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Abstract. Schistosomiasis is a parasitic infection highly prevalent in Central Africa where it is co-endemic with many
other parasitic infections, including soil-transmitted helminths (STHs). For its optimal control, there is a needof descriptive
epidemiological data for each endemic region. The objective of the present study was to determine the epidemiological
situation around schistosomiasis in Lambaréné, Gabon. A cross-sectional study was conducted among schoolchildren.
One urine sample per day was collected on three consecutive days for the diagnosis of schistosomiasis using a urine
filtration technique. One stool sample was collected for the detection of Schistosoma spp. and STH spp. eggs using the
Kato–Katz technique, and for larvae, using the coproculture technique. A total of 614 schoolchildren were included in the
analysis. The overall prevalence of schistosomiasis and STH infections was 26% (159/614) and 15% (70/473), re-
spectively. Human–freshwater contact was the main risk factor for schistosomiasis in the area (relative risk (RR) = 2.96
[2.20–4.00], P < 0.001). Hematuria (RR = 5.53 [4.30–7.10], P < 0.001) and proteinuria (RR = 2.12 [1.63–2.75], P < 0.001) as
well as infectionwith Trichuris trichiura (RR = 1.86 [1.33–2.61],P= 0.002) andAscaris lumbricoides (RR = 1.96 [1.19–3.21],
P = 0.039) were associated with an increased risk of schistosomiasis. Trichuris trichiura was the highest prevalent STH
species in the area. Our study reports a moderate prevalence for schistosomiasis with human–water contact as the main
risk factor,whereas theprevalenceofSTH infections appears tobe low.Our results stress theneed for the implementation
of WHO recommendations for schistosomiasis control.

INTRODUCTION

Schistosomiasis is the most devastating parasitic disease
worldwide, secondonly tomalaria.1 According to theWHO, an
estimated 207million peoplemay have schistosomiasis in the
world.2 Of these, more than 90% live in sub-Saharan Africa
(sSA),2 which is among the parts of the world where the
greatest number of soil-transmitted helminth (STH) infections
occurs3 and where preschool-age and school-age children
are particularly exposed toSTHs. Indeed,with a justmore than
271 million children exposed to schistosomiasis in 2018, the
WHO consider Africa second to Southeast Asia as the part of
the world which requires most of the billion preventive che-
motherapy for soil-transmitted helminthiases needed glob-
ally.4 Themain species of STHs that infect humans areAscaris
lumbricoides, Trichuris trichiura, and hookworm (Necator
americanus and Ancylostoma duodenale).
In sSA, two species of schistosomiasis are predominant:

Schistosoma haematobium, causing urogenital schisto-
somiasis, and Schistosoma mansoni, causing intestinal
schistosomiasis. In addition, Schistosoma intercalatum
and Strongyloides guineensis, particularly prevalent in
Central Africa, are causes of rectal schistosomiasis. For all
types of schistosomiasis, the morbidity depends on pop-
ulation factors. As for STH infections, school-age children
and young adults seem to bear the brunt of the disease.5 In
these subpopulations, anemia and malnutrition, among

other consequences, are very often reported to be asso-
ciated with the disease.6

Schistosomiasis involves human contact with infested
freshwater. The occurrence of the disease is, therefore, highly
related to the environment and population behaviors, and the
epidemiology will, thus, widely vary from one region to an-
other. Indeed, absence of safe water, lack of sanitation, and
culture-associatedbehavioral patterns can increase the risk of
being infected in some subpopulations. For disease pre-
vention, the WHO recommends a universal approach which
includes access to safe water and improvement of sanitation
and hygiene education (WASH), in addition to mass drug ad-
ministration (MDA) with praziquantel (PZQ) and snail control.7

Mass drug administration is recommended for areas with
moderate or high schistosomiasis prevalence, and the appli-
cation frequency depends on the prevalence of infection.8

