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Abstract

Infection with Onchocerca volvulus was recently reported to increase the risk for epilepsy in Cameroonian children. We
investigated whether infection with O. volvulus may alter the cognitive function of children who may or may not develop epi-
lepsy later in their lifetime. Using rapid diagnostic tests, we determined the presence of Ov16 antibodies in 209 school-aged
children without epilepsy recruited from three Cameroonian villages, as a proxy for onchocerciasis exposure. In addition,
the neurocognitive performance of these children was assessed using a battery of validated tools. Participants were aged
6-16 years, and 46.4% were Ov16 seropositive. Upon standardizing age-specific neurocognitive scores and investigating
predictors of neurocognitive performance using multiple linear regression models (adjusted for gender, education level,
previous ivermectin use, and anthropometric parameters), we found that being Ov16-positive was significantly associated
with reduced semantic verbal fluency (estimate —0.38; 95% confidence interval —0.65 to —0.11; p =0.006) and lower scores
on the International HIV Dementia Scale (estimate —0.31; confidence interval —0.56 to —0.04; p =0.025). Furthermore, an
increasing frequency of past ivermectin use was associated with increased neurocognitive scores. Our findings suggest that
exposure to O. volvulus may affect neurocognitive performance of children.

Keywords Ov16 - Onchocerciasis-associated epilepsy - Neurocognitive assessment - Cameroon

Introduction

Onchocerciasis (river blindness) is a tropical filariasis
caused by Onchocerca volvulus and transmitted to humans
via the blackfly vector (Simulidae) (Burnham G 1998).
There is accumulating epidemiological evidence suggest-
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ing an association between onchocerciasis and epilepsy, with
a 10% increase in onchocerciasis prevalence estimated to
produce a 0.4% increase in epilepsy prevalence (Pion et al.,
2009). Two cohort studies in Cameroon further showed the
temporality of this association, revealing an increased risk
to develop epilepsy following childhood infection with O.
volvulus, in a microfilarial load-dependent manner (Chesnais
et al., 2018, 2020). The terms ‘onchocerciasis-associated
epilepsy (OAE)’ and ‘river epilepsy’ have been proposed
to regroup the onchocerciasis-related seizure disorders fre-
quently encountered in endemic areas (Colebunders et al.,
2018a, b). Observations from community-based surveys in
onchocerciasis-endemic regions indicate that OAE consists
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of a wide clinical spectrum involving seizure disorders (nod-
ding syndrome (NS) and other forms of epilepsy), retarded
growth (stunting), and delayed development of secondary
sexual characteristics (Nakalanga features) (Colebunders
et al., 2018a, b; Foger et al., 2017; Raper and Ladkin,
1950; Siewe Fodjo 2019a, b, c).

OAE constitutes an important burden for families and
communities, particularly because children and adolescents
are more prone to developing the disease. Indeed, OAE usu-
ally starts between the ages of 3 and 18 years (Colebunders
et al., 2018a, b). Nevertheless, early detection and proper
management of OAE can significantly improve the quality
of life of the patients and prevent complications (Idro et al.,
2014; Siewe Fodjo et al., 2019a). A follow-up study of per-
sons with NS in Uganda suggests that this condition may
include prodromal features (excessive sleepiness, slowing
down of activities, decline in comprehension, blank star-
ing) which gradually progress towards more conspicuous,
convulsive manifestations; the reported duration between the
onset of these prodromal symptoms and development of sei-
zures varied from a few weeks to 2 years (Idro et al., 2018).
Indeed, previous studies revealed that persons with OAE
often show signs of cognitive impairment (Colebunders
et al., 2018a, b; Siewe Fodjo et al., 2019a, b, c¢). Further-
more, in a recent case—control study in onchocerciasis-
endemic communities in Cameroon in Cameroon, we found
that cognitive impairment (assessed using a comprehensive
neuropsychological test battery) was significantly more prev-
alent in persons with epilepsy (PWE) than in age- and sex-
matched controls (Njamnshi et al., 2020). However, it is still
unclear whether the cognitive symptoms observed in per-
sons with OAE preceded seizure onset, or were solely con-
sequences of the repeated epileptic episodes. We therefore
decided to assess the cognitive function of children without
epilepsy in onchocerciasis-endemic villages of Cameroon
and to investigate possible associations with previous expo-
sure to O. volvulus.

