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A B S T R A C T

Purpose: To determine the prevalence and incidence of epilepsy in an onchocerciasis endemic region of South
Sudan.
Methods: In May 2018, a door-to-door household survey was conducted in 8 study sites in an onchocerciasis
endemic area in Maridi County.
Results: A total of 2511 households agreed to participate in the study, corresponding to 17,652 individuals. An
epilepsy screening questionnaire identified 799 persons suspected to have epilepsy (4.5%); in 736 of the 766
persons (96.1%) seen by a clinical officer the diagnosis of epilepsy was confirmed. Adding 38 persons who were
not seen but with a positive answer to a combination of screening questions, 774 persons (4.4%) had epilepsy.
Epilepsy prevalence was highest in the 11–20 age group (10.5%); 66 persons with epilepsy (PWE) developed
their first seizures in the year preceding the survey (annual incidence=373.9/100.000). Neurocysticercosis
cannot explain the high epilepsy prevalence since no pigs are kept in the area. Independent risk factors for
epilepsy included male gender, belonging to a “permanent household” and a farming family, and living in a
village bordering the Maridi River. Only 7209 (40.8%) of the population took ivermectin in 2017.
Conclusion: A very high prevalence and incidence of epilepsy was observed in several villages in Maridi County
located close to the Maridi River and the Maridi dam. Urgent action is needed to prevent children in Maridi
County from developing OAE by strengthening the onchocerciasis elimination program.

1. Introduction

South Sudan is amongst the highly endemic countries for oncho-
cerciasis in Africa, with the disease endemic in around half (49%) the
country [1]. The most highly endemic foci of onchocerciasis in South
Sudan are in Western Equatoria, and Northern and Western Bahr el
Ghazal regions. However, in 2006 only 26% of the eligible population
received ivermectin in five community directed treatment with

ivermectin (CDTi) targeted areas [2] (Fig. 1).
A high prevalence of epilepsy has been reported in many oncho-

cerciasis meso- and hyper-endemic regions (> 20% prevalence of
onchocerca nodules) in Africa [3–11]. High numbers of persons with
nodding syndrome (NS) and other forms of epilepsy have been reported
in the Western Equatoria region of South Sudan [8,12–17]. Since the
first cases of NS were reported in 1990 in this region of South Sudan, a
high rate of new NS cases and other forms of epilepsy have been
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reported [14]. In 2001, the World Health Organization (WHO) esti-
mated the prevalence of NS at 4.6% among a small population in
Western Equatoria region, which was considered to have the highest
burden of the disease [18]. During a small household survey conducted
in 2013 in the same area (Mvolo), one in six children had epilepsy, and
one in two households had at least one child with epilepsy [14]. The
South Sudan Relief and Rehabilitation Commission reported an epilepsy
prevalence in the Mvolo area of 8.4% [14].

However, a population-based study to determine the prevalence of
epilepsy including NS in an onchocerciasis-endemic region in South
Sudan has never been conducted. Moreover, no interventions to prevent
children from developing NS and other forms of epilepsy have been
undertaken. In May 2018, in response to requests by the Ministry of
Health of South Sudan and Maridi State, and as a baseline for a study to
evaluate the effect of a biannual CDTi programme to decrease the in-
cidence of NS and other forms of epilepsy, we performed a population-
based survey in onchocerciasis endemic villages in Maridi County lo-
cated close to the Maridi River.

In this paper we present the prevalence and incidence of epilepsy
and potential risk factors for epilepsy in onchocerciasis-endemic vil-
lages in Maridi County. Detailed information concerning the clinical
spectrum of epilepsy observed in these villages was recently published
in this journal [19].

2. Methods

2.1. Study setting

The study was conducted in selected villages in 8 study sites, in
Maridi County in Western Equatoria region of South Sudan (Fig. 2).

The population of Maridi County is estimated at 101,065 [20]. The
County is divided into five payams; each payam includes several bomas,
each containing several villages. Farming is the main economic and

livelihood activity. Water is mainly accessed from the Maridi River,
which is fast flowing with several shallow rapids and a weir (Maridi
dam) near the town providing breeding sites for the Simulium vector
(blackfly) that transmits Onchocerca volvulus. The livestock are mainly
goats and sheep; no pigs are kept in the Maridi villages.

