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Abstract

Purpose—To estimate the lifetime prevalence of neurocysticercosis (NCC) associated epilepsy
and the proportion of NCC among people with epilepsy in three Burkina Faso villages.

Methods—Three villages were selected to represent three types of pig-rearing methods: 1)
Batondo where pigs are left to roam; 2) Pabré where pigs are mostly tethered or penned, and 3)
Nyonyogo where the majority of residents are Muslim and few pigs are raised. In Batondo and
Nyonyogo, all concessions (a group of several households) were included. Half of the concessions
in Pabré were randomly chosen. All households of selected concessions were included, and one
person per household was randomly selected for epilepsy screening and serological testing for
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cysticercosis. Self-reported cases of epilepsy were also examined and confirmed cases included in
analyses other than the estimate of NCC-associated epilepsy prevalence. Epilepsy was defined as
ever having had more than one episode of unprovoked seizures. Medically confirmed cases of
epilepsy had a computerized tomography (CT) scan of the brain before and after contrast medium
injection. The diagnosis of NCC was made using a modification of the criteria of Del Brutto et al.
(2001).

Key Findings—Thirty-nine (4.4%) of 888 randomly selected villagers and 33 of 35 (94.3%)
self-reported seizures cases were confirmed to have epilepsy by medical examination. Among the
68 participants with epilepsy who had a CT scan, 20 patients were diagnosed with definitive or
probable NCC for a proportion of 46.9% (95% C1=30.2; 64.1) in Batondo and 45.5%
(95%CI1=19.0; 74.1) in Pabré. No cases of NCC were identified in Nyonyogo.

Significance—All the definitive and probable cases of NCC were from the two villages where
pig breeding is common. Prevention policies intended to reduce the burden of epilepsy in this
country should include measures designed to interrupt the life cycle of 7aenia solium.
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Background

Many studies have reported a higher prevalence of epilepsy in developing countries than in
the developed world (reviewed by Roman et al. 2000; Preux et al. 2005). Infections such as
malaria, meningitis, viral or bacterial encephalitis and perinatal factors are mentioned as
possible reasons for the higher prevalence (Jallon 1997; Preux et al. 2005). One infection
that has received only limited attention in some parts of the world is neurocysticercosis
(NCC), although it has been reported as the most frequent parasitic infection of the central
nervous system (Garg 1998; Roman et al. 2000).

Neurocysticercosis results from the invasion of the central nervous system (CNS) by the
larval stage of 7aenia solium after ingestion of the parasite eggs. The adult form of the
parasite is hosted by humans, causing an intestinal parasitosis (taeniasis), occurring when
humans consume poorly cooked pork infected with larvae (metacestode cysticerci) of the
parasite. The eggs of the parasite are shed in human feces. Pigs, the intermediate hosts,
become infected when consuming human feces or food or water contaminated by human
feces. Poor pig management practices, hygiene and sanitation all contribute to the
transmission of 7. solium infection (Pal et al. 2000; Preux et al. 2005).

Humans may become accidental hosts for the larvae leading to cysticercosis when they
ingest the parasite’s eggs in contaminated food or water (oral-fecal contamination) (Pittella
1997; Palacios et al. 1997; Garg 1998; Pal et al. 2000). Cysticercosis occurs when the larvae
migrate from the intestine to any tissue, but the CNS is believed to be a site of predilection.
Once established in the CNS, the larva evolves through four different stages: cystic where it
is a viable vesicle of 10-20 mm full of liquid containing a scolex; colloidal where the vesicle
starts degenerating, causing a thickening of the liquid and often causing an inflammatory
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reaction in surrounding brain tissue; granularwith deposition of mineral salts; and finally
calcified, or nonviable cysts, which appear as hyperdense areas on computerized
tomography (CT) (Pittella 1997; Palacios et al. 1997; Garg 1998; Nash et al. 2004). The
larvae may migrate into any structure of the CNS, including the spinal cord, subarachnoid
space and ventricles, but the most common site is the parenchyma. The CNS symptoms
reflect both the location and the inflammation caused by the larvae, with seizures being the
most common presentation (Garg 1998; White & Garcia 1999; Pal et al. 2000; Riley &
White 2003; Carabin et al., 2011). Other CNS symptoms include severe progressive
headache, focal neurological deficit, hydrocephalus or symptoms of intracranial
hypertension (nausea, dizziness, vomiting or visual symptoms) (Palacios et al. 1997; Garg
1998; White & Garcia 1999; Pal et al. 2000; Prabhakar & Singh 2002a; Carabin et al.,
2011).

Neuroimaging is a key tool in the diagnosis of NCC (Palacios et al. 1997; Garg 1998; White
& Garcia 1999; Pal et al. 2000). Serological tests detecting specific antibodies or antigens of
7. solium determine past exposure or current infection status but are not by themselves
diagnostic for NCC.

A meta-analysis by Quet et al. (2010) reported an association between epilepsy and
seropositivity to cysticercosis from prevalence case-control and cross-sectional studies
conducted in Sub-Saharan Africa. Yet, when the present study was initiated, no information
was available on the prevalence of either human cysticercosis or neurocysticercosis and their
association with epilepsy in Burkina Faso. Such information is key to the development of
effective prevention programs and policies for epilepsy in the country. The objective of this
study was to estimate the prevalence of NCC-associated epilepsy in three villages of Burkina
Faso and the proportion of NCC among people with epilepsy (PWE). We also describe the
stage of cyst evolution among people who had CT-identified lesions of NCC.

Three villages where epilepsy was believed to be common were selected. In two villages
(Batondo and Pabré), many villagers were raising pigs. In the third village (Nyonyogo), very
few pigs were raised. Batondo is located 140 kilometers northwest of Ouagadougou the
capital city of Burkina Faso. The village is inhabited by approximately 3000 people.
Nyonyogo, located 30 kilometers northeast of Ouagadougou, is inhabited by approximately
1500 people. Pabré is located 20 kilometers northeast of Ouagadougou and includes
approximately 4000 inhabitants.

