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Abstract
Neurocysticercosis is one of the main risk factors of seizures and epilepsy in many regions of the
world, which are Taenia solium–endemic but resource-constrained to control the parasite. The
nosology of seizures and the classification of epilepsy in the context of neurocysticercosis are
somewhat uncertain. Many seizures associated with the infection are customarily referred to as
“acute symptomatic seizures.” The term, however, seems unsuitable. Neither is the condition
acute nor does it allow the avoidance of long-term antiseizure medications, as is the case with
acute symptomatic seizures, for instance, associated with traumatic brain injury. We propose
that seizures be classified according to the evolutionary stage of parenchymal cysticercosis in
addition to the conventional classification of seizures and epilepsy and identification of the
epileptogenic zone. An often-ignored aspect is the identification of comorbidities, many of
which are specific to neurocysticercosis.

Introduction
Human cysticercosis denotes tissue infection with the larval stage of the tapeworm Taenia
solium. Symptoms, disability, and mortality associated with it are almost entirely accounted for
by infection of the brain and its coverings, known as neurocysticercosis (NCC). Numerically,
the global burden of cysticercosis is estimated at 3.51–6.47 million cases.1 The infection is a
significant cause of long-term disability, conservatively estimated at 1.37 million disability-
adjusted life years (DALYs), mostly taking the form of seizures and epilepsy. The highest DALY
rates have been recorded in sub-Saharan Africa, followed by Latin American, Caribbean, and
Southeast Asian regions. In Latin America and the Caribbean, NCC is the most frequent
neglected tropical disease causing disability. Clinical cases, however, are encountered world-
wide, including in many high-income countries, where it was once deemed eradicated. These
cases are among either immigrants from or travelers to endemic regions. Those infested with
adult tapeworms in endemic areas can also transmit infection to nonendemic regions.

Seizures are the most common manifestation of NCC. A systematic review of clinical mani-
festations among symptomatic people from facility-based settings estimated the pooled pro-
portion of seizures/epilepsy to be 79% (95% CI 71%–85%) among children and 63% (95% CI
52%–73%) among adults.2 NCC should be considered in people presenting with new-onset
and recurrent seizures everywhere. An overwhelming burden of seizures and epilepsy, however,
is encountered in many resource-limited endemic countries. For instance, in Peru, it is the
putative risk factor in nearly a third of cases of epilepsy in the community.3 In sub-Saharan
Africa, similarly, 29% (95% CI 17%–40%) of epilepsies have been attributed to NCC,
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diagnosed with CT or serology.4 It is crucial to understand the
relationship between NCC, seizures, and epilepsy.

Evolution of Cysticerci in the
Human Brain
The cysticercus larvae may lodge anywhere in the CNS, in-
cluding the cerebral parenchyma, subarachnoid spaces,
ventricles, and spinal cord. Once the cysticerci lodge in the
brain parenchyma, they undergo several evolutionary stages.
These stages have been elucidated in histopathologic studies.
Imaging studies, mainly MRI but often complemented by
CT, can distinguish the evolutionary stages exceedingly well,
although correlation with histopathologic materials is rare
(Figure 1).5 The initial vesicular stage of cysticercus com-
prises a scolex with a well-characterized canalicular network
and clear cyst fluid surrounded by an intact cyst wall, beyond
which there is slight inflammation or edema in the sur-
rounding parenchyma (Figure 1A). An eccentric scolex can
be identified on MRI, the cyst fluid contents are isointense

with CSF, and there is no edema in the surrounding paren-
chyma (Figure 1B). Once the host immune system identifies
and attacks the vesicular cyst, it transforms into an early
degenerating larva, in which the canalicular network
becomes less distinct, the cyst fluid becomes turbid, and the
cyst wall begins to break. There is inflammation as evidenced
by postgadolinium enhancement and perilesional edema on
MRI. This is known as the colloidal stage (Figure 1B). The
vesicular and at least the early colloidal stages represent vi-
able parasites. From the imaging standpoint, the viable cysts
are defined by fluid contents within the cyst wall
(Figure 1B).6 The parasite evolves further until no fluid
content is discernible, leaving a granuloma with a degenerate
and mineralized scolex and surrounding inflammation and
edema (Figure 1B). Last, the cysticercus involutes further to
a calcified nodule with diminishing inflammation and edema
(Figure 1B). The calcified cysticercus, as opposed to the
earlier stages, was traditionally considered inactive.7 There is
increasing evidence, however, that calcified NCC plays a
significant role in triggering seizures and sustaining active
epilepsy.8 The staging is somewhat intuitive because the

