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Abstract

Background: Surveys conducted in 1991-1992 in the Mbam Valley (Cameroon) revealed that onchocerciasis was
highly endemic, with community microfilarial loads (CMFL) > 100 microfilariae/snip in some villages. Also in 1991—
1992, a survey of suspected cases of epilepsy (SCE) found 746 SCE using a questionnaire administered to individuals
identified by key informants, with prevalences reaching 13.6% in some communities. From 1998, annual community-
directed treatment with ivermectin (CDTI) was implemented to control onchocerciasis. In 2017, a door-to-door
household survey was conducted in three of the villages visited in 1991-1992, using a standardized 5-item epilepsy
screening questionnaire.

Results: In 2017, a total of 2286 individuals living in 324 households were screened (582 in Bayomen, 553 in Ngongol
and 1157 in Nyamongo) and 112 SCE were identified (4.9%). Neurologists examined 92 of these SCE and confirmed
the diagnosis of epilepsy for 81 of them (3.5%). Between the surveys in 1991-1992 and 2017, the prevalence of SCE
decreased from 13.6% to 2.5% in Bayomen (P=0.001), from 8.7% to 6.6% in Ngongol (P=0.205) and from 6.4% to
5.4% in Nyamongo (P=0.282). The median age of SCE shifted from 20 (IQR: 12-23) to 29 years (IQR: 18-33; P=0.018)
in Bayomen, from 16 (IQR: 12-21) to 26 years (IQR: 21-39; P<0.001) in Ngongol and from 16 (IQR: 13-19) to 24 years
(IQR: 19-32; P<0.001) in Nyamongo. The proportions of SCE aged < 10, 10-19, 20-29 and > 30 years shifted from 9.5,
58.3,25.0and 7.1%in 1991-1992 to 2.7, 20.5, 39.3 and 37.5% in 2017, respectively.

Conclusions: SCE prevalence decreased overall between 1991-1992 and 2017. The age shift observed is probably
due to a decrease in the number of new cases of epilepsy resulting from the dramatic reduction of Onchocerca volvu-
lus transmission after 19 years of CDTI.
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Background

In 2010 it was estimated that the number of people
in the world with lifetime epilepsy (i.e. with a history
of epilepsy, regardless of treatment or recent seizure
activity) and with active epilepsy (i.e. who has had
at least one epileptic seizure in the previous 5 years,
regardless of antiepileptic drug treatment) were 68.8
and 32.7 million, respectively [1]. However, important
geographical disparities exist and an estimated 80% of
people living with epilepsy (PWE) reside in low and
middle-income countries [1, 2]. Moreover, estimated
prevalences in Africa are amongst the highest observed
worldwide, with 0.9% and 6.0% in sub-Saharan Africa
and central Africa, respectively [3]. Incidence rates of
epilepsy in sub-Saharan Africa range from 64 to 187 per
100,000 person-years [4]. Evident causes including per-
inatal brain damage or parasitic diseases that are highly
endemic in sub-Saharan Africa partly account for the
high epilepsy burden endured by the region. Indeed,
recent meta-analyses confirmed that neurocysticerco-
sis, toxocariasis, toxoplasmosis and cerebral malaria
are closely associated with epilepsy, with common odds
ratios of 2.7 (95% confidence interval, CI: 2.1-3.6), 1.69
(95% CI: 1.42-2.01), 2.25 (95% CI: 1.27-3.9) and 4.68
(95% CI: 2.52-5.70), respectively [5-8].

Onchocerca volvulus, the nematode causing oncho-
cerciasis that is transmitted from human to human by
blackflies of the genus Simulium, has also been asso-
ciated with epilepsy as early as 1938 [9]. More recent
studies and meta-analyses have confirmed that this
association is significant (pooled odds ratio: 2.49, 95%
CI: 1.60-3.86) [10—14], though the causal relationship
and the pathological mechanisms involved are yet to be
demonstrated and elucidated.

During the past 25 years, all African onchocer-
ciasis-endemic countries have established national
control programmes based on annual mass community-
directed treatment with ivermectin (CDTI). Recent
observations in the Democratic Republic of Congo
(DRC) and northern Uganda suggest that onchocerci-
asis control through CDTI (plus vector control in the
case of Uganda) may decrease the incidence of epilepsy
[15-17]. The benefit of CDTI may result from the pri-
mary prevention of new cases of O. volvulus infection
or the reduction in microfilarial density during child-
hood, even though an improvement in the frequency or
severity of seizures after ivermectin treatment has also
been suggested [18].

This study aimed at assessing the impact of repeated
CDTI campaigns on (i) epilepsy prevalence and (ii) age
distribution of suspected cases of epilepsy (SCE), in
three villages of the Mbam Valley, Cameroon. These vil-
lages are located in an onchocerciasis-endemic area
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that we initially surveyed in 1991-1992, and in 2017
after a 25-year interval, including 19 years of CDTI
implementation.