2.2. Study design

The study was conducted in May 2018 prior to starting the biannual
mass distribution of ivermectin programme. The study protocol to
evaluate the effect of a biannual CDTi programme to decrease the in-
cidence of NS and other forms of epilepsy has been published pre-
viously [21]. To obtain baseline information, all individuals in selected
villages close to Maridi town and the Maridi River were included in a
door-to-door survey. A two-step epilepsy survey was used to identify
persons with epilepsy (PWE). For epilepsy screening, a pre-tested va-
lidated questionnaire comprising five specific questions was used [22].
This questionnaire was translated into the local language and back
translated into English to ensure no loss of meaning, and pilot tested in
10 households. The questionnaire was administered by a trained team
of 12 research assistants living in the area. All persons with suspected
epilepsy identified by the research assistants were visited in their homes
by one of 10 trained clinical officers who took a detailed medical his-
tory and performed a clinical examination to confirm or reject the di-
agnosis of epilepsy, using a structured pre-tested questionnaire. Prior to
the study, the research assistants were trained for 2 days on use of the
screening questionnaire for suspected epilepsy, and the clinical officers
were trained on how to confirm the diagnosis of epilepsy; both groups
pilot tested the data collection tools. The training was organized by two
medical doctors (RC and JYC). During the home visits RC supervised
the clinical officers and interviewed and examined selected persons
with suspected epilepsy with the assistance of a translator. JYC and
PCO supervised the work of the assistants.

Fig. 1. South Sudan CDTi areas and distribution of onchocerciasis [2].
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The survey was carried out at the start of the rains when no major
farming activities were ongoing. However, if at the time of the home
visit no-one was at home, households were revisited later, at least once.

2.2.1. Definitions
A case of epilepsy was defined based on the International League

Against Epilepsy as an individual with at least two unprovoked seizures
with a minimum of 24 h separating the two episodes [23].

Active epilepsy was defined as a person who presented with two or
more epileptic seizures in the last year.

A new case of epilepsy was defined as a person who developed a first
seizure within the 12 months preceding the survey.

Nodding seizures were defined as the head dropping forward re-
peatedly in a person during a brief period of reduced consciousness.

Onchocerciasis-associated epilepsy (OAE) was defined as a person
meeting the following six criteria: 1) a history of at least two un-
provoked epileptic seizures at least 24 h apart; 2) living at least 3 years
in an onchocerciasis endemic region; 3) living in a village with high
epilepsy prevalence and with families with more than one child with
epilepsy; 4) no other obvious cause of epilepsy; 5) onset of epilepsy
between the ages of 3 and 18 years; 6) normal psychomotor develop-
ment before the onset of epilepsy.

Nakalanga features were defined as an association of growth re-
tardation without obvious cause, delay or absence of external signs of
sexual development, mental retardation, epilepsy and often facial,
thoracic, and spinal abnormalities [9].

As potential “obvious causes of epilepsy” we considered a history of

severe measles, malaria, encephalitis or meningitis, and head injury
with loss of consciousness in the 5 years preceding the onset of epileptic
seizures.

A “permanent household” was defined as a family who had lived in
the village for at least 20 years.

An “immigrant household” referred to a family who had lived in the
village for less than 20 years.

2.3. Data collection, management

Screening of households by research assistants to identify persons
with suspected OAE was performed using a paper-based questionnaire.
For confirmation of epilepsy, clinical officers and medical doctors used
a questionnaire deployed on Open Data Kit (ODK, https://opendatakit.
org/) software installed on tablet computers. Persons suspected to have
epilepsy were gps-localized with the tablet computers.

