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Summary: Purpose: To evaluate the frequency of neurocys-
ticercosis (NCC) in a well-defined prevalent cohort of epilepsy
patients in the rural area of the Cordillera province.

Methods: We carried out a two-phase door-to-door neuroepi-
demiologic survey in a sample of 10,124 subjects in a rural area
of the Cordillera Province, Bolivia, to detect the prevalence of
the most common neurologic disorders including epilepsy. A
team of health workers administered a standard screening in-
strument for neurologic diseases; subjects found positive at the
screening phase underwent a complete neurologic examination.
Epilepsy patients were diagnosed according to the definition
proposed by the International League Against Epilepsy (ILAE,
1993). Epilepsy patients identified this way underwent electroen-
cephalographic recording, computed tomography (CT) scan, and
serologic evaluation to detect antibodies against Taenia solium
by enzyme-linked immunoelectrotransfer blot.

Results: At the end of the survey, we detected 124 defined
prevalent epilepsy patients. On the basis of the classification
proposed by the ILAE in 1981, partial seizures were the most
common type diagnosed (66 patients, 53.3%). Of the 124 pa-
tients, 105 underwent CT scan, and a serum sample was taken to
detect antibodies against T. solium in 112 patients; for 97 patients,
both neuroradiologic and serologic data were available. Consid-
ering radiologic, serologic, and clinical features, of these 124
patients, 34 (27.4%) fulfilled the diagnostic criteria for defini-
tive or probable NCC proposed in 2001. Of these 34 patients 24
(70.6%) had partial seizures.

Conclusions: Our data confirm a high frequency of NCC
among a well-defined prevalent cohort of epilepsy pa-
tients. Key Words: Neurocysticercosis—Epilepsy—Bolivia—
Epidemiology.

Cysticercosis is a systemic infection by the larval tis-
sue stage of the pork tapeworm Taenia solium. Humans
acquire cysticercosis by ingesting eggs of T. solium in food
or water contaminated by feces of individuals who harbor
the adult parasite in the small intestine, or by autoinfection
(1). Although cysticercosis has a worldwide distribution,
its prevalence is highest in developing countries. Neuro-
cysticercosis (NCC), caused by infection of the central
nervous system with the larval stage of T. solium, is consid-
ered the major cause of neurologic disease in developing
countries of Latin America, Africa, and Asia (2). NCC has
a broad spectrum of clinical manifestations, with seizures
being the most frequent, and is considered one reason for
the higher incidence of epilepsy in developing versus in-
dustrialized countries (3).
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Even if NCC is a common disease, its diagnosis re-
mains problematic. Neuroimaging studies are usually ab-
normal but not pathognomonic, and current serological
assays to detect antibody against T. solium have shown
decreased sensitivity in patients with single or calcified le-
sions. In particular, enzyme-linked immunoelectrotransfer
blot (EITB), considered the most practical screening tool
for epidemiologic research, has demonstrated a specificity
of 100%, whereas the sensitivity is 90–100% for detection
of cases with multiple intracranial cysticerci but has only
65% sensitivity in individuals with a single intracranial
cyst (72% for an enhancing lesion and 40% for a calcified
cyst) (4). For these reasons, combined neuroimaging and
serologic evaluation are often necessary to reach a diag-
nosis. To determine the prevalence of NCC in populations
and to compare epidemiologic surveys, a set of standard-
ized international diagnostic criteria for NCC, based on
a combination of clinical radiologic, serologic, and epi-
demiologic factors, was proposed in 2001 (5).
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We carried out a two-phase door-to-door neuroepidemi-
ologic survey to determine the prevalence of the most
common neurologic disorders, including epilepsy, in ru-
ral Bolivia. This prevalence survey served as the frame-
work for a case–control study to estimate the associa-
tion between cysticercosis and epilepsy (6–8). Epilepsy
patients identified during the survey were offered elec-
troencephalographic recording (EEG), computed tomog-
raphy (CT) scan, and serologic evaluation to detect anti-
bodies against T. solium by EITB. Definitive or probable
NCC was diagnosed according to the diagnostic criteria
for NCC proposed in 2001 (5). The aim of the present
work is to determine the prevalence of NCC in a well-
defined population-based prevalent cohort of epilepsy pa-
tients. This survey represents the first population-based
study entirely carried out in so large a rural population of
a developing country in which both serologic and radi-
ologic findings were used to determine the frequency of
NCC among epilepsy patients according to a set of stan-
dardized diagnostic criteria.

The study was conducted with the agreement of the
National Department of Epidemiology of the Ministry of
Social Welfare and Public Health and with the support of
the Guaranı́ political organization (Asamblea del Pueblo
Guaranı́, APG).

