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Abstract
Neurocysticercosis, the most common helminthic infection of the nervous system, is a major cause of acquired epilepsy
worldwide. The disease occurs when humans become intermediate hosts of the tapeworm Taenia solium after ingesting its eggs by
contagion from an asymptomatic Taenia carrier. Within the nervous system, parasites may locate in brain parenchyma, sub-
arachnoid space, ventricular system, or spinal cord, causing several pathological changes that are responsible for the clinical
pleomorphism of the disease. Seizures are the most common clinical manifestation, but a sizable proportion of patients develop
focal deficits, intracranial hypertension, or cognitive decline. Preoperative diagnosis of neurocysticercosis is possible after proper
integration of data from neuroimaging studies and immunological tests. Cysticidal drugs (albendazole and praziquantel) have
changed the prognosis of most patients with neurocysticercosis. The use of these drugs has shown to reduce the parasite load
within the central nervous system and to improve the clinical prognosis of the disease in many cases. Future studies should focus
on disease eradication through the implementation of control programs against all the interrelated steps in the life cycle of
T solium, including human carriers of the adult tapeworm, infected pigs, and eggs in the environment.
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Introduction

Neurocysticercosis is the most common helminthic infection

affecting the central nervous system of humans. It is endemic

in most of the developing world, where conditions favoring the

transmission of this disease, including swine breeding under

poor sanitary conditions, poverty, and illiteracy, are met. In

these areas, neurocysticercosis is one of the most common

causes of acquired epilepsy and a major public health prob-

lem.1-3 Neurocysticercosis is also becoming a health problem

in some developed countries due to mass migration of people

from areas where the disease is endemic.4-8 Although most

patients with neurocysticercosis diagnosed in the United States

and Europe are immigrants, the disease has also been diagnosed

in native persons with no history of traveling abroad. Human

cysticercosis is potentially eradicable. To be effective, eradica-

tion programs must be directed to all the targets for control, par-

ticularly human carriers of the adult tapeworm, infected pigs,

and eggs in the environment.9 Since they represent interrelated

steps in the life cycle of Taenia solium, inadequate coverage of

one of them may result in a rebound in the prevalence of the

disease after the program has been completed.

Etiopathogenesis

Life cycle of T solium

Two hosts are involved in the life cycle of this cestode,

humans and pigs. Humans are definitive hosts for the adult

tapeworm, whereas both pigs and humans may be intermedi-

ate hosts for the larval form (cysticercus). In the usual cycle of

transmission, a few gravid proglottids from the adult tape-

worm—attached to the intestinal wall of humans—are passed

every few days with feces. Each proglottid liberates thousands

of infective eggs to the environment. In areas where feces dis-

posal is deficient and swine husbandry is poor, pigs have

access to human feces containing T solium eggs. Once in the

intestinal tract of the pig, eggs liberate oncospheres that cross

the intestinal wall and enter the bloodstream, from where they

are carried to the tissues to mature into metacestodes and

then into larvaes (cysticercus). The life cycle is completed

when humans ingest improperly cooked infected pork and

cysticerci—by action of digestive enzymes—are released, their

scolices evaginate, attach to the intestinal wall, and proglottids

begin to multiply until the adult tapeworm is formed.10

Humans can also become intermediate hosts of T solium

after ingesting its eggs. Under this circumstance, human cysti-

cercosis develops. Recent epidemiological evidence showing

clustering of patients with cysticercosis around tapeworm
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carriers has changed previous concepts crediting the environ-

ment as the main source of human contamination with T
solium eggs. Therefore, human cysticercosis must be seen as

a disease mostly transmitted from person to person and the

role of infected pigs is to perpetuate the infection only.11

Characteristics of Cysticerci

Cysticerci consist of main portions, the vesicular wall and the

scolex. Viable cysticerci have a transparent membrane, a clear

vesicular fluid, and an invaginated scolex with a similar struc-

ture compared to the adult T solium. This stage, which has

been called ‘‘vesicular stage,’’ is seen after the arrival of most

cysticerci to the central nervous system. Cysticerci may

remain in such stage for years or may—as the result of an

immunological attack from the host—enter in a process of

degeneration that ends with the death of the parasite and its

transformation into a mineralized nodule (‘‘calcified stage’’).