2.4. Data analysis

Means and standard deviations are presented for continuous out-
come measures, and frequencies and percentages are presented for
categorical variables. Chi-squared tests were used to compare any
group differences for categorical variables and t-tests were used for
continuous variables. We determined the positive predictive value of
the 5 epilepsy screening questions separately and in combination for
the diagnosis of clinically confirmed epilepsy. The prevalence of epi-
lepsy was calculated by dividing the number of clinically confirmed

Fig. 2. Map with the localisation of the selected study sites in the Maridi area.
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epilepsy cases by the total number of individuals screened. The overall
epilepsy incidence in the total population and incidence in the 3–18 age
group was calculated by dividing the number of new cases of epilepsy in
the previous 12 months, 2 and 5 years by the summed person-years of
the population at risk in these years. Similarly, epilepsy related mor-
tality was obtained by calculating the number of deaths among persons
with epilepsy in 2017 and the first 4 months of 2018 in person-years of
the total population. Ivermectin coverage was calculated as the per-
centage of the population that reported taking ivermectin in 2017. An
85% coverage is considered the goal, as pregnant women, children
under 5 and the seriously ill who are ineligible for ivermectin treatment
are considered to make up 15% of the population [24].

For univariate analysis, a logistic regression was fitted to measure
the strength of association between epilepsy and age, gender, occupa-
tion, distance of the village to the river, residence status and ivermectin
use. A multivariable logistic regression analysis was performed to assess
which of these variable(s) were independent predictors for epilepsy. A
Likelihood Ratio test was performed to identify potential interactions.
As the interaction between gender and distance to the river was sig-
nificant, a model reflecting the differential impact for that particular
outcome was included.

As the Maridi dam (4.89422 N, 29.45792 E) was suspected to be the
main blackfly breeding site at the study site we calculated the distance
between the Maridi dam in relation to the categories of the study po-
pulation (population with a history of nodding seizures, population
with other types of epilepsy and population not confirmed to have
epilepsy). The median distances between the dam and each cluster type
were further examined using the Mann-Whitney U test [25] based on
the alternative hypothesis that the median distance of each cluster from
the dam were not equal. We used Ward’s method of hierarchical clus-
tering to measure the distance between, two distributions–persons with
nodding seizures and persons with other form of epilepsy by calculating
the ‘merging cost’ that is how much the sum of squares increase when
we merge them into a single cluster [26].

To identify the presence of clusters of persons with nodding syn-
drome and other forms of epilepsy, we also used the Kulldorff's scan
statistic [27] as implemented in the SaTScan software (https://www.
satscan.org/).

2.5. Ethics approval and consent to participate

Ethical approval was obtained from the ethics committee of the
Ministry of Health of South Sudan and from the ethics committee of the
University of Antwerp, Belgium. The study aims and procedures were
explained to all participants in the language of their choice, and signed
or finger-printed informed consent was obtained from participants,
parents or carers, and assent obtained from adolescents (aged 12–18
years). All personal information was encoded and treated con-
fidentially.

3. Results

The survey was performed in 8 study sites containing 44 villages. A
total of 2511 households agreed to participate in the study, corre-
sponding to 17,652 individuals. Households consisted of a median of 7
members (interquartile range (IQR) 5–9); 2060 (82%) were permanent
and 451 (18%) were immigrant households. In 1732 (68.0%) house-
holds the main income generating activity was farming. The median
age of study subjects was 17 years (IQR 8–30 years); 5826 (33%) were
younger than 10 years; 9206 (52.1%) were females.

3.1. Prevalence of epilepsy

The screening questionnaire identified 799 (4.5%) individuals sus-
pected to have epilepsy; 765 (95.7%) were seen by a clinical officer or
medical doctor and in 736 (92.1%) the diagnosis of epilepsy was con-
firmed. In the 29 individuals (3.9%) for which the diagnosis of epilepsy
was not confirmed the diagnoses included: 8 (27.6%) only one seizure,
7 (24.1%) febrile seizures, 5 (17.2%) psychiatric illness, 2 (6.9%) diz-
ziness, 1 (3.5%) paroxysmal vertigo, 1 (3.5%) alcohol or drug abuse,
and 5 (17.2%) other diagnoses.

