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Abstract

Background: Epilepsy, a neurological condition which af-
fects individuals of all ages has been widely reported to be

Results: The prevalence of epilepsy in this population was
9% (82/914). Infection by Taenia species was 1.5% (2/135)
in epilepsy patients and 0.6% (1/163) in non-epilepsy par-
ticipants (P > 0.5). Yeast cells were significantly higher

caused by parasitic, fungal, bacterial or viral infectious dis-
eases of the Central Nervous System (CNS). Taenia solium
infection otherwise known as neurocysticercosis in taeniasis
endemic zones, Onchocerca volvulus infection in onchocer-
ciasis meso/hyperendemic areas in Africa and other infec-
tious agents have been highly incriminated in different parts
of the world. Epilepsy remains an important but neglected
public health problem in many countries. Ngie sub division
is endemic for onchocerciasis and the people are highly
involved in pig farming and pork consumption. This study
aimed to determine the prevalence of epilepsy in Ngie, in-
vestigate its association with Taenia solium infection as well
as other risk factors.

Methods: A stratified random sampling in which six villages
were selected from three clusters was used for the study.
Nine hundred and fourteen (914) structured questionnaires
were administered in a community-based door-to-door sur-
vey to determine the prevalence of epilepsy and its associ-
ated risk factors. Stool, urine and blood samples from 298
individuals were studied by microscopy in a case-control

in the stool of epilepsy patients (14.1%) than the controls
(5.5%) (P = 0.016). Among the risk factors investigated in
this study, a positive family history (93.9% for epileptics and
42.5% for non-epileptics) and fungal infection could be in-
criminated. The peak age of epilepsy onset in patients was
12 years (19.5%, 16/82) and over 95% of the patients did
not exceed 30 years of age. Characteristics of Onchocerci-
asis Associated Epilepsy (OAE) where observed.

Conclusion: The high prevalence of epilepsy in Ngie sub
division in the Momo valley is not associated with T. solium
infection. Family history, fungal infection and O. volvulus in-
fection could be responsible.
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Introduction

community based laboratory investigation to establish the
relationship between epilepsy and T. solium as well as other
intestinal, blood and urinary parasites. Infection with O. vol-
vulus was not investigated.

Epilepsy, defined as “recurrent unprovoked sei-
zures that occur due to abnormal electrical activity in
the brain” [1], is one of the most common neurological
conditions worldwide. Anything that can cause struc-
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tural or functional damage of brain physiology may
lead to seizures, and various conditions may express
themselves solely by recurrent seizures and thus be la-
belled “epilepsy” [2]. The International League Against
Epilepsy (ILAE) and International Bureau for Epilepsy
(IBE) in 2005 as well as the World Health Organization
[1,3], reported that about 50 million people worldwide
have epilepsy with almost 80% of these people living
in low- and middle-income countries [3]. It is a major
health problem in Central and West Africa [4,5] with
prevalence estimates (based on door-to-door surveys)
ranging between 22.1 per 1,000 in West Africa to 64.8
per 1,000 in Central Africa. Epilepsy is related to serious
physical and psychological consequences, including pre-
mature death, traumatic injury and mental health disor-
ders. Moreover, a substantial treatment gap is evident
in developing countries, because human and financial
resources for diagnosis and treatment are limited and
misconceptions and stigma surround the disorder [4].

Various parasitic infections are thought to be in-
volved in causing epilepsy, especially in tropical coun-
tries. These include malaria, neurocysticercosis and on-
chocerciasis. Neurocysticercosis (NCC) is a parasitic in-
fection of the human central nervous system, which in-
volves infection of the brain parenchyma with the larval
form of the Taenia solium tapeworm and authors have
reported that it may be associated with epilepsy [6-10].
On the other hand, a review from eight studies in West
(Benin and Nigeria), Central (Cameroon and Central Af-
rican Republic) and East (Uganda, Tanzania and Burun-
di) Africa [11] also provided evidence of an association
between epilepsy and onchocerciasis (Onchocerciasis
Associated Epilepsy - OAE). Recent epidemiological and
clinical findings characterized OAE as a spectrum of ep-
ilepsy with onset of seizures between the ages of 3 and
18 years [12], whereas the onset of epilepsy due to NCC
is primarily after the age of 25 years [13]. In Bilomo, a
village found in the Centre Region of Cameroon, hered-
itary, perinatal conditions, CNS infections and traumatic
head injury were reported as risk factors [13] while a
village hyper-endemic for onchocerciasis in the Sanaga
River Valley in the Littoral Region report only a positive
family history as risk factor [14].