METHODS

Study population
The study was carried out in the rural area of the

Cordillera province, Santa Cruz Department, in the south-
eastern part of Bolivia. The province covers 86,245 km2

with a population of 88,628, of whom 55,675 live in rural
areas. Ethnically the population is a mixture of Mestizos,
descendants of intermarriage between Spanish colonists
and the native tribes, and ∼30% Guaranı́ Indians (9). So-
cioeconomic conditions in the rural areas are very poor
(latrines are not always available; absence of running wa-
ter; presence of animals around the households; low ed-
ucational level, etc.). The health care infrastructure con-
sists of a district hospital, nine area hospitals (often very
far from the rural communities), and rural health centers.
Neurologic departments and CT scan are not available in
the Cordillera Province.

A random-cluster survey method was used, with each
community constituting one cluster. Only communities
with <2,000 inhabitants were selected to exclude urban
areas. We selected a total of 10,124 people in 55 commu-
nities, of whom 9,955 were effectively screened in phase
one (6). Age and sex distribution of the study population
is shown in Table 1.

Case ascertainment
A preliminary door-to-door neuroepidemiologic study

had been carried out to determine the prevalence of
epilepsy on the prevalent day (PD) 1 Nov, 1994 (7). This

TABLE 1. Age and sex distribution of the study population

Men Women Both sexes

Age (yr) No. % No. % No. %

0–4 997 19.9 921 18.4 1,918 19.2
5–14 1,593 31.6 1,605 33.0 3,198 32.3
15–24 827 16.2 749 15.2 1,576 15.7
25–34 485 9.8 521 10.5 1,006 10.2
35–44 471 9.3 445 9.0 916 9.2
45–54 323 6.6 318 6.4 641 6.5
55–64 206 4.0 198 4.1 404 4.0
65+ 133 2.5 163 3.3 296 2.9

TOTAL 5,035 4,920 9,955

was a two-phase study. In phase one, the sample of the rural
communities selected from the 10 areas of the Cordillera
Province was screened from door to door to identify per-
sons who possibly had a disorder of neurologic interest.
The interviewers who carried out the screening were lo-
cal paramedical workers who had received prior training.
In phase two, all subjects found positive on screening un-
derwent a complete neurologic examination performed by
neurologists (6,7).

We adopted the Sicilian Neuroepidemiologic Study
(SNES) screening instrument (10), a slightly modified
version of the WHO Neuroscience Research Protocol
(11). We accepted the definition proposed by ILAE 1993:
“Epileptic seizure is a clinical manifestation presumed to
result from an abnormal and excessive discharge of a set
of neurons in the brain”; “Epilepsy is a condition char-
acterized by recurrent (two or more) epileptic seizures,
unprovoked by any immediate identified cause. Multiple
seizures occurring in a 24-h period are considered a single
event. Individuals who have had only febrile or neona-
tal seizures are excluded from this category” (12). In an
attempt to determine the accuracy of classification, pa-
tients with a clinical diagnosis of epilepsy underwent a
standard electroencephalographic (EEG) recording. We
performed all EEG recordings in the field by using 20-
channel (portable) equipment. Electrodes were placed ac-
cording to the international 10-20 system, by using ref-
erential and bipolar montages. Hyperventilation and in-
termittent photic stimulation were used routinely during
EEG recording. We classified the EEG records as normal
or with abnormalities consistent with generalized, focal,
or multifocal epileptiform discharges. EEG records were
analyzed independently by two observers. Seizure types
were identified on the basis of the classification proposed
by ILAE 1981 (7,13).

Serologic assay
Cases were assessed serologically for antibodies against

T. solium by enzyme-linked immunoelectrotransfer blot
(EITB). All samples were shipped on dry ice to the Cen-
ters for Disease Control and Prevention, Atlanta, Georgia
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(CDC) for the enzyme-linked immunoelectrotransfer blot
(EITB) (14,15). EITB diagnostic criteria for cysticercosis
were the presence of antibody reaction to at least one of
the seven T. solium glycoprotein antigens (15).

CT scan examination
CT scans were performed at the Hospital San Juan De

Dios in Santa Cruz de la Sierra. Patients who underwent
CT scan examination were taken from their community to
Santa Cruz by car. We used a Toshiba model TCT-300s
CT scan. Slices of 10 mm and 5 mm were performed
for the study of the posterior fossa. For safety reasons,
intravenous contrast administration was not performed.