Study Hypothesis

We hypothesized that, besides causing epileptic seizures
as demonstrated by previous studies, O. volvulus may also
induce neurocognitive disorders in exposed children who
may or may not develop OAE.

Methods

Study Setting

The study was conducted in three onchocerciasis-endemic

villages (Mong, Nkongmessa, and Nkolkosse) in the Lékié
division, Centre region, Cameroon Fig. 1. The main blackfly

breeding site in this part of the country is the Sanaga River;
the distance from the river to the study villages is 2.6 km,
4.5 km, and 6.5 km for Mong, Nkongmessa, and Nkolkosse,
respectively. This area is also endemic for loiasis, which
has marred the effectiveness of onchocerciasis control using
mass treatment with ivermectin (Gardon et al., 1997). The
last ivermectin distribution campaign in this area took place
in June 2019, almost 2 months before the start of our study.
The setting is essentially rural, with farming and petty trad-
ing being the main activities. All three study sites were
accessible via motorable roads and were close (<5 km) to
the Monatélé town, where there is a district hospital as well
as primary and secondary schools.

Study Design

We conducted a cross-sectional study assessing Ov16 sero-
prevalence as exposure factor and neurocognitive perfor-
mance as a primary outcome in 6- to 16-year-old children
without any known illness. The approach allowed the con-
stitution of two sub-groups (Ov16-positive participants and
Ov16-negative participants) which were analyzed following
an unmatched case—control design, comparing the cogni-
tive function of children with and without a history of O.
volvulus infection.

Study Participants

Children of both sexes, aged between 6 and 16 years and
without epilepsy on clinical evaluation were eligible for
enrolment in the study. Determination of the non-epileptic
status was done by neurologists or physicians with expertise
in epilepsy diagnosis. We excluded children whose past his-
tories suggested an abnormal psychomotor development, a
past brain insult (caused by perinatal asphyxia, meningitis),
and those who were suffering from any known illness at the
time of the survey.

Study Procedures

The study villages were visited a few weeks before the
recruitment of participants. Local authorities (chiefs, health
personnel) were informed about the study and their collabo-
ration obtained. They were thus able to sensitize the village
residents about the research procedures and encouraged
them to participate. Between August 2019 and January 2020,
the research team organized field expeditions to each of the
study villages, where temporary research units were set up
at the residence of the village chiefs. The research team that
was involved in the fieldwork in the villages was composed
of neurologists (LN, LNN, AKN), physicians (NNM, KN,
RY, PN, EA, GA), physicians specialized in epilepsy (JNSF),
neuroepidemiology (ENT), and neurocognitive assessment
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Fig.1 Map showing the location of the three study villages

(WYN, CA), a doctor in pharmacy (HTE), and a medical
student (KGN) who both participated in Ov16 testing. Chil-
dren from all over the study village came to the chief’s resi-
dence accompanied by a parent/guardian. Assenting children
with unremarkable past medical histories, who appeared
healthy at the time of the survey, and whose accompanying
adult provided an informed consent were enrolled consecu-
tively. Upon enrolment, the socio-demographic information
and anthropometric data of the participants were collected.

Neurocognitive Evaluation

Based on published literature, we selected six cognitive
tests which were administered to all the participants. Four of
these tests (Purdue Pegboard Test, hand movements, seman-
tic verbal fluency test, digit span) had previously been vali-
dated and used by our team to assess Cameroonian school-
aged children (Ruffieux et al., 2009, 2013). Two members
of the research team (WYN and CA) had been trained to
carry out these locally validated tests, but extractions of
raw test results and compilation into neurocognitive scores
were done by a single investigator with special training in
neuropsychological testing (WYN). We also administered a
pediatric adaptation of the mini-mental state exam (MMSE)
(Moura et al., 2017) to all participants, as well as the Inter-
national HIV Dementia Scale (IHDS) (Sacktor et al., 2005)
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for its simplicity, ease of administration, and objectivity
across different cultures/educational levels as observed dur-
ing previous research among Cameroonian adults (Njamnshi
et al., 2008). The use of a dementia scale in our study served
as a proxy to investigate symptoms of encephalopathy in the
participating children. Participants were received one after
the other in a prepared, quiet space at the chief’s residence,
where the neurocognitive tests were administered. Research-
ers administering the tests were blinded to the Ov16 status of
the subjects. The entire procedure lasted for approximately
30 min per participant. The procedures for each test are
explained in details in previous publications (Moura et al.,
2017; Njamnshi et al., 2008; Ruffieux et al., 2009, 2013;
Sacktor et al., 2005) and summarized in the Supplementary
Appendix 1.