This underpins the need to assess the disease prevalence
for each particular endemic region.
In Gabon, schistosomiasis cases have been reported al-

ready in the 1960s.9 Thedisease is present in almost thewhole
country.10 The country is also endemic for STH infections. A
national baseline mapping for schistosomiasis and STH in-
fections initiated by the government in 2014 showed a low
prevalence of schistosomiasis in the northern and eastern
health regions of the country.11 For the control of schistoso-
miasis and STH infections, Gabon has opted for national
campaigns of MDA of PZQ and albendazole among school-
children. The only known national campaigns of PZQ con-
ducted before the present study which covered Lambaréné
town took place in 2016. Lambaréné is the capital of Moyen-
Ogooué, one of the nine provinces of Gabon, located centrally
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in the country and is being known to be endemic for STH
infections12 and schistosomiasis, withS. haematobium as the
main Schistosoma species encountered.13,14 Whereas epi-
demiological data are available for STH infections,12 little is
known about the descriptive epidemiology of schistosomia-
sis, particularly on the disease’s exact prevalence. Un-
derstanding the epidemiological situation of schistosomiasis
in this semi-urban area and the transmission dynamics over
time are of importance, the prevalence of the infection being
an indicator of MDA frequency. The objective of the present
study was, therefore, to describe the epidemiology of schis-
tosomiasis in Lambaréné, including its coinfection with STHs.

MATERIALS AND METHODS

Study area. Lambaréné is a semi-urban area with 44,000
inhabitants reported in 2016.15 The town is 240 km distant by
road in a southerly direction fromLibreville, capital ofGabon, and
situated 100 km south of the equator. The Ogooué River, the
main river of the country, is fed by several streams and traverses
the town, forming many ponds and lakes, which offer favorable
conditions for freshwater snail development. Previous reports
have demonstrated the presence of S. haematobium in the
area.13,14 There is some evidence of the presence of intestinal
schistosomiasis, too.10,16 Despite a municipal water supply
networkprovidedby theNationalSocietyofWater andElectricity
(Société d’Electricité et d’Eau du Gabon), large parts of the
population do not have access to safe piped or pump water
because of insufficient capacity of the company. Indeed, small
streams, tributaries to theOgooueRiver, are usedmore by a part
of the local population for water supply, fishing, and household
work, and by children mainly for playing. Lambaréné is also
known to be endemic for intestinal helminths.12

Study population and sampling. A cross-sectional study
was conducted from April to July 2016. The target population
was primary schoolchildren from Lambaréné. Among the 26
primary schools across Lambaréné, a total of 17 primary
schoolswere asked to participate in the study. These included
all governmental primary schools (n = 8), all confessional pri-
mary schools (n = 6), and three randomly selected private
primary schools. The schools were distributed across the
town. Selection of participantswas carried out using a 2-stage
cluster sampling procedure. At the first sampling stage, one
class batch was selected at random for each academic level
(5-year levels) and for each school. For each class selected, all
children were invited to participate in the study. The legal
representatives were visited at home, and informed consent
was requested from them to enable their child to participate in
the study. Among those children whose parents granted in-
formed consent, around 10 children were included per class.
For the classroomwith a size equal to or less than 10 students,
all students for whom the parents provided the informed
consent were included.
Sample size calculation. A study conducted earlier in Zilé-

PK villages, a rural area close to Lambaréné, reported a
schistosomiasis prevalence of 45%.17 For Lambaréné as a
semi-urban area, we hypothesize a one-third decrease in
schistosomiasis prevalence, compared with that in the rural
Zilé-PK villages setting. Thus, to be able to detect a variation in
prevalence of at least 15%, with 95% confidence and 0.05
precision using a formula reported elsewhere,18 we needed to
include at least 323 volunteers in the present study.

Data collection. Study nurses collected demographic data
(age, gender, and address) and anthropometric parameters
(weight, height, and mid-arm brachial circumference) at
school before blood sampling. To inquire about human–water
contact and potential treatment received (PZQ and anthel-
minthic drugs) during the past 6 months, trained field workers
applied a standardized questionnaire to participants. For very
young children for whom the interviewer judged the veracity of
the answer as doubtful, the questions were asked to parents
or the primary caretaker at homeand the answersweighted. In
addition, the interviewers collected schools’ and participant
houses’ global positioning system (GPS) coordinates, using
hand-held GPS monitors. All data collected were transcribed
into the case report form (CRF) and then digitalized.
Sample collection and laboratory examinations. The