Sampling strategy

The field investigation team included a medical doctor, a veterinarian, and two interviewers.
The team was aided by a translator in Batondo, where some participants only spoke Lélé, the
local language. Before the start of the study, each village was visited and each concession
identified (a concession is a group of households whose members share a common
ascendant and live together in proximity). A clustered random sampling strategy was used to
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select participants. Concessions were sampled in the first stage with all concessions included
in Batondo (N=130) and Nyonyogo (N=131) and 336 out of 609 concessions randomly
selected in Pabré. The difference in the number of sampled concessions can be explained by
the social structure of each village. In Pabré and Nyonyogo, each concession generally
includes only one household (father, mother and children) while in Batondo, related families
live together in the same concession (with an average of three households per concession).
In the second stage, all households in each selected concession were invited to participate.
This resulted in sampling 357, 343 and 187 households in Pabré, Batondo and Nyonyogo,
respectively. The smaller number of households in Nyonyogo was due to the smaller
population size in this village. In the third stage, one individual was selected randomly from
each household for a screening interview on epilepsy. To be included in this study, a
participant had to be at least 7 years of age and resident in the village for at least one year.

In all three villages, several individuals who had not been randomly selected directly
contacted the field physician because they believed they suffered from epilepsy and wanted
to be examined (self-reported cases of epilepsy).

Screening interviews for epilepsy

A screening questionnaire for epilepsy, adapted from the International League Against
Epilepsy (ILAE) screening questionnaire (Preux et al. 2003), was administered to the
randomly selected participants of the three villages and to the self-reported cases of epilepsy.
Details on this questionnaire can be found elsewhere (Nitiéma et al., 2012). Those who
screened positive for seizures were evaluated for epilepsy by the field physician.

Definition and confirmation of epilepsy

The field physician conducted a full neurological examination and asked further questions
about epilepsy of participants who had screened positive on the questionnaire (Nitiéma et
al., 2012). Epilepsy was defined as ever having had at least two apparently unprovoked
seizures separated by at least 24 hours. Only patients who met this definition were
considered as confirmed epilepsy cases and were used to calculate estimates of lifetime
prevalence. Active epilepsy was defined as the occurrence of at least one epileptic seizure
during the previous three years or the use of antiepileptic drugs for seizures within the three
last years. Seizures types were classified according to the ILEA guidelines based on the
participant’s description of seizure manifestations (Engel 2006).

Serological test

The results of the serological survey in this population and the details of the diagnostic test
used are reported elsewhere (Carabin et al., 2009). The enzyme-linked immunosorbent assay
for the detection of circulating antigens to the metacestodes of 7. so/ium (AgELISA) was
used (Brandt et al. 1992;Dorny et al. 2004a).

Cranial computerized tomography

All confirmed epilepsy cases were offered a CT-scan of the brain, except pregnant women.
The cranial CT was performed at the Centre Hospitalier Universitaire Yalgado Ouédraogo
(CHU-YO) in Ouagadougou using a General Electric 4 Barrett Model Hi Speed QX/I
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apparatus. Images were taken without and with injection of contrast product (50 ml of
TelebrixR 35) 5 to 10 minutes following the injection.

Identification and classification of lesions of neurocysticercosis

The CT films were read independently by two trained radiologists (RC and M-PB-M). Films
for which there were disagreements were reviewed and discussed until an agreement was
reached. Lesions were classified as “active” cystic lesions only, “transitional” ring-
enhancing lesions only (colloidal and granular), “calcified” lesions only or “mixed” when
there were calcifications with active or transitional lesions as suggested by Carpio et al.
(1994). These NCC lesions were further classified according to the recommendations of Del
Brutto et al., 2001. Briefly, lesions showing a cyst with a scolex were considered as
pathognomonic for NCC and constitute an absolute criterion for diagnosis. Lesions highly
suggestive of NCC included ring or nodular enhancing lesions or parenchymal calcifications
and constitute major criteria (each lesion counts for one major criterion). Lesions compatible
with NCC included hydrocephalus or abnormal enhancement of the leptomeninges and
myelograms showing filling defects of the contrast medium and are considered minor
criteria. The latter criterion could not be used since no myelogram was performed.

Classification of a single calcification was often the source of disagreement between the
radiologists. Hence, eight cases with solitary calcified cysts were reviewed by a
neurosurgeon with expertise in diagnosing solitary cysticercus granuloma and calcification
(VR). His diagnosis for those cases was used. The number and location of all NCC lesions
were noted.

Diagnosis of neurocysticercosis

The diagnosis of NCC was made according to modified criteria of Del Brutto et al. (2001),
with a serological test positive by AQELISA replacing the EITB test positive as a major
criterion for diagnosis. This modification was made based on a recent study which showed
that serological AgELISA and EITB tests had very similar sensitivities for detecting current
infection and the AgELISA showed a better specificity than EITB (Praet et al., 2010). All
the participants confirmed with epilepsy had at least one minor criterion (epilepsy) and one
epidemiologic criterion (living in a 7. sofium endemic area).

With the diagnostic tools available in our study and the fact that all participants had at least
one minor and one epidemiological criterion, NCC cases were considered definitive if they
had at least one absolute criterion or at least two major criteria. NCC cases were considered
probable if they had one major criterion or two minor criteria.

We define NCC-associated epilepsy cases as those cases of epilepsy who met the modified
diagnostic criteria of definitive or probable NCC.

