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Abstract
Objectives: Up to 85% of people living with epilepsy (PwE) reside in low-and middle-
income countries. In sub-Saharan Africa, the lifetime prevalence of epilepsy is 16 per 1000
persons. In Northern rural Rwanda, a 47.7 per 1000 prevalence has been reported. As varia-
tions in prevalence across geographical areas have been observed, we studied the prevalence
in Southern rural Rwanda using the same robust methodology as applied in the North.
Methods: We conducted a three-stage, cross-sectional, door-to-door survey in two
rural villages in Southern Rwanda from June 2022 to April 2023. First, trained enu-
merators administered the validated Limoges questionnaire for epilepsy screening.
Second, neurologists examined the persons who had screened positively to confirm
the epilepsy diagnosis. Third, cases with an inconclusive assessment were separately
reexamined by two neurologists to reevaluate the diagnosis.
Results: Enumerators screened 1745 persons (54.4% female, mean age:
24 ± 19.3 years), of whom 304 (17.4%) screened positive. Epilepsy diagnosis was con-
firmed in 133 (52.6% female, mean age: 30 ± 18.2 years) and active epilepsy in 130 per-
sons. Lifetime epilepsy prevalence was 76.2 per 1000 (95% CI: 64.2–89.7‰). The
highest age-specific rate occurred in the 29–49 age group. No gender-specific differ-
ences were noted. In 22.6% of the PwE, only non-convulsive seizures occurred. The
treatment gap was 92.2%, including a diagnosis gap of 79.4%.
Conclusion: We demonstrated a very high epilepsy prevalence in Southern rural
Rwanda, with over 20% of cases having only non-convulsive seizures, which are often
underdiagnosed in rural Africa. In line with previous Rwandan reports, we reiterate
the high burden of the disease in the country. Geographic variation in prevalence
throughout Africa may result from differences in risk and aetiological factors. Case–
control studies are underway to understand such differences and propose adapted
health policies for epilepsy prevention.
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INTRODUCTION

Epilepsy is characterised by recurrent seizures with
neurological, cognitive, psychological and social impact [1].

It is one of the most common neurological disorders
affecting 70 million people worldwide, of whom 85% live in
low- and middle-income countries (LMICs) [2]. In compari-
son to the estimated prevalence of five per 1000 people in
high-income countries [3], the epilepsy prevalence in LMICs
is two to three times higher [2]. The prevalence of activeSustainable Development Goal: Good Health and Wellbeing; Reduced Inequalities
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and lifetime epilepsy in sub-Saharan Africa (SSA) has been
estimated at 9 and 16 per 1000 people respectively, with
numbers twice as high in rural as opposed to urban areas [4].
An even higher prevalence has been reported in Rwanda.
A mental health survey from 2022 reported an epilepsy
prevalence of 29 per 1000 [5]. A nationwide epilepsy survey
with a clustered approach from 2005 reported a prevalence
of 49 per 1000 people [6]. Another door-to-door epilepsy
survey conducted in Northern rural Rwanda in 2017
observed a prevalence of 47.7 per 1000 [7].

Epidemiological studies on epilepsy in SSA often reveal
a wide variation in prevalence, ranging from 7.4 per 1000
people estimated for the Eastern region of SSA to 30.2 per
1000 for the Central region. This variation is not only
observed between but also within countries [4]. Besides a
methodological component to this heterogeneity including
differences in survey methods used, the nature of the epi-
lepsy studied (lifetime or active), or definitions of active
epilepsy applied, variability in prevalence across geographi-
cal areas may suggest clustering of people living with epi-
lepsy (PwE). Geographical differences in the distribution of
various risk or aetiological factors such as infectious dis-
eases, traumatic brain injuries and genetic factors, may
account for this clustering [4, 8]. As a variation in preva-
lence across geographical areas might apply, we studied the
epilepsy prevalence in the topographically distinct Southern
rural region of Rwanda using a similar two-stage methodol-
ogy as applied in the North and including an additional case
ascertainment stage for inconclusive cases [7]. In addition,
we assessed the diagnosis and treatment gap in the region.