Methods

Study sites and procedures for the 1991-1992 surveys
Parasitological surveys were conducted in 25 villages of
the Mbam Valley (“Mbam et Kim” and “Mbam et Inou-
bou” divisions, Centre Region, Cameroon) between 1991
and 1992, to measure the levels of infection with O. vol-
vulus [19]. In view of the concerns about epilepsy raised
by the local population, 14 villages were selected for
assessing the number of SCE. The local population had a
fairly good knowledge of the condition [20], including the
two main types of epilepsy: generalized tonic-clonic sei-
zures (“persons who fall”) and absence seizures. For each
village, after sensitization of the community leaders, the
village chiefs gathered at one location all those who were
seen in the village as having epilepsy. Where a subject
did not wish to come to the meeting point, they were vis-
ited at home. After recording his/her full name, sex and
age, each subject was questioned separately by a physi-
cian and a nurse, together with close relatives who had
witnessed one or more of the epileptic episodes. Indi-
viduals were considered to be suspected of having epi-
lepsy if one of the following situations occurred at least
twice without obvious cause: (i) fell to the ground with
loss of consciousness; (ii) had shaking movements of the
arms or legs without control; or (iii) seemed to be absent
and did not answer questions asked by relatives. Careful
questioning on the frequency and the circumstances of
the seizures, the age at first seizure, and the anti-epileptic
drugs taken allowed to distinguish SCE from other con-
ditions such as isolated seizures or febrile convulsions. In
most cases, SCE presented with typical symptoms of gen-
eralized tonic-clonic seizures or absence seizures. SCE
were not re-examined by a neurologist to confirm the
diagnosis of epilepsy. To calculate prevalences, the total
number of people living in each village was extrapolated
from the second general population and housing census
of 1987, for which data by village was available, and a
growth rate of 2.3% per year was applied.

Study sites and procedures for the 2017 survey

Three of the 14 communities surveyed in 1991-1992 were
selected to be revisited in 2017, namely Bayomen (initial
proportion of SCE: 13.6%, 15/110), Nyamongo (6.4%,
40/627) and Ngongol (8.7%, 28/323). The selection was
done using two criteria: (i) the initial (1991-1992) preva-
lence of SCE had to be high to ensure sufficient statistical
power while comparing to 2017 data; and (ii) they had to
be fairly well separated from neighboring communities to
prevent confusion during the population census in 2017.
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These villages are located in an area of a forest-savanna
mosaic, 100 km north of Yaoundé (Cameroon’s capital
city), and less than 2 km from the Mbam river with its
numerous rapids suitable for Simulium breeding (Fig. 1).
In 1991-1992, the community microfilarial load (CMFL,
defined as the geometric mean of the individual micro-
filarial densities per skin snip in those aged > 20 years,
calculated after having added 1 to each density to include
zero counts), was 88.4 microfilariae per skin snip (mf/ss)
in Ngongol and 46.8 mf/ss in Nyamongo. The CMFL was
not measured in Bayomen, but was certainly also very
high. The principal activity of the people in this region is
agriculture and to a lesser extent fishing and sand mining
in the river. From 1998 onwards, all villages in the study
area benefitted from annual CDTI developed by the Afri-
can Programme for Onchocerciasis Control (APOC) but
no vector control activity was ever conducted in the area.
Additionally, the study area appears to be either free or
subjected to a marginal impact of other epileptogenic
parasitic diseases (i.e. cysticercosis, paragonimiasis, tryp-
anosomiasis) [21-23].

A door-to-door household epilepsy survey was con-
ducted in the three selected villages in July 2017. A
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community questionnaire was administered to the key
informants (village chiefs and secretaries) to obtain
information on the village and its evolution over the
last 25 years. The community health workers and/or
ivermectin distributors who were trusted by the local
population guided the investigators throughout the vil-
lage and served as interpreters when necessary. Inves-
tigators provided adequate information about the study
and obtained written consent from the household head
before collecting demographic information (age and sex)
for all the household members, and administering a vali-
dated 5-item questionnaire for epilepsy screening (see
Additional file 1) [24]. The items were: (i) history of loss
of consciousness and/or loss of bladder control and/or
drooling; (ii) history of absence or sudden lapse of con-
sciousness during a short period; (iii) history of sudden
unintentional clonic movements or muscular jerks of
arms and/or legs (convulsions) that stopped within min-
utes; (iv) history of sudden and brief bodily sensations,
seeing or hearing things that are not there, or smelling
strange odors; and (v) having been told that he/she had
epilepsy or had experienced 2 epileptic episodes. SCE
were asked whether they had already taken ivermectin
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and examined for the presence of cutaneous signs of
onchocerciasis. Data related to the place of birth and the
occupation of the household head, as well as the history
of death due to epilepsy within the household, was also
collected from the household head. Indigenous house-
holds were defined as those in which the household head
was born in the village.

Case definitions

People who screened positive for one or more questions
in the 5-item questionnaire (including those taking anti-
epileptic medication) were recorded as SCE and evalu-
ated by a neurologist using a more detailed questionnaire.
A SCE was considered as a PWE if there was a history
of at least two unprovoked seizures separated by 24 h or
more, therefore excluding seizures related to acute events
such as fever, trauma, substance abuse or withdrawal
[25]. The possible epilepsy (PE) group included PWE and
SCE who could not be examined by the study neurolo-
gists, and therefore for whom diagnosis of epilepsy was
not ruled out.