From the vesicular to the calcified stage, cysticerci often go

through 2 intermediate stages of involution that have been

called ‘‘colloidal’’ and ‘‘granular,’’ respectively. It seems that

this orderly process of degeneration is not followed by all

parasites, as some may be destroyed early after entering the

central nervous system (even in their early metacestodes

phase) and go directly to the granular stage without going first

through the vesicular and colloidal stages.12 Arguments favor-

ing this latter hypothesis include the low sensitivity of serolo-

gical assays in patients with a single cysticercus granuloma

and the younger age of patients with single cysticercal granu-

loma versus that of those with single vesicular cyst.

Inflammatory Changes Induced by Cysticerci

In general, vesicular cysticerci located in the brain parench-

yma elicit little or no inflammatory reaction. On the other

hand, cysticerci in the colloidal stage are surrounded by a col-

lagen capsule and a mononuclear inflammatory reaction that

includes the parasite itself; astrocytic gliosis, microglial pro-

liferation, edema, neuronal degenerative changes, and peri-

vascular cuffing of lymphocytes are commonly observed in

the surrounding brain parenchyma. The edema subsides when

parasites enter into the granular and calcified stages, but astro-

cytic changes in the vicinity of the lesions may become more

severe and epithelioid cells appear and coalesce to form multi-

nucleated giant cells.13

Meningeal cysticerci often elicit an intense inflammatory

reaction in the subarachnoid space with formation of a dense

exudate composed of collagen fibers, lymphocytes, multinu-

cleated giant cells, eosinophils, and hyalinized parasitic mem-

branes that lead to abnormal thickening of the leptomeninges.

This inflammatory reaction may be disseminated, damaging

the optic chiasm, cranial nerves arising from the brainstem,

and penetrating arteries arising from the circle of Willis. The

latter may result in the development of a cerebral infarction.14

The foramina of Luschka and Magendie may be occluded by

the thickened leptomeninges or by parasitic membranes with

the subsequent occurrence of obstructive hydrocephalus. Ven-

tricular cysticerci may also elicit an inflammatory reaction if

they are attached to the choroid plexus or to the ventricular

wall. In such cases, the disrupted ependymal lining may pro-

trude toward the ventricular cavities blocking cerebrospinal

fluid (CSF) transit when the site of protrusion is near the for-

amina of Monro or the cerebral aqueduct.13

Clinical Manifestations

Diversity of clinical manifestations of neurocysticercosis is

related to differences in the number and location of the lesions

within the nervous system and to the intensity of the host’s

immune response against the parasites. In many cases, the

infection is asymptomatic as has been demonstrated in

population-based studies in areas where cysticercosis is ende-

mic, where a sizable proportion of persons with neurocysticer-

cosis only have evidence of the disease in neuroimaging

studies.15

Seizures are the most common clinical form of presentation

of neurocysticercosis, occurring in up to 80% of symptomatic

infections.16 Indeed, neurocysticercosis partly explains the

increased prevalence of epilepsy in the developing world and

has been considered one of the leading causes of epilepsy

starting in individuals aged 25 years or older.17

Although it was formerly believed that neurocysticercosis-

related seizures occurred almost exclusively when parasites

began to degenerate, more recent studies have documented

that seizures may occur at any stage of cysticerci involution,

from viable cysts to calcifications. Mechanisms of epilepto-

genesis in these cases vary according to the stage of parasites.