METHODS

Study area

We conducted a prospective, cross-sectional, door-to-door
study from June 2022 to April 2023, to survey the entire

population of two neighbouring villages in the Gikonko sector,
Gisagara district, Southern province of Rwanda (Figure 1). We
selected the villages based on their rural character, total popu-
lation, absence of previous epilepsy awareness campaigns and
availability of known collaborators in the area. The villages are
located 18 km from a paved road and 120 km from the capital
city. The nearest district hospital is at 9 km walking distance, a
primary health centre at 8 km and a secondary school at 7 km.

Gisagara ranks as the second poorest district in
Rwanda [9]. Literacy among adults is low, subsistence agri-
culture is the main income source. According to the 2022
housing census, the population is relatively young, with a
mean and median age of 24.6 and 19 years (y) respectively.
The district counts 397,051 inhabitants of whom 28,772
(52.1% female) live in the Gikonko sector [10].

Survey preparation

Meetings were held with the Administrative Authority of the
Gikonko sector, the responsible and the staff of the nearest
health centre, the elders of the villages and the community
health workers (CHWs) of the villages. The survey was
authorised and CHWs, who are familiar with all villagers, were
allowed to accompany enumerators to ensure screening com-
pleteness for each household [11]. The Administrative Author-
ity provided the 2021 census data as a reference. CHWs
provided recent data on the number of households and family
members.

Enumerators received a one-day epilepsy training from a
Rwandan neurologist with 10 years of experience in epilepsy
(author: SM), and a resident-neurologist of Ghent University,
Belgium (author: IG). Subsequently, enumerators were trained
on the administration of the Limoges questionnaire, a validated
questionnaire to screen for epilepsy in (sub)tropical areas devel-
oped by the Institute of Epidemiology and Tropical Neurology
of Limoges, the Pan African Association of Neurological Sci-
ences and the International League Against Epilepsy [12, 13].

F I G U R E 1 Study area.
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The questionnaire was validated in Mauritania with a sensitivity
and specificity of 95.1% and 65.6%, respectively [14], and has
been translated and adapted to the Rwandan indigenous lan-
guage and sociocultural context [6]. Questions were captured
on the Research Electronic Data Capture (REDCap) mobile
application which allows offline data collection and is con-
nected to a secure, web-based database once online [15, 16].

Survey process

The survey was conducted in three stages.
First, enumerators screened all individuals of households

with a permanent residence in the selected villages during
door-to-door visits using five screening questions (Table S1).
The screening was supervised by the principal investigator
(author: IG) and a Rwandan research assistant with experi-
ence in epilepsy research (author: GU). Household members
were explained the survey’s purpose and possible benefits/
risks. Caregivers responded for minors or mentally ill per-
sons. CHWs and enumerators planned a return visit if a fam-
ily member was absent. If not at home during the return visit,
the member was considered not screened.

Second, persons who answered positively to one or more
screening questions were referred to a team of 4 Rwandan
study neurologists (authors: FS, SM, AN, DK) for medical
history taking including an in-depth description of all possi-
ble seizure types to confirm an epilepsy diagnosis if
applicable.

Third, two neurologists (authors: IG, PD) reviewed case
notes to confirm epilepsy diagnoses assigned by the study
neurologists. In case of doubt, two study neurologists
(authors: FS, SM) returned to the villages to separately
retake medical history in inconclusive cases to reevaluate the
diagnosis. In case of discrepancies between the neurologists,
a consensus meeting among the two study neurologists pro-
vided a decision on diagnosis.

Definitions

Epilepsy was defined as ≥2 unprovoked seizures occurring
at least 24 h apart [17]. Lifetime epilepsy considered people
who had epilepsy at any point in their life up to the survey.
Active epilepsy considered PwE with at least one seizure in
the previous 5 years or who were currently on antiseizure
medication (ASM) [18]. Active epilepsy defined by a 1-year
cut-off was additionally reported.

The treatment gap was defined as the proportion of peo-
ple with active epilepsy, based on a 5-year cut-off, who were
not adequately treated at the time of the survey. Adequate
treatment included ongoing use of ASM regardless of the
type or dose of ASM in relation to seizure classification.

The diagnosis gap was defined as the proportion of PwE
who had never been diagnosed before the screening by a
healthcare professional such as a physician, nurse or CHW,
or a traditional healer.