Ov16 Testing

All participants were tested for the presence anti-onchocerca
antibodies using the SD Bioline Onchocerciasis Ov16 IgG4
rapid diagnostic test (RDT) (Standard Diagnostics, Gyeo-
nggi-do, South Korea). All procedures were followed as per
the manufacturer’s instructions, and RDT results were noted
for each participant. Two members of the research team were
solely responsible for performing Ov16 tests, and all other
researchers were blinded to the Ov16 results until data lock.
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Data Analysis

The collected data were entered into Microsoft Excel 2016
spreadsheets and analyzed in R version 3.6.2. Height-for-
age (HfA) as well as BMI-for-age (BfA) z-scores were
calculated, and any participant that fell below — 2 z-score
based on the World Health Organization growth curves was
considered as stunted (low HfA) or underweight (low BfA)
(de Onis, 2007). Cutoff values were defined for the admin-
istered tests (S5th percentile score in each age group) and
used to dichotomize neurocognitive outcomes into normal
and below normal. The proportions of children with normal
and reduced neurocognitive performance across the study
groups (Ov16-positive vs Ov16-negative), stratified by age,
were compared using the Yates corrected chi-squared test.

Multiple linear regression models were constructed to
investigate factors associated with each neurocognitive out-
come. We proceeded by first standardizing the dependent
variables (neurocognitive performance) by converting the
test scores for each age group into to z-scores. For the neu-
rocognitive assessments with several sub-components such
as the Pegboard test (dominant, non-dominant, and both
hands) and digit span (forward and backward), an average
test score was obtained prior to standardization. All models
were adjusted for gender, previous ivermectin use, education
level, and anthropometric parameters. Age was not included
as a covariate because it was already taken into account
when creating the z-scores by age group. P-Values less than
0.05 were considered as statistically significant.

Ethical Considerations

The study protocol was approved by the University of
Antwerp in Belgium (No. B300201731362) and the Cam-
eroon National Ethics Committee for Research in Human
Health (No. 2018/12/1123/CE/CNERSH/SP). Administra-
tive authorization was granted by the Ministry of Public
Health of Cameroon (D034.19/L/MINSANTE/SG/DROS).
The collaboration of local authorities was also obtained for
the research project. All participating children gave their
assent to participate, and a signed informed consent was
obtained from adult parents/guardians. The collected data
was treated with absolute confidentiality.

Results
Characteristics of Enrolled Participants

A total of 209 children were included in the study (48.8%
male). Participants’ ages ranged from 6 to 16 years
(median = 10 years; IQR 8-12). Of the 198 children with
available data on past ivermectin use, 42 (21.2%) reported
to have never taken ivermectin before. Only two (1%) par-
ticipants were unschooled (Table 1).