Serologic assessment of the transmission of O. volvulus

in 2017

Ongoing onchocerciasis transmission in the villages was
assessed in children aged 7-10 years using the SD Bioline
Onchocerciasis Ov16 IgG4 rapid diagnostic test (RDT)
(Standard Diagnostics, Gyeonggido, South Korea) for
anti-Onchocerca antibodies.

Statistical analyses

Categorical variables were summarized using percent-
ages and compared using Chi-square tests. Continuous
variables were summarized using median and interquar-
tile ranges (IQR) and compared using the non-paramet-
ric Wilcoxon-Mann-Whitney test.

Potential predictors for epilepsy were investigated
using bivariate mixed model analysis. All variables with
a P-value of <0.20 in the bivariate analysis were entered
into a multivariable logistic mixed model analysis with a
backward approach. Multivariable models systematically
included gender, village, and age (<15, 15-30, > 30 years)
as independent variables. A random effect was set at the
household level and allowed for evaluation of the intra-
class correlation coefficient. Adjusted odds ratios (aORs)
were calculated with 95% confidence intervals (95% CI).
Crude incidence rates were approached by using the
number of SCE with onset of epilepsy in 1986—-1990 or
2012-2016 (n) divided by the estimated number of peo-
ple at risk during the same 5-year period (N). A 5-year
period was used due to the small number of new events
occurring in a 1l-year time period. Assuming that the
population in the villages was relatively stable during the
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two 5-year periods, we assumed that the populations at
the end of these periods were that estimated for 1991
(from data of the 1987 national population census), and
that recorded in 2017 (during the survey), respectively.
The number of people with onset of epilepsy prior to
1986 or 2012 and the number of people for whom the
year of onset of epilepsy was not known were subtracted
from these populations to obtain the denominators on
which the incidence rates were calculated. We considered
that the death and migrations of new cases of epilepsy
during the 5-year period would have a minimal effect on
the incidence. The incidence of epilepsy was presented
as cases per 100,000 person-years (PY). The significance
level was set at P<0.05. All P-values were two-sided. All
analyses were performed using R software, v.3.4.2, and
Stata v.13.1 software (StataCorp, College Station, USA).

Standardization method

Crude prevalences were compared using Chi-square
tests. Standardized prevalences were calculated using
the sex and age structure of the population in the vil-
lages (age groups: 0—4, 5-9, 10-14, 15-19, 20-29, 30-39,
>40 years). In the 1991-1992 survey, the numbers of
individuals in a given category were estimated using the
total population in the village and the age and sex struc-
ture of the rural population recorded during the 1987
national census in the districts where the study villages
are located. In order to enable a comparison of the preva-
lences between the surveys in 1991-1992 and 2017, a
direct standardization was then performed by weighting
the estimated SCE prevalences by sex and age group of
1991 using the age and sex structure of the population
surveyed in 2017 [26].

Sensitivity analysis

The primary analyses were conducted on the total num-
ber of PWE identified in 2017. Sensitivity analysis was
performed on the SCE and the PE cases. In addition, the
survey conducted in 2017 revealed that significant immi-
gration occurred into these villages between the sur-
veys in 1991-1992 and 2017 (see “Results”). The CMFL
in 1991 in the study villages were extremely high (see
above), and subjects who arrived in these communities
between the two surveys most probably came from areas
with lower exposure to O. volvulus, although we lack
information on their exact origin. Thus, this immigration
might have led to an artificial reduction in the CMFL in
the villages and, should high microfilarial densities cause
epilepsy, to an artificial reduction in the SCE prevalence
in 2017. To prevent the risk of an over-detection of a
decrease in prevalence between 1991 and 2017, we con-
ducted a sensitivity analysis restricted to the members of
the indigenous households.
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Results characteristics are presented in Table 1. There were 1148
Study population women (50.2%) in the study population and the median
A total of 324 households were screened in 2017, con-  age was 18 years (interquartile range, IQR: 7-33).

sisting of 2286 individuals: 582 (88 households) in Bayo- The proportion of indigenous households varied from

men; 553 (86 households) in Ngongol; and 1151 (150  28.4% in Bayomen to 40.7% in Ngongol and 75.3% in
households) in Nyamongo. Individuals’ and household Nyamongo. The proportion of households that had

Table 1 Characteristics of individuals and households surveyed in 2017. Indigenous households were defined as those in which the
household head was born in the village