Statistical analysis

The level of agreement between the two radiologists was assessed by the kappa statistic
(Fleiss 1980) and interpreted according to Landis and Koch (1977). Confidence intervals for
proportions were calculated using the “mid-p” binomial-based method (Newcombe 1998).
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The level of significance for statistical tests was set at 0.05. All statistical analyses were
done with SAS version 9.2 (Cary, North Carolina) and Open-Epi version 2.3 (Dean et al.
2010). The village-specific prevalence of NCC-associated epilepsy was estimated by
multiplying the prevalence of epilepsy among those selected at random by the proportion of
NCC conditional on having epilepsy from all of those who had a CT-scan. This prevalence
was estimated using WinBugs 1.4.3© and represents the proportion of people in each village
estimated to have both epilepsy and NCC. A model using the proportion of NCC only
among those randomly selected individuals lead to very similar estimates (results not
shown). The cross-sectional association between age, gender, age at first seizure and active
epilepsy and the presence of NCC was estimated using the prevalence proportion ratio (PPR)
where the prevalence of NCC in one group was divided by the prevalence of NCC in the
reference group for each variable. PPRs were estimated between the factors of interest and
definitive, probable, and all NCC cases (one estimate for each variable and category of
NCC). The 95%CI of the PPR was calculated using the method proposed by Katz et al.
(1978) for computing the confidence intervals of the ratio of two proportions.

Randomly selected individuals and self-reporting epilepsy cases, or parents of children of
less than 15 years old, were asked for their consent to participate in the study. The consent
forms were written in either French or in the local language. If the participant could not
read, the form was read and clearly explained to her/him or to the legal guardians for
children. There is no written form of LéI¢, so the consent was read to people in Batondo who
did not speak French or other written languages. The participants were asked to sign a
consent form if they agreed to participate. The signature was an “X” when the respondent
was unable to write their name. The study was approved by the ethical committee of the
Center MURAZ (Ref. 02-2006/CE-CM) and by the Institutional Review Board of the
University of Oklahoma Health Sciences Center (IRB# 12694).

Study population and prevalence of epilepsy

Of the 888 randomly-selected villagers interviewed, 70 (8%) screened positive and 39 of
these were confirmed with epilepsy. As reported elsewhere, this correspond to an estimated
lifetime prevalence of 4.8% (95% Confidence Interval (95% CI) =2.9; 7.6), 3.1% (95% Cl=
1.7; 5.4), and 6.5% (95% CI1=3.5; 10.7) in Batondo, Pabré, and Nyonyogo respectively
(Nitiéma et al. 2012). Overall, 29 (74%), 21 (54%) and three (8%) reported having
experienced generalized seizures, simple partial seizures and partial seizures secondarily
generalized at least once, respectively. Thirty-six of the 39 had a cranial CT. Among the
three confirmed cases who did not have a CT, two (from Pabré) did not show up the day of
the examination and the other (from Batondo) was a pregnant woman. Among the 36
participants with a CT-scan, the time elapsed between the self-reported onset of seizures and
the time of the screening questionnaire was less than 12 months, 1 to 2 years, 3 to 4 years,
and 5 years or more for two (5.6%), eight (22.2%), three (8.3%), and 21 (58.3%),
respectively. Two (5.6%) participants did not remember the time of onset of their seizures.
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Among the 39 subjects self-identified as having epilepsy, four were under seven years of age
(brought by their parents) and thus ineligible. Two of the remaining 35 were not confirmed
as having epilepsy by the study doctor. Among the 33 self-reported and confirmed epilepsy
cases, 33 (100%) and 11 (33%) reported having experienced generalized seizures and partial
seizures at least once, respectively. None of them reported an episode of partial seizures
secondarily generalized. Thirty-two of the self-identified, confirmed epilepsy cases received
a CT-scan; the other one did not show up on the day of the CT scan exam. Among those
participants, the time interval between self-reported onset of seizures and the day of the
screening interview was less than 12 months, 1 to 2 years, 3 to 4 years, and 5 years or more
in three (9.4%), four (12.5%), four (12.5%), and 21 (65.6%), respectively.

Agreement of the radiologists in reading the CT-scans

Of the 68 initial readings of CT-scans by the two radiologists, 54 were concordant (79%
agreement). The kappa was 0.55 (95%ClI: 0.34-0.75) when “wuncertain lesions suggestive of
NCC’ were grouped with “other lesions, not NCC’ and 0.70 (95% CI: 0.52—0.88) when
those cases were considered as having evidence of NCC.

Lesions identified at the CT-scan examinations

Six cases (9%) had at least one lesion pathognomonic for NCC (cyst with scolex: four in
combination with calcified lesions only, and two in combination with calcified and other
types of lesions). A total of 13 (19%) had no pathognomonic lesions but did have at least
one lesion highly suggestive of NCC including cysts without scolex (one case in
combination with a calcification), colloidal cyst only (one case), and 12 had at least one
calcification (11 with calcifications only). No evidence of hydrocephaly, lesions of the
leptomeninges, or brain tumors was reported. In addition to the lesions suggestive of NCC,
cerebral atrophy was observed in six cases (9%), one of whom also had calcified NCC
lesions.

Diagnosis of neurocysticercosis

A total of 20 patients (29%) met the criteria of definitive (11) or probable (9) NCC. Among
the 11 definitive NCC cases, six (55%) had one absolute criterion, one (5%) had three major
criteria (two types of lesions highly suggestive of NCC and positive AgELISA serological
test), and four (36%) had two major criteria (one lesion highly suggestive of NCC and a
positive AGELISA serological test). Among the nine probable NCC cases, eight (89%) had
one type of lesion highly suggestive of NCC and one (11%) had a positive AGELISA
serological test. Two individuals in this group were missing AgELISA test results.

Table 1 presents the distribution of patients according to the results of the AgELISA,
presence of lesions of NCC, and presence of absolute and major criteria for NCC by village
and by type of epilepsy case (randomly selected or self-reported). A total of ten (17%)
patients of 60 with available results were seropositive to the AGELISA test (major criterion).
None of the participants from Nyonyogo had either an absolute or a major criterion.