Diagnostic criteria for NCC
Considering clinical, serologic, neuroradiologic, and

epidemiologic data, NCC was diagnosed according to the
diagnostic criteria proposed in 2001 (5). On the basis of
these criteria, NCC was classified into definitive or prob-
able NCC. To identify subretinal parasites, fundoscopic
examination also was performed.

Ethical considerations
Informed consent was obtained from all adult partici-

pants and from parents or legal guardians of minors. The
study design, including its ethical aspects, was reviewed
and approved by the Bolivian Ministry of Social Welfare
and Public Health and the local health authorities.

RESULTS

At the end of the two-phase door-to-door survey, we
detected 124 prevalent epilepsy patients who fulfilled
the ILAE diagnostic criteria, giving a prevalence of
12.3/1,000. Of the 124 defined patients, 89 (71.8%) had a
standard interictal EEG recording. Thirty-five patients did
not undergo EEG recording, and, in these patients, seizure
classification is based only on clinical findings. On the ba-
sis of the electroclinical classification, 66 (53.2%) patients
were classified as having partial seizures (56 with and 10
without secondary generalization), whereas 58 (46.8%)
had generalized seizures. Detailed data on prevalence of
epilepsy in rural Bolivia are extensively reported else-
where (7).

Of these 124 defined epileptic cases, 105 (85%) under-
went a cranial CT scan examination, of which 57 were nor-
mal; seven showed a single calcification; 11 showed mul-
tiple parenchymal round supratentorial calcifications; two
single cystic lesion (not considered suggestive of NCC);
11 multiple cysticerci-related cystic lesions (highly sug-
gestive for both size and localization); and 17 cases had
other pathologies. According to the revised criteria for the
diagnosis of NCC (5), none of these 17 patients had “le-
sions compatible with NCC” (hydrocephalus) classifiable
as minor criteria. CT scan results are shown in Table 2.

Concerning the serologic tests, of the 124 prevalent pa-
tients, EITB to detect antibody against T. solium was per-

TABLE 2. CT scan evaluation according to the type of
seizure

Partial Generalized
CT scan seizures seizures Total

Normal 23 (39.7%) 34 (72.3%) 57 (54.3%)
Single calcification 6 (10.3%) 1 (2.1%) 7 (6.7%)
Multiple calcifications 9 (15.5%) 2 (4.3%) 11 (10.5%)
Single cyst 1 (1.7%) 1 (2.1%) 2 (1.9%)
Multiple cysts 8 (13.8%) 3 (6.4%) 11 (10.5%)
Other pathologies 11 (18.9%) 6 (12.7%) 17 (16.2%)

TOTAL 58 47 105

formed on 112 patients, of whom a positive result was de-
tected in 21 patients (18.6%); of these, 15 (74.6%) were
affected by partial seizures.

One hundred ten (88.7%) of the 124 epilepsy patients
underwent a fundoscopic examination, but none of these
patients showed evidence of parasites.

Epilepsy and neurocysticercosis
Definitive or probable NCC among this well-defined

prevalent cohort of epilepsy patients was diagnosed ac-
cording to diagnostic criteria proposed in 2001 (5). On
the basis of these criteria, all 124 epilepsy patients had
at least one epidemiologic and one minor criterion con-
cerning the clinical manifestation. None of these patients
fulfilled the absolute criteria.

Of the 124 prevalent epilepsy patients, 34 (27.4%), 21
men and 13 women, were affected by defined or probable
NCC. In particular, 12 patients were classified as having
definitive NCC, fulfilling at least two major criteria, one
minor and one epidemiologic, whereas 22 patients were
classified as probable NCC, fulfilling only one major cri-
terion, one minor (in two cases, we found two minor crite-
ria) and one epidemiologic; three patients with a positive
EITB did not undergo a CT scan examination, whereas for
two patients with multiple calcifications, the EITB was
not performed. These patients were classified as probable
NCC. These data are shown in Table 3.

Considering the type of seizure, of the 34 NCC pa-
tients, 24 (70.6%) were affected by partial seizures (21
with and three without secondary generalization), and only
10 (29.4%) by generalized seizures. Only two of these 10
patients with generalized seizures fulfilled the diagnostic
criteria for definitive NCC. Thirty-two (94.1%) of these
34 patients were affected by active epilepsy. Concerning
the age at onset for the 24 patients affected by partial
seizures, the mean age at onset was 20 ± 16.1 (SD) years
(median, 15), whereas for the 10 patients affected by gen-
eralized epilepsy, the mean age at onset was 7.9 ± 13.2
years (median, 3.5). Conversely, of the 90 prevalent pa-
tients not affected by NCC, 42 (46.7%) showed partial
seizures with or without secondary generalization, and 38
(42.2%), generalized seizures.
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TABLE 3. NCC diagnostic criteria

