosomiasis infection prevalence in the study population.

Factor POC-CCA KK
OR 95%CI p-value OR 95%CI p-value
Socio-demographic factors
School
Domobly - - - - - -
Francdougou 2.11 1-4.63 0.057 1.61e™"7 2.56e™ 1365527 0.98
Golou 0.70 0.38-1.25 0.23 0.78 0.19-3.51 0.727
Sahibly 6.88%7 4.23¢*129-7 33¢+143 0.98 13.33 4.64-51.33 <0.001*
Yoya 1.40 0.77-2.55 0.26 1.26 0.0.37-5.21 0.726
Zéaglo 6.88¢ 5.83¢"13-1.67¢""! 0.99 1.80 0.47-7.87 0.40
Pona 0.22 0.11-0.45 <0.001%* 1.61e™" 1.61e7"%'2.87¢" 0.99
Fouédougou 0.69 0.36-1.32 0.27 3 0.93-12.20 0.085
Departments
Duékoué - - - - - -
Bloléquin 3.50 2.32-5.32 <0.001%* 0.21 0.07-0.62 0.004
Guiglo 2.35 1.29-2.36 0.006* 0.12 0.01-0.75 0.059
Toulepleu 5.96 0.96-8.96 ¢**? 0.97 3.61 1.43-10.11 0.010%*
Region Cavally 4.02 2.65-6.17 <0.001%* 1.19 0.59-2.69 0.64
Sex male 1.82 1.18-2.82 0.007* 2.15 1.15-4.20 0.019%
Age 1.17 1.07-1.29 0.001%* 1.23 1.07-1.43 0.005%
05-07 - - - - - -
08-09 1.39 0.82-2.38 0.223 1.90 0.71-5.61 0.22
10-11 1.42 0.87-2.29 0.154 2.07 0.86-5.79 0.13
12-14 3.19 1.56-6.99 0.002* 4.46 1.69-13.18 0.004*
Behavioural factors
Swimming 1.06 0.69-1.63 0.776 2.61 1.37-5.26 0.005%
Swimming*? 1.87 1.15-3.09 0.013%*
Fishing 1.39 0.88-2.22 0.162 2.95 1.61-5.51 <0.001*
Fishing* 2.29 1.42-3.70 0.001%
Washing clothes 1.38 0.88-2.23 0.168 2.64 1.44-4.90 0.002%
Washing clothes* 2.76 1.67-4.61 <0.001*
Washing dishes 0.94 0.56-1.64 0.775 1.48 0.71-2.92 0.272
Washing dishes™ 2.06 1.15-3.61 0.013*

*3 = regression performed with high intensity based on visual result of the POC-CCA cassette (+3), KK = Kato Katz, OR = Odds Ratio, POC-
CCA = Point of Care Circulating Cathodic Antigen.*Significant analysis.

ranged from 2% to 55% of the positive cases. In Sahibly school
and Toulepleu department, infection level +3 accounted for over
half (55%) of the positive cases. On the other hand, in the
schools of Domobly, Francdougou, Golou and Pona, low levels
of infection (Trace and +1) represented more than 70% of the
proportion of positive results. The same is true for the depart-
ments of Duékoué and Guiglo. High intensities of infection
based on KK were found in 37.5% of schools and 75% of depart-
ments. High intensities ranged from 0% to 42% in schools and
from 0% to 18.75% in departments, with Yoya and Bloléquin
having the highest percentages of high intensities. Low intensi-
ties were found in all schools and departments, except for the
schools in Pona and Francdougou, where no cases were
detected. Their proportion varied between 0% and 75% in the
schools and between 7% and 18.75% in the departments (Fig. 6).

Risk factors associated with the intensity of
infection

The GLM between the POC-CCA results and the potential
risk factors swimming, fishing, laundry and washing up showed
non-significant associations (Table 3). A GLM was performed

with the high infections (+3) and this showed significant
associations with swimming (p = 0.013), fishing (» < 0.001),
laundry (p < 0.001) and dish washing (p = 0.013).