Figure 1 Histopathologic and Imaging Stages of Parenchymal Cysticerci and the Occurrence of Seizures

The top panel (A) depicts the histologic stages of the cysticerci beginning with the vesicular stage with a characteristic canalicular network, an intact cyst wall
and minor surrounding inflammation (left), a colloidal stage in which the canalicular network begins to degenerate and there is profound inflammatory
infiltrate in the surrounding parenchyma (middle), and the calcified stage with slight surrounding inflammation (hematoxylin and eosin stain; scale bar:
225 μm). The middle panel (B) depicts the evolutionary stages on imaging (from left to right): the vesicular stage on MRI and CT, the colloidal stage on MRI
(arrow), the granular-nodular stage onMRI with and without contrast, and the calcified stages on MRI/CT. The bottom panel (C) is a hypothetical depiction of
the occurrence of seizures in correspondence with different evolutionary stages (note: the panels merely convey that seizures can occur during all evolu-
tionary stages).5 Reproduced from the study by Singh et al.40 with permission.

Glossary
ASM = antiseizure medication; DALY = disability-adjusted life year; ILAE = International League Against Epilepsy; NCC =
neurocysticercosis.
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individual stages represent a continuum rather than being
rigidly compartmentalized.

The evolution of the cysticercus in the subarachnoid spaces
differs and is location-dependent. The evolution is similar to
parenchymal cysts when located in the cerebral sulci over the
convexity with little available fluid space. In the base of the
brain, with abundant fluid space available, the cysts undergo
proliferation and hydropic degeneration into large, thin-
walled racemose structures.9

After lodging in the brain, the parenchymal cysticercus can
remain asymptomatic for long periods. Studies of British
soldiers assigned to India during colonial rule in the early 19th
century estimated the asymptomatic period from arrival to the
onset of cerebral symptoms.10,11 This time could vary from a
few months to 30 years, with an average of approximately 3–5
years. Thus, the evolution of these live cysts eventually to a
calcified stage is long-drawn and unpredictable.

In one cross-sectional study of people with 1–2 viable cysts and
focal seizures, perilesional edema was absent in a third.12 It may
be inferred that seizures in this one-third were triggered by
either mild inflammation not detectable on MRI, mechanical
effects of the cysts on the surrounding cerebral parenchyma, or
the culmination of epileptogenesis initiated at the time of
lodging (mentioned further). One of the authors’ rare obser-
vations is that fluid-filled cysts with enhancement and sur-
rounding edema may return to the vesicular stage (Garcia HH,
personal communication). This might have implications re-
garding the generation of seizures during the vesicular stage of
the parasite because the inflammation near a reverting cyst
could provoke seizures. More often, however, the onset of
seizures corresponds to the inflammatory degeneration of the
cysticerci, corresponding to the colloidal or granular-nodular
stages. Studies documenting findings of a single enhancing le-
sion or multiple enhancing lesions on CT/MRI in people with
new-onset seizures in endemic regions in India and Latin
America support this contention.13 When followed up, these
people may continue to have seizures despite using antiseizure
medications (ASMs). Roughly, up to half of the people with
single cysticercus granuloma might have breakthrough seizures
over 6–15months of follow-up.14 Somemight continue to have
seizures even after the resolution of the granuloma/s. One
observational study on solitary cysticercus granuloma with a
median follow-up of 66 months reported a 15% incidence of
seizures after resolution.15 In those in whom the cyst has re-
solved, the presence of a calcific residue is a significant risk
factor of ongoing seizures. In pooled data of follow-up
amounting to 12–24 months after resolution of a solitary cys-
ticercus granuloma from India, the presence of a calcific residue
increased the odds of seizure recurrence by 11 (95% CI 5–27)
times.14 Another follow-up study of calcified lesions from Peru
estimated the 5-year risk of seizures to be 35%.8

While the association between NCC and seizures or epi-
lepsy is indisputable, the evolution might remain

asymptomatic without giving rise to seizures or other ce-
rebral symptoms. Reports of NCC first diagnosed at autopsy
support this.16 Similarly, CT may detect 1 or more calcifi-
cations among asymptomatic individuals. Up to 15% of
people in population-based studies from endemic regions
may have such calcifications.17,18