Characteristic Total Bayomen Ngongol Nyamongo
Individuals’ characteristics n=2286 n=582 n=>553 n=1151
Age (years), median (IQR) 18 (7-33) 15(6-32) 20 (8-35) 18 (8-33)
Female, n (%) 1148 (50.2) 306 (52.6) 261 (47.2) 581 (50.5)
Male, n (%) 1138 (49.8) 276 (47.2) 292 (52.8) 570 (49.5)
Household characteristics n=324 n=2388 n=86 n=150
Number of people per household, median (IQR) 6 (4-9) 6 (4-9) 6 (4-8) 7 (5-10)
Number of households whose head’s occupation is agriculture, n (%) 278 (85.8) 70 (79.6) 73(84.9) 135 (90.0)
Number of indigenous households, n (%) 173 (53.4) 25 (284) 35 (40.7) 113 (75.3)
For migrants, year of immigration, median (IQR) 2008 (1997-2014)* 2012 (2002-2015) 2002 (1987-2013)* 2003 (1992-2013)?
Number of households with
1 SCE, n (%) 59(18.2) 12(13.6) 23 (26.7) 24 (16.0)
2 SCE, n (%) 14 (4.3) 2(23) 4(4.7) 8(5.3)
3 or more SCE, n (%) 7(2.2) 1(1.1) 1(1.2) 5(3.3)
Number of households with history of death from epilepsy, n (%) 52 (16.1)° 12(13.6) 16 (18.6)° 24 (16.0°
Year of death, median (IQR) 2007 (2000-2011) 2005 (1999-2009) 2009 (1999-2013) 2007 (2001-2010)
Age at death (years), median (IQR) 20 (15-27) 19 (14-28) 21 (15-27) 20 (17-29)

Number of SCE, PWE and PE
In the whole population

SCE, n (%) 112 (4.9) 19(3.3) 34 (6.2) 59(5.1)

PWE, n (%) 81 (3.5) 15 (2.6) 24 (4.3) 42 (3.7)

PE, n (%) 101 (4.4) 17 (2.9) 29(5.2) 55 (4.8)
In the indigenous population

SCE, n (%) 79 (5.9) 14 (6.7) 15 (6.5) 50 (5.5)

PWE, n (%) 58(4.3) 11 (5.3) 10 (4.3) 37.(4.1)

PE, n (%) 71(5.3) 13 (6.3) 12(5.2) 46 (5.1)

Characteristics of SCE, PWE and PE
Age, median (IQR)

SCE 26 (20-34) 29 (18-33) 26 (21-39) 24 (19-32)

PWE 24 (20-32) 26 (18-33) 24 (20-31) 24 (20-32)

PE 24 (20-32) 29 (21-33) 23 (20-28) 24 (19-30)

Not epilepsy patient 46 (20-70)
Age at onset (years), median (IQR)° 12 (10-14)2 11 (9-13) 11 (9-13) 13 (10-15)?
Year of onset, median (IQR)° 2004 (1996-2010)* 2002 (1995-2011) 2003 (1994-2009) 2006 (1996-2010)°
Type of seizures

Only NS, n (%)° 2(25) 0 0 2(4.8)

NS and other types of seizures, n (9%)P 21(25.9) 3(20.0) 9(37.5) 9(214)

Other types of seizures, n (9%)° 58(71.6) 12 (80.0) 15 (62.5) 31(73.8)

2 Data missing
® For PWE only

Abbreviations: SCE, suspected case of epilepsy; PWE, persons living with epilepsy; PE, persons with possible epilepsy (PWE and SCE who could not be examined by a
neurologist); NS, nodding seizures



Boullé et al. Parasites Vectors (2019) 12:114

moved in from other locations was particularly high in
Bayomen where the median year of arrival of the indi-
viduals recorded in 2017 was 2012 (IQR: 2002-2015).
The median age of the indigenous and non-indigenous
residents was 18 (IQR: 7-35) and 17 years (IQR: 7-32)
(P=0.059), respectively. Agriculture was the main
declared occupation for 85.8% (1 =278) of the household
heads, and each household housed a median of 6 people
(IQR: 4-9).

Village data

In all three villages, CDTI was first implemented in 1998.
In Bayomen, two people including the village chief and
a certified nurse handled the drug distribution, with no
interruption since 1998 (last distribution in June 2017).
There was only one community distributor in Ngongol
who reported no interruption in CDTT in the last 15 years
(last distribution in July 2017), and two distributors in
Nyamongo where the supply of ivermectin was repeat-
edly insufficient to ensure a good population coverage
(last distribution in June 2016). There were no health
centers in Bayomen and Ngongol. Antiepileptic drugs
(AED) (phenobarbital and carbamazepine) were available
in a private drug store in Bayomen, whereas in the other
villages inhabitants had to buy AED in the city of Bafia
(see Fig. 1). In Bayomen, the key informant reported a
massive arrival of inhabitants who moved in from other
regions of Cameroon, whereas there were only a few
departures from Ngongol since 2015 without arrivals and
no major change in Nyamongo.

Suspected cases of epilepsy

In 2017, the 5-item questionnaire administered to the
household heads (and the subjects if they were present)
allowed the identification of 112 SCE (prevalence of
SCE: 4.9%). Among those who were later confirmed to
be PWE, 71 (87.7%) had a positive answer to question
1, 33 (40.7%) to question 2, 65 (80.3%) to question 3, 10
(12.4%) to question 4 and 72 (88.9%) to question 5 [“have
you (he/she) been told that you (he/she) had epilepsy or
had had 2 epileptic episodes?”]. In contrast, only 3 of the
11 SCE (27.3%) for whom the diagnosis of epilepsy was
refuted had a positive answer to this question 5. Fifty-two
households (16.1%) had already lost one member, likely
due to epilepsy (suspected), at a median age of 20 years
(IQR: 15-27) (Table 1).