The bivariate analyses using NB-GLM on the POC-CCA
results and HNBL on the KK results were run with and without
the effect of site (schools, departments, and regions). The effect
of schools, departments and regions were correlated and there-
fore each of these variables was tested separately. Results are
shown in Table 3. Based on both the POC-CCA and KK tests,
the schools in Sahibly (p < 0.001 for POC-CCA and p < 0.001
for KK), Fouédougou (p = 0.001 for POC-CCA; p = 0.034 for
KK) and the department of Toulepleu (p < 0.001; p = 0.006
respectively for POC-CCA and KK) had significantly more
cases of high intensity infection than the school of Domobly
or department of Duékoué respectively. On the other hand,
on the basis of the POC-CCA test alone, Yoya (p = 0.004)
and Zéaglo (p < 0.001) schools, in addition to the first two
mentioned, were significantly more likely to have high intensity
infections. The department of Bloléquin (p = 0.007) and Guiglo
(p = 0.006) were negatively associated with high circulating
antigen production and S. mansoni egg excretion relative to
Duékoué. 41% of girls and 59% of boys had high intensity by
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Figure 4. Semi-quantitative POC-CCA and Kato-Katz intensity of infection results per school, departments and region. DOM = Domobly,
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POC-CCA (+3) infection (p = 0.017 for POC-CCA), and 33%
of girls and 67% of boys had high intensity infections by
KK (>400 EPG) (p = 0.014). Analysis with age as the explana-
tory variable showed that intensity of infection increased
with age (p < 0.001 for POC-CCA and p = 0.024 for KK)
and that the 12-14 age group (p < 0.001 for POC-CCA and
p =0.020 KK relative to 5—7-year-olds) had the highest intensi-
ties of infection (when a second analysis was performed with all
four age groups as modalities of the age variable) (Fig. 7).
Children engaged in swimming (p = 0.008), fishing

(p = 0.008 for POC-CCA; p = 0.001 for KK) and laundry
(p = 0.001 for POC-CCA; p = 0.003 for KK) were more likely
to have heavy infections.

When the sites were included as random factors in the
NB-GLMM, gender (p = 0.005), age (p = 0.001) remained sig-
nificant but the other factors became insignificant (Table 4).
This is consistent with the effects of site being correlated with
the environmental effects of swimming, fishing and clothes
washing. Since the swimming, fisshing and clothes washing
involve exposure to the infective cercariae it is likely that these
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are true associations that are masked by the correlated site vari-
ables when these are included in the same analysis.

Sensitivity and specificity of diagnostic tests

To determine the efficacy parameters of the two tests, the
Kato Katz was used as the standard method of analysis
(Table 5). The results show that no negative individual in the
POC-CCA test was positive for KK.However, when the traces
were considered positive (POC-CCA(t+)) 85.52% of individu-
als were KK-negative and when the traces were considered

negative (POC-CCA(t-)) 80.59% were KK-negative. These
results indicate that the POC-CCA test is highly sensitive for
detecting S. mansoni infections (100% [93.28%, 100%]). How-
ever, when the traces were considered positive or negative, the
analyses gave different results for the following parameters:
specificity, NPV, precision and Kappa value. When the traces
were considered POC-CCA(t+) positive, the concordance of
the two tests was 42% (k = 0.098) with for specificity 36%.
However, when the traces were considered POC-CCA(t-) neg-
ative, the agreement (59%, k = 0.192) and specificity seemed to
improve (from 36% [31%, 40%] to 55% [50%, 59%]).
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Discussion

Intestinal schistosomiasis remains a major public health
problem, especially in western Cote d’Ivoire, despite the efforts
made by the national programme to control this endemic, in
contrast to Egypt, which has succeeded in eliminating schisto-
somiasis [1, 24]. The aim of the present study was to contribute
to the development of a more appropriate strategy for infection
control and elimination of intestinal schistosomiasis in the ende-
mic area of western Cote d’Ivoire.

To this end, two diagnostic tests for intestinal schistosomi-
asis were used. These were the Kato Katz test, which aims to
detect and quantify S. mansoni eggs excreted in the faeces,
and the POC-CCA test, which detects and quantifies circulating
S. mansoni antigen.

The KK test is used routinely by schistosomiasis control
programmes. According to [40] this test offers many advan-
tages, including high specificity and simultaneous detection of
intestinal worm infections, while providing a simple technique
that requires minimal supplies and equipment. However,
the test offers low sensitivity, particularly in low-intensity
infections [11]. It is laborious and can expose technicians to
infectious stools [25].