Table 1 Sociodemographic data

. Mong Nkongmessa Nkolkosse Overall

of study participants n=85 =69 n=55 N =209
Gender: n (%)
Male 42 (49.4) 38 (55.1) 22 (40.0) 102 (48.8)
Female 43 (50.6) 31 (44.9) 33 (60.0) 107 (51.2)
Age in years: median (IQR) 10 (9-12) 10 (7-11) 10 (7-11) 10 (8-12)
Age-groups: n (%)
6-7 years 15 (17.6) 21 (30.4) 16 (29.1) 52 (24.9)
8-9 years 13 (15.3) 13 (18.8) 10 (18.2) 36 (17.2)
10-11 years 27 (31.8) 19 (27.5) 17 (30.9) 63 (30.1)
12-13 years 21 (24.7) 12 (17.4) 11 (20.0) 44 (21.1)
14-16 years 9 (10.6) 4(5.8) 1(1.8) 14 (6.7)
Duration* in village: median (IQR) 7 (6-10) 8 (7-10) 6 (4-8.5) 7 (5-10)
Education level: n (%)
None 1(1.2) 1(1.5) 0 2 (1.0)
Primary 75 (88.2) 59 (85.5) 55 (100) 189 (90.4)
Secondary 9 (10.6) 9 (13.0) 0 18 (8.6)
Previous ivermectin use: n (%)* 66/85 (77.6) 68/69 (98.6) 22/44 (50.0) 156/198 (78.8)

IQR interquartile range

*11 missing data
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Results of the Ov16 Testing and Anthropometric
Evaluation

Among the participants, 97 (46.4%) were Ov16-positive
while 112 (53.6%) were Ov16-negative. In children aged
10 years and below, Ov16 seroprevalence was 33.6% while
it reached 66.7% among older children (p <0.001). Ov16-
positive participants were older than Ov16-negative children
(median ages 11 [IQR 10-12] vs 9 [IQR 7-10]; Mann—Whit-
ney U p-value <0.001). The Ov16 seroprevalence varied sig-
nificantly across the study villages (p <0.001). Addition-
ally, we observed that the proportion of children with Ov16
antibodies decreased with increasing distance of the village
from the Sanaga River (Fig. 2).

The prevalence of stunting was 8.2% among Ov16-
positive, and 5.4% among Ov16-negative participants
(p=0.578); 10.3% of Ov16-positive participants were under-
weight, compared to 6.3% children who were underweight in
the Ov16-negative group (p =0.284). There was no signifi-
cant association between Ov16 status and having received
ivermectin in the past (chi-squared p-value=0.616).

Neurocognitive Performance of Participants

The mean neurocognitive scores observed in our study popu-
lation were lower than those recorded by Ruffieux et al. when
validating these tests in Cameroonian school-aged children
(Ruffieux et al., 2009) (Supplementary Appendix 2). When
comparing the mean neurocognitive scores in Ov16-positive

Fig.2 Ov16 seroprevalence in
the study villages
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participants (cases) vs Ov16-negative participants (controls),
no significant differences were noted (Table 2).

Applying the appropriate cutoffs (5th percentile) per age
group, no significant differences in the neurocognitive out-
comes between cases and controls were observed (Table 3).
Sensitivity analysis including only ivermectin-naive children
(n=42) found a similar distribution of children with normal
vs abnormal neurocognitive performance among cases and
controls (see Supplementary Appendix 3).

Multivariable Analysis

We ran six multiple linear regression models to investigate
the association between standardized neurocognitive out-
comes (z-scores) and Ov16 status, adjusting for gender, edu-
cation level, previous ivermectin use, BMI-for-age z-score,
and height-for-age z-score. Of the six neurocognitive tests,
two (semantic verbal fluency and IHDS) were significantly
associated with Ov16 results: a positive Ov16 serology sig-
nificantly decreased the neurocognitive scores (Table 4). Of
note, an increasing number of previous ivermectin doses
was frequently associated with higher neurocognitive scores.

Discussion

As far as we know, this is the first study providing evidence
of a possible association between neurocognitive perfor-
mance and infection with O. volvulus. This association may
not be apparent using dichotomized neurocognitive test
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Table 3 Binary neurocognitive outcomes of participants by Ov16 status

Neurocognitive tests and outcomes Ovl16-negative (con- Ov16-positive (cases) P-Value*
trols) n=97
n=112

Pegboard, dominant hand Normal: n (%) 108 (96.4%) 94 (96.9%) 1.000
Below normal: n (%) 4 (3.6%) 3(3.1%)

Pegboard, non-dominant hand Normal: n (%) 108 (96.4%) 94 (96.9%) 1.000
Below normal: n (%) 4 (3.6%) 3(3.1%)