research team provided eligible participants with plastic
containers and invited them to provide three urine samples on
three consecutive days and one stool sample. Samples were
collected at school. For each urine sample, urine filtration was
performed for the detection of S. haematobium eggs using a
micro-filter membrane of 12 μm (Whatman type) as described
elsewhere.19 Furthermore, 11 urine parameters, including
erythrocyte and protein, were assessed by urine dipstick
(Combur 10 Test). We used the Kato–Katz technique for the
detection of eggs of STHs in stool samples as described
elswhere.20 Also, we used the coproculture technique for the
detection of hookworm (N. americanus) and S. stercoralis
larvae. In detail, approximately 10 mg of sieved stool was
collected using a spatula and transferred onto a slide, which
was three-time wound with adsorbent tissue and placed in-
side a petri dish. Twentymilliliters of tapwater was then added
into the petri dish such that the tissue paper was just soaked
and the water did not cover the stool preparation. The petri
dish was then placed in an incubator for 7 days with the
temperature set at 22–28�C. Following this incubation period,
10 mL of liquid obtained from the petri dish by using a syringe
was passed through a micro-filter membrane of 10–12 μm.
The membrane was then transferred onto a glass slide,
mounted on a microscope, and read using a low-power ob-
jective (×10) of a light microscope. The slide reading was per-
formedby two independent experienced readers. The result was
reported as the number of larvae per 10 mg of stool after calcu-
lating the mean larvae count obtained from the pooled results of
both readers. In the case of a quantitative (difference ³ 20%) or a
qualitative discrepancy between both readers, a third in-
dependent reader was required, and themean of the two closest
results was considered as the definitive result.
For all examinations performed, the result was recorded in

the CRF and then digitalized. Results of laboratory examina-
tions were reported back to the parents or legal representa-
tives of each participant. Participants found infected were
treatedwith 40mg/kg of PZQonce for schistosomiasis and/or
400 mg of albendazole once a day during three consecutive
days for STH infection. For other infections when indicated,
participantswere referred to an appropriate healthcare center.
Statistics. Data were collected and managed using the

REDCap electronic data capture tool21 hosted at Centre de
Recherches Médicales de Lambaréné (CERMEL) and expor-
ted into R software (v. 3.2.4, R core team, Vienna, Austria) for
statistical analysis. Age was used as the categorical variable.
The hemoglobin level threshold to define anemia was set as
defined by the WHO for sea level.22 To determine child
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nutritional status, the BMI-for-age Z-score for children and
adolescents aged from 5 to 19 years was applied, as recom-
mended by the WHO.23 Intensity of schistosomiasis and STH
infections were defined as described elsewhere.24 Quantita-
tive and normal distributed variables were summarized by
mean and SD. Qualitative data were summarized by preva-
lence and 95%CI. The chi-squared test of independence was
performed to assess risk factors and factors associated with
schistosomiasis. The level of statistical significance was set
as P < 0.05.
Ethics. The study protocol was approved by CERMEL’s

scientific committee (SCR-Number: 2016-01) and by the In-
stitutional Ethic Committee of CERMEL (CEI-CERMEL 002/
2016). Agreement to conduct the study in schools was
obtained from the administrative authorities. The study was
conducted in line with the Good Clinical Practice principles
of the International Conference on Harmonization25 and the
Declaration of Helsinki.26

RESULTS

Study population. A total of 670 participants consented in
writing to participate in the study. Among them, 629 provided
urine, stool, and/or blood samples. In the present analysis, we
included only those 614 participants with known schistoso-
miasis status (Figure 1). As depicted in Figure 2A, the study
population distribution was homogeneous across the study
area. The mean (SD) age of our study population was 10.9 ±
2.7 years, with a 0.95 female-to-male ratio. Normal values of
nutritional status were reported for 81% (95% CI: 77.6–84.0)
of the study population, whereas 25% (95% CI: 21–28) had a

hemoglobin level less than 11g/dL. Hematuria and proteinuria
were present in 21% (95% CI: 18–25) and 20% (95% CI:
16–23) of the study population, respectively, whereas 10%
(95%CI: 7–12) presentedwith both proteinuria and hematuria.
Nearly half of the study population (44% [95%CI: 40–48]) had
declaredhavinghad freshwater contact. Tenper cent (95%CI:
8–13) and 22% (95% CI: 19–26) of our study population have
declared having taken PZQ and treatment for STH infection
(albendazole) in the last six months before the beginning of
the study, respectively (Table 1).
Schistosoma haematobium infection prevalence and