The coding of study participants by clinical officers, medical doctors
and household survey research assistants was inconsistent, therefore
only data of 696 of the 765 persons (90.9%) suspected with epilepsy
could be used to determine the positive predictive value (PPV) of the
epilepsy screening questions to detect an individual with clinically
confirmed epilepsy (Table 1). Considering the high PPV of a positive
response (98.5%) of the combination Q1+Q5 or Q2+Q5 or Q3+Q5
or Q4+Q5 for the diagnosis of confirmed epilepsy and the high
number of persons detected with confirmed epilepsy, this combination
was used to decide whether a person suspected of having epilepsy who
was not seen by a clinical officer or medical doctor had confirmed
epilepsy. Considering all persons confirmed to have epilepsy by clinical
officers or medical doctors and those who responded positively to
Q1+Q5 or Q2+Q5 or Q3+Q5 or Q4+Q5, an additional 38 persons
had epilepsy, increasing the total number of persons with clinically
confirmed epilepsy to 736+ 38=774 cases, giving an epilepsy pre-
valence rate of 4.4%.

The epilepsy prevalence in the different study areas varied between
3.5–11.9%. The highest epilepsy prevalence was observed in the study
area of Kazana-2 (Table 2)

Kazana-2 is the study site located closest to Maridi dam (Fig. 3).

3.2. Incidence of epilepsy

Two hundred and eighty four (38.6%) individuals developed their
first seizures in the 5 years preceding the survey (annual incidence=
292.3/100.000), 85 (11.5%) in the two years before the survey (annual
incidence=240.8/100.000) and 66 (9%) in the year before the survey

Table 1
Number of persons suspected to have epilepsy identified by the five screening questions separately and in combination and its positive predictive value to detect
persons with confirmed epilepsy.

Questions Number of persons suspected to have epilepsy
identified in the total population (17,652
individuals)

Positive predictive value in a population of 696
persons suspected to have epilepsy

Q1 Lost consciousness and experienced loss of bladder control or
foaming at the mouth

662 98.5% (97.9%–98.9%)

Q2. Experienced absence or sudden loss of contact with the
surroundings for a short time duration

674 98.4% (97.9%–98.8%)

Q3. Experienced sudden, uncontrollable twitching or shaking of
arms, legs or head for a few minutes

690 98.6% (97.8%–99.1%)

Q4. Experienced sudden and brief bodily sensations, seen or heard
things that were not there, or smelt strange odors

649 98.2% (97.8%–98.5%)

Q5. Ever been diagnosed with epilepsy 746 95% (93.3%–96.5%)
Q1+Q5 or Q2+Q5 or Q3+Q5 or Q4+Q5 740 98.5% (98.1%–98.9%)
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(annual incidence=373.9/100.000). Fifty seven (86.4%) of the latter
were 3–18 years old (annual incidence= 322.9/100.000).

3.3. Characteristics of the epilepsy

In 714 (97%) PWE information about the year of onset of seizures
was obtained. The median age of onset of seizures was 10 years (IQR:
6–13); 647/714 (90.6%) developed their first seizures between the ages
of 3–18 years. The most frequent seizure type was generalized tonic
clonic seizures, reported in 511/736 (69.4%) of PWE. In 335/736
(45.4%) there was a history of nodding seizures and 98 of the 626
(15.7%) PWE above the age of 16 presented with Nakalanga features;
414 of the 486 (85.2%), for which data were available on all OAE
criteria, met the criteria of OAE. All PWE reported at least 2 seizures
24 h apart during the previous 5 years, and 114 (16.2%) during the last
year (active epilepsy).

Geographic location data was available for 499 individuals of a total
765 persons suspected to have epilepsy examined by a clinical officer or
medical doctor (65.1%); including 232/335 persons with a history of
nodding seizures (69.3%), 246/401 persons with other types of epilepsy

(61.3%) and 21/29 persons not confirmed to have epilepsy (724%)
(Fig. 4).

Based on the high epilepsy prevalence in Kazana-2, located close to
the Maridi dam (4.89422 N, 29.45792 E) we calculated the distance
between the Maridi dam and the categories of population (i.e., popu-
lation with history of nodding seizures, population with other types of
epilepsy and population not confirmed to have epilepsy).Results
showed that the cluster of persons with a history of nodding seizures
was located closer to the dam compared to other types of epilepsy (p-
value 0.001) and the cluster of persons not confirmed to have epilepsy
(p-value 0.008). However, the distances from the dam to the cluster of
other types of epilepsy and the cluster of persons not confirmed to have
epilepsy were not significantly different. These findings were also
confirmed using the SaTScan software (supporting file).