Pegboard, both hands Normal: n (%) 109 (97.3%) 93 (95.9%) 0.707
Below normal: n (%) 3(2.7%) 4 (4.1%)

Digit span forward Normal: n (%) 112 (100%) 94 (96.9%) 0.098
Below normal: n (%) 0 (0%) 3(3.1%)

Digit span backward Normal: n (%) 111 (99.1%) 95 (97.9%) 0.598
Below normal: n (%) 1 (0.9%) 2 (2.1%)

Hand movements Normal: n (%) 107 (95.5%) 93 (95.9%) 1.000
Below normal: n (%) 5 4.5%) 4 (4.1%)

Semantic verbal fluency Normal: n (%) 109 (97.3%) 89 (91.8%) 0.137
Below normal: n (%) 32.7%) 8 (8.2%)

Mini-mental state exam Normal: n (%) 108 (96.4%) 92 (94.8%) 0.736
Below normal: n (%) 4 (3.6%) 5(5.2%)

International HIV Dementia Scale Normal: n (%) 105 (93.8%) 91 (93.8%) 1.000
Below normal: n (%) 7(6.2%) 6 (6.2%)

* Yates-corrected Chi-squared test

scores but becomes more apparent when neurocognitive
performance is appreciated on a continuous scale. Moreo-
ver, a proper interpretation of these scores on a continuous
scale necessitates prior adjustments for the participants’ age
before introducing them in a multivariable model because
both neurocognitive performance and Ov16 status are
strongly age-dependent (Gardner & Broman, 1979; Golden
et al., 2016). The multivariable analyses showed that a posi-
tive Ov16 serology is associated with lower age-adjusted
scores on the semantic verbal fluency and IHDS tests, sug-
gesting that exposure to O. volvulus may impact neurocogni-
tive performance at least to a certain extent. This certainly
requires more in-depth investigations including a prospective
study of exposed children to evaluate their neurocognitive
evolution later in life.

Although the gold standard diagnostic approach for
onchocerciasis is the detection of O. volvulus microfilariae
in skin snips, in this study, we used the Ov16 RDT to diag-
nose past or ongoing onchocercal infection in our partici-
pants. While Ov16 tests cannot inform about the timing of
O. volvulus infection, they are very reliable for detecting
individuals who have been inoculated with the parasite at
some point in their life (Weil GJ et al. 2000). Bearing in
mind that even a past infection with O. volvulus during early
childhood was found to increase the risk of developing epi-
lepsy later in life (Chesnais et al., 2018, 2020), it is equally
plausible that a past exposure to the parasite, as detected by

@ Springer

the Ov16 test, could influence neurocognitive performance
several years later. It is not excluded that a reduced cognitive
performance may even be a precursor to the development
of onchocerciasis-related seizures and epilepsy; this may
explain why persons with NS (considered as a severe form of
OAE with high O. volvulus infection intensity) often experi-
ence profound mental impairment (Abd-Elfarag et al., 2020).

Our study confirms the feasibility of administering a bat-
tery of neurocognitive tests in a remote, resource-limited set-
ting in Cameroon. We must however note that the mean neu-
rocognitive scores of our participants, recruited from rural
Cameroon, were slightly lower compared to the normative
data which was obtained from children residing in the urban
city of Yaoundé (Ruffieux et al., 2009) (see Supplementary
Appendix 2). Such rural-urban disparities had previously
been noted (Hermida et al., 2019) and suggest that children’s
cognitive performance can be influenced to an extent by the
milieu in which they grow up. Conducting neurocognitive
cognitive studies in such rural settings poses several logis-
tical challenges, as well as methodological issues because
of additional confounders that may not be present in urban
settings where the normative neurocognitive data were col-
lected. The fact that we generated standardized scores based
on our own data (and not the normative data provided by
Ruffieux et al.) makes our analysis more robust and relevant
for our study population.
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The multivariable models in which neurocognitive scores
were introduced as standardized continuous variables
revealed that being Ov16-positive was associated with lower
scores on the IHDS scale which was used in this study as a
proxy for encephalopathy, given that children do not develop
dementia per se. Unlike other tests which measure only a
specific neurocognitive function, IHDS has components of
psychomotor speed evaluation and memory assessment. A
comparison of the performances of IHDS and MMSE in an
adult Nigerian population confirmed the superiority of the
IHDS in diagnosing HIV-associated neurocognitive disor-
ders (Oshinaike et al., 2012). Besides the IHDS, only the
semantic verbal fluency test (which assesses mental flex-
ibility) was also associated with Ov16 serology. Based on
these results, it appears that infection with O. volvulus may
impact executive functions more than motor functions. In
line with these observations, a recent study conducted in
the onchocerciasis-endemic village of Bilomo in Cameroon
found a high prevalence of both executive function deficits
(92.5% among PWE vs 40.0% among controls; p <0.001)
and decreased verbal fluency (100% among PWE vs 45%
among controls; p <0.001), with a longer duration of resi-
dence in the village being associated with poorer neurocog-
nitive performance (Njamnshi et al., 2020). This suggests
that exposure to O. volvulus may induce cognitive impair-
ment which could be exacerbated by the development of epi-
lepsy. More tests assessing executive function are needed to
further explore these preliminary findings, bearing in mind
that the verbal fluency test is language-level-dependent,
meaning that, if a child has a lower vocabulary level, he/
she will perform lower at this test (and maybe not because
of lower flexibility).