The POC-CCA test is a sensitive and accurate screening
tool for S. mansoni even in low prevalence areas and uses urine
instead of faeces [17, 55]. The main advantages of this test
include its easy handling in field conditions and minimal
hands-on training requirements for its application [19]. In addi-
tion, the intensity of the positive test band allows an estimate of
the intensity of infection in infected individuals [16, 48, 54].
However, it has already been shown that the POC-CCA test
can overestimate the prevalence of infection due to false posi-
tives, particularly in areas of low and moderate prevalence
[21, 27] and that its specificity is also influenced by cross-reac-
tions with other helminth infections [44]. According to [68], a
single Kato Katz test is 5% cheaper than a single POC-CCA
test but the more accurate triple KK test costs 2.4 times as much
as a POC-CCA. However, the slightly higher cost of the POC-
CCA may be justified if it provides a more sensitive method for
detecting schistosomiasis or if this test is more acceptable to

participants and practitioners than the stool sampling required
to perform the Kato Katz [68].

The two diagnostic methods used in this study gave very
different results for the prevalence of S. mansoni in the different
localities. The POC-CCA test gave higher prevalences of up to
100%, while the highest prevalence detected by KK was 43%.
The KK is known to have low sensitivity in low intensity infec-
tions and the gold standard for diagnostics is for two tests on
each stool for three days with different stool samples, however
the increased cost and effort involved means that this is rarely
done. The high prevalences obtained by the POC-CCA com-
pared with the KK could be due missed low intensity infections
when eggs are not always present in each stool sample but also
to the stage of development of the antigen detected by each of
the two tests. In the case of schistosomiasis, immature worms
during the acute phase or in cases of recent reinfection can pro-
duce worm antigens (e.g. CCA) before eggs are excreted in the
faeces [26]. This process can give a positive result with the
POC-CCA test and a negative result with the Kato-Katz tech-
nique [42]. In addition, the difference in prevalence could result
from the risk of overestimating prevalence with the POC-CCA
[12]. In fact, certain factors such as urinary tract infections,
haematuria, the use of diuretics, etc. can have an impact on
the positivity of the POC-CCA test, particularly in individuals
who are less infected and therefore do not excrete eggs
[26, 27]. Some batches of the POC-CCA test (in particular
batch 180907091) have been found to give implausible
numbers of trace readings which were clearly false positive
[22]). We used batch number 190411032 which is (not) known
to have this problem.

These facts could be the origin of the large discrepancy
between the KK and the POC-CCA when comparing the per-
formances of these two tests, whether the traces are considered
positive or not. Several studies have also reported discrepancies
between these two tests [13, 48, 61].

There was a lack of significant associations with well-
known risk factors in the logistic regression when all the
POC-CCA results were used but when the analyses were per-
formed using only the highest intensity infections POC-CCA
(+3), these same factors were significantly associated with the
probability of S. mansoni infection (Table 2). This could be a
consequence of low intensity infections being false positives
with the POC-CCA but also a consequence of a non-linear rela-
tionship between risk factors and infection intensity. This could
occur if low intensity infections were a consequence of more
effective parasite control by the immune system or immune
related suppression of egg secretion as well as or instead of
reduced exposure [21]. This is probably why, when the trace
was considered positive in this study (Table 5), there was a
reduction in specificity and PPV and when the trace was con-
sidered negative, there was an increase in specificity when
KK was considered the standard. These data are similar to those
of [12] who conducted their study in a highly endemic area of
north-eastern Brazil. The Schistosomiasis Consortium for Oper-
ational Research and Evaluation (SCORE) recommends that
trace results should be treated as positives in all places where
KK prevalence exceeds a few percent and consequently that
the great majority of trace readings in this study should be con-
sidered true positives [21].
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Table 3. Bivariate analysis based on NB-GLM and NBLH with random factor exclusion.