Confirmed cases of active epilepsy

In 2017, 92 of the 112 SCE could be examined by neu-
rologists, who confirmed the diagnosis of active epi-
lepsy in 81 of them (positive predictive value: 88.0%)
(Fig. 2). Therefore, the prevalence of confirmed epilepsy
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was 3.5%. Twenty SCE could not be examined by neu-
rologists, mainly because they were absent during the
survey (i.e. the questionnaire was administered only to
the household head), raising the prevalence of possible
epilepsy to 4.4% (n=101). The median age of unexam-
ined SCE was 25 years (IQR: 20-30), 11 (55%) were
males, and 16 (80%) had provided a positive answer to
question 5.

In univariate analysis, factors associated with the
PWE status were age, living in an indigenous house-
hold, and a history of death due to epilepsy within the
household (Table 2). In multivariable mixed model
analysis, and using the individuals aged <15 years as
the reference group, age remained strongly associated
with PWE status, with aOR=11.6 (95% CIL: 5.4-25.4;
P<0.001) for the 15-30 age group and aOR=3.9 (95%
CI: 1.7-9.0; P=0.002) for the >30 age group. Indig-
enous households remained associated with a higher
risk (aOR=2.1; 95% CI: 1.1-4.2; P=0.026), but hav-
ing a household history of death due to epilepsy was no
longer significant. The results obtained as part of the
sensitivity analysis were similar, whatever the popula-
tions of epilepsy cases considered (SCE, PWE or PE
cases) (Table 3). The random effect associated with the
household was significant (P<0.001), with an intra-
class correlation coefficient equal to 23%.

Comparison of the prevalences measured in 1991-1992
and 2017

The crude prevalence of SCE in the three villages
decreased from 7.8% in 1991-1992 to 4.9% in 2017
(P<0.001). When the villages were taken separately,
the decrease was significant in Bayomen (from 13.6%
to 3.3%; P=0.001), but not in Ngongol (from 8.7% to
6.2%; P=0.205) or in Nyamongo (from 6.4% to 5.1%;
P=0.282) (Fig. 3). When the analysis was restricted to
indigenous households, the crude prevalences of SCE in
2017 were 6.7% (14/208) in Bayomen, 6.5% (15/232) in
Ngongol and 5.5% (50/905) in Nyamongo. Considering
that most of the SCE in 1991-1992 lived in indigenous
households, the crude prevalence in this sub-popula-
tion significantly decreased in Bayomen (P=0.042) but
not in Ngongol (P=0.338) or Nyamongo (P=0.484).
When the SCE prevalence recorded in 1991-1992 was
standardized on the age and sex structure of the pop-
ulation surveyed in 2017, standardized prevalences
of 12.9% in Bayomen, 9.7% in Ngongol and 7.6% in
Nyamongo were obtained. Comparisons of the preva-
lences standardized on the same sex- and age-structure
show that they decreased significantly between the
surveys in 1991-1992 and 2017 in the three villages
(P<0.001, P=0.034 and P=0.017, respectively).
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Census (N=2286)
- Bayomen (N=582)
- Ngongol (N=553)
- Nyamongo (N=1151)
SCE* (n=112, 4.9%)
- Bayomen (n=19; 3.3%)
- Ngongol (n=34; 6.2%)
- Nyamongo (n=59; 5.1%)
Seen by neurologists (n=92)
- Bayomen (n=17)
- Ngongol (n=29)
- Nyamongo (n=46)
n=11 not epileptic PWE** (n=81; 3.5%) Absent (n=20)
@ febrl.le seizures, 2 - Bayomen (n=15; 2.6%) - Bayomen (n=2)
neuropsychlatr}c disorders, 2 - Ngongol (n=24; 4.3%) - Ngongol (n=5)
withdrawal seizures, 1 post - Nyamongo (n=42; 3.7%) - Nyamongo (n=13)
stroke condition, 1 post
traumatic brain injury, 1 L J
syncope, 1 healthy, 1 Possible epilepsy (n=101; 4.4%)
unknown) - Bayomen (n=17; 2.9%)
- Ngongol (n=29; 5.2%)
- Nyamongo (n=55; 4.8%)
Fig. 2 Study flowchart. *SCE, suspected case of epilepsy; **PWE, person with epilepsy
Table 2 Factors associated with epileptic status in the univariate analyses
PWE SCE Possible epilepsy
OR 95% Cl P OR 95% Cl P OR 95% Cl P
Male sex (ref: female) 1.03 0.65-1.63 0.893 1.00 0.67-1.48 0.990 1.06 0.70-1.61 0.766
Village
Bayomen ref ref ref
Ngongol 1.95 0.90-4.25 0.091 2.18 1.10-4.30 0.025 212 1.03-4.37 0.042
Nyamongo 1.36 0.67-2.77 039 159 0.85-2.96 0.147 1.69 0.88-3.26 0.116
Age
<15 years ref ref ref
15-30 years 1220 564-2640 <0.00019.71 522-18.05 <0.0001 1129  579-2201  <0.0001
>30 years 440 192-10.10 <0.00014.07 2.10-791 <0.0001 378 1.83-7.82 <0.0001
Lives in an indigenous household (ref: no) 1.78 1.00-3.18 0.049 1.71  1.05-2.81 0.032 1.69 1.01-2.84 0.046
Household history of death from epilepsy (ref: no) 1.93 1.00-3.70 0.050 230 1.33-3.96 0.003 1.83 1.01-3.30 0.047
Household head occupation: agriculture (ref: other)  1.98 0.72-5.44 0184 132 061-284 0.481 1.73 0.72-4.13 0218
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Table 3 Factors associated with epileptic status in the multivariable mixed model analysis (n = 2246)
P aOR 95% Cl P aOR 95% Cl P