Epilepsy has become an apparent epidemicin Momo
Division of the North West Region of Cameroon. In
some cases, the whole family (parents and children) is
affected. Pig breeding has been a traditional occupation
of some communities and pork constitutes part of their
food. Traditionally, pigs are important for funeral cere-
monies, marriages and every kind of ritual in Momo Di-
vision. Because of high consumption of pork, and poor
hygienic conditions as pigs were allowed to move freely
in the communities, it was suspected that epilepsy in
Ngie could be due to neurocysticercosis caused by Tae-
nia solium. Even though a study by Wanji and colleagues
declared this area hyper-endemic for onchocerciasis
[15] we did not investigate onchocerciasis infection due
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to lack of means. This study was designed to determine
the prevalence and possible causes of epilepsy in Ngie
with an emphasis on the role of Taenia species.

Materials and Methods

This study was carried out in six (6) of nineteen (19)
randomly selected villages of Ngie Sub Division, a rural
community in Momo Valley area, North West Region
of Cameroon with a population of about 18,000 inhabi-
tants [16]. Ngie is located between latitude 50° 43’ and
60° 10’ N and longitude 90° 43’ and 90° 55’ E [17]. The
topography is characterized by hills and valleys with
some fast flowing rivers which are potential breeding
sites for O. volvulus vectors (Simulium species). A study
by Waniji, et al. [15] revealed that the Momo valley
where Ngie is situated, was hyper-endemic for oncho-
cerciasis with over 20% palpable nodule prevalence
and above 60% microfilaridermia in all ten communities
where screening was performed before the introduction
of lvermectin Mass Drug Administration (IVM-MDA) by
the African Program for Onchocerciasis Control (APOC).
Farming and pig-rearing are the main economic activi-
ties in these villages. Palm oil, Kolanuts, coffee and sales
of pigs are the main sources of income. Pork is highly
consumed in this community.

The Stratified Cluster Sampling (SCS) approach de-
scribed by [18] was adopted for the study. Ngie Subdivi-
sion was subdivided into three clusters (Upper, Central
and Lower Ngie) based on location. From each cluster,
two villages were randomly selected; Tinechung and
Tinekoh from upper Ngie, Ankek and Ajei from central
Ngie and Teze and Bonambufei from lower Ngie. In
each village, the surveyors systematically moved from
Door-to-door and interviewed participants after ev-
ery one household. The participants of the study were
persons of both sexes and greater than or equal to 10
years of age who had lived in Ngie for at least 5 years.
Nine hundred and fourteen structured questionnaires
were administered to collect sociodemographic data of
participants as well as data on potential risk factors for
epilepsy, such as a positive family history (first degree
relatives), traumatic head injury, meningitis/encephali-
tis, frequent consumption of pork, type of fly bite most
suffered, hygienic practices, malaria history, consump-
tion of marijuana or any other drug to stimulate body
and excessive alcohol intake. Epileptics were defined as
individuals who had suffered two or more unprovoked
seizures within the past 12 months. Prevalence of epi-
lepsy was calculated by dividing the number of epilep-
tics by the total number of inhabitants interviewed in
the selected villages. The prevalence of epilepsy was
compared between various age groups based on inter-
vals of 10 years.

Additionally, a case-control study was performed to
assess risk factors for epilepsy. The sample size was pur-
posive, based on the number of patients and controls in
the community who voluntarily accepted to be part of
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the study and came to the different health centers where
they donated samples for examination. All participants
of the case control study came from the selected villag-
es and included those whose households were not inter-
viewed. Each patient who came to the hospital was exam-
ined alongside one or more other members of the same
household as controls. Two hundred and ninety eight
(298) individuals (135 cases and 163 controls) divided into
5 age-groups donated stool, urine and blood specimens
for microscopic examination, to investigate the presence
of Taenia species and other parasitic (Plasmodium spe-
cies, intestinal helminths, urino-genital parasite and fungi
(yeast cells)) infections excluding O. volvulus.

Stool, blood, and urine specimens were collected
from study participants using standard procedures [19].
Stool in 10% formalin and urine specimens were taken
directly to the laboratory for examination. Normal saline
and iodine preparation followed by the formol-ether
concentration technique were used for the diagnosis
of intestinal parasites in the stool samples [19]. Wet
mount preparations were observed at X10 and X40
objectives. Taeniasis was determined by the presence
of egg or segment(s) of tapeworm in stool. Blood para-
sites (Plasmodium spp. in particular) were investigated
using capillary blood collected from study participants,
stained and observed according to standard procedures
for malaria parasites [19].