Variable POC-CCA KK
OR 95%CI p-value OR 95%Cl p-value
Socio-demographic factors
Schools
Domobly - - - - -
Francdougou 0.58 0.25-1.71 0.848 1.61e”"7 0.00-Inf 0.992
Golou 0.91 0.62-1.34 0.647 0.78 0.17-3.60 0.748
Sahibly 4.87 3.17-7.49 <0.001* 14.27 4.01-50.77 <0.001*
Yoya 1.78 1.19-2.65 0.004* 1.45 0.35-6.07 0.607
Zéaglo 3.79 2.27-6.51 <0.001* 2.07 0.39-10.96 0.390
Pona 0.58 0.25-1.71 0.262 1.61e™"7 0.00-Inf 1.000
Fouédougou 2.29 1.40-3.82 0.001* 4.67 1.12-19.43 0.034*
Departments
Duékoué - - - - - -
Bloléquin 0.76 0.49-1.12 0.190 0.26 0.10-0.70 0.007*
Guiglo 0.50 0.30- 0.82 0.006* 0.27 0.06-1.10 0.068
Toulepleu 2.43 1.47-3.97 <0.001* 3.83 1.47-9.97 0.006*
Region Cavally 0.98 0.62-1.47 0.937 0.61 0.26-1.48 0.279
Sex Male 1.36 1.05-1.74 0.017* 2.23 1.18-4.23 0.014*
Age 1.14 1.07-1.22 <0.001* 1.20 1.02-1.40 0.024*
05-07 - - - - - -
08-09 1.52 1.02-2.24 0.037* 1.73 0.59-5.09 0.317
10-11 1.48 1.018-2.11 0.035* 1.41 0.50-3.98 0.515
12-14 2.32 1.49-3.62 <0.001* 3.62 1.22-10.72 0.020%*
Behavioural factors
Swimming 1.25 0.97-1.61 0.087 241 1.25-4.62 0.008*
Fishing 1.43 1.10-1.87 0.008* 2.80 1.53-5.13 0.001*
Washing clothes 1.58 1.12-2.07 0.001* 2.52 1.38-4.61 0.003*
Washing dishes 1.32 0.97-1.85 0.089 1.44 0.71-2.90 0.31
*Significant analysis.
Table 4. Negative binomial generalised linear mixed model (NB-GLMM) for intensity.
Variable OR 95%CI p-value
Socio-demographics factors
Sex Male 1.32 1.03-1.68 0.026
Age
05-07 - - -
08-09 1.24 0.85-1.83 0.267
10-11 1.33 0.93-1.90 0.115
12-14 2.10 1.37-3.22 0.001
Behavioural factors
Swimming 1.12 0.87-1.45 0.385
Fishing 1.08 0.84-1.39 0.561
Washing clothes 1.17 0.89-1.53 0.265
Washing dish 1.32 0.96-1.81 0.088
Bold value: Significant analysis.
Table 5. Sensitivity, specificity and Kappa scores of the POC-CCA test versus Kato-Katz results.
POC-CCA(t+) KK POC-CCA(t—) KK
Positive (%) Negative (%) Total Positive (%) Negative (%) Total
Positive 53 (14.48) 313 (85.52) 366 Positive 53 (19.41) 220 (80.59 273
Negative 0 (0) 173 (100) 173 Negative 0 (00) 266 (100) 266
Total 53 486 Total 53 486
Sensitivity 100 (93.28, 100) 100 (93.28, 100)
Specificity 35.60 (31.34, 40.03) 54.73 (50.19, 59.22)
PPV 14.48 (11.04, 18.51) 19.41 (14.89, 24.61)
NPV 100 (97.89, 100) 100 (98.62, 100)
Accuracy 41.93 (37.73, 46.22) 59.18 (54.90, 63.37)
k 0.098 (0.07, 0.13) 0.192 (0.14, 0.24)
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The very high sensitivity of the POC-CCA in this study
makes it somewhat difficult to assess differences in the severity
of schistosomiasis. For example, in the localities of Zéaglo and
Sahibly, which both have a CCA prevalence of 100%, and a
KK prevalence of 9% and 43% respectively on the one hand,
and on the other hand in the localities of Pona (27%) and Franc-
dougou (78%) for which CCA were detected but not S. man-
soni eggs in the subjects, these cases seem difficult to
elucidate on the basis of test performance alone. Apart from
the fact that a less sensitive methodology would make it easier
to differentiate between the two situations and choose the most
appropriate intervention, other parameters such as environmen-
tal and genetic factors could help to better understand the
variability in infection rates specific to this area.

The high prevalence of S. mansoni CCA antigen reported in
this study indicates high levels of human-parasite contact in the
areas concerned and the accessibility of infected human-water
contact points. However, the levels determined by the POC-
CCA method in the present study are higher than those detected
by the same method in recent studies in the same region [8, 10].
Similarly, similar prevalences determined by Kato Katz have
also been reported in previous studies conducted in this region
[6, 8, 9].

The sex ratio showed a balanced recruitment of girls and
boys included in this study. The results of the two tests
(POC-CCA and KK) showed that S. mansoni was significantly
more frequent in boys than in girls, and in schoolchildren aged
between 12 and 14. This could be explained by the more fre-
quent contact of older boys with water during their recreational
and domestic activities. Several studies have also shown a high
prevalence in older boys and schoolchildren [41, 50, 51]. How-
ever, contradictory results have been reported by [28, 31, 49]
who found no association between infection and gender, and
[52] who found a more significant association in girls. These
data suggest that behavioural factors influence whether boys
or girls are more at risk and that any genetic basis for a higher
risk for one sex is weak or non-existent.