Overview of Current International
League Against Epilepsy Definitions
and Classification of Seizures
and Epilepsy
The Epidemiology Commission of the International League
Against Epilepsy (ILAE) defines acute symptomatic seizures
as those that occur in close temporal relationship to a docu-
mented brain insult.19 When the brain insult is acute, such as
stroke or traumatic brain injury, the ILAE Commission pre-
scribes a period of 7 days for seizures to be labeled as acute
symptomatic. In CNS infections, some of which might have a
lengthy course, for example, NCC, seizures occurring during
the active phase of infection are labeled acute symptomatic
seizures. The Commission also recommends avoiding labels
such as reactive seizures, situation-related seizures, and pro-
voked seizures. These acute symptomatic seizures are asso-
ciated with low recurrence risks in long-term follow-up
studies and may not require prolonged treatment with ASMs.

Epilepsy is operationally defined by the occurrence of 2 or
more unprovoked seizures or by a single seizure with an es-
timated probability of recurrence >60% over the next 10
years.20 After characterizing the seizures, epilepsy is further
classified as focal, generalized, or unknown and a syndrome is
assigned if possible.21,22 Finally, the etiologic factor/s and
comorbidities associated are identified.

Epileptogenesis in the Context
of NCC
Epileptogenesis is a complex process by which the normal
brain is rendered capable of generating spontaneous sei-
zures. It is underpinned by several anatomical and functional
alterations commencing with a brain insult but remains
ongoing even after spontaneous seizures occur. The time
between the initiating insult and the occurrence of the first
spontaneous seizure, known as the latent period, is variable
and unpredictable.

Little is known about epileptogenesis in the context of NCC.
One of the challenges is identifying a suitable NCC animal
model.23,24 Many approaches have been attempted using
Taenia solium or related helminths and several different ani-
mal hosts.24 To understand epileptogenesis in NCC, a parallel
could be drawn with seizures associated with brain tumors.25

A variety of pathogenic processes are involved in tumor
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epileptogenesis. These include but are not limited to the
isolation of brain cortical areas, deafferentiation, tissue dam-
age and necrosis, inflammation, swelling and edema, neuro-
transmitter aberrations, alterations in the microenvironment
of the surrounding parenchyma, and gliosis.26 Not least, ge-
netic factors underpin many of the processes. There might,
however, be differences between epileptogenesis associated
with brain tumors and NCC. Inflammation and ensuing
gliosis are the main factors in NCC rather than necrosis, tissue
damage, compression, mass effect, swelling, and edema.27,28

In available experimental studies of NCC, the effort has been
to discern the initiating and mediating agents responsible for
seizures or epileptogenesis. Early rather than late granulo-
mas are, more often, associated with seizures, both having
distinct immunologic profiles.29 In another experiment,
Substance P was found to be overexpressed in the sur-
rounding brain parenchyma in mice with seizures.30 Seizures
did not occur when Substance P was deficient or antago-
nized. Similarly, axonal spheroids indicating neuronal de-
generation in the surrounding brain parenchyma were
identified in one study.31 However, more is needed to un-
derstand the course of epileptogenesis in NCC. This, in turn,
could provide a range of insights into, for instance, seizure
recurrence rates and, not least, why drug-resistant epilepsy is
rare in the condition.

ILAE Approaches to Seizures and
Epilepsy Associated With NCC
Seizure Semiology vs Location of Cysticerci
In people with 1–2 viable or degenerating cysts, there is
generally a good correlation between the topographic location
of the cysts and the inferred semiological localization of sei-
zure onsets.12 This, however, may not be the case with cal-
cified lesions, in which the correspondencemight be less often
forthcoming.32 Some calcified lesions might be coincidental,
considering an alternative epileptogenic substrate, etiologic
factor, or even wholly asymptomatic, as demonstrated in
population-based studies from endemic regions.17,18 In any
case, a detailed clinical assessment focused on the initial
symptoms and signs of the seizure proves invaluable in
ascertaining the association between the implied seizure-
onset or epileptogenic zone and the location of the cysticer-
cus. However, when multiple parenchymal cysticerci exist, the
correspondence between semiological and anatomical locali-
zations can become challenging.

A logical first step is determining seizure types per the cur-
rent ILAE classification scheme.22 It may be assumed that all
seizures are focal in onset. In many instances, a focal onset
might not be evident, and in such cases, the label unknown
onset is preferred. The initial symptom or manifestation is
paramount in delineating seizure types. Accordingly, the
terms focal aware and focal with impaired awareness seizures
might be used in parallel with or independent of a motor vs

nonmotor onset. Generalized seizures, particularly myo-
clonic, myoclonic-atonic, atonic, absence, atypical absence,
eyelid myoclonias, and spasms, do not occur in NCC unless
the person has concomitant generalized epilepsy.