Microsoft Excel version 2007 was used to store the
data and plot graphs. Data was then transferred to SPSS
version 17.0 statistical software package for analysis.
The Chi square test was used to test whether signifi-
cant differences in risk factors between epileptics and
non-epileptics were present. Statistical significance was
set at P < 0.05 at 95% confidence interval (Cl).

Ethical Considerations

The study was approved by the Regional Delegation
of Public Health. Informed consent forms were signed
by the study participants before enrollment in the
study. Children below 18 years of age were registered
for the study after an oral parental/guardian informed
consent. For epileptic patients who could not express
themselves properly due to the advanced state of the
seizures, information was given either by their parents
or any elderly family member living in the same home
with the patient. All participants’ information collected
during the course of the research was kept on a pass-
word protected database that was strictly confidential.
In addition to the individual consent, the village chiefs
of the six villages in Ngie gave their authorisation for the
study to be carried out in their communities.

Results

Prevalence of epilepsy in Ngie

Ofthe 914 personswho answered the questionnaires,
82 were suffering from epilepsy, corresponding to an
overall epilepsy prevalence of 9.0% (82/914) in the se-
lected villages of Ngie. However, there was a significant
difference in the prevalence of epilepsy in the different
clusters (x2= 53.503, P < 0.001). From the 304, 310 and
300 individuals interviewed in the Tinechung-Tinekoh
(T-T), Andek-Ajei (A-A) and Teze-Bonambufei (T-B) clus-
ters, 2.0% (6/304), 6.5% (20/310) and 18.4% (56/300)
were epileptics respectively.

Sociodemographic characteristics of participants

The sociodemographic information of the respon-
dents to the questionnaire is shown in Table 1.

Table 1: Sociodemographic data on participants.

Parameters Epileptics (82) Non Epileptics (832) (X?) P-value
Age range (years) 10-50 Mean = 17.73; Median = 17 10-80 Mean = 29.68; Median = 26
Place of birth Ngie 85.4% (70/82) 77.4% (644/832)
Within Momo 6.1% (5/82) 8.1% (67/832)
Out of Momo 8.5% (7/82) 14.4% (120/832)
Gender Males 57.3% (47/82) 48.3% (402/832) 2419 0.133
Females 42.7% (35/82) 51.7% (430/832)
Pit Latrine present at home 87.8% (72/82) 84.9% (706/832) 1.529 0.466
Status Married 11.0% (9/82) 49.9% (415/832)

Living with parents 87.9% (72/82)

38.7% (322/832)

Living alone 1.2% (1/82) 11.1% (92/832)
Literacy level None 0% (0/82) 6.3% (52/832)
Primary 74.4% (61/82) 42.2% (351/832)
Secondary 25.6% (21/82) 49.0% (408/832)
Above secondary 0% (0/82) 2.5% (21/832)
Profession Farmer 42.7% (35/82) 43.3% (360/832)
Salaried employee (1.2% (1/82) 7.7% (64/832)
Students 17.1% (14/82) 33.1% (275/832)
Business 0% 6.0% (50/832)
Herdsmen 0% 0.5% (4/832)
House works 35.4% (29/82) 5.8% (48/832)
Labourers 2.4% (2/82) 3.2% (27/832)
Craftsmen 1.2% (1/82) 0.2% (2/832)
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Figure 1: Age of occurrence of first epileptic seizure among epileptic patients in Ngie.

Illlllllllll.iiiiiﬁ

17 18 20 21 22 24 44 46

Table 2: Age-group distribution of participants in the case-control community based study.

Age-group (years) Epilepsy patients Non-epilepsy persons Total X2 P-value
10-20 79/135 (58.5%) 45/163 (27.6%) 124/298 (41.6%) 76.402 < 0.001
21-30 53/135 (39.3%) 42/163 (25.8%) 95/298 (31.9%)

31-40 0/135 (0%) 31/163 (19.0%) 31/298 (10.4%)

41-50 3/135 (1.5%) 27/163 (16.6%) 30/298 (10.1%)

> 50 0/135 (0.7%) 18/163 (11.0%) 18/298 (6.0%)

Total 135/298 (45.3%) 163/298 (54.7%) 298/298 (100%)

Age of occurrence of first epileptic seizure among
epileptic patients

From our questionnaire respondents, we deter-
mined that, the age at which patients in this study area
experienced the first seizure(s) ranged between 6 and
46 years. The mean age of all 82 epileptic patients was
12.73 years with 12 years as modal age and a standard
deviation of 6.230. Most of these patients 77 (93.9%),
experienced the first seizure before the age of 20 years
with 16 (19.5%) of them experiencing epilepsy at the
age of 12 years (Figure 1). Only 5 (6.1%) of the patients
started experiencing the seizures after 20 years of age.