Statistical analysis

Statistical analyses were performed in RStudio (Version
2022.12.0–353, R Foundation, Inc.). The crude, unadjusted
epilepsy prevalence was calculated as the number of epilepsy
cases confirmed in stage III divided by the population
screened in stage I, expressed per 1000 persons. Unadjusted
prevalence and exact binomial 95% confidence intervals
(CI) were calculated overall and by age and gender. Preva-
lence was adjusted by dividing the crude prevalence by the
sensitivity of the screening questionnaire (0.951) [14,
19, 20]. As non-response between stages ought to have been
low, imputation was not performed. Crude prevalence was
age-standardised using the Rwandan standard population of
2022 [10], the United States standard population
of 2000 [21] and the World Health Organisation world stan-
dard population of 2000–2025 [22].

Associations between demographics, prevalence and
epilepsy characteristics were explored using Pearson’s
Chi-squared test, Fisher’s exact test or Wilcoxon non-
parametric rank-sum test. For post-hoc group comparisons,
adjusted standardised residuals were calculated. According
to Agresti, “an adjusted standardized residual having an
absolute value that exceeds about 2 when there are few cells
or about 3 when there are many cells indicates lack of fit of
H0 in that cell” [23]. If the residual is positive and large, the
observed count in that cell is larger than expected if the vari-
ables were independent, if it is negative and small, the
observed count is smaller than expected. A p-value of <0.05
was considered statistically significant. For multiple compar-
isons, Bonferroni correction was applied.

Ethics

The Rwandan National Ethical Committee (No.27/
RNEC/2022) and the Ethical Committee of Ghent Univer-
sity Hospital, Belgium (ONZ-2022-0403) approved the
study protocol.

All participants gave their verbal informed consent during
stage I and written informed consent during stage II. For indi-
viduals <18 years of age or individuals with cognitive impair-
ment, consent was obtained from their parents/caregivers. For
illiterate individuals, a narrative approach was used.

RESULTS

Study population

Enumerators screened 1745 individuals from 476 households
(54.4% female, mean age 24y ±19.3, 3.67 persons per house-
hold), resulting in 98.2% of the estimated eligible population
screened (Figure 2). At least one screening question was
answered positively by 304 individuals (54.9% female, mean
age 30y ±19.6). After attrition of four individuals, 300 were
evaluated by a neurologist. Lifetime epilepsy was diagnosed
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in 133 (52.6% female, mean age 30y ±18.2). The positive
predictive value of the screening questionnaire was 44.3%.
Figure 3 shows the demographic distribution by gender and
age of the screened population and PwE.

Epilepsy prevalence and onset

The crude, unadjusted prevalence of lifetime epilepsy was
76.2 per 1000 people (95%CI: 64.2–89.7‰). The prevalence
was 80.1‰ (95%CI: 66.9–93.6‰) when adjusted for screen-
ing sensitivity. The crude prevalence was 78.3‰ (95%CI:
64.8–91.7‰) when standardised to the age distribution from
Rwanda [10]; 89.1‰ (95%CI: 71.3–107.0‰) from the

United States [21], and 85.3‰ (95%CI: 69.7–100.8‰)
worldwide [22].

Unadjusted prevalence did not vary with gender
(p = 0.673) but did vary with age (p < 0.001) (Table 1). A
higher prevalence was observed in those aged 29–49y
(p = 0.008) (Figure 4). Peak age-specific prevalence for both
women (100.5‰, 95%CI: 64.0–148.1‰) and men (135.6‰,
95%CI: 88.8–195.0‰) was at 29-49y. Table S2 summarises
the age-specific prevalence by gender.

The mean age at first seizure was 18y ±16.2 without dif-
ferences between males (17y ±17.1) and females (19y ±15.4)
(p = 0.443). The age at first seizure was most frequent
between 0 and 5y in both women and men, having occurred
between 0 and 5y in 29% of all PwE (Figure 4).