What Proportions of the Burden of
Seizures Are Accounted For by
Different Evolutionary Stages?
Seizures occur during all the cysticercus evolutionary stages
but seem more common during the viable and degenerating
stages.8,12,14,15 In 3 landmark trials of antiparasitic treatment
with follow-up periods between 1 and 2 years, including 2
with albendazole alone and 1 with combination treatment,
seizures were fewer among those individuals in whom cysts
had resolved by month 6.6,33,34 In a trial of combination
antiparasitic treatment, viable cysts were defined by identi-
fying fluid contents within brain T2 MRI scans.6 Seizures
were approximately 3–5 times less likely among people with
resolved cysts.33 In another controlled trial of albendazole
alone, breakthrough seizures were rare among those with
resolved cysts.34 This implies that most seizures in the first
1–2 years after antiparasitic treatment occur in association
with viable and degenerating cysts. Resolution of cysts with
or without antiparasitic treatment considerably reduces the
chances of seizures. The interpretation is limited, however,
by the short (1–2 years) duration of the 3 trials.6,33,34 When
followed over more extended periods, people with calcified
cysts continue to experience seizures. Somewhat different
from this scenario, when people with calcified cysticerci
present in the clinic, they are often likely to have break-
through seizures on follow-up. In the Peruvian follow-up
study of calcified cysts, the 5-year seizure recurrence esti-
mate was 35%.8

The evolutionary stages of NCC identified among people
with epilepsy depend on the setting in which these people are
sampled. Live and degenerating forms of cysticerci followed
by calcified are most frequently identified among people
presenting with new-onset seizures in the clinic.13,14 Con-
versely, calcified lesions are primarily identified in imaging
studies performed on people with epilepsy in population-
based studies.17,18 There might be some differences between
geographic settings explicable by infection pressure because
studies from Latin America identified mainly calcified cysts
and studies from India identified a more significant pro-
portion of degenerating (or transitional) cysts.35,36

Is the Label, Acute Symptomatic
Seizures, Appropriate for NCC-
Associated Seizures?
A well-known clinical cliché is that seizures that occur in the
setting of viable and degenerating (cf vesicular, colloidal, and
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granular-nodular stages in histopathologic studies) stages of
the cysticerci are labeled as acute symptomatic. Conversely,
those occurring in the setting of the calcified stage are termed
as unprovoked and amount to epilepsy according to the
current ILAE definition. There are, however, several chal-
lenges to this concept. First, the pathologic and clinical
evolution of NCC cannot be construed as “acute” because it
is neither of rapid onset with short duration nor requiring
only short-term ASMs commensurate with the implied
meaning of the term acute symptomatic seizures. Second, the
categorization of seizures as acute symptomatic or provoked
critically hinges on the demonstration of the cysticercus’
evolutionary stage, ideally on MRI performed in close tem-
poral relationship to the seizure/s. Cost and availability,
however, frequently preclude frequent imaging in resource-
limited endemic settings. Third, although calcified cysts are
considered quiescent and marked by inactivity from a path-
ologic standpoint, these may periodically and unpredictably
demonstrate inflammatory attributes corresponding tempo-
rally with seizure/s on follow-up.8 MRI performed in close
temporal relationship to the seizure reveals perilesional
edema around the calcified lesion in roughly half of them. In
the Peruvian study, contemporaneous imaging in controls
also with calcified brain lesions but without seizures showed
perilesional edema in <10% (p < 0.002).8 This study confirms
the association between the development of perilesional
edema and the occurrence of seizures on follow-up in people
with calcified cysticerci. It did not establish a causal re-
lationship, but it is likely that the events leading to perile-
sional edema also caused the seizures. Finally, while the
association with seizures is indisputable, little is known about
the underpinnings and sequence of epileptogenesis in the
setting of NCC. Does epileptogenesis begin with structural
deformation, deafferentiation, and isolation of surrounding

brain parenchyma in the early vesicular stage? Or does it
commence with surrounding inflammation that distinguishes
the colloidal and granular-nodular stages from the vesicular
stage with fluid and electrolyte microenvironment and neu-
rotransmitter aberrations differentially triggered by the in-
flammatory mediators? Still other, is the process set up
during the involution of the cysticercus with the development
of gliosis in the surrounding brain parenchyma signaling
functional and anatomical changes in astrocytes? Until a clear
marker of epileptogenesis is identified, it would be hard, if not
impossible, to predict the onset and culmination of epi-
leptogenesis and definitively distinguish between acute
symptomatic and unprovoked seizures in the context of brain
parenchymal cysticercosis.