Table 1 also illustrates that there were no major differences in the proportion of lesions
pathognomonic or suggestive of NCC or in the proportion of cases with at least one absolute
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or major criterion between cases selected at random and those who self-reported as having
epilepsy. The latter group showed a higher proportion of cases with one absolute criterion,
but the difference was not significant.

The demographic characteristics, types of NCC lesions and of seizures, and modified Del
Brutto criteria (2001) of the 20 cases with definitive or probable NCC can be found in the
online supporting document. This Table shows that among NCC cases with seizures onset in
the past 2 years (Six cases), 3—4 years (two cases) and 5 years or more (11 cases) before the
interview, four (67%), one (50%) and three (27%) had colloidal or cystic lesions,
respectively.

Prevalence of NCC-associated epilepsy and proportion of NCC among PWE

Table 2 presents the proportion NCC among people with epilepsy in each village as well as
the estimated prevalence of NCC-associated epilepsy. In Batondo and Pabré, nearly half of
PWE (47% with 95% CI: 32%; 61%) were definitive or probable cases of NCC. The
prevalence of NCC-associated epilepsy was 2.2% (95% BCI=1.2%; 3.9%) in Batondo; 1.5%
(95% BCI1=0.1%); 3.0%) in Pabré and 0.2% (95% BCI = 0.0%; 1.0%) in Nyonyogo.

Cross-sectional association between selected factors and neurocysticercosis

Prevalent cases of NCC-associated epilepsy had their first seizure at an older age than non-
NCC cases (Table 3). NCC-associated cases of epilepsy also tended to be older than non-
NCC cases.

DISCUSSION

This is the first community-based study of NCC in Burkina Faso. Nearly half of the PWE
living in two villages where pigs were raised had NCC, while we found no case of NCC
among PWE in a village with very few pigs.

Our results are consistent with a recent meta-analysis which reported that 29% (95% CI:
23%; 36%) of PWE have lesions of NCC on imaging of the brain (CT-scans or MRI) in
endemic areas (Ndimubanzi et al., 2010). Indeed, if we include patients with lesions
suggestive of NCC based on the CT-scan only (not serology), the proportion of PWE with
NCC lesions is 28% (19/68) across the three villages.

Our results show a higher prevalence of NCC among PWE than in a clinic-based study from
the Mbulu district of Tanzania where NCC was reported in 18% of 212 PWE diagnosed 2-4
years before the study and who were receiving care (Winkler et al., 2009). This difference
could be explained by two main reasons. First, the Tanzanian study was limited to patients
who were diagnosed at least two years before the start of the study, which contrasts with the
fact that 25% of our cases had their first seizure in the past 2 years. Moreover, the percentage
of active lesions was higher among cases with more recent seizures onset. This resulted in a
larger proportion of cases in our study showing active lesions at the CT-scan (37% of
participants with lesions of NCC), in contrast to only 16% in the Tanzanian study. In other
words, our case group represented more recent epilepsy cases, which could explain why
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NCC lesions were more often observed. The alternative explanation (or additional one) may
be that NCC is more common in the villages selected in our study.

In a study of volunteers in Menoua Division, Cameroon, a region where pig breeding is
common, Nguekam et al. (2003) found a prevalence of 59% of brain CT lesions suggestive
of NCC among those with a positive serological reaction to 7. so/ium larvae antigen
identified with the AgELISA test. In our investigation, nine of 10 seropositive cases (90%)
had absolute or highly suggestive lesions of NCC. Furthermore, in the investigation of
Nguekam et al., only 22 of 34 (65%) seropositive cases agreed to the CT scan of the brain.
The true proportion of subjects with CT-scan lesions suggestive of NCC could be higher or
lower if the proportion was different in the participants who declined having the brain scan.
In the Eastern Cape Province, South Africa, Foyaca-Sibat et al. (2009) reported a prevalence
of 37% (95%CIl: 27%; 48%) of CT-scan lesions suggestive of NCC in PWE receiving
medical care. This high percentage of NCC-associated epilepsy may be due to the low
proportion (less than 0.5%) of self-reported Muslims in the 2001 census in that Province
(Statistics South Africa, 2004).

No cases of NCC were found among PWE living in Nyonyogo, where most people do not
consume pork meat and very few pigs are raised. Hence, it is unlikely that the environment
is contaminated with 7. so/iumin that village. Similar results were reported by Secka et al.
(2010) in the Gambia in a case-control study that included 210 PWE (cases) and 420
controls matched by gender and age (5 years), with 95% of the study population being
Muslim. In that study, all the participants had a 7. sofium serological screening with EITB
and AgELISA and the respondents with positive results (three cases and six controls with
AQELISA; none with EITB) had a cranial CT scan. No significant association between
epilepsy and cysticercosis was found [odds ratio = 0.75 (95% CI: 0.13-3.15)]. None of the
nine participants who had a CT scan had brain lesions suggestive of NCC.

The manner in which pigs are typically raised (e.g., confined, tethered, or roaming) may
influence the prevalence of cysticercosis in both pigs and humans (Vazquez-Flores et al.
2001; Morales et al. 2006). The proportion of NCC among PWE was very similar in Pabré
and Batondo, which is not surprising since, even though pigs were raised differently during
the rainy season, they were left to roam in both villages during the dry season (Ganaba et al.,
2011). Indeed, the seroprevalence of pig infection was very similar in the two villages
(Ganaba et al., 2011). What is more surprising, however, is that the seroprevalence to the
antigens of 7. so/ium in humans was much lower in Pabré than Batondo (Carabin et al.,
2009). In a study in Cameroon, Shey-Njila et al. (2003) did not find any significant
difference in the prevalence of cysticercosis between permanently confined and partially
confined pigs. Rather, they identified factors associated with infection in pigs as the absence
of latrines in the household and the defecation of the household members in the pigpens. A
similar situation is likely to exist in the present study where only 8% of the randomly
selected participants reported using a latrine in Batondo, 11% in Nyonyogo and 37% in
Pabré. The NCC-associated epilepsy cases were older in Pabré (median age = 57 years)
compared to the ones in Batondo (median age = 25 years) but the difference was not
statistically significant (p=0.09 with the Mann-Whitney test). It is possible that the
seroprevalence in Pabré was lower due to the recent improvements in sanitation, with the
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NCC being a reflection of past infections, but the proportion of NCC patients with active
lesions was similar. The sample size in Pabré was very small, which limits our ability to
explore the differences further.