intensity. As presented in Table 2, the overall prevalence of
schistosomiasis was 26% (95% CI: 23–30). A total of 159
children of 614 who provided urine sample harbored Schis-
tosoma spp. eggs, reflecting a prevalence of 26% (95% CI:
22–29) for urogenital schistosomiasis, whereas only three
children of 472whoprovided a stool sample hadSchistosoma
spp. eggs in the feces, yielding a prevalence of less than 1%
(95%CI: 0–2) for potential intestinal or rectal schistosomiasis.
Among the infected children, one harbored eggs in urine and
stool concomitantly. For S. haematobium infection, 72% of
159 infected participants presented with light infection. The
geographical distribution of cases of schistosomiasis as
shown in Figure 2B reveals that even if schistosomiasis is
scattered across the study area, there is some clustering of
these cases particularly around the northern entrance of the
town which presents a high concentration of cases.
Soil-transmitted helminth infection prevalence and

intensity. As shown in Table 2, the overall prevalence of STH
infections among the 472 subjects who provided a stool
samplewas 15% (95%CI: 12–19), with all infections classified

FIGURE 1. Study flowchart representing the number of participants considered at different study time points.
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as light (Figure 3). The most prevalent STH was T. trichiura,
followedbyhookwormandA. lumbricoideswith10% (95%CI:
8–13), 4% (95% CI: 2–6), and 3% (95% CI: 2–5) prevalence,
respectively. Strongyloides stercoralis accounted for 1 %
(95% CI: 0–3). Coproculture technique was performed to im-
prove the diagnosis of hookworm infection in our study pop-
ulation by detecting the presence of larvae in stool. Among the
18 participants classified as positive for hookworm, six (33%)
were positive for the presence of eggs only in the stool, four
(22%)were positive for the presence of larvae only in the stool,
whereas eight (44%) were positive for both.

Schistosomiasis and STH coinfections. Assessing con-
comitant infections with other parasites among the 472
participants who provided stool and urine samples, schisto-
somiasis was found in coinfection with each STH infection
investigated in the study, even for those with very low preva-
lence. As presented in Table 2, the schistosomiasis coin-
fection rate with any STH infection was 6% (95%CI: 4–8) and
the most prevalent coinfection was trichuriasis with 5% (95%
CI: 3–7). Regarding coinfections between different species of
STHs among the 70 children infected, the prevalence of
double infectionswas 24% (95%CI: 14–34), and the twomost
prevalent pairings of coinfections were trichuriasis–ascariasis
(10% [95% CI: 3–17]) and trichuriasis–ancylostomiasis (9%
[95% CI: 2–16]). Some cases of triple infections were found,
notably ancylostomiasis–strongyloidiasis–ascariasis (3%
[95% CI: 0–7]) and ancylostomiasis–strongyloidiasis–trichur-
iasis (2% [95% CI: 0–5]).
Factors associated with schistosomiasis. At bivariate

analysis as shown in Table 3, age (P = 0.76), gender (P = 0.50),
and educational level (P = 0.43) were not statistically associ-
ated with schistosomiasis. On the contrary, freshwater con-
tact was highly statistically associated with schistosomiasis.
Children who declared freshwater contact had a thee-time
higher risk (RR = 2.96 [95% CI: 2.2–4.0], P < 0.001) to be
infected with S. haematobium than those who have not de-
clared a freshwater contact. By contrast, as presented in
Table 4, nutritional status (P = 0.61) was not associated with

FIGURE 2. Geographical distribution of study participants using
QGIS software version 3.2.2 (Free Software Foundation, Boston,MA);
(A) overall study population, (B) participants infected with schistoso-
miasis, and (C) participants infected with soil-transmitted helminths
(STH).

TABLE 1
Characteristics of the 614 study participants, April to July 2016,
Lambaréné, Gabon

Study population distribution

N % 95% CI (%)

Gender
Female 300 48.9 44.8–52.9
Male 314 51.1 47.1–55.2

Age (years)
5–9 271 44.1 40.2–48.2
10–14 307 50.0 46.0–54.0
15–19 36 05.9 04.1–08.0

Nutritional status, BMI for age*
Thin 33 05.4 03.8–07.5
Normal 493 81.0 77.6–84.0
Overweight 57 09.4 07.2–11.9
Obese 26 04.3 02.8–06.2

Primary school level
First year 127 20.7 17.5–24.1
Second year 116 18.9 15.9–22.2
Third year 118 19.2 16.2–22.3
Fourth year 133 21.7 18.5–25.1
Fifth year 120 19.5 16.5–22.9