Male sex (ref: female) 113 0.69-1.84 0.622 1.09 0.72-1.64 0.691 115 0.74-1.79 0523
Village

Bayomen ref ref ref

Ngongol 1.51 0.66-3.44 0325 1.66 0.83-3.33 0.151 1.70 0.79-3.64 0.174

Nyamongo 0.85 0.39-1.87 0.688 1.09 0.56-2.10 0.802 118 0.58-2.43 0.647
Age

<15 years ref ref ref

15-30 years 11.64 535-2536 <0.0001 9.01 4.84-16.15 <0.0001 10.70 546-20.96 <0.0001

>30 years 3.85 1.66-8.98 0.002 3.53 1.80-6.92 <0.0001 337 1.61-7.05 0.001
Lives in an indigenous 2.14 1.09-4.19 0.026 191 1.10-3.30 0.021 1.78 0.98-3.22 0.057

household (ref: no)
Household history of 1.74 0.89-3.37 0.104 2.03 1.19-347 0.009 1.63 0.89-2.96 0.112

death from epilepsy
(ref: no)

Abbreviations: PWE, person living with epilepsy; SCE, suspected case of epilepsy; OR, odds ratio; aOR, adjusted OR; ref, reference

15 - p=0.001
—
$ 104 NS
N~
8 1 p<0.001
A |
B NS
8 —
=
2
s _
O
5:5 | I
0 -
Total Bayomen Ngongol Nyamongo
Fig. 3 Variation in crude prevalences of SCE between 1991-1992
(dark grey) and 2017 (light grey). Abbreviations: SCE, suspected case of
epilepsy; NS, no significant difference

Shift in the age distribution of SCE between the surveys

in 1991-1992 and 2017

Considering the three villages together, the median age
of SCE increased from 16 years in 1991 (IQR: 13-21)
to 26 years in 2017 (IQR: 20-34; P<0.001) (Table 4).
At the village level, SCE age increased from 20 (IQR:
12-23) to 29 years (IQR: 18-33; P=0.018) in Bayo-
men, from 16 (IQR: 12-21) to 26 years (IQR: 21-39;
P<0.001) in Ngongol and from 16 (IQR: 13-19) to
24 years (IQR: 19-32; P<0.001) in Nyamongo (Fig. 4).

In 1991-1992, 49 (58.3%) of the SCE were 10—19 years-
old (prevalence of 22.3%), whereas 21 (25.0%) were
20-29 years-old (prevalence of 16.3%). In 2017, only 23
(20.5%) of the SCE were 10-19 years-old (prevalence
of 4.9%), whereas the majority (n=44; 39.3%) were
20-29 years-old (prevalence of 11.6%) (Table 4).

The median age at first seizure of the PWE recorded
in 2017 was 12 years (IQR: 10-14) and was similar in
the three villages. This median age at first seizure was
similar in the 1991-1992 survey (12 years, IQR: 8-15;
P=0.294). Those surveyed in 2017 had been living for
a longer time with epilepsy (12.5 years, IQR: 7-21)
as compared with 1991-1992 (5 years, IQR 2-7.5;
P<0.001).

Incidence rates

Crude incidence rates were estimated to be roughly 802
SCE per 100,000 PY for the 1985-1990 period (n=41
incident cases, N=1060 at risk) as compared to 146
SCE per 100,000 PY for the 2012-2016 period (n=16
incident cases including 2 in Bayomen, 4 in Ngongol
and 10 in Nyamongo, among a total of 2190 at risk).