Age-group distribution among the case-control
participants

The age of epilepsy patients who came for the
case-control study ranged from 10 to 50-years-old (Ta-
ble 2) while the age of controls ranged between 10 and
67-years-old. Most of the cases were within the 10-20
years age group and there was a statistically significant
difference in their distribution in the different age group-
ings (x2=76.402, P < 0.001). Out of the 135 epilepsy pa-
tients who came for the case control study, only 3 of
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them were within the age group of 40-50 years and none
was above 50-years-old. One hundred and thirty two
(97.8%) of the patients/cases who donated samples for
the case control study were within 10-30 years old. The
age-group of the 163 control participants differed from
that cases (Table 2), however, they have the same living
conditions and environmental exposure to pathogens.

Distribution of Taenia species in the stool of par-
ticipants

Out of the 298 stool samples investigated, 1.0%
(3/298) had Taenia ova/eggs (2/135 of epileptics and
1/163 of non-epileptics). There was no significant differ-
ence in the presence of Taenia ova in epileptics when
compared with non-epileptics (x*= 0.558, p = 0.592).
Distribution of intestinal parasites other than Tae-
nia species in stool of participants

There was no significant difference in the distribu-

tion of other intestinal parasites found in epileptic pa-
tients compared with non-epileptic patients (Table 3).

Presence of parasites in urine of participants

Out of the 298 urine samples analyzed, no parasites
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Table 3: Distribution of intestinal parasites other than Taenia species in stool of participants.

Parasite eggs Epileptics Non Epileptics Total x? P-value
Ascaris lumbricoides 23 (17.0%) 21 (12.9%) 44 (14.77%) 1.012 0.329
Hookworm 9 (6.7%) 7 (4.3%) 16 (5.37%) 0.818 0.442
Entamoeba coli 7 (5.2%) 9 (5.5%) 16 (5.37%) 0.016 1.000
Entamoeba histolytica 8 (5.9%) 13 (8.0%) 21 (7.05%) 0.474 0.650
Trichuris trichiura 2 (1.5%) 1(0.6%) 3 (1.01%) 0.558 0.592
Hymenolepis diminuta 3 (2.2%) 0 (0.0%) 3 (1.01%) 3.659 0.092
Schistosoma species 2 (1.5%) 0 (0.0%) 2 (0.67%) 2.431 0.204
Trichomonas species 1(0.7%) 0 (0.0%) 1(0.34%) 1.211 0.453
Entamoeba intestinalis 0 (0.0%) 1(0.6%) 1(0.34%) 0.831 1.000
Yeast cells 19 (14.1%) 9 (5.5%) 28 (9.4%) 6.345 0.016

were seen in the urine of both epileptics and non-epi-
leptics.

Presence of blood parasites in participants

Of the 298 blood specimens from subjects (cases
and controls) examined, the malaria prevalence was
higher (x*=10.053, and P = 0.002) among non-epileptics
(48.5% i.e. 79/163) compared to that among epileptics
(30.4% i.e. 41/135). This shows that malaria is not asso-
ciated with epilepsy in this area. The total prevalence
of malaria parasites in the study population was 40.3%
(120/298). No other blood borne parasites were found
in patients by microscopy.

Associated risk factors of epilepsy

Our study showed that 95.1% (78/82) of patients
had a positive family history of epilepsy as opposed to
42.5% (354/832) of non-patients. Of all the patients,
2.4% (2/82) suffered from the disease after serious head
injury, 1.2% (1/82) had onset after suffering from severe
meningitis (central nervous system infection) and 1.2%
(1/82) suffered onset because of excessive alcohol use
(intoxication).

Discussion

The primary purpose of this study was to determine
the prevalence of epilepsy in Ngie, determine any as-
sociation with taeniasis and investigate other risk fac-
tors that may predispose individuals to epilepsy in the
area. The observed prevalence of 9% is very high when
compared to the prevalence reported in tropical coun-
tries (1.0-1.5%) [20] and in Cameroon (1-4%, [9] and
4.9% [13]). However, our prevalence is very close to the
10.5% reported in a small village located in a geograph-
ically isolated area, hyper-endemic for onchocerciasis in
the Littoral Region of Cameroon [14].