Hemoglobin level (g/dL)*
³ 11 462 75.5 71.9–78.8
< 11 150 24.5 21.1–27.9

Hematuria
Yes 130 21.3 18.1–24.8

Proteinuria
Yes 120 19.5 16.5–22.9

Stream contact declared
Yes 266 43.6 39.6–47.6

History of praziquantel treatment†
Yes 62 10.1 07.9–12.9

History of soil-transmitted helminth
infection treatment†

Yes 137 22.3 19.2–26.0
*Missing data: five for nutritional status and two for hemoglobin level.
†Taken in the last 6 months.
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schistosomiasis. Taken together, STHs were associated with
an increased risk of being infected with schistosomiasis (RR =
1.52 [95%CI: 1.09–2.12],P = 0.02). Considering each species
of STH, there was no statistical association for hookworm
infection (RR = 0.79 [95% CI: 0.32–1.89], P = 0.77) and
strongyloidiasis (RR = 1.19 [95%CI: 0.38–3.74],P = 0.67) with
schistosomiasis, but there was a significant increase in risk of
being infected with Schistosoma spp. when positive for tri-
churiasis (RR = 1.82 [95% CI: 1.33–2.56], P = 0.003) or for
ascariasis (RR = 1.97 [95% CI: 1.20–3.23], P = 0.04). On the
other hand, children with a hemoglobin level less than 11g/dL
(RR = 1.54 [95% CI: 1.17–2.02], P = 0.003), presenting with
hematuria (RR = 5.53 [95% CI: 4.3–7.1], P < 0.001) or pro-
teinuria (RR = 2.12 [95% CI: 1.63–2.75], P < 0.001), had an
increasing risk of being positive for schistosomiasis.

DISCUSSION

The present study confirms urogenital schistosomiasis in
Lambaréné as predominating in the area. We found three
participants with stool samples positive for the presence of
Schistosoma eggs identified as S. intercalatum eggs, estab-
lishing the presence of few cases of intestinal schistosomiasis
in the study area. Indeed, if the evidence ofS. haematobium is
widely reported in Lambaréné,12,27 only scarce data reveal the
presence of S. intercalatum10 or S. guineensis16 in the area.
Because S. haematobium eggs can be found in stool,28 and
confusion between S. intercalatum and S. haematobium eggs
is possiblewhen thedifferentiation is carriedoutbasedonly on
their shape and size using amicroscopicmethod,29 aswe did,
it will be relevant to use a molecular method to reconfirm the
presence of S. intercalatum and/or S. guineensis in the area.
The main objective of the present study was to determine

the prevalence of schistosomiasis in Lambaréné. Our results
reveal 26% prevalence for urogenital schistosomiasis using
the urine filtration technique as a diagnostic tool, classifying
schistosomiasis prevalence as moderate for Lambaréné’s
community8 and Schistosoma spp. as the most prevalent
helminths in this town. To the best of our knowledge, this is the
first time the level of schistosomiasis prevalence is assessed
in Lambaréné, with a detailed mapping effort of schistoso-
miasis down to the individual level in the county.
The first cases of schistosomiasis were reported in the area

in 1966.9 Only one MDA campaign for schistosomiasis has
been conducted in the area for schistosomiasis control before
the conduct of this study, and no other specific intervention
measures were implemented. We, therefore, expected to find
a high prevalence of schistosomiasis, and indeed, a very high
prevalence of schistosomiasis is often found in the areas
where access to PZQ treatment is scarce or unavailable.30,31

The moderate prevalence of schistosomiasis we found could
suggest a stabilization of the prevalence of the disease in the
area. An explanation for this may be the availability of the drug
in the community. In addition to the scarce national cam-
paigns of MDA, it should be noted that over the past 20 years,
PZQ treatment has been provided free of charge to the in-
fected population during the CERMEL routine or scheduled
activities, being very active in the field of schistosomiasis, with
significant impact in the community. Indeed, it has been
demonstrated that treatment of the population with even a
single dose of PZQ per year can be sufficient to reduce the
morbidity of schistosomiasis in an endemic area.32,33

TABLE 2
Schistosomiasis and STH prevalence and coinfection among the study participants, April to July 2016, Lambaréné, Gabon