Stage I

Stage II

Stage III

Eligible population*

N = 1777

N = 1745 (98.2%)

N = 304 (17.4%)

N = 300 (98.7%)

N = 133 (44.3%)

N = 30 (22.6%) N = 103 (77.4%)

N = 120

Conclusive
cases

Convulsive
seizures

Non-convulsive seizures
only

Reevaluation of inconclusive
cases

N = 27

Screened

Refusal n = 19 (1.1%)
Unable to locate n = 13 (0.7%)

Died n = 1 (0.3%)

-  No epilepsy: n = 10 **

-  Epilepsy: n = 13 **

-  Relocated/refusal: n = 4 ***

Relocated/unable to attend n = 3 (1%)

Positive screening

Evaluation by neurologist

Lifetime epilepsy

F I G U R E 2 Screening survey flow. *Individuals of all ages with permanent residence in the selected villages during the door-to-door survey. **No
discrepancies in the re-evaluation of the two neurologists were noted. ***Conservatively excluded from the epilepsy cohort.
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The unadjusted prevalence of active epilepsy
decreased from 74.5‰ (95%CI: 62.6–87.8‰) to 67.6‰
(95%CI: 56.3–80.4‰) based on a 5- versus 1-year cut-off
respectively (Table 2). Out of 118 PwE with at least one
seizure in the preceding 12 months and/or with ongoing
ASM, 78% had at least one seizure type with convulsions,
resulting in a prevalence of active convulsive epilepsy of
52.7‰ (95%CI: 42.7–64.3‰). In all PwE, 30.8% had any
type of non-convulsive seizures and 22.6% had only non-
convulsive seizures.

Epilepsy and sociodemographic characteristics

A new diagnosis was made in 79.4% of PwE without signifi-
cant differences in gender, age or age at first seizure between
previously and newly diagnosed PwE (Table 3).

The mean time between the first seizure and diagnosis
was 3 years in previously diagnosed PwE and 12 years in
newly diagnosed PwE. Of the previously diagnosed PwE,
75% had been diagnosed within a year after their first sei-
zure compared to 6.9% of the newly diagnosed PwE.

160

0-4

5-9

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75-79

85-89
Age (years)

Male Female People with epilepsy
80-84

160
Study population (n=1745)

140 140120 120100 10080 8060 6040 4020 200

F I G U R E 3 Age and gender distribution of the population screened during the door-to-door survey. Black squares indicate the number of cases with
lifetime epilepsy by gender in each age group.

T A B L E 1 Unadjusted prevalence of lifetime epilepsy per 1000 people, by age and gender.

Screened in stage I (n) Lifetime epilepsy (n)
Unadjusted prevalence
(‰ [95% CI]) Adjusted standardised residuals p-value

Gender p = 0.673

Female 949 70 73.8 (57.9–92.3)

Male 796 63 79.1 (61.4–100.1)

Age groupsa (y) p < 0.001

0–5 310 7 22.6 (9.1–46.0) �3.92 p = 0.001b

6–12 294 18 61.2 (36.7–95.0) �1.06

13–18 265 26 98.1 (65.1–140.4) 1.46

19–28 266 18 67.7 (40.6–104.8) �0.57

29–49 396 46 116.2 (86.3–151.9) 3.41 p = 0.008b

50+ 214 18 84.1 (50.6–129.7) 0.46

Note: Bold values indicate statistically significant values.
aAge distributions were grouped as aligned with Ngugi et al. [8]. Age distributions grouped per lustrum/decade can be found in the Supplemental data.
bBonferroni correction applied.
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Previously diagnosed PwE reported more frequently
being single, unemployed and having had no education
(Table 4). Up to 90% of all PwE had health insurance
regardless of their diagnosis status.

Of 130 PwE with a seizure within the last 5 years, 92.2%
were not adequately treated, of whom 52.5% were female
(Table 3). In previously diagnosed PwE, 60% were not ade-
quately treated: 40% never took any ASM and 60% had discon-
tinued ASM. Financial reasons for treatment discontinuation
were mentioned by three PwE, whereas ignorance, lack of effi-
cacy, advice from a pastor and intolerance were each men-
tioned by one PwE. Two PwE mentioned seizure cessation, yet
both had ongoing seizures at the time of the survey.

Ten PwE reported ongoing use of ASM including phe-
nobarbital, valproate, diazepam and phenytoin, of whom
two reported seizure-freedom and six reported >75% seizure
reduction.