Viable cysts most likely induce seizures due to compressive

effects on the brain parenchyma, while colloidal and granular

cysts induce seizures as a result of the inflammatory reaction

associated with the attack of the host immune system to the

parasites. In calcified lesions, the gliosis that develops around

death parasites, as well as exposure of antigenic material to the

brain parenchyma or even the development of hippocampal

sclerosis, may account for their epileptogenic activity.18,19

Focal neurological signs have been described in 5% to 15%
of patients with neurocysticercosis and vary according to the

location of the parasites within the central nervous system.17

Neurocysticercosis-related focal signs often follow a chronic

course resembling that of a brain tumor or a focal granuloma-

tous process of other etiology (ie, tuberculomas) and are most

often seen in patients with large subarachnoid cysts compres-

sing the brain.20 Acute stroke syndromes have been described

in some cases. These are often related to cerebral infarctions

located in the posterior limb of the internal capsule, the corona

radiate, or the brainstem.14 Some patients with neurocysticer-

cosis develop intracranial hypertension, which may be related

to the occurrence of hydrocephalus due to arachnoiditis, gran-

ular ependymitis, or ventricular cysts or to cysticercotic ence-

phalitis, a severe form of the disease that occurs as a result of
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massive cysticerci infection of the brain parenchyma inducing

an intense immune reaction from the host.10

Some other patients with neurocysticercosis present psy-

chiatric complaints that may range from poor cognitive perfor-

mance to severe dementia.21 Patients with intrasellar

cysticerci present with ophthalmologic and endocrinologic

manifestations.22 Spinal arachnoiditis is characterized by root

pain and weakness of subacute onset, and cysts in the spinal

cord parenchyma usually present with motor and sensory def-

icits that vary according to the level of the lesion.23 Intraocular

cysticerci cause progressive decrease in visual acuity or visual

field defects related to vitritis, uveitis, or endophthalmitis.24

Diagnosis

Introduction of computed tomography (CT) and magnetic reso-

nance imaging (MRI) changed the diagnostic accuracy for neu-

rocysticercosis, as they provide evidence on the number and

topography of lesions and their stage of involution.25 Vesicular

(viable) cysticerci appear as small and rounded cysts that are

well delineated from the brain parenchyma. There is no edema

or abnormal enhancement. A sizable proportion of those cysts

have in their interior an eccentric hyperdense nodule represent-

ing the scolex, giving them ‘‘hole-with-dot’’ appearance, which

is pathognomonic of neurocysticercosis (Figure 1). Colloidal

and granular (degenerating) cysticerci appear as single or mul-

tiple ill-defined lesions surrounded by edema, and most of them

present with a ring or a nodular pattern of enhancement after

contrast medium administration.26 These lesions are difficult

to differentiate from other space-occupying intracranial lesions

such as tumors or tuberculous granulomas (Figure 2). Calcified

(dead) cysticerci appear on CT as small hyperdense nodules

without perilesional edema or abnormal contrast enhancement

(Figure 3). These lesions may be not well identified with MRI,

although with the use of more powerful machines (1.5 Tesla or

superior), calcifications are easily visualized as small hypoin-

tense dots.

The most common neuroimaging finding in subarachnoid

neurocysticercosis is hydrocephalus caused by occlusion of

the foraminae of Luschka and Magendie. The basal arachnoi-

ditis that is responsible for the occurrence of hydrocephalus is

visualized as patchy or diffuse areas of abnormal leptomenin-

geal enhancement. Parasites located within the CSF cisterns at

the base of the brain often have a multilobulated appearance

and behave as space-occupying lesions.20 Magnetic resonance

angiography is of value to demonstrate segmental narrowing

or even occlusion of medium-size intracranial arteries in some

patients with subarachnoid neurocysticercosis.14 Ventricular

cysticerci may not be visualized on CT but can be inferred

on the basis of distortion on the shape of the ventricular cav-

ities causing asymmetric hydrocephalus.27 In contrast, most

ventricular cysts are visualized on MRI because their signal

properties differ from that of the CSF.28 The occurrence of the

so-called ‘‘ventricular migration sign,’’ which is related to the

mobility of the ventricular cyst within the ventricular cavities

in response to movements of the head, facilitates the diagnosis

in some cases. Intramedullary cysticerci appear on MRI as

rounded lesions that may have an eccentric hyperintense

Figure 1. Contrast-enhanced, T1-weighted magnetic resonance
imaging (MRI) showing rounded cystic lesions with an eccentric
bright dot representing the scolex. This is the single pathognomonic
imaging finding of neurocysticercosis.