The significant difference in the prevalence of epilep-
sy in the different study clusters of Ngie (x*=53.503, P =
0.000) is similar to patterns that are often seen between
communities with different degrees of onchocerciasis
endemicity within an endemic focus where people suffer
from OAE as reviewed [11]. It is important to note that
the cluster of Teze-Bonambufei, which showed the high-
est prevalence, has more fast flowing rivers very close to
human settlements compared to the other two clusters.
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We expected to find a significant number of indi-
viduals in the population with Taenia ova or segments
in their stool so as to establish a possible link with epi-
lepsy. The very low prevalence of Taenia species in the
population and lack of association with the presence of
epilepsy in the community is an indication that the dis-
ease in Ngie may be due to factors other than taeniasis.
This very low prevalence of taeniasis is very similar to
the 0% reported in an epilepsy endemic area in Bas-Ue’
le” Province, Democratic Republic of the Congo [21]. In-
fection with malaria parasite was not associated with
epilepsy.

A positive family history could be a major risk factor
of epilepsy in this area, as it was presentin 95.1% (78/82)
of the epileptic patients compared to 42.5% (354/832)
of the non-epileptics. From other studies in Cameroon,
a positive family history was the main risk factor for ep-
ilepsy in the Sanaga valley [14] and was also highlighted
in Bilomo village [13]. A man from Lower Edem in Teze
village and two of his children from separate wives to-
gether with some of his brother’s off springs were epi-
leptic. There were several households were either 5 of
8, 3 of 5 and a nephew, and 3 of 6 children of the same
parents suffered from epilepsy. This shows that genet-
ic factors may likely be associated with epilepsy in this
area and not Taenia as reported in other studies [9,10].
From an environmental perspective, the high number
of epilepsy cases clustered in some families and villag-
es is a characteristic of OAE as all family members and
villagers are exposed to O. volvulus infected black flies
close to rapid-flowing rivers [12]. However, we did not
investigate onchocerciasis as a risk factor in this study.

The American Epilepsy Society (2010) reported that
anyone can develop epilepsy despite the age, race
and social class. The onset of epilepsy in Ngie in 93.9%
(77/82) of epileptics was between the ages of 6 to 20
years with 19.5% (16/82) of them experiencing first sei-
zures at the age of 12 years. Similar findings have been
reported in areas endemic for onchocerciasis, and the
age at onset of seizures is mentioned as a characteristic
of OAE [12].

For the patients that reported for the case control
study, we observed that over 95% of them were within
the age groups of 10-20 years (58%) and 21-30 years
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(39%) while less than 5% were above 30 years of age.
This is an indication that, most of the epileptic patients
in this community may die before they can exceed
30-years-old. This finding corroborate a previous study
[22] who reported that epileptic patients in onchocer-
ciasis endemic regions experience high mortality rates.
Between the peak age of seizure onset (12-years-old)
and max 30 years of age for over 95% of patients, will
gives us approximately 18 years that most epilepsy pa-
tients live after experiencing the first seizure.

The significantly higher prevalence of yeast cells in
the stool of epilepsy patients (P = 0.016) is a signal that,
epilepsy in some of the patients could be associated
with fungal infections that affect the CNS [2] . However,
we did not check for the presence of skin inflammations
and the yeast cells were seen in less than 15% of the
patients. The impact of intestinal microbiota on Th17 in
the CNS investigated by other researchers [23] were not
also looked at.

From our questionnaires, we determined that epi-
leptic seizures have seriously impaired a good number
(46.3% or 38/82) of the patients in Ngie. Some have suf-
fered serious burns wherein they have lost parts of their
bodies (e.g. hand, leg or fingers amputated). Others
have suffered injuries from hard/sharp objects during
attacks and 95.1% of them are suffering from some sort
of mental retardation. Place of birth (at home, health
Centre, hospital or dispensary) did not influence or de-
termine whether an individual will be epileptic or not.

This lack of association of epilepsy with several envi-
ronmental risk factors which we looked at in this study
only shows that epilepsy in Ngie may be linked to causes
other than those investigated in this study.

Conclusion

A high prevalence of epilepsy was observed in a se-
lection of clusters in Ngie with varying cluster-specific
levels of prevalence. However, these were not found to
be associated with taeniasis. A positive family history
and fungal infection may be associated with epilepsy in
Ngie. Characteristics of onchocerciasis associated epi-
lepsy were also observed in the results. Future studies
on human genetic, fungal and onchocerciasis associated
factors may unravel the actual cause of epilepsy in this
area.

Limitations

Epilepsy status was only derived from question-
naires and some patients not comfortable with the
stigma associated with the disease might have refused
to declare their correct status. Our case control study
population consisted only volunteers (could be biased).
The tendency to only include patients with visible epi-
lepsy (tonic-clonic seizures) and not those with less visi-
ble epilepsy (absences), no use of medical professionals
to determine the kind of epilepsy (and whether it truly
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was epilepsy). We did not do assessment of Onchocerca
volvulus infection.
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