Participants infected Schistosomiasis coinfection

n % 95% CI (%) n % 95% CI (%)

Schistosoma spp.
Schistosoma haematobium (N = 614) 159 25.9 22.4–29.5 – – –

< 50 eggs/10 mL of urine 115 72.3 65.4–79.3 – – –

³ 50 eggs/10 mL of urine 44 27.7 20.7–34.6 – – –

Schistosoma intercalatum (N = 472) 3 0.6 0.1–1.8 – – –

STH infection (N = 472)
Trichuris trichiura 49 10.4 7.8–13.5 23 4.9 3.1–7.2
Hookworm 18 3.8 2.3–5.9 4 0.8 0.2–2.1
Ascaris lumbricoides 15 3.2 1.8–5.2 8 1.7 0.7–3.3
Strongyloides stercoralis 6 1.3 0.5–2.7 2 0.4 0.0–1.5
Any STH 71 15.0 11.9–18.6 28 5.9 4.0–8.5
STH = soil-transmitted helminth.

FIGURE 3. Egg count distribution for soil-transmitted helminth in-
fections and schistosomiasis after Kato–Katz and urine filtration ex-
aminations, respectively, showing ascariasis as the infection
presenting with the widest distribution in the number of eggs.
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Another objective of the present study was to describe
risk factors and factors associated with schistosomiasis. As
an associated factor, we have assessed the relation of the
history of PZQ taken with schistosomiasis, and we found that
10%of the studypopulation declared tohave takenPZQ in the
past six months, regardless of the source of the drug. Sur-
prisingly, more infected than uninfected children with schis-
tosomiasis declared to have received treatment before,
raising the issue of PZQ efficacy or reinfection. Indeed, in our
study area, it is common to give 40mgof PZQper bodyweight

once to treat schistosomiasis as recommended by the
WHO,34 although this protocol is sometimes found to have a
limited efficacy.35 On the other hand, reinfection is common in
endemic areas,35,36 assuming that those found infected de-
spite the history of PZQ taken in the lastmonths are reinfection
cases. In both cases, there is a need for a proper investigation.
Assessing contacts of the study population with freshwater

bodies considered as potential Schistosoma foci, nearly half
of the population (44%) declared to have had contact with
open freshwater, implying that an important part of the

TABLE 3
Assessment of risk factors of schistosomiasis among the 614 study participants, April to July 2016, Lambaréné, Gabon

Bivariate analysis

N n (%) RR 95% CI (RR) P-value

Age (years) 0.76
5–9 271 68 (25.1) 1 –

10–14 307 83 (27.0) 1.08 0.82–1.42
15–19 36 8 (23.2) 0.88 0.46–1.69

Gender 0.50
Female 300 74 (24.6) 1 –

Male 314 85 (27.0) 1.06 0.89–1.26
Stream contact declared < 0.001
No 344 48 (16.9) 1 –

Yes 266 110 (48.7) 2.96 2.20–4.00
Level of education 0.43
First year 127 40 (36.5) 1 –

Second year 116 31 (26.7) 0.85 0.57–1.26
Third year 118 28 (23.7) 0.75 0.50–1.14
Fourth year 133 35 (26.3) 0.84 0.57–1.22
Fifth year 120 25 (20.3) 0.66 0.43–1.02

TABLE 4
Factors associated with schistosomiasis among the 614 study participants, April to July 2016, Lambaréné, Gabon

Bivariate analysis

N n (%) RR 95% CI (RR) P-value

Hematuria < 0.001
No 484 64 (13.2) 1 –

Yes 130 95 (73.1) 5.53 4.30–7.10
Proteinuria < 0.001
No 494 105 (21.2) 1 –

Yes 120 54 (45.0) 2.12 1.63–2.75
Hemoglobin rate* 0.003
³ 11 462 106 (22.9) 1 –

< 11 150 53 (35.3) 1.54 1.17–2.02
STH†
Trichuris trichiura 49 23 (46.9) 1.82 1.30–2.56 0.003
Hookworm 18 4 (22.2) 0.79 0.33–1.89 0.77
Ascaris lumbricoides 15 8 (53.3) 1.97 1.20–3.23 0.04k
Strongyloides stercoralis 6 2 (33.3) 1.19 0.38–3.74 0.67k
Any STH 71 28 (39.4) 1.52 1.09–2.12 0.03