Using Ward’s method concerning the location of the persons with a
history of nodding seizures and persons with other types of epilepsy, the
merging cost was very low (0.007419386), which means that persons
with a history of nodding seizures and persons with other forms of
epilepsy were located in approximately in the same area. In fact, the
geographic distance between the centroids of two distributions was
only 1 km.

3.4. Risk factors for epilepsy

Epilepsy prevalence was higher in males than females and was
highest (10.5%) in the 11–20 age group (Table 3).

Age specific epilepsy prevalence was similar in each study site
(Fig. 5).

Epilepsy prevalence in villages< 2 km from the Maridi River was
significantly higher than in villages more distant from the river
(p < 0.001) (Fig. 6).

Six hundred ninety two (4.7%) of 4619 permanent households
members were found to have epilepsy compared with 82 (2.7%) of
3033 immigrant households members (p < 0.001). Epilepsy pre-
valence among the latter increased with increasing numbers of years of

Table 2
Epilepsy prevalence by study site.

Study Area Number of
subjects
interviewed

Number of
confirmed
epilepsy
cases

Epilepsy
prevalence

OR (90% CI) P value

Kazana-1 2298 107 4.7
Kazana-2 402 48 11.9 6 (1.8–3.7) < 0.001
Kwanga 273 16 5.9 1.4 (0.9–2.4) 0.2
Hai-Taiwara 5619 205 3.6 0.8 (0.6–1.0) 0.02
Hai-Gabat 4385 155 3.5 0.7 (0.6–0.9) 0.01
Mudubai 970 44 4.5 0.9(0.6–1.3) 0.6
Hai-Matara 2605 155 5.9 1.3 (1.0–1.6) 0.6
Ngabaka 1100 42 3.8 0.8 (0.6–1.1) 0.2

Fig. 3. Picture of the Maridi dam.
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residence in the village (Fig. 7).
Five hundred and eighty eight (4.9%) of 12,045 members of farming

households had epilepsy compared with 186 (3.3%) of 5614 members
of households with another main income generating activity, such as
employee, soldier, policeman, business man, and social worker
(p < 0.001).

In 545 (21.7%) households there was one person with epilepsy, in
167 two persons with epilepsy (6.6%), in 55 three persons with epilepsy
(2.2%) and at least four persons with epilepsy in 10 households (0.4%).

Only 7209 (40.8%) of the total population took ivermectin in 2017.
There was no gender difference in ivermectin coverage but there was
less ivermectin intake in the 5–10 year old age group (Table 4). There
was low intake of ivermectin in certain study sites with high epilepsy
prevalence (Kazana-2 and Kwanga) (Table 5).

In a multivariate regression model, age group, male gender, being a
permanent household family member, being a member of a farming
household, and living in a village bordering the river remained in-
dependently associated with epilepsy (Table 6).

3.5. Epilepsy related mortality

Two hundred and fifty seven (10.2%) households reported that a
family member with epilepsy died. Three hundred twenty five PWE
were reported to have died, 187 (57.5%) died between the ages

Fig. 4. Geographic location of persons with a history of nodding seizures (in blue), persons with other forms of epilepsy (in yellow) and persons not confirmed to
have epilepsy (in red) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Table 3
Epilepsy prevalence by age group and gender.

Persons with confirmed epilepsy
N=744

Total sample
N=17,652

Epilepsy prevalence (4.2%)
[95% CI 3.9%- 4.5]

Or (95% CI) P value

Gender P value
Female 337 9206 3.7%
Male 437 8445 5.2% <0.001
Age groups in years P value
0–5 20 2981 0.67 1
6–10 58 2845 2.04 3.3 (2.0–5.5) <0.001
11–20 513 4870 10.5 17.8 (11.4–27.9) <0.001
21–30 150 2896 5.2 8.6 (5.4–13.7) <0.001
31–40 18 1860 0.87 1.5 (0.8–2.9) 0.2
> 40 13 2227 0.58 1.2 (0.6–2.3) 0.6

Fig. 5. Age-specific epilepsy prevalence in each study sites.
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6–20 years and 306 (94.2%) before the age of 30 years. Starting in early
2000, an increasing number of PWE who died were reported (Fig. 8).

