Neurocysticercosis: Neurology
and Neurobiology

Arturo Carpio and Agnes Fleury

Abstract Neurocysticercosis, the most common parasitic brain disease worldwide,
is due to the larvae infestation of Taenia solium. It is an endemic, neglected disease
in poor countries with deprived sanitation, and is increasingly being reported in
wealthy countries due to migration. Humans are the only definitive host of T. solium,
while pigs are the intermediate hosts. Humans may become intermediate host by
ingesting food or water contaminated by 7. solium eggs.

Infection is associated with local and systemic immune-inflammatory responses
modulated by the developmental stage of the parasite in the host (vesicular, colloi-
dal. granular-nodular, and calcified stages) and by the central nervous system com-
partment where the parasites are located. Genetic diversity of cysticerci has been
studied and the genome of 7. solium is currently being sequenced.

The clinical manifestations are heterogeneous and depend mainly on the local-
ization of cysts and immune response to the host. Seizures, headache, focal deficits
and cognitive abnormalities are the most frequent manifestations. The prognosis is
good; nevertheless, it may lead to long-term neurological sequels such as epilepsy
and hydrocephalus.

Diagnosis is made mainly by neuroimaging, which is useful in the detection
of evolutionary stage, number and localization of cysts. Immunological testing
can be helpful; nonetheless, a negative test does not rule out the diagnosis.
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Treatment is complex and should be individualized, based on location and viability
of the parasites. In most cases treatment is only symptomatic. Antihelminthic
drugs are effective in approximately one-third of patients with parenchymal viable
cysts. The most effective approach to Taeniasis/cysticercosis is prevention. This
should be a primary public health focus for poor countries.

Keywords Seizures * Epilepsy * Imaging ¢ Albendazole * Praziquantel * Parasitic
infection * Taeniasis/cysticercosis * Taenia solium

1 Introduction

Neurocysticercosis (NC), caused by the presence in the central nervous system
(CNS) of the larval phase of Taenia solium is a neglected disease still endemic in
most developing countries, mainly in the low-income ones, of Latin America, sub-
Saharan Africa, the Indian subcontinent, and Southern Asia (Winkler et al. 2008;
Blocher et al. 2011; Fleury et al. 2011). NC is currently an emergent disease in some
high-income countries due to the increase of migration and tourism. It still causes
high morbidity and mortality, the burden of which is difficult to state due to under-
diagnosis (Bhattarai et al. 2012). The economic losses it entails are also important
for the population and the society in general (Croker et al. 2012).

2 Life Cycle: Transmission

Cysticercosis is caused by ingestion of the eggs of 7. solium shed in the feces of a
human tapeworm carrier. Pigs, that are coprophages, become infected when they are
reared under a free-range system, a condition still frequent in the rural communities
of endemic countries, where disposal of human feces is deficient.

After ingestion, 7. solium eggs hatch in the intestine, liberating motile onco-
spheres that invade the intestinal wall and migrate through the bloodstream to dif-
ferent tissues, where they develop into cysticerci. The parasite life cycle is completed
when humans ingest undercooked pork containing cysticerci, resulting in human
tapeworm infection. Cysts evaginate and attach to the small intestine by their scolex.
Adult tapeworms develop, and can reside in the human small intestine for years.

Incidentally, infection of humans by cysticerci is possible mainly through
the ingestion of food or water contaminated with 7. solium eggs. Self-infection can
also occur, mainly by orofaecal contamination and possibly by reverse peristalsis.
In humans, at least in Latin America, the preferential localization of cysticerci is the
central nervous system (CNS).

Infection may be prevented by proper disposal of human feces around pigs, use
of latrines, and keeping pigs indoors (Goodman et al. 1999). In the case of infected
pork meat, this must be cut into slices of 5 cm or less in thickness, and fried for at
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least 1 h or boiled for 2 or 3 h (Aluja et al. 1987). Freezing of the meat before
consumption at —5 °C for 4 days or at —15 °C for 3 days is also efficient (Sotelo and
Marin 1987).

3 Causative Agent

Adult T. solium, like other species of the gender Taenia is a plane worm. Its head
(scolex) consists of four suckers and a rostellum with two rows of hooks, which are
essential to fix the parasite in the human small intestine. The head thins to form a
neck from which the proglottids are produced. These form a chain, named strobila
(1.5-5 m in length). The proglottids nearest to the neck are immature, while those
located at the end of the strobila are differentiated and contain about 50,000 eggs.
After 2 or 3 months of infection, 4 or 5 gravid proglottids are released every day in
the host’s faeces. Eggs contained in each proglottid are at different grades of matu-
ration; almost 50 % of them contain an infective completely developed oncosphere.
The immature ones can mature out of the host and can persist for weeks, viable and
infective, in water, soil, and vegetation. Eggs are round and measure around
2040 pm. They are morphologically indistinguishable from the eggs of other
Taeniae and are protected from the environment by a rigid structure called the
embryophore (Laclette et al. 1982). In the larval phase, there are two morphologi-
cally distinct types of cysticerci (Rabiela et al. 1989). The most common one is the
“cellulosae”, a small vesicle (0.5-2 cm in diameter) containing a small invaginated
scolex similar to the scolex of the adult taenia. This form of cysticerci is found in
muscle, subcutaneous tissue, and cerebral parenchyma. The “racemosus” form con-
stitutes a hydropic change that leads to a large parasite structure composed of a
conglomeration of vesicles of different sizes. It has no evident scolex and is mainly
located in the cerebral ventricles and in the basal subarachnoid space of the CNS