Nutritional status 0.61
Underweight 33 6 (18.2) 0.68 0.32–1.42
Normal 493 132 (26.8) 1 –

Overweight 57 15 (26.3) 0.98 0.62–1.55
Obese 26 5 (19.2) 0.72 0.32–1.60

History of praziquantel treatment‡ 0.007
No 545 132 (24.2) 1 –

Yes 62 25 (40.3) 1.66 1.18–2.33
History of STH infection treatment§ 0.15
No 472 129 (27.3) 1 –

Yes 137 29 (21.2) 0.78 0.54–1.10
STH = soil-transmitted helminth.
* Two missing data.
†One hundred forty-two missing data.
‡Seven missing data.
§ Five missing data.
kFisher’s exact test.
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population is at risk of contact with Schistosoma parasites.
When taking into account schistosomiasis status, the results
demonstrate an ambiguous relationship leading to a couple of
hypotheses. First, among participants found infected with
schistosomiasis, no freshwater contact was declared for one
of three of them. Subject to the reliability of their declarations,
this fact could raise the possibility of the existence of addi-
tional, temporary schistosomiasis foci. In fact, Lambaréné is
heavily irrigatedby the tributaries of theOgoouéRiver. The rise
of the river’s waters during the rainy season is accompanied
by flooding of the land, creating a significant number of tem-
porary water pools, which can, thus, become potential foci of
schistosomiasis, especially for school-age children. Second,
among children not infected with S. haematobium, 35% have
declared to use stream water for household activities or
bathing, suggesting either a low sensitivity of urine filtration
technique for the diagnosis of schistosomiasis or a fact that all
human–water contact points, particularly streams, are not
schistosomiasis foci. Based on what has been described
earlier, it appears that schistosomiasis foci are not only
streams, and these foci are not homogeneous and geo-
graphically distributed in the study area as demonstrated by
the geographical distribution map of our participants, which
showed clusters of infected children (Figure 2B). Actually, the
northwest of the town appears to be a high prevalence area for
schistosomiasis, whereas the southeast appears to be a
moderate prevalence area. Between the two, the disease is
present, but at low prevalence. To better understand the sit-
uation of schistosomiasis in the area, the determinants of this
picture need to be investigated.
Although freshwater contact is obviously the main risk

factor for schistosomiasis, it is known that some factors
such as age andgender can affect this risk factor through age-
or gender-related behaviors. Some studies found that males
are more at risk to be infected with schistosomiasis than
females,37,38 whereas others have shown the contrary.39 For
someauthors, young age increases the risk to be infectedwith
schistosomiasis.38,40 It has been suggested that the impact of
culture on the population behavior with regard to contact with
open freshwater could explain the difference observed and,
therefore, affect the risk level of being infected. In the present
study, neither gender nor age was associated with schisto-
somiasis. We, therefore, assume that the local culture does
not lead to significant schistosomiasis exposure differences
due to age- and gender-specific behaviors.
Hematuria is the main symptom known to be associated

with urogenital schistosomiasis and very often used for in-
direct diagnosis of thedisease. In this study,we foundastrong
association between any hematuria (microscopic and/or vis-
ible) and schistosomiasis. The situation was similar for pro-
teinuria, meaning that these two biomarkers can be of interest
for the diagnosis of schistosomiasis in our population. This
question will be addressed in a further article. On the contrary
to anemia, malnutrition was not associated with schistoso-
miasis. This corroborates the findings of Abdi et al.41 who also
found no association between intestinal schistosomiasis and
malnutrition status among schoolchildren living in north-
western Ethiopia.41 Even in a highly endemic area, Munisi and
collaborators found no association between S. mansoni in-
fection malnutrition among Tanzanian schoolchildren.42

However, our results opposed the findings of some other
authors who reported that malnutrition is associated with