People with NCC and epilepsy were older than PWE without NCC. In addition, the age at
onset of seizures was higher among those with NCC-associated epilepsy as compared to
those without NCC. This would support the often mentioned fact that tapeworm infection
and cysticercosis are rare in children and affect mostly adults (Prabhakar& Singh 2002b).
Moreover, epilepsy with hereditary or congenital etiology is more likely to manifest early,
while epilepsy caused by environmental factors may have a later onset.

The present study had some limitations. First, the sample may not be representative of all
PWE. Self-identified cases had more generalized seizures, which are easily identifiable by
the subject, his or her family, and friends. Moreover, villagers under seven years of age were
not included in the study. Even if NCC is rare in young children, some cases have been
diagnosed in this age group (Ruiz-Garcia et al. 1997; Salazar & Cornejo 1997; Ferreira et al.
2001; Scott et al. 2005; Saenz et al. 2006). Other plausible reasons for error in estimating the
true prevalence of NCC-associated epilepsy are that PWE may conceal their disease because
of fear of stigmatization, and the questionnaire used for screening might have failed to
identify some cases with more unusual types of seizure manifestations that were not
recognized as epilepsy. If the distribution of NCC varies depending on the type of seizures, it
could introduce a bias in our estimate of the proportion of NCC among people with epilepsy.
Moreover, imperfect sensitivity and specificity of the AQELISA test used to identify
cysticercosis would have influenced the final serology results. The AgELISA serological test
is useful for the diagnosis of current cysticercosis cases, with active cyst antigens circulating
in the sera. The AgELISA is not designed to detect past infections (Garcia et al. 2002;
Dorny et al. 2004b), and has a poor sensitivity to do so (Praet et al., 2010). This means that
the AgELISA will not perform well in older NCC cases (colloidal and calcified lesions)
where no circulating antigens are expected to be present. In our study, four of the ten cases
(40%) with calcifications and colloidal lesions only who had a serological test had a positive
result, while five of the seven cases (71%) with cystic lesions (with or without scolex) were
tested positive. The positive AGELISA results in participants with calcified lesions is mostly
likely due to cystic lesions located elsewhere (outside the brain) given the endemic nature of
the study villages. Our choice of AgELISA instead of the EITB may have led to an
underestimation of the proportion of PWE cases with NCC, or in classifying less NCC cases
as definite instead of probable. In addition, serological results for eight epilepsy cases were
missing. Finally, magnetic resonance imaging (MRI) might have been more efficient in
identifying some types of NCC lesions (White & Garcia 1999). Indeed, MRI is superior to
CT in some NCC cases like cysts developed in the ventricles while CT is very efficient in
diagnosing calcifications. However, no MRI device was available in Burkina Faso at the time
of the study. The fact that there were few PWE also limits our ability to run a multivariate
analysis of factors associated with NCC. Finally, this was a pilot including only three
villages which may not represent the true situation in the country as a whole.
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CONCLUSION

The study found a high prevalence of NCC in people with epilepsy and of NCC-associated
epilepsy in villages where pig breeding is common. While it is not possible in this cross-
sectional study to determine whether NCC was the cause of epilepsy or simply a co-
morbidity in people with epilepsy living in an endemic area, these data suggest that
approximately 47% of epilepsy is potentially preventable in two of the three study villages.
The next step in research should be to determine which strategies are most effective for
prevention of NCC in areas where 7. so/ium is endemic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This study was funded by the National Institute for Neurological Disorders and Stroke (NINDS) and the Fogarty
International Center (FIC) of the National Institutes of Health (“Epidemiology and Burden of NCC in Burkina
Faso” (R21 NS055353) under the Brain Disorders in the Developing World: Research Across the Lifespan
(BRAIN) program. We would like to thank Dr. Adele Kam from IRSS for her substantial help in the analyses of the
blood samples. We are also thankful to Henri Somé for all his help in the database structuring and data entry, the
field team including Ms Alida Da and Miss Chantal, Millogo, Mr Leopold Bado as well as Dr. Adama Sow who
were instrumental to the success of this work. Finally, we are grateful to all the inhabitants from the three villages
for their wonderful welcome and participation.

Reference List

Brandt JRA, Geerts S, De Deken R, Kumar V, Ceulemans F, Brijs L, Falla N. A monoclonal antibody-
based ELISA for the detection of circulating excretory-secretory antigens in 7aenia saginata
cysticercosis. Int J Parasitol. 1992; 22:471-477. [PubMed: 1644522]

Carabin H, Millogo A, Praet N, Hounton S, Tarnagda Z, Ganaba R, Dorny P, Nitiéma P, Cowan LD.
Evaluation du Fardeau Economique de la Cysticercose Au Burkina Faso (EFECAB).
Seroprevalence to the antigens of Taenia solium cysticercosis among residents of three villages in
Burkina Faso: a cross-sectional study. PLoS Negl Trop Dis. 2009; 3:e555. [PubMed: 19936298]

Carpio A, Placencia M, Santillan F, Escobar A. A Proposal for Classification of Neurocysticercosis.
Can J Neurol Sci. 1994; 21:43-47. [PubMed: 8180904]

Dean, AG., Sullivan, KM., Soe, MM. [last accessed 2012/04/23] OpenEpi: Open Source
Epidemiologic Statistics for Public Health, Version 2.3. www.OpenEpi.com, updated 2011/23/06