Furthermore, this study showed a significant association
between activities involving contact with fresh water (swim-
ming, fishing, washing clothes and dishes) and people who
secreted S. mansoni eggs, those with a +3 infection for the
POC-CCA test (Table 2). These results corroborate those of
several studies that have revealed the impact of household
and recreational activities on S. mansoni infection [6, 30, 46,
56]. The majority (61% for KK) of positive schoolchildren
had moderate to high intensity of infection. This reflects the
high parasite pressure on the population, but also the contami-
nation of the environment, in this case the surface water in the
area. These results differ from those of previous studies con-
ducted in the same region [8, 57].

The schools of Sahibly, Yoya and Zéaglo in the depart-
ments of Toulepleu and Bloléquin in the Cavally region
recorded a high proportion of children with a high intensity
of infection. On the other hand, the school in Francdougou, also
in the department of Bloléquin in the Cavally region, recorded
only one individual with a “+3” infection and no child in this
neighbourhood secreted S. mansoni eggs. So, although infec-
tion pressure is high in the department of Bloléquin and the
Cavally region, it is not uniform across the area. This result

is confirmed by the spatial distribution results. The schools in
Sahibly, Yoya and Zéaglo are the most endemic, which is also
the case in Bloléquin, Toulepleu and the Cavally region, at
departmental and regional level respectively. This could be
due to the proximity of transmission points and the more
favourable environmental conditions in these localities com-
pared with others. At Sahibly, a branch of the Cavally river runs
through the village and is used for fishing, swimming and other
domestic activities. This branch of the river has been the site of
hydrographic infrastructures (a bridge) in addition to the gold
panning activity carried out on this branch upstream from the
village. These environmental conditions are conducive to the
proliferation of the vector Biomphalaria pfeifferi and its con-
tamination by S. mansoni. Previous studies in other countries
have established a close relationship between changes in the
river environment, the proliferation of the vector and the high
rate of human contamination [18, 43, 69].

The results of the intensity of infection analysis based on
NB-GLM and NBLH showed a significant association with
sex, age, school, department, region, swimming, fishing and
washing. Boys had the highest intensity of infection. With
regard to the age factor, the intensity of infection increased with
age, but children in the 12-14 years age group were the most
likely to develop a high-intensity infection. Reinfections in this
age group and in boys could be responsible for the high inten-
sities recorded [41, 59]. Region was not significantly associated
with intensity of infection, although the department of Toule-
pleu and the school of Sahibly (Cavally region) were more
exposed compared with other departments and schools.
Nonetheless, the departments of Guiglo and Bloléquin and cer-
tain schools (Francdougou, Golou) also in the Cavally region
were less exposed to high intensities of infection, unlike
Duékoué (Guémon region) which was more exposed. However,
with NB-GLMM, only age and sex remained significantly asso-
ciated with intensity of infection when the random effect of
study sites was included in the model. This observation is
probably due to the fact that the site variable is correlated with
the environmental variables and therefore masks the effect
of the latter. Age and gender, which were not correlated with
the site, remained significant and were important risk factors
for infection in all study areas. The best predictors of morbidity
have been shown to be related to the intensity of infection [23,
34, 45] and efforts to reduce the impact of these environmental
risk factors should therefore continue.

Conclusion

Accurate and practical methods are essential for reliable
field diagnosis of schistosomiasis, monitoring treatment success,
and evaluating control programmes. This study examined the
epidemiological situation of intestinal schistosomiasis using
two diagnostic methods in the endemic zone of western Cote
d’Ivoire. The results obtained in this study show that the
POC-CCA test is a valuable method that is easy to use and accu-
rate in a schistosomiasis context. Nevertheless, the KK test has
clear advantages. It is much more specific than the POC-CCA
test and at the same time other helminths can be detected [39].
However, it would be useful to combine the two techniques
in epidemiological investigations. This would increase the
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likelihood of detecting individuals with low levels of infection
intensity in endemic areas and allow accurate measurement of
disease burden when planning intervention measures at the com-
munity level. In addition, this study shows that the prevalence is
high and infection intensities generally range from moderate to
high. The study area has heterogeneous S. mansoni infection
pressure, and the most important local epidemiological factors
are sex and age. Awareness campaigns, health education, provi-
sion of safe drinking water, increased use of latrines, control of
snails and deworming of schoolchildren are essential and should
be proportional to the parasite pressure.
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