How Should Seizures in Association
With NCC Be Labeled?
The term “acute symptomatic seizures,” as observed with
acute alcohol intoxication and head injury, should be avoided
in the context of NCC because this may lead to confusion
among treating physicians concerning the duration of ASMs.
We contend that instead of being labeled as either acute
symptomatic or unprovoked, seizures should be categorized
according to the evolutionary stage of the cysticerci as
depicted in contemporary imaging studies (Figure 1). La-
beling seizures according to the evolutionary stage has many
advantages. For one, it would caution the treating physician
from considering only short-term ASM use, as is the case with
acute symptomatic seizures. It would also be instrumental in
determining the need for antiparasitic and anti-inflammatory
treatment according to the evolutionary stage of the cysticerci.
Antiparasitic treatment hastens the chances of resolution of

Figure 2 The International League Against Epilepsy Scheme of Classification of Seizures and Epilepsies Applied to Seizures
Associated With Neurocysticercosis

The original scheme has been adapted
to suit the categorization of seizures and
comorbidities in neurocysticercosis.21,22
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the cysticerci during the viable, i.e., vesicular and early col-
loidal stages and perhaps to a somewhat lesser magnitude in
the degenerating or granular-nodular stage but has no impact
on the course and outcome in the calcific stage of the
cysticercus.37

Apart from characterizing semiology and classifying seizures
and the corresponding evolutionary stages of the cysticerci, it
may be relevant to identify the epilepsy syndrome, if possible,
and determine the epileptogenic zone (Figure 2). This is
mainly the case when seizures are poorly controlled or are
drug-resistant. Overall, while drug-resistant epilepsy is rare in
NCC, it is imperative not to miss the association with hip-
pocampal sclerosis because it might crucially affect treatment
approaches.38 Of note, only the calcified cysticerci are typi-
cally associated with hippocampal sclerosis.39 Still exceedingly
rare is the possibility of dual pathology with seizures arising
independently from the hippocampus and the calcific lesion.
Investigating the association with invasive recordings might
be crucial in detecting independent seizure onsets from the
hippocampus and the calcified lesion. Finally, the identifica-
tion of comorbidities, as with any epilepsy diagnosis, is also
crucial (Figure 2). The comorbidities comprise but are not
limited to a range of neurologic disorders attributed to NCC,
for example, headaches, hydrocephalus, raised intracranial
tension, vision loss, focal neurologic deficits, cognitive im-
pairments, and depression.

A caveat to using the evolutionary stages of cysticercosis in
the classification of seizures is the occurrence of multiple
cysts in different stages of evolution at any given time point
in some individuals.40 We suggest that in such cases, at-
tempts must be made to correlate the seizure-onset zone
inferred from electroclinical assessments and the location/s
of the cysticerci and, at the same time, label the underlying
etiology as multiple parenchymal cysticercosis–mixed stages.
Another problematic situation could be the occurrence of
several types of seizures. This could occur either with mul-
tiple cysticercosis or when cysticercosis is associated with
hippocampal sclerosis.38

We recommend a clinical formulation to classify and label
seizures associated with NCC, which departs from the usual
categorization of seizures into acute symptomatic and un-
provoked to an association with the evolutionary stage of the
cyst (Figure 2). This concept avoids the categorization of
seizures as acute symptomatic and unprovoked, a distinction
that is often blurred in cerebral parenchymal cysticercosis, and
guides therapeutic decision making apropos antiparasitic
treatment. It is also relevant to identify the epileptogenic zone,
epilepsy syndrome, and comorbidities, some of which may be
related to NCC. Future studies should document long-term
seizure recurrence rates after the first seizure in individuals
with cerebral parenchymal cysticercosis along with meticu-
lous identification of epileptogenic substrates. In tandem,
experimental animal studies should seek to identify functional
and anatomical underpinnings of seizures and epilepsy in the

setting of the parasitic infection. These are all relevant agendas
as we await a policy-driven public health initiative to eliminate
cysticercosis.
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