Results of the Ov16 rapid diagnostic tests in children

A total of 307 children aged 7-10 years were examined
(121 in Bayomen, 85 in Ngongol and 101 in Nyamongo).
The proportions of Ov16-positive children did not dif-
fer significantly between the three villages (55.4, 42.4
and 46.5%, respectively; P=0.156). The values tended
to decrease with age (54.2, 51.9, 46.8 and 41.0% in chil-
dren aged 7, 8, 9 and 10 years, respectively), the differ-
ence being not significant (P =0.309).
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Table 4 Comparison of the age characteristics of the epilepsy cases in 1991-1992 and 2017
1991-1992 2017
SCE SCE P PWE P

Age (years), median (IQR) 16 (13-21) 26 (20-34) <0.001 24 (20-32) <0.001
Age group

<10 years, n (%) 8(9.5) 3(2.7) 1(1.2)

10-19 years, n (%) 49 (58.3) 23 (20.5) 18 (22.2)

20-29 years, n (%) 21(25.0) 44 (39.3) 34 (42.0)

> 30 years, n (%) 6(7.1) 42 (37.5) 28 (34.6)
Crude age-specific prevalence® <0.001 <0.001

<10 years, (%) 25 04 0.1

10-19 years, (%) 223 49 38

20-29 years, (%) 16.3 116 9.0

> 30 years, (%) 16 6.0 40
Age at onset (years), median (IQR) 12(8-15)° na 12 (10-14)¢ 0.294
Age group at onset

<10 years, n (%) 21 (25.0) 19 (24.4)

10-19 years, n (%) 49 (58.3) 57 (73.1)

20-29 years, n (%) 5(6.0) 1(1.3)

>30years, n (%) 1(1.2) 1(1.3)
Years since onset of epilepsy, median (IQR) 5(2.0-7.5)P na 12.5 (7-21)P <0.001

2 Estimated number of people per age group (< 10, 10-19, 20-29 and > 30 years) were obtained by applying the age structure of districts from the 1987 census

b 8 missing data
Abbreviation: na, not available

Discussion
Our study is, to our knowledge, the first study that has
(i) permitted comparison of the burden of epilepsy in the
same communities in a hyperendemic onchocerciasis
area, before and after repeated rounds of CDTI (19 years
since first implementation); (ii) used epilepsy screening
tools that are very similar to those used before imple-
mentation of CDTIL; and (iii) employed standardization
techniques to ensure more accurate comparisons. Our
study therefore brings new evidence to support the idea
that CDTTI has a significant impact on epilepsy burden.
Both crude and standardized epilepsy prevalences
significantly decreased overall between the surveys in
1991-1992 and 2017. It could be argued that, with an
estimation of 70% of survival at 10 years among people
with epilepsy [27], and with the follow-up of 25 years in
our study, more than half of the people living with epi-
lepsy in 1991-1992 had died, therefore not contributing
any more to the prevalences observed in 2017. Neverthe-
less, the prevalence of any endemic disease remains stable
under the hypothesis that the incidence rate is coun-
terbalanced by the mortality rate. The decrease in SCE
prevalence that we observed can thus be either related to
a rise in the mortality rate (which would imply worsen-
ing of the care of people living with epilepsy, seemingly
unlikely given the trends towards gaining better access

to medications and health facilities) or to a decrease
in incidence. The age of onset of epilepsy remained
unchanged between 1991-1992 and 2017. Meanwhile,
PWE surveyed in 2017 were older, with a higher dura-
tion of disease, as compared with 1991-1992. Altogether
these results imply a greater survival of PWE in 2017 and
fewer new cases of epilepsy in recent years. It is therefore
unlikely that there was a rise in mortality among PWE in
our study population. Nevertheless, the incidence figures
should be interpreted cautiously even though the crude
rates show a drastic decrease after 25 years. Altogether
our results highlight that the age shift in the PWE popu-
lation can be interpreted as a cohort effect.

The difference in prevalence was striking in Bayomen,
which was the only village where the decrease in the
crude prevalence between 1991-1992 and 2017 was sta-
tistically significant. This difference between Bayomen
and the two other villages might be due to (i) a higher
CDTI coverage in Bayomen, where the village chief was
also the ivermectin community distributor, whereas there
were complaints in Ngongol and Nyamongo over short-
ages of ivermectin and suboptimal therapeutic coverage;
(ii) an under- or overestimation of the SCE prevalences
in 1991-1992; and/or (iii) the much higher immigration
rate in Bayomen, leading to an artificial overestimation of
the decrease in the prevalence in the village. Even if it is
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Fig. 4 Age shift of the cohort of people living with epilepsy between 1991-1992 and 2017

known that the sensitivity of the Ov16 RDT is lower than
that of the Ov16 ELISA [28], the finding of a similar high
prevalence of Ov16 antibodies in children 7-10 years-
old in the three villages suggests a similar high degree
of ongoing O. volvulus transmission, which could partly
be due to programmatic reasons, including suboptimal
ivermectin supply and poor monitoring. The observation
that in 2017 the proportions of SCE and PWE in the total
population of Bayomen (3.3 and 2.6%, respectively) were
fairly low in comparison to those in the population of the
indigenous households (6.7 and 5.3%, respectively) makes
the latter hypothesis likely. The rapid increase in the size
of Bayomen due to migration (population: 110 in 1991-
1992 and 582 in 2017; to be compared with 323 and 553,

respectively, in Ngongol; and to 627 and 1151, respec-
tively, in Nyamongo) might also have led to a decrease in
the individual exposure to blackflies (in the “vector-to-
host ratio” [29]), and thus a slower increase in the O. vol-
vulus microfilarial densities in the population, including
the children.