Del Brutto OR, Rajshekhar V, White AC, Tsang VCW, Nash TE, Takayanagui OM, MD, Schantz PM,
Evans CAW, MD, Flisser A, Correa D, Botero D, Allan JC, Sarti E, Gonzalez AE, Gilman RH,
Garcia HH. Proposed diagnostic criteria for neurocysticercosis. Neurology. 2001; 57:177-183.
[PubMed: 11480424]

Dorny P, Phiri IK, Vercruysse J, Gabriel S, Willingham AL 3rd, Brandt J, Victor B, Speybroeck N,
Berkvens D. A Bayesian approach for estimating values for prevalence and diagnostic test
characteristics of porcine cysticercosis. Int J Parasitol. 2004a; 34:569-576. [PubMed: 15064121]

Dorny P, Brandt J, Geerts S. Immunodiagnostic approaches for detecting 7aenia solium. Trends
Parasitol. 2004b; 20:259-260. [PubMed: 15147673]

Engel J. ILAE classification of epilepsy syndromes. Epilepsy Res. 2006; 70S:S5-S10.

Ferreira LS, Zanardi VA, Scotoni AE, Li LM, Guerreiro MM. Childhood epilepsy due to
neurocysticercosis: a comparative study. Epilepsia. 2001; 42:1438-1444. [PubMed: 11879347]

Fleiss, JL. Statistical methods for rates and proportions. 2. John Wiley and Sons; New York: 1980.

Foyaca-Sibat H, Cowan LD, Carabin H, Targonska I, Anwary MA, Serrano-Ocana, Krecek RC,

Willingham AL I11. Accuracy of serological testing for the diagnosis of prevalent

Epilepsia. Author manuscript; available in PMC 2017 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Millogo et al.

Page 12

neurocysticercosis in outpatients with epilepsy, Eastern Cape Province, South Africa. PLoS Negl
Trop Dis. 2009; 3:562. [PubMed: 19997629]

Ganaba R, Praet N, Carabin H, Millogo A, Tarnagda Z, Dorny P, Sennen H, Sow A, Nitiema P, Cowan
LD. Factors Associated with the Prevalence of circulating antigens to porcine cysticercosis in
Three Villages of Burkina Faso. PL0oS Negl Trop Dis. 2011; 5:e927. [PubMed: 21245913]

Garcia HH, Gonzalez AE, Gilman RH, Bernal T, Rodriguez S, Pretell EJ, Azcurra O, Parkhouse RM,
Tsang VC, Harrison LJ. Cysticercosis Working Group in Peru. Circulating parasite antigen in
patients with hydrocephalus secondary to neurocysticercosis. Am J Trop Med Hyg. 2002; 66:427—
430. [PubMed: 12164300]

Garg RK. Neurocysticercosis. Postgrad Med J. 1998; 74:321-326. [PubMed: 9799883]

Jallon P. Epilepsy in developing countries. Epilepsia. 1997; 38:1143-1151. [PubMed: 9579962]

Katz D, Baptista J, Azen SP, Pike MC. Obtaining Confidence Intervals for the Risk Ratio in Cohort
Studies. Biometrics. 1978; 34:469-74.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977,
33:159-174. [PubMed: 843571]

Morales J, Martinez JJ, Garcia-Castella J, Pefia N, Maza V, Villalobos N, Aluja AS, Fleury A, Fragoso
G, Larralde C, Sciutto E. 7aenia soliur. the complex interactions, of biological, social,
geographical and commercial factors, involved in the transmission dynamics of pig cysticercosis in
highly endemic areas. Ann Trop Med Parasitol. 2006; 100:123-135. [PubMed: 16492360]

Nash TE, Del-Brutto OH, Butman JA, Corona T, Delgado-Escueta A, Duron RM, Evans CAW, Gilman
RH, Gonzalez AE, Loeb JA, Medina MT, Pietsch-Escueta S, Pretell EJ, Takayanagui OM,
Theodore W, Tsang VCW, Garcia HH. Calcific Neurocysticercosis and Epileptogenesis.
Neurology. 2004; 62:1934-1938. [PubMed: 15184592]

Ndimubanzi PC, Carabin H, Budke CM, Nguyen H, Qian YJ, Rainwater E, Dickey M, Reynolds S,
Stoner JA. A systematic review of the frequency of neurocysticercosis with a focus on people with
epilepsy. PLoS Negl Trop Dis. 2010; 4:e870. [PubMed: 21072231]

Newcombe RG. Two-sided confidence intervals for the single proportion: comparison of seven
methods. Statist Med. 1998; 17:857-872.

Nguekam JP, Zoli AP, Zogo PO, Kamga ACT, Speybroeck N, Dorny P, Brandt J, Losson B, Geerts S.
A seroepidemiological study of human cysticercosis in West Cameroon. Trop Med Int Health.
2003; 8:144-149. [PubMed: 12581440]

Nitiéma P, Carabin H, Hounton S, Cowan LD, Ganaba R, Kompaoré C, Millogo A. EFECAB.
Prevalence case-control study of epilepsy in three Burkina Faso villages. Acta Neurol Scand.
2012; Published online: 31-Jan-2012. doi: 10.1111/j.1600-0404.2011.01639.x

Pal DK, Carpio A, Sander JWAS. Neurocysticercosis and epilepsy in developing countries. J Neurol
Neurosurg Psychiatry. 2000; 68:137-143. [PubMed: 10644776]

Palacios E, Lujambo PS, Jasso RR. Computed tomography and magnetic resonance imaging of
neurocysticercosis. Semin Roentgenol. 1997; 32:325-334. [PubMed: 9362100]

Pittella JEH. Neurocysticercosis. Brain Pathol. 1997; 7:681-693. [PubMed: 9034574]

Prabhakar, S., Singh, G. Neurocysticercosis: an overview of clinical presentations. In: Prabhakar, S.,
Singh, G., editors. Taenia solium cysticercosis: From basics to clinical sciences. CAB Publishing;
2002a. p. 169-175.