During the four months of 2018, 20 PWE died (mortality= 229.9
per 100,000 person years) and in 2017, 52 PWE died (mortality=
294.6 per 100,000 person years).

4. Discussion

This is the first population-based study to determine the prevalence
and incidence of epilepsy in an onchocerciasis endemic region in South
Sudan. High prevalence and incidence of epilepsy were observed in
several villages in Maridi County located close to the Maridi River and
in particular the Maridi dam. The fact that epilepsy prevalence and the

Fig. 6. Prevalence of epilepsy and distance of villages to the Maridi River.

Fig. 7. Epilepsy prevalence in immigrant households according to their dura-
tion of stay in onchocerciasis endemic villages.

Table 4
Ivermectin coverage by gender and age group.

Age Male Female OR (90% CI) P value

5–10 432/1756 (26.2%) 472/1729 (29.3%) 9.8 (8.1–12.0) < 0.001
11–20 1268/2485 (51%) 1182/2387 (49.5%) 23.(19.5–28.4)
21–30 641/1210 (53%) 841/1661 (50.6%) 24.8 (20.4–30.1)
31–40 453/787 (57.6%) 600/1073 (55.9%) 30.3 (24.7–37.1)
> 40 612/1035/ (59.1%) 699/1193 (58.6%) 33.2 (27.2–40.6)

Table 5
Epilepsy prevalence and ivermectin coverage per study area.

Study Area Epilepsy prevalence (%) Ivermectin coverage (%) OR (90% CI) P value

Kazana-1 4.7 719/2298 (31.3%)
Kazana-2 11.9 101/402 (25.1%) 0.7 (0.6–0.9) 0.01
Kwanga 5.9 54/219 (19.8%) 0.5 (0.4–0.7) <0.001
Hai-Taiwara 3.6 2502/5618 (44.4%) 1.8 (1.6–2.0) <0.001
Hai-Gabat 3.5 1863/4385 (42.6%) 1.6 (1.5–1.8) <0.001
Mudubai 4.5 498/472 (51.3%) 2.3 (2.0–2.7) <0.001
Hai-Matara 5.9 1169/2605 (44.9%) 1.8 (1.6–2.0) <0.001
Ngabaka 3.8 352/1100 (32%) 1.1 (0.9–1.2) 0.5

Table 6
Multivariate regression model showing risk of epilepsy by age group, gender,
permanent or immigrant household, family income generating activity, dis-
tance of the village to the river, and ivermectin intake.

Variable Univariate
analysis

P value Multivariate
analysis

P value

Age
0–5 Baseline Baseline
6–10 3.3 (2.0–5.5) < 0.001 3.2 (1.9–5.4) <0.001
11–20 17.8 (11.4–27.9) < 0.001 17.3 (11.0–27.3) <0.001
21–30 8.6 (5.4–13.7) < 0.001 8.4 (5.2–13.5) <0.001
31–40 1.5 (0.8–2.9) 0.2 1.5 (0.8–2.8) 0.2
41–80 1.2 (0.6–2.3) 0.6 1.2 (0.6–2.2) 0.6
Gender <0.001
Male Baseline 0.6* < 0.001
Female 0.7 (0.6–0.8) < 0.001 0.3 ** < 0.001
Occupation
Farmer Baseline Baseline
Not farmer 0.8 (0.6–0.9) 0.002 0.8 (0.6–0.9) 0.004
Distance to river <0.001
<2 km Baseline
>=2 km 0.9 (0.8–1.0) 0.08 0.6 (0.5–0.7) * < 0.001
Residence status 0.6 (0 .4–0.7) < 0.001
Immigrant Baseline
Local 0.6 (0 .4–0.7) < 0.001 0.6 (0.4–0.7) <0.001
Ivermectin
Ivermectin intake Baseline Baseline
No Ivermectin 0.7 (0.6–8.6) < 0.001 1.0 (0.8–1.1) 0.7

* Male> 2 km.
** Female> 2 km.