Of the three PwE without seizures for more than 5 years,
two reported having used ASM in the past and became
seizure-free under ASM. The third PwE had childhood-

onset epilepsy since the age of 2 years with seizure cessation
at the age of 15.

Of all PwE, 54 (41.5%) had contacted traditional or reli-
gious healers, 10 (7.7%) had sought biomedical care and
11 (8.5%) had used both traditional and biomedical care in
whom all but one traditional medicine was the initial point
of care. In 55 PwE (42.3%), no biomedical nor traditional
treatment had been sought. Of the 65 PwE who used tradi-
tional treatment, 61.5% reported a lack of efficacy and 54%
had stopped the treatment at the time of the survey.

DISCUSSION

The lifetime epilepsy prevalence of 76.2 per 1000 people
observed in the present study reiterates the exceptionally
high prevalence in Rwanda. While a few rates from SSA are
similar or higher, ranging from 41 to 105 per 1000 [24–32],
the prevalence we observed is high compared to the 15–16
per 1000 prevalence in SSA [4, 33].

0-5
0%

5%

10%

15%

20%

25%

0%

10%

20%

30%

40%

50%

Prevalence of epilepsy Age at first seizure

Prevalence

Age at first seizure

6-12 13-18

Age (years)

19-28 29-49 50+

F I G U R E 4 Age-specific prevalence of lifetime epilepsy and age at first seizure.

T A B L E 2 Unadjusted prevalence of lifetime, active, and convulsive epilepsy per 1000 people.

Epilepsy Convulsive epilepsy

Date of last seizure n Unadjusted prevalence (‰) 95% CI (‰) n Unadjusted prevalence (‰) 95% CI (‰)

Active (≤12 months) 118 67.6 56.3–80.4 92 52.7 42.7–64.3

Active (≤5 years) 130 74.5 62.6–87.8 100 57.3 46.9–69.3

Lifetime 133 76.2 64.2–89.7 103 59.0 48.4–71.1
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Heterogeneity in prevalence from community-based
studies in SSA can partly be attributed to methodological
factors. First, stigma and discrimination of PwE might
impede the capture of persons at risk during screening
stages resulting in low screening coverage of the eligible
population or high attrition between stages [34]. Although
some studies report >85% coverage [8, 35–37], and adjust
prevalence for non-response [8, 30, 35, 37–39], others
report coverage of 55% and non-response in up to
52% [30]. Considering our elevated prevalence, 98.2%
screening coverage and low attrition, we assume to accu-
rately portray the epilepsy burden in the region. Second,
several studies only include active epilepsy defined by
either a 1- or 5-year cut-off resulting in prevalence differ-
ences between studies [4]. When reporting both cut-offs,
the prevalence in one study increased by 0.2 per 1000 [35],
whereas our prevalence increased from 67.6 to 74.5 per
1000. Third, the preponderance of SSA studies including
only convulsive seizures, which are more easily detected in
resource-limited settings [40], leaves non-convulsive sei-
zures underrated. Most screening questionnaires exclude
non-convulsive seizures a priori [41–44]. The epilepsy
prevalence in a study in urban Tanzania more than dou-
bled when including non-convulsive seizures [45], and a
study in rural Kenya reported an overall epilepsy

prevalence three times that of active convulsive epi-
lepsy [46]. Using a screening tool able to detect non-
convulsive seizures [12–14], we identified non-convulsive
seizures in 30.8% of all epilepsies, similar to 28.4% of PwE
with non-motor seizures in a Northern Rwandan sur-
vey [7]. The paucity of epidemiological data on epilepsy
including non-convulsive seizures underestimates the epi-
lepsy burden in LMICs, complicates comparison with
high-income countries, and affects resource allocation for
epilepsy care. Nonetheless, even our active convulsive epi-
lepsy prevalence of 52.7 per 1000 is far higher than most
active convulsive epilepsy rates in SSA ranging from 7.0 to
14.8 per 1000 [8].