S. haematobium infection in children living in moderate or
highly endemic areas for schistosomiasis.6,43 These conflict-
ing results suggest the existence of other determinants, which
could affect the association between the disease and nutri-
tional status. However, this has to be investigated in more
detail prospectively in our population. In the case of the pre-
sent study, we hypothesize a good nutritional status of
schoolchildren in Lambaréné.
This study confirms once more that Lambaréné is endemic

for STH infections, particularly forA. lumbricoides, T. trichiura,
hookworm, and S. stercoralis,12 with T. trichiura being the
predominant STH species, followed by hookworm and
A. lumbricoides. On the contrary to the vicinity of Lambaréné
where a moderate prevalence of STH infections was recently
reported,17 the low prevalence we report here could be
explained by the availability of anthelminthic drug in the area,
particularly albendazole, which is very often used for self-
medication by the local population. Indeed, about 25% of
study participants have declared having received anti-STH
treatment in the last six months preceding the study. More-
over, the morbidity of STH infections is associated with the
intensity of the disease. Heaviest infection is indeed associ-
ated with anemia or malnutrition, among others. In our study
population, all cases of STH infections were of light intensity,
assuming their non-association with anemia andmalnutrition.
This result supports our finding on the association of anemia
with schistosomiasis in our studypopulation andconsolidates
the low number of underweight cases we reported.
The geographical distribution of children infected with

STHs shows a homogeneous spread of these parasites
across the study area (Figure 2C) and, therefore, their local co-
existence with schistosomiasis. Schistosomiasis–STH infection
co-endemicity is commonly reported in sub-Saharan
countries.44–46 Assessing the coinfection with both trematodes
and intestinal nematodes, we found an increase in risk of having
schistosomiasis when infected with STHs, particularly with
T. trichiuraandA. lumbricoides. Althoughsomeauthors foundno
association between schistosomiasis and STH infections, such
as Njaanake et al.45 in Kenyan schoolchildren from two villages,
our results are in linewithwhatwas reported byMolvik et al.44 on
SouthAfricanschoolchildren living inmoderateprevalenceareas
for schistosomiasis and STH infections. Even some immuno-
logicalmechanismcanexplain that fact;wehypothesize that this
association could be due to the fact that both types of infection
share the same environmental risk factors. If the absence of an
associationwithS. stercoralis could be due to a lack of statistical
power (we foundvery fewcasesof strongyloidiasis), the absence
of association with hookworm infection, which was more prev-
alent thanascariasis inourcohort,wouldsupport ourhypothesis.
Indeed, it is known that the life cycle of hookworm requires hot or
sandy soils, in contrast to those of Schistosoma spp., Ascaris
spp., and Trichuris spp. Trichuris trichiura eggs, for instance,
must remain inwarmmoistsoil tobecome infectious. Inanycase,
these results show the necessity to take into account the in-
teraction between schistosomiasis and STH infections, espe-
cially with trichuriasis and ascariasis for assessment of the effect
of one of these diseases, in particular at the immunological level.

CONCLUSION

Lambaréné represents an area of moderate prevalence for
schistosomiasis and low prevalence for STH infections. Our
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results emphasize the necessity to fully implement the rec-
ommendations of the WHO to improve the situation of
schistosomiasis in the area where no additional risk factors
other than human–water contact could be identified among
schoolchildren. To that aim, hematuria and proteinuria
strongly associatedwith the infection could help. Although the
picture of schistosomiasis in Lambaréné becomes clearer, the
need to establish the transmission dynamic remains. A pilot
malacological study conducted in the area few years before
already provides some helpful information.
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nurses (Ivy Marion Moussounda Mondjo, Lucie Prisca Bena, Marie
Yvonne Essongue, and Annie Christelle Ndong), and the laboratory
technicians’ team for their special commitment during this study. We
especially thank the schoolchildren for their voluntary participation in
this study, their parents, teachers, and theadministrativeauthoritiesof
health and education for allowing us to carry out this study.

Financial support: We are grateful to CERMEL for the financial and
logistic support for the study. J. C. D. A. was supported financially by
Deutsche Forschungsgemeinschaft German-African Cooperation
Projects in Infectiology GZ:MO1071/12-1 AOBJ:620617.

Disclosure: A. A. A. and M. G. P. are members of CANTAM (EDCTP-
RegNet2015-1045) and PANDORA-ID-Net (EDCTP Grant Agreement
RIA2016E-1609) networks.

Authors’ addresses: Jean Claude Dejon Agobé, Centre de Recher-
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Germany, E-mail: agnandjis@cermel.org. Ghyslain Mombo-Ngoma,
Centre deRecherchesMédicales de Lambaréné (CERMEL), Lambaréné,
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Universität Tübingen, Tübingen, Germany, German Center for Infection
Research (DZIF), African Partner Institution, CERMEL, Lambaréné,
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