Previous surveys conducted in onchocerciasis endemic
areas in Africa before the introduction of CDTI showed
that epilepsy prevalences were highest in the popula-
tion aged 10-20 years (median age range 11-20 years;
proportion in age group: 48.1-67.2% of all epileptic
patients) [30-36]. Interestingly, two cross-sectional
surveys conducted in Nigeria and Cameroon, in which
several years of CDTI had been ongoing, showed that
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epilepsy prevalences were higher in the 20-29 years age
group [37, 38]. These observations suggest that CDTI
may reduce the incidence of epilepsy, although no base-
line data were available. A case—control study conducted
in onchocerciasis-endemic regions Democratic Repub-
lic of Congo (DRC) suggested that among people show-
ing signs of onchocerciasis, those who took ivermectin
were less likely to develop epilepsy than those who did
not (OR=0.52; 95% CI 0.28-0.98) [15]. To date, the
exact mechanism driving the ascertained association
between mass distribution of ivermectin and the decline
in the prevalence of epilepsy remains to be elucidated. A
recent study by our team showed a temporal relationship
between onchocerciasis acquisition and development of
epilepsy [39] suggesting that the action of ivermectin is
likely mediated by its impact on Onchocerca volvulus,
although it is also effective on other parasites. In studies
performed before the introduction of ivermectin, micro-
filariae have been occasionally observed in cerebrospinal
fluid [40, 41]. Therefore, the parasite itself may cause sei-
zures or they may be caused by a more complex mecha-
nism linked to a previous transit of parasites within the
host immune system, including the hypothesis of the
induction of a neurotoxic auto-immune response.

One limitation to our study resides in the lack of com-
plete data on the present intensity of infection with O.
volvulus, and on the therapeutic coverage achieved dur-
ing the CDTI organized in the communities. However,
the results of the examination of children by the Ovl6
RDT demonstrate that transmission of onchocerciasis
is ongoing at fairly high levels, thus corroborating the
results of a parasitological survey conducted in 2015 in
four villages of the study area, including Ngongol [42].
In the latter village, the prevalence of skin microfilariae
decreased from 97.2% in 1992 to 57.0% in 2015 (a 41.4%
reduction) but, more importantly, the CMFL decreased
from 88.4 mf/ss to 1.6 mf/ss during the same period
(98.2% reduction). This result supports the hypothesis
that the impact of CDTI on the incidence of epilepsy is
probably mainly due to a decrease in the quantitative
indicators of transmission (CMFL and annual transmis-
sion potential in the vector population) and not in the
skin microfilaria prevalence. This being said, a greater
impact of CDTI on epilepsy would likely be achieved if
drug coverage was higher in children. Unfortunately,
another study conducted in the Bafia Health District
showed that the coverage in 2014 was only 60% in chil-
dren aged 5-9 years, and that the values increased pro-
gressively with age [43].

A second limitation of our study is that other etiolo-
gies of epilepsy could not be fully accounted for, and it
could be suspected, for instance, that improved maternal
care has reduced perinatal brain damage in newborns.
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Nevertheless, to our knowledge, no large-scale inter-
vention against malaria is ongoing in the study area,
other than the national bednet distribution programme.
Notwithstanding these unaccounted factors, sensitivity
analyses are reassuring on the consistency of our results,
as data from the PWE or PE populations did not differ
much from those from SCE.

Lastly, the definitions of suspect cases in 1991-1992
and 2017 were close, but not strictly identical. The main
reason is that the first survey was conducted before a
validated questionnaire for identifying the SCE was avail-
able. In 2017 all declared SCE cases were considered
whereas some were excluded by questioning in 1991-
1992, therefore marginally underestimating the initial
SCE prevalences.

Interestingly, and independently from the principal
objective of the study, we found a high positive predictive
value of the 5-item questionnaire (88%) in our study area,
that confirms its good screening accuracy [44]. Besides
this, the analyses revealed the existence of a household
effect, accounting for 23% of the variation in the risk of
being a PWE. This can be explained by intrinsic genetic
factors or by extrinsic factors shared by the household.
The latter could be an intra-household similar intensity
of exposure to blackfly bites, depending on the distance
between the house or the workplace, and the river [45].
Figure 1 (right panel), suggests that in Nyamongo, like in
other settings, there is a correlation between epilepsy and
river proximity [19, 46].

Conclusions

In conclusion, our study adds to the growing body of evi-
dence for the impact of CDTI in decreasing the burden
of epilepsy by limiting incident cases in hyperendemic
onchocerciasis foci in Africa. Nevertheless, the still high
epilepsy prevalence and the high prevalence of oncho-
cerciasis antibodies in children 7-10 years-old, indicates
a need for advocacy to strengthen onchocerciasis elimi-
nation programmes and improve comprehensive health
services for PWE in these rural areas.

Additional file

[ Additional file 1. Household questionnaire. }
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