The currently found prevalence also exceeds the 7 per
1000 estimate of a Rwandan cross-sectional survey from
2008 and the 29 per 1000 of a Rwandan mental health
survey from 2022 [5, 47]. Methodological incongruities
again prevail as the latter study included participants aged
14–65 years only and both studies did not have epilepsy as
their primary focus. Without instruments validated to
screen for epilepsy nor neurologists involved in the diagno-
sis, both studies presumably underestimated the prevalence.
Two other Rwandan community-based studies did report a
prevalence in the vicinity of our observations. A study in
Northern rural Rwanda from 2017 and a nationally

T A B L E 3 Epilepsy characteristics of people living with lifetime epilepsy.

Previously diagnosed Newly diagnosed All PwE
Diagnosis status (n [%]) All PwE 27 (20.6) 104 (79.4) 131 (100.0)

Gender p = 0.496

Female 16 (59.3) 54 (51.9) 70 (53.4)

Male 11 (40.7) 50 (48.1) 61 (46.6)

Age groups p = 0.835

0–5 2 (7.4) 5 (4.8) 7 (5.3)

6–12 4 (14.8) 13 (12.5) 17 (13.0)

13–18 5 (18.5) 21 (20.2) 26 (19.8)

19–28 5 (18.5) 13 (12.5) 18 (13.7)

29–49 7 (25.9) 38 (36.5) 45 (34.4)

50+ 4 (14.8) 14 (13.5) 18 (13.7)

Age at first seizure (y)
(mean ± SD) n = 26 n = 101 n = 127

All PwE 17 ± 17.9 18 ± 15.8 18 ± 16.2 p = 0.534

Time between first seizure and diagnosis (y)
(mean ± SD) n = 20 n = 101 n = 121

All PwE 3 ± 4.7 12 ± 11.3 11 ± 11.1

Gender

Female 3 ± 5.2 13 ± 12.7 11 ± 12.4

Male 2 ± 4.3 12 ± 9.7 10 ± 9.7

Adequate treatment in active epilepsy
(n [%]) n = 25 n = 103 n = 128

Yes 10 (40.0) 0 10 (7.8)

No 15 (60.0) 103 (100.0) 118 (92.2)
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representative survey in rural and urban areas from 2005
reported a lifetime epilepsy prevalence of 47.7 per 1000 (CI:
39.8–56.8) and 49 per 1000 respectively [6, 7]. However, our
prevalence of 76.2 per 1000 (CI: 64.2–89.7) still differs,
despite the commonality in methodology employed. In con-
cordance, a survey across five SSA centres reported consid-
erable differences in prevalence between sites, despite their
consistent methodology [8]. Others have reported similar
geographical heterogeneities, even across small geographical
areas [35, 37, 45]. Methodological disparities alone can
therefore not account for these differences [2].

A documented relation between the prevalence gradient
across SSA and the distribution of risk factors of epilepsy

has suggested variation in prevalence due to clustered expo-
sure to environmental or genetic risk factors [8]. Higher
estimates of heterogeneity in rural areas underline the
possibility of spatial clustering of, for example, parasitic
infections or genetic factors as relatives in rural areas tend
to live in proximity [2]. The disparity in prevalence between
Northern and Southern rural Rwandan areas might there-
fore highlight geographical differences in risk factors. For
instance, malaria prevalence in Rwanda ranges from 17% in
the East, 11% in the South to 1% in the North [48]. Further,
a Northern Rwandan study documented a Taenia solium
seropositivity in children of 13.3% [49], while a Southern
study reported a general seropositivity of 18.4% with almost

T A B L E 4 Sociodemographic characteristics of people living with lifetime epilepsy.

Previously diagnosed Newly diagnosed All PwE
Living arrangement (n [%]) n = 27 n = 104 n = 132

Alone 0 6 (5.8) 6 (4.5)

With partner 7 (25.9) 44 (42.3) 51 (38.6)

With relatives 20 (74.1) 54 (51.9) 75 (56.8)

Marital status (n [%]) n = 27 n = 104 n = 132

Single 7 (25.9) 9 (8.7) 16 (12.1)

Married 3 (11.1) 24 (23.1) 27 (20.5)

Co-habitation 3 (11.1) 19 (18.3) 22 (16.7)

Separated/Divorced 4 (14.8) 10 (9.6) 14 (10.6)

Widowed 1 (3.7) 6 (5.8) 7 (5.3)