Figure 2. Contrast-enhanced computed tomography (CT) showing
a degenerating cysticercus in left temporal lobe. The lesion is almost
indistinguishable from that seen in patients with brain tumors of focal
granulomatous lesions of other etiology.
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nodule representing the scolex.29 These lesions often enlarge

the diameter of the spinal cord. Leptomeningeal cysts may

be mobile within the spinal subarachnoid space and may

change their position during the examination according to

movements of the patient in the exploration table.

Antibodies to species-specific antigens of T solium can be

detected by enzyme-linked immunoelectrotransfer blot assay.

This finding encouraged researchers to develop highly puri-

fied antigens of cysticercus to be used in a reliable immune

diagnostic test—the immunoblot—for cysticercosis.30 How-

ever, a weakness of the immunoblot is that it may be false neg-

ative in about 50% of patients with a single cerebral cyst or in

those with calcifications alone.26 Another weakness is that it

may be false positive in persons who had been exposed to the

adult parasite without developing the disease.26 Detection of

circulating antigens of the parasite by the use of monoclonal

antibodies has a poor sensitivity as a screening tool for the

diagnosis of neurocysticercosis; however, antigen detection

may be useful to monitor the response to therapy.31

Despite the important advances in neuroimaging and

immune diagnostic tests, the diagnosis of neurocysticercosis

may be a challenge. As noted, clinical manifestations are non-

specific, neuroimaging findings are often not pathognomonic,

and immune diagnostic tests are faced with problems related

to poor specificity and sensitivity. A set of diagnostic criteria

based on the evaluation of clinical, radiological, immunologi-

cal, and epidemiological data have been proposed to provide

the elements needed to diagnose patients with suspected neu-

rocysticercosis.32 The set includes 4 categories of diagnostic

criteria—absolute, major, minor, and epidemiologic—strati-

fied according to their individual strength. Absolute criteria

allow unequivocal diagnosis of neurocysticercosis, major cri-

teria strongly suggest the diagnosis but cannot be used alone to

confirm the disease, minor criteria are frequent but nonspeci-

fic manifestations of the disease, and epidemiologic criteria

refer to circumstantial evidence favoring the diagnosis of

cysticercosis. Interpretation of these criteria results in 2 cate-

gories of diagnostic certainty—definitive and probable—

according to the likelihood that neurocysticercosis is present

in a given patient (Table 1).

Treatment

Owing to the clinical and pathological pleomorphism of neu-

rocysticercosis, a single approach is not expected to be useful

Figure 3. Plain computed tomography (CT) showing parenchymal
brain calcifications representing death cysticerci.

Table 1. Diagnostic Criteria for Neurocysticercosis.a

Diagnostic criteria

Absolute criteria
� Histologic demonstration of the parasite from biopsy of a brain

or spinal cord lesion
� Evidence of cystic lesions showing the scolex on neuroimaging

studies
� Direct visualization of subretinal parasites by fundoscopic

examination
Major criteria
� Evidence of lesions highly suggestive of neurocysticercosis on

neuroimaging studies
� Positive serum immunoblot for the detection of anticysticercal

antibodies
� Resolution of intracranial cystic lesions after therapy with

albendazole or praziquantel
� Spontaneous resolution of small single enhancing lesions

Minor criteria
� Evidence of lesions suggestive of neurocysticercosis on

neuroimaging studies
� Presence of clinical manifestations suggestive of

neurocysticercosis
� Positive CSF ELISA for detection of anticysticercal antibodies

or cysticercal antigens
� Evidence of cysticercosis outside the central nervous system

Epidemiologic criteria
� Individuals coming from or living in an area where cysticercosis

is endemic
� History of frequent travel to disease-endemic areas
� Evidence of a household contact with Taenia solium infection

Degrees of diagnostic certainty
Definitive diagnosis
� Presence of 1 absolute criterion
� Presence of 2 major plus 1 minor or 1 epidemiologic criteria

Probable diagnosis
� Presence of 1 major plus 2 minor criteria
� Presence of 1 major plus 1 minor and 1 epidemiologic criteria
� Presence of 3 minor plus 1 epidemiologic criteria

Abbreviations: CSF, cerebrospinal fluid; ELISA, enzyme-linked immunosor-
bent assay.
a Adapted from Del Brutto et al.32
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in all cases. The disease must be characterized in terms of

location and number of lesions within the nervous system,

cysts’ viability, and severity of the host’s immune response

to the parasite.33 Therapy often includes a combination of

symptomatic and cysticidal drugs. Surgery still has a role in

selected forms of the disease (Table 2).