The multivariable analysis also showed that an increasing
frequency of past ivermectin use was consistently associ-
ated with better cognitive outcomes in models 4, 5, and 6
(Table 4). This suggests that, by frequently reducing the O.
volvulus microfilarial load using ivermectin, children may
be prevented from developing some form of neurocogni-
tive impairment. This concurs with previous observations in
South Sudan which demonstrated that PWE with higher O.
volvulus parasitic load were often more cognitively impaired
and had higher disability scores compared to other PWE
with milder infection (Abd-Elfarag et al., 2020). It was
however difficult to conclude about the timing of cognitive
impairment (whether it preceded seizure onset or not) given
the cross-sectional nature of that study.

The Ov16 seroprevalence was 46.4% among all par-
ticipants and 33.6% in children aged 10 years and below;
this is indicative of high ongoing onchocerciasis trans-
mission in the study villages. Similar to our findings, a
greater onchocerciasis burden in villages closer to the river
(blackfly breeding site) was earlier reported in Cameroon

@ Springer

by Mendoza Aldana et al. (Mendoza Aldana et al., 1997).
Boussinesq et al. (Boussinesq et al. 2002) further demon-
strated that, in addition to the onchocerciasis burden, the
prevalence of epilepsy also increases with decreasing dis-
tance from the river. Therefore, stepping up onchocerciasis
elimination efforts in such areas will minimize the risk
for onchocerciasis and related neurological disorders in
the exposed communities. The fact that about one-fifth of
the participants had never received ivermectin underscores
the need for interventions to increase the effectiveness of
community-directed treatment with ivermectin in the study
villages. Alternative treatment strategies such as test-and-
not-treat approaches would also benefit these communities
where onchocerciasis is co-endemic with loiasis (Bouss-
inesq et al., 2018; Kamgno et al., 2017).

This pilot study provides the first empirical data of
neurocognitive performance associated with onchocer-
ciasis exposure status. As major limitations, we did not
perform skin snips to confirm active onchocercal infec-
tion and quantify the parasitic load, nor electroencepha-
lograms (EEG) to exclude persons with sub-clinical epi-
lepsy. We also did not do laboratory investigations to rule
out malaria, anemia, or infection with intestinal worms
as these conditions may influence cognitive performance
(Kihara et al., 2006; Wieringa et al., 2011). Participants
were not tested for loiasis, which is co-endemic in the
study sites and can result in encephalopathy during iver-
mectin treatment (Gardon et al., 1997). Furthermore, our
data analysis did not adjust for socio-economic factors
which have previously been associated with neurocogni-
tive development in children (Hermida et al., 2019).

In conclusion, our findings suggest that the neurocogni-
tive performance of school-aged children in the Lekié divi-
sion of Cameroon may be impacted by previous exposure
to O. volvulus. More comprehensive and longitudinal stud-
ies are needed to ascertain these preliminary observations.
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