Underage (<18y) 9 (33.3) 36 (34.6) 46 (34.8)

Employment (n [%]) n = 24 n = 99 n = 124

Farmer 10 (41.7) 63 (63.6) 73 (58.9)

Student/Underage for labour force 9 (37.5) 33 (33.3) 43 (34.7)

Unemployed 4 (16.7) 1 (1.0) 5 (4.0)

Other 1 (4.2) 2 (2.0) 3 (2.4)

Health insurance (n [%]) n = 27 n = 104 n = 131

Yes 24 (88.9) 94 (90.4) 118 (90.1)

No 3 (11.1) 10 (9.6) 13 (9.9)

Education (n [%]) n = 27 n = 103 n = 130

<6 years 2 (7.4) 5 (4.9) 7 (5.4)

No education 10 (37.0) 14 (13.6) 24 (18.5)

Primary school not completed 6 (22.2) 54 (52.4) 60 (46.2)

Primary school ongoing 5 (18.5) 16 (15.5) 21 (16.2)

Primary school completed 3 (11.1) 10 (9.7) 13 (10.0)

Secondary school ongoing 1 (3.7) 4 (3.9) 5 (3.8)

Secondary school completed 0 0 0

Socio-economic classification (ubudehe)a (n [%]) n = 27 n = 103 n = 130

1 13 (48.1) 41 (39.8) 54 (41.5)

2 12 (44.4) 48 (46.6) 60 (46.2)

3 2 (7.4) 14 (13.6) 16 (12.3)

4 0 0 0
aUbudehe process involves categorising all households into four categories reflecting their degree of social and economic vulnerability starting from the most vulnerable who are
categorised as one.
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a quarter of PwE considered as neurocysticercosis cases [50].
The clustering of risk factors is particularly evident given the
higher prevalence in rural areas where factors such as poor
perinatal care, poor sanitary conditions with higher trans-
mission rates of infections, and poverty are all pervasive
[2, 4]. The distribution of public services favours urban
regions at the expense of rural areas where health centres
with meagre resource allocation are cited. Rural dwellers
have less access to healthcare which implies decreased and
delayed presentation of risk factors [51, 52]. The higher
prevalence in rural settlements calls for intensive efforts on
epilepsy at the grassroots to take epilepsy out of the
shadows.

Demographic characteristics

Like most studies from high-income countries and LMICs,
we found a non-significant slightly higher prevalence in
men [3, 33]. Contrary, the Northern Rwandan study did
report a significant and precedented female-to-male ratio
that inverted after childbearing age from low to high [7, 53].
Whether these gender differences represent divergent aetiol-
ogies and gender-dependent risk factors within these various
regions or whether they are an artefact of case ascertainment
or competing mortality risks remains to be deter-
mined [53, 54].

Consistent with most reports from SSA including
Rwanda [6, 33, 55], 60% of our cases had their first seizure
before the age of 18 years. The first seizure occurred most
frequently between the ages of 0–5 years, though this fre-
quency might have been overestimated due to imprecise
recall which hinders differentiation with the onset of febrile
seizures. Seizure onset at a young age could be related to
perinatal insults, central nervous system infections including
cerebral malaria, or genetically determined epilepsies
[8, 33, 35].

Contrary to most SSA studies which show a higher prev-
alence in adolescents and young adults [35, 53, 55–57], we
found a peak in adulthood suggesting few cases lost to spon-
taneous remission or premature mortality [2, 40, 58]. This
peak might also indicate the importance of later-onset epi-
lepsy as peaks in adulthood have been linked to preventable
environmental factors including infectious aetiologies such
as neurocysticercosis [8, 59], simply due to increasing expo-
sure over a lifetime. Furthermore, the shift from mostly
young PwE documented in Rwanda in 2005 [6], towards
older PwE after several years may hypothetically indicate a
reduction of epilepsy incidence in children due to changes
in aetiologies over time, although it may as well reflect
under-ascertainment of younger PwE.