Prabhakar, S., Singh, G. Paediatric Neurocysticercosis. In: Prabhakar, S., Singh, G., editors. 7aenia
solium cysticercosis: From basics to clinical sciences. CABI Publishing; 2002b. p. 257-262.

Praet N, Rodriguez-Hidalgo R, Speybroeck N, Ahounou S, Benitez-Ortiz W, Berkvens D, Van Hul A,
Barrionuevo-Samaniego M, Saegerman C, Dorny P. Infection with versus Exposure to 7aenia
sofium: what do serological test results tell us? Am J Trop Med Hyg. 2010; 83:413-415. [PubMed:
20682891]

Preux PM, Druet-Cabanac M. Epidemiology and aetiology of epilepsy in sub-Saharan Africa. Lancet
Neurol. 2005; 4:21-31. [PubMed: 15620854]

Preux PM, Druet-Cabanac M, Debrock C, Tapie P, Dumas M. Comité de recherche sur I’épilepsie de
I’Institut d’épidémiologie neurologique et de neurologie tropicale de Limoges. Questionnaire for
the investigation of epilepsy in tropical countries. Bull Soc Path Exot. 2000; 93:276-278.
[PubMed: 11204728]

Epilepsia. Author manuscript; available in PMC 2017 June 05.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Millogo et al.

Page 13

Quet F, Guerchet M, Pion SDS, Ngoungou EB, Nicoletti A, Preux PM. Meta-analysis of the
association between cysticercosis and epilepsy in Africa. Epilepsia. 2010; 51:830-837. [PubMed:
19919664]

Riley T, White AC. Management of neurocysticercosis. CNS Drugs. 2003; 17:577-591. [PubMed:
12775194]

Roman G, Sotelo J, Del Brutto O, Flisser A, Dumas M, Wadia N, Botero D, Cruz M, Garcia H, De
Bittencourt PRM, Trelles L, Arriagada C, Lorenzana P, Nash TE, Spina-Franga A. A proposal to
declare neurocysticercosis an international reportable disease. Bull World Health Organ. 2000;
78:399-406. [PubMed: 10812740]

Ruiz-Garcia M, Gonzalez-Astiazaran A, Rueda-Franco F. Neurocysticercosis in children: Clinical
experience in 122 patients. Childs Nerv Syst. 1997; 13:608-612. [PubMed: 9454978]

Saenz B, Ruiz-Garcia M, Jimenez E, Hernandez-Aguilar J, Suastegui R, Larralde C, Sciutto E, Fleury
A. Neurocysticercosis: clinical, radiologic, and inflammatory differences between children and
adults. Pediatr Infect Dis J. 2006; 25:801-803. [PubMed: 16940837]

Salazar OF, Cornejo W. [Neurocysticercosis in children]. Hospital universitario San Vincente de Paul.
Medellin 1989-1996. latreia. 1997; 10:99-105.

Scott JX, Devi A, Kumar TS, Moses PD. A Rare Presentation of Neurocysticercosis in a Young Child.
J Trop Pediatr. 2005; 51:254-255. [PubMed: 16014765]

Secka A, Grimm F, Victor B, Marcotty T, De Deken R, Nyan O, Herera O, Van Marck E, Geerts S.
Epilepsy is not caused by cysticercosis in the Gambia. Trop Med Int Health. 2010; 15:476-479.
[PubMed: 20180937]

Shey-Njila O, Zoli PA, Awah-Ndukum J, Nguekam JP, Assana E, Byambas P, Dorny P, Brandt J,
Geerts S. Porcine cysticercosis in village pigs of North-West Cameroon. J Helminthol. 2003;
77:351-354. [PubMed: 14649245]

Statistics South Africa. Census 2001: primary tables Eastern Cape. 2004. 1996 and 2001 compared.
Report No. 03-02-05 (2001) Available at: http://wwwv.statssa.gov.za/census01/html/ECPrimary.pdf

Vézquez-Flores S, Ballesteros-Rodea G, Flisser A, Schantz PM. Hygiene and restraint of pigs is
associated with absence of 7aenia solium cysticercosis in a rural community of Mexico. Salud
Publica de Mex. 2001; 43:574-576.

White AC, Garcia HH. Recent developments in the epidemiology, diagnosis, treatment, and prevention
of neurocysticercosis. Curr Infect Dis Rep. 1999; 1:434-440. [PubMed: 11095820]

Winkler AS, Blocher J, Auer H, Gotwald T, Matuja W, Schmutzhard E. Epilepsy and
neurocysticercosis in rural Tanzania: an imaging study. Epilepsia. 2009; 50:987-993. [PubMed:
19054402]

Epilepsia. Author manuscript; available in PMC 2017 June 05.


http://www.statssa.gov.za/census01/html/ECPrimary.pdf

Page 14

113110 31Nj0sge Yim s103lgns mc_us_oxm_wv

opuoreg ui Buissiw G
KK

(oboAuoAN ui T ‘opuoreg ui g) Buissiw
¥

(%9T1) z€/5 (%€T) 28V (%82) z¢/6 (%22) L2/9 (%G2) 9¢/6 (%9) 9¢e/z (%82) 9¢/0T (%2T) e [elol
(%0) €1/0 (%0) €1/0 (%0) €1/0 (%0) €1/0 (%0) 21/0 (%0) 21/0 (%0) 21/0 (%0) TT/0  0BoAuoAN
(%09) 2/1 (%0) z/0 (%08) 2/t (%08) 2/t (%€¢) 6/€ (%TT) 6/T (%) 6/¢ (%TT) 6/T 24qed

(%v2) LTy (%v2) LTy (%Lv) L1/8 (%zy) 21/8 (%0v) S1/9 (%) sT/T (%0v) 51/9 (%e2) €1/ opuoleg

(%)
(%) gBURD  (gg)uoueld  DON JO SUOIS? (%) (9%) UoLIB}ID (%) 20N
Jofew T ise9) alnjosqe  aAnsebbns Ajybiy pelallio Jofew T a1Njosge  JO suolIse] aAnsabbins
18 Yum sased T UM saseD J0BIN0SQY  £x(%0) ABOI0ISS BAISOD  15p5) Je yym sBsED Tunmsesed  AuBIyJoanjosqy  (%6) ABOJ018s aAnIsod abe|a
(ze=u) syuedionaed payodal-}|as (9g=u) syuedionied paos)as Ajwopuey

Millogo et al.