Fig. 8. Number of persons with epilepsy reported to have died per year.
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risk for developing epilepsy in onchocerciasis-endemic regions in-
creases with distance to the river was previously reported in Cameroon
and the Democratic Republic of the Congo [9,28]. Moreover, in a recent
a retrospective cohort study in the Mbam Valley, Cameroon, cumulative
incidence of epilepsy was shown to increase with increasing micro-
filarial density in skin snips during childhood [29]. Our study provides
additional evidence for the association between epilepsy and high on-
going O volvulus transmission.

The study showed a high peak prevalence of> 10% in the
10–20 year age group. A high epilepsy prevalence in this age group has
been observed in other onchocerciasis endemic areas before the im-
plementation of CDTi (8.3% in western Uganda [30]. Epilepsy pre-
valence was significantly higher in males than females. This was also
observed in other onchocerciasis endemic regions [7] and is expected in
epilepsy associated with O volvulus infection as onchocerciasis is also
generally more prevalent in males [31]. Epilepsy prevalence was also
higher in permanent than immigrant households, and increased in
immigrant households with increasing years of residence in the village.
This suggests that several years of living in an onchocerciasis endemic
village are required before a sufficiently high threshold of O volvulus
infection is reached to result in epilepsy. Epilepsy prevalence was also
more prevalent among farming families. This could be explained by the
fact that the best farming land is located close to the river.

Our study shows a low intake of ivermectin among the population of
Maridi. This is explained by many years of limited ivermectin dis-
tribution as a consequence of the insecurity in the area. Most people
had taken ivermectin only in 2017 and many never took ivermectin.
The very low intake among 5–10 year old children is a concern as
ivermectin could protect them for developing OAE [28]. However,
some 5 year olds may have been 4 years old at the time of ivermectin
distribution and therefore were not eligible for ivermectin treatment
according to WHO guidelines.

Our study also shows that persons with a history of nodding seizures
and with other forms of epilepsy live in the same areas close to the
Maridi River, confirming that nodding syndrome is only one of the
phenotypic presentations of OAE.

Finally this study shows that epilepsy is an important cause of death
in the Maridi area. The estimated 2.9 per 10,000 death rate because of
epilepsy is 39.4% of the 2017 South Sudanese crude death rate of 7.36
deaths per 1000 population [32]. Such a high mortality because of
epilepsy was also previously reported in other onchocerciasis endemic
regions. In a study in the Mbam Valley, Cameroon the relative risk of
dying during the follow-up among the group of people with epilepsy,
compared with the controls, was 6.2 (95% CI, 2.7–14.1) [33].

Our study has several limitations: the diagnosis of epilepsy was
mainly made by clinical officers and medical doctors but was not
confirmed by a neurologist; and several individuals suspected to have
epilepsy were not seen by a clinical officer or medical doctor. In ad-
dition, no laboratory investigations were performed. Therefore it was
not possible to confirm the possible causes of epilepsy. Meeting the OAE
criteria does not mean that in all these individuals epilepsy was caused
by onchocerciasis. Other causes of epilepsy were only excluded by
medical history. However given the absence of pigs in the Maridi vil-
lages, neurocysticercosis cannot explain the high prevalence of epi-
lepsy. We only had 6 tablets for 10 clinical officers. Therefore certain
clinical officers were unable to collect GPS data and this may have
created a bias. However, given the fact that clinical officers with and
without tablets moved together when visiting the villages and that a
similar percentage of individuals with a history of nodding and other
seizures and with a non-confirmed diagnosis of epilepsy were geo-lo-
cated, it is unlikely that bias influenced our results.

5. Conclusion

A high prevalence and incidence of epilepsy was observed in several
villages in Maridi County located close to the Maridi River and the

Maridi dam. For hundred and ninety two (94.3%) PWE met the criteria
for OAE. Urgent action is needed to prevent new OAE cases appearing,
to treat all PWE with appropriate anti-epileptic drugs and provide
supportive care. To achieve this goal a CDTi programme with iver-
mectin distribution every 6 months is being instituted by the Ministry of
Health and a decentralized system for the comprehensive treatment and
care of PWE is planned for Maridi County. Moreover it is planned to
repeat this survey in two years to evaluate the effect of this interven-
tion.
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