Diagnosis and treatment gap

In addition to a high prevalence, we observed a treatment gap
of 92.2% into the bargain, in line with the gap of 91.5% in

Northern rural Rwanda [7]. While the treatment gap exceeds
75% in many reports from low-income countries [30, 52, 60],
our numbers are among the highest published [53, 54, 56,
61, 62]. Predominant reasons to explain the gap are limited
access to health facilities and a lack of resources, including low
supplies, excessive drug costs, or a lack of trained health profes-
sionals [51, 63, 64]. The dearth of adequate care is particularly
valid in rural areas where the treatment gap is higher [52].
Truly, the Rwandan study that surveyed both urban and rural
areas, reported a lower gap of 68% [6]. Furthermore, many
PwE do not seek care, either since they do not recognise the
significance of the disorder and the need for treatment or they
are prevented from doing so in light of the stigma associated
with the disease. Misconceptions about the disease may lead to
negative attitudes towards PwE resulting in discrimination and
social isolation [63–65]. In Northern rural Rwanda, approxi-
mately 40% of PwE had received a diagnosis prior to the
study [7]. In the present study, only 20% of our cases were pre-
viously diagnosed, of whom 60% discontinued treatment or
never took any ASM. Half of our PwE did seek traditional
treatment as animistic religious beliefs in the origin of the dis-
ease impel many to seek relief from traditional remedies [65].
Although over 60% considered these traditional interventions
ineffective.

Several initiatives have been implemented by the Rwandan
government, non-governmental organisations (NGOs), and
multilateral developmental sponsors to enhance epilepsy
awareness, reduce stigma, and narrow the treatment gap.
Examples include the availability of ASM including carbamaze-
pine, phenobarbital, phenytoin and valproate in the central
pharmacy, educational seminars for healthcare professionals in
district hospitals, and an epilepsy knowledge and awareness
campaign in four Rwandan districts by the NGO Handicap
International [66]. Despite these initiatives, our results stress
the persistent need for further efforts that address the diagnosis
and treatment gap. Proposed solutions include the involvement
of CHWs to promote epilepsy care and the implementation of
educational initiatives in communities to reduce the stigma of
the disease. Sustained supplies of affordable ASM need to be
ensured and prescribed by staff skilled to diagnose and treat
the condition, and trained traditional healers as potentially
effective stakeholders in epilepsy management should be
considered.

Limitations

The prevalence observed in the present study ranks
among the highest in SSA. Higher rates were only docu-
mented in regions that are hyper-endemic for onchocerci-
asis or in villages where locals repeatedly claimed ample
presence of epilepsy [24–32]. Specific aetiological factors
may influence surveys conducted in geographically iso-
lated areas. The question therefore remains whether
small-scale studies, which often yield the highest preva-
lence, overestimate the real prevalence [2]. Although we
selected our study area primarily based on the absence of
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previous epilepsy awareness campaigns and the availabil-
ity of supportive resources, the endemic nature of poten-
tial risk factors such as T. solium [50], might impair
external validity.

Although all suspected epilepsy cases were evaluated by
neurologists experienced in eliciting the protean and subtle
manifestations that seizures entail, the demarcation of epi-
leptic seizures from mimics including syncope and psycho-
genic non-epileptic seizures (PNES) may be difficult by
history taking only. PNES is associated with previous
trauma such as physical, sexual, or emotional abuse, minor
head trauma, and physical or emotional neglect [67].
A Rwandan report documented women being subjected to
physical and sexual violence in 37% and 23%, respectively,
and men in 30% and 6% [68]. This violence may have trig-
gered PNES. Although PNES can occur in 10%–20% of
patients referred to epilepsy centres [69–71], popula-
tion-based studies are scarce, data on PNES in Rwanda is
non-existent and the diagnostic gold standard, video-EEG
monitoring, is unavailable.

CONCLUSION

We report an extremely high epilepsy prevalence in South-
ern rural Rwanda and reiterate the massive burden of this
disease in the country. These data call for immediate action
to improve epilepsy diagnosis and management in Rwanda.
Further, geographical variation in prevalence between
Northern and Southern areas might indicate case clustering
due to the combined effect of differential exposure to envi-
ronmental and genetic factors. As many causes for epilepsy
in SSA are preventable, case–control studies are underway
to ascertain the risk factors and aetiologies of epilepsy in
Rwanda, critical to propose national policies for epilepsy
prevention.
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