Patient Age at Age at Type of CT scan Major Minor Epid.
no. PD (yr) onset (yr) Sex seizure EITB (major) Evidence criteria criteria criteria NCC

1 27 15 F PSGS + + Multiple calcification ++ + + Definitive
2 15 10 F PSGS + + Multiple calcification ++ + + Definitive
3 56 55 M PS + + Multiple calcification ++ + + Definitive
4 18 12 M GEN + + Multiple calcification ++ + + Definitive
5 14 8 M PSGS − + Multiple calcification + + + Probable
6 5 0 M PSGS − + Multiple calcification + + + Probable
7 11 8 M PS − + Multiple calcification + + + Probable
8 13 11 M PSGS − + Multiple calcification + + + Probable
9 10 5 F GEN − + Multiple calcification + + + Probable

10 9 8 M PSGS Not performed + Multiple calcification + + + Probable
11 28 25 M PSGS Not performed + Multiple calcification + + + Probable
12 62 40 M PSGSb + ++ Multiple cystsa +++ + + Definitive
13 11 8 M GEN − ++ Multiple cystsa ++ + + Definitive
14 26 16 F PSGS + ++ Multiple cystsa +++ + + Definitive
15 80 68 M PSGS + + Multiple cysts ++ + + Definitive
16 40 22 F PSGS + ++ Multiple cystsa +++ + + Definitive
17 40 32 M PSGSb − ++ Multiple cystsa∗ ++ + + Definitive
18 29 26 M PSGS + + Multiple cysts ++ + + Definitive
19 10 3 F PSGS − ++ Multiple cystsa ++ + + Definitive
20 4 4 F GEN − + Multiple cysts + + + Probable
21 1 1 F GEN − + Multiple cysts + + + Probable
22 10 9 M PSGS − + Multiple cysts + + + Probable
23 23 23 M PSGS + − Single calcification + + + Probable
24 16 12 M PSGS + − Single calcification + + + Probable
25 12 8 M PSGS + − Encephalocele + + + Probable
26 48 44 F GEN + − Negative + + + Probable
27 4 3 M GEN + − Arachnoid cyst + + + Probable
28 26 25 F PSGS + − Negative + + + Probable
29 33 26 F PSGS + − Corpus callosum agenesis + + + Probable
30 7 0 F GEN + − Not performed + + + Probable
31 3 1 M GEN + − Negative + + + Probable
32 3 1 F GEN + − Negative + + + Probable
33 23 21 M PSGS + − Not performed + + + Probable
34 16 10 M PS + − Not performed + + + Probable

PD, prevalence day; PS, partial seizures; PSGS, partial seizures with secondary generalization; GEN, generalized seizures.
aPresence of intracranial lesions in different evolutive stages (calcifications and cysts). This type of CT scan evidence has been considered as two

major criteria (two different highly suggestive lesions).
bNot active.

When analysis was focused only on patients affected
by late-onset seizures (20 years and older), 12 (31.6%) of
38 patients were classified as definite or probable NCC,
whereas considering only the 26 patients affected by late-
onset partial epilepsy, 11 (42.3%) were classified as defini-
tive or probable NCC.

A slightly higher frequency of NCC was found when
analysis was restricted to the 97 (78.2%) patients, for
whom both serologic and radiologic data were available.
In this group, 29 (30%) patients, 17 men and 12 women,
fulfilled the diagnostic criteria for NCC (12 definitive and
17 probable) and, considering the type of seizure, of the
29 NCC patients, 20 (69.0%) were affected by partial
seizures.

DISCUSSION

Epilepsy is considered an important health problem
in developing countries, where prevalence ranges from
2.47/1,000 to 57/1,000 (16). The higher frequency of
partial seizures in these countries compared with that in

industrialized countries could be an indication of the high
incidence of symptomatic epilepsy secondary to cortical
damage (e.g., perinatal brain damage, head injury) (16).
NCC has been reported as the most frequent parasitic in-
fection of the central nervous system (CNS) and a ma-
jor cause of epilepsy in several countries of Africa, Latin
America, and Asia, even if few data have come from
analytic epidemiologic studies (17–19). Until recently,
studies of cysticercosis generally focused on clinical case
series of patients with seizures or other neurologic symp-
toms. Studies based on hospital series have reported that
≤50% of epilepsy patients have cysticercosis as a puta-
tive factor (50% in the series studied in Mexico; 14% in
the large series studied in Colombia; 12% in the series
studied in Peru) (18–20). Epidemiologic reviews of cys-
ticercosis are often biased by the lack of generalizability
of such case series and by inappropriate comparisons be-
tween data from case series and data from community
studies (4).