The prognosis of a sizable proportion of neurocysticercosis

patients improved after the introduction—more than 30 years

ago—of cysticidal drugs. Praziquantel came first and it was

soon followed by albendazole. The initial regimen of prazi-

quantel therapy, at doses of 50 mg/kg/d given at 3 divided

doses (every 8 hours) for 15 days, was arbitrarily chosen.34

Thereafter, it was suggested that if cysticerci are exposed to

high concentrations of praziquantel for up to 6 hours by giving

3 individual doses of 25 to 30 mg/kg at 2-hour intervals, this

might be sufficient to destroy cysticerci. Although initial

results with this single-day regimen were promising,35 it

seems that this works better for patients with a single parench-

ymal brain cyst and that the traditional 15-day trial should

be used for those with more than 1 cyst.36 Albendazole was

initially administered at doses of 15 mg/kg/d during 1 month.37

However, further studies showed that similar results may be

obtained when the length of therapy is shortened to 1 week38

and even to 3 days if the patient has a single parenchymal

brain cyst.39 Albendazole has been shown to be superior to

praziquantel in some trials comparing the efficacy of these

drugs.40,41 Another advantage of albendazole is that it also

destroys subarachnoid and ventricular cysts.42 In some

patients with these forms of the disease, higher doses (up to

30 mg/kg/d) or more prolonged, or even repeated, courses

of the drug may be necessary.43,44

Despite the favorable results observed in several clinical

trials, the use of cysticidal drugs has been questioned, leading

to confusion and incorrect management decisions. For exam-

ple, it has been suggested that cysticidals destroy the cysts but

do not modify the clinical course of the disease.45 A more

recent placebo-controlled trial showed that albendazole was

effective for therapy of viable parenchymal brain cysticerci,46

and other well-designed studies have shown that the prognosis

of patients with colloidal parenchymal brain cysts was better

Table 2. General Guidelines for Therapy of Neurocysticercosis.a

Parenchymal neurocysticercosis

Vesicular cysts
� Single cyst: albendazole 15 mg/kg/d for 3 days or praziquantel 30 mg/kg in 3 divided doses every 2 hours. Corticosteroids rarely needed.

AED for seizures
� Mild to moderate infections: albendazole 15 mg/kg/d for 1 week or praziquantel 50 mg/kg/d for 15 days. Corticosteroids may be used

when necessary. AED for seizures
� Heavy infections: albendazole 15 mg/kg/d for 1 week (repeated cycles of albendazole may be needed). Corticosteroids are mandatory

before, during, and after therapy. AED for seizures
Colloidal cysts
� Single cyst: albendazole 15 mg/kg/d for 3 days or praziquantel 30 mg/kg in 3 divided doses every 2 hours. Corticosteroids may be used

when necessary. AED for seizures
� Mild to moderate infections: albendazole 15 mg/kg/d for 1 week. Corticosteroids are usually needed before and during therapy. AED for

seizures
� Cysticercotic encephalitis: cysticidal drugs are contraindicated. Corticosteroids and osmotic diuretics to reduce brain swelling. AED for

seizures. Decompressive craniectomies in refractory cases
Granular and calcified cysticerci
� Single or multiple: no need for cysticidal drug therapy. AED for seizures. Corticosteroids for patients with recurrent seizures and

perilesional edema surrounding calcifications

Extraparenchymal neurocysticercosis

Small cysts over convexity of cerebral hemispheres
� Single or multiple: albendazole 15 mg/kg/d for 1 week. Corticosteroids may be used when necessary. AED for seizures