1002 ‘ose4 eunjing Jo sabe|[iA aa1y1 ul (T00Z2) ‘1. 18 onnug [3a Aq pasodoud erisinlo Jofew pue sinjosge pue ‘OON
10 suolsa] aAnsabbns Ajybiy 1o anjosge ‘1591 WS 136V aAnisod e yim sased Asdsjide pawiiijuod pariodal-j|as pue paidajas-Ajwopuel Jo (94) JaquinN

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Epilepsia. Author manuscript; available in PMC 2017 June 05.



Page 15

Millogo et al.

'(0BoAUOAN Ul T pue ‘aiqed Ul 6 ‘opuoleg ul /) sisAjeue
31 WOJ) papnjoxa alam | D e aAey jou pip oym Asdsjids Jo sased pawiyuod pue ueldisAyd ayy Aq paulwrexs jou Ing Asdajids 1o annisod pausalds s3oalgns (Ajuo syuedionted pajos)as Ajwopuel uo paseg
¥

(0T:0°0) %20 (%0) €T/0 (%60) 2T/0  0BoAUOAN
(0€'T0) %S'T (%09) z/T (%vv) 6/ 940ed
(6€TT)%NeT (%.¥) 21/8 (%.¥)ST/.  opuoyeg

(108 %56) Asdajida paye1oosse -OON JO 89US[eAId  (ze—u) Asdayida 4o saseo papiodai-yias  (9g=u) Asdajide 4o sesea pe1oajas Ajwopuey

/002 ‘osed eunpjing Jo sabej|in 381y}
ul (109 %S6) Asdajida payerdosse-OIN J0 aousjenald pajewsa pue Asdajida Jo sased pawpuod Buowe sased DON ajgeqo.ad 1o aAniulap Jo (%) JaquinN

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Epilepsia. Author manuscript; available in PMC 2017 June 05.



Page 16

SJUBPUOASa OM] 10} UMOUNUN SBM 18SUO 8IS aWlI |
¥

ddd au1 Jo uoneINdwod Y Uy Papnjaul JON

Epilepsia. Author manuscript; available in PMC 2017 June 05.

Millogo et al.

#
- - - (92) L€ (oms w1 L (90uaiajai) sieak z ueyy a10N
(95€'62°0)89T (40'L'€S0)¥6T  ($2'5'29°0) 08'T (63) 0T (8T) ¢ (e2) v $59] 10 SIBaK oML - 1OSUO B0UIS BWLL
- - - (z9) & (ent (so)e (s0udiByal) Sae3K € UBY) BION
(z0z'8z0)920  (0£9%T0) ¥6'0  (0£2'9T0) 09°0 (c1) ev (1) 8 (ST) 6  (Asdajida annjoe) s1eak € 1se| 8y} UIUIA saunzies ise]
- - - (0o1) 2 (0o (0o #inowtiouod
(svotieLT)Ee’s  (€8'6T:€0T) ¢Sy  (02'18'2STITT'IT (09) LT (t2) L (62) 0T s1eak ZT uey) alolN
- - - (16) 62 (R @t (oouasayas) sieah gT-0  :s2.NZI3S JS11) dY) Je Sy
(se'2'88°0) Sz  (8LL'T€0)9ST  (0£%5'88°0) 86'9 ¥9) L (C19k4 (te) v s1eak + O
(S97:09°0) 9T  (PT4'92°0) ¥O'T  (ZT'0E'TS0) €6°E (o) €2 (8T v (871) 9 sieak 6e-8T
- - - (z8) 8T wr € (2B (oouaiaya) sieak LT/ sdnolf oy
(292950) 22T (0T'Z'6T0) 290 (82T :€9°0)89C (89) 8¢ (k4 (c2) 6 3l
- - - (¥2) 0z (61) 5 (e (9ouaieja1) areweS WERIED)]
IONSADDN IV J0USA3|geqold  JousAaaiuad (9% Mod) 10N (96 Mod) 3jgeqold (9% Mod) sAnIuyag
(1D %56) onred uonuodoad sousfenald JON

/002 ‘osed eunpjing Jo sabej|in 381y}
ul sonel uonodoud aausjensld aAndadsal J1ayl Ylm $1019e) pa1da]as pue sisoubeip DN Ag 19 [eiueld e pey oym Asdajida yum s1oslgns jo uonnguisia

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Background
	Methods
	Study sites
	Sampling strategy
	Screening interviews for epilepsy
	Definition and confirmation of epilepsy
	Serological test
	Cranial computerized tomography
	Identification and classification of lesions of neurocysticercosis
	Diagnosis of neurocysticercosis
	Statistical analysis
	Ethics

	RESULTS
	Study population and prevalence of epilepsy
	Agreement of the radiologists in reading the CT-scans
	Lesions identified at the CT-scan examinations
	Diagnosis of neurocysticercosis
	Prevalence of NCC-associated epilepsy and proportion of NCC among PWE
	Cross-sectional association between selected factors and neurocysticercosis

	DISCUSSION
	CONCLUSION
	References
	Table 1
	Table 2
	Table 3