According to the literature, the lack of pathognomonic
findings at neuroimaging studies and the low sensitivity
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of current serologic assays in detecting antibodies against
T. solium in patients with single or calcified lesions means
that both serologic and radiologic findings are often neces-
sary to achieve a correct diagnosis of NCC. In the adopted
diagnostic criteria proposed in 2001 (5), both neuroradio-
logic (CT scan or MRI examination) and serologic evalua-
tions play a central role in achieving a diagnosis of defini-
tive or probable NCC. For these reasons, these criteria are
rarely applicable in population-based studies and also in
clinical practice for patients living in the rural endemic
areas where these diagnostic procedures are generally not
available.

Concerning Del Brutto’s criteria, it is important to un-
derline that some limits have been identified in their ap-
plication, above all, for those that concern the positivity
for antibody anti–T. solium detected in serum by the EITB
assay. In particular, as seen in some published data, there
is the possibility of some possible false-positive findings
related to the presence of a single band at 50 kDa (21–23).
Nevertheless, in epidemiologic surveys, the adoption of
standardized diagnostic criteria is a critical issue to obtain
comparable data, and, according to literature findings, the
criteria selected in our survey are to date the most widely
adopted.

The major strength of our study is related to its
population-based nature that allowed us to establish the
exact frequencies of NCC among a well-defined epilepsy
population. We stress that much effort was used to obtain
EEG, serologic, and neuroradiologic data in this popula-
tion. To perform the CT scan examination, patients were
taken to Santa Cruz de la Sierra, where CT scan was avail-
able. Often rural communities are very far from Santa Cruz
city (sometimes several hours) and, furthermore, the con-
ditions of the roads are very poor, especially during the
rainy season.

According to the diagnostic criteria proposed in 2001
(5), we can conclude that in our epilepsy population,
≥27.4% of patients were affected by definitive or probable
NCC (30% if we consider only those patients for whom
both serologic and radiologic data were available).

We are aware that this percentage may be underesti-
mated because of the lack of intravenous contrast ad-
ministration, which can limit the interpretation of our
results. In Latin-American countries, single enhancing
CT scan lesions, considered as major criteria, are fre-
quently seen and generally considered as cysticercus gran-
uloma. In this case, plain CT scan may not reveal any
abnormality (24).

It is important to stress that, of the 34 patients classified
as having definitive or probable NCC, 24 (70.6%) were
affected by partial epilepsy with or without secondary
generalization; only 10 were classified as having gener-
alized seizures. We can also conclude that >40% of late-
onset partial epilepsy in our population might be related to
NCC.

It is important to stress that the aim of this study was to
evaluate the frequency of NCC in a well-defined popula-
tion of epilepsy patients living in a rural area; the lack of
CT scan data in a control group does not allow us to make
any conclusion about association or causation.

Furthermore, we are aware that the use of a prevalent
cohort of epilepsy patients does not allow us to be certain
that exposure (T. solium infection) occurred before the
outcome (epilepsy). On the basis of the present data, we
also cannot exclude that the high frequency of NCC found
in our population should be related to the higher frequency
in the general population.

Our findings suggest that both serologic and radiologic
evaluations are often necessary to make a definitive di-
agnosis of NCC. These diagnostic tools are unfortunately
rarely available in endemic areas, and consequently, di-
agnostic criteria for NCC are rarely applicable. It is im-
portant to underline that a correct diagnosis of NCC is
important not only for epidemiologic surveys, but also
in clinical practice to evaluate the need for antiparasitic
treatment (albendazole or praziquantel). From this point
of view, according to our data, it is important to stress
that NCC is more frequent among patients with partial
seizures when these are correctly classified. The role of
the EEG recording was important in achieving a more pre-
cise classification because of a better distinction between
the partial seizures and the generalized ones, above all,
when the partial onset is sudden followed by a secondary
generalization.

Consequently in endemic areas, where serologic eval-
uation and CT scan are not easy to perform, a large ef-
fort should be made to achieve a correct classification of
seizures, when possible, by using EEG data, and to reserve
at least a serologic evaluation for patents affected by par-
tial seizures. Even if implementation of neuroradiologic
centers in rural endemic areas is hoped for, it does not
seem realistic, so the availability of low-cost immunodi-
agnostic kits (ELISA, EITB, or others) in rural developing
countries should be the first step to identify possible cases
of NCC among selected epilepsy patients.

Cysticercosis is a preventable and treatable disease, and
our results confirm that it could play an important role in
the incidence of epilepsy in endemic areas of developing
countries. Efforts should be made to develop appropriate
control programs in these areas.
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