Large cysts in Sylvian fissures or basal CSF cisterns
� Racemose cysticercus: albendazole, 15 to 30 mg/kg/d for 15 to 30 days (repeated cycles of albendazole may be needed). Corticosteroids

are mandatory before, during, and after therapy
Other forms of extraparenchymal neurocysticercosis
� Hydrocephalus: no need for cysticidal drugs therapy. Ventricular shunt. Continuous corticosteroid administration (50 mg 3 times a week

for up to 2 years) may be needed to reduce the rate of shunt dysfunction
� Ventricular cysts: endoscopic resection of cysts. Albendazole may be used only in small lesions located in lateral ventricles. Ventricular

shunt only needed in patients with associated ependymitis
� Angiitis, chronic arachnoiditis: no need for cysticidal drug therapy. Corticosteroids are mandatory
� Cysticercosis on the spine: surgical resection of lesions. Anecdotal use of albendazole with good results

Abbreviations: AED, antiepileptic drug; CSF, cerebrospinal fluid.
a Level 1 of evidence favors the use of cysticidal drugs in patients with parenchymal brain vesicular and colloidal cysts. For other forms of the disease, guidelines are
based on levels 2 and 3 of evidence). Adapted with permission from Del Brutto. Neurocysticercosis. Continuum (Minneap, Minn). 2012;18:1392-1416.

Brutto 209



after therapy than when the disease was left untreated, provid-

ing evidence that favors the use of cysticidal drugs in patients

with parenchymal brain cysticerci.47-49 Moreover, some meta-

analysis of randomized trials evaluated the clinical outcome

and the results on neuroimaging studies in patients with par-

enchymal neurocysticercosis, confirming that published evi-

dence indicates that cysticidal drug therapy results in better

resolution of both colloidal and vesicular cysticerci, in a lower

risk of seizure recurrence in patients with colloidal cysticerci,

and in a reduction in the rate of generalized seizures in patients

with vesicular cysticerci.50-52 More recently, a panel from the

American Academy of Neurology revised data to issue a guide-

line document and concluded that albendazole plus corticoster-

oids should be considered for patients with neurocysticercosis,

as the use of these drugs reduce the number of viable cysts on

control neuroimaging studies (level B of evidence) and the

long-term risk of seizure recurrence (level B evidence).53

On the other hand, it is important to remember that

some forms of neurocysticercosis should not be treated

with cysticidal drugs, as their use may exacerbate the syn-

drome of intracranial hypertension observed in patients

with cysticercotic encephalitis or in those with hydrocepha-

lus. In the latter, cysticidal drugs may be used only after a

ventricular shunt has been placed (only if the patient has

associated viable cysts) to avoid further increases in the

intracranial pressure as a result of therapy. Cysticidal drugs

must be used with caution in patients with giant subarach-

noid cysticerci because the inflammation developed by the

host in response to destruction of parasites may occlude

leptomeningeal vessels surrounding the cyst. In such cases,

concomitant steroid administration will avoid the hazard of

an ischemic stroke. In patients with ventricular cysts, the

use of cysticidal drugs should be restricted for 2 main rea-

sons: (1) the inflammatory reaction that often surrounds

dying cysts may cause acute hydrocephalus if those lesions

are located within the fourth ventricle or near the forami-

nae of Monro or the cerebral aqueduct and (2) new neu-

roendoscopic techniques allow resection of parasites at

minimal risk of the patient.54

The use of antiepileptic drug (AED) often results in the

control of seizures in patients with neurocysticercosis-

related epilepsy.55 However, the optimal length of AED

therapy in patients with neurocysticercosis has not been

established. It has been suggested that short-term (3-6

months) use of AEDs—while inflammation around a cyst

still exists—may be enough. No controlled evidence exists

to support this claim and standard guidelines on the use of

AEDs must be followed. After seizure remission and

appropriate tapering of AEDs, a sizable proportion of

patients will present further seizure episodes and require

reinstalling medication for longer time.56 Prognostic fac-

tors associated with seizure recurrence include the develop-

ment of calcifications and the presence of both recurrent

seizures and multiple brain cysts before the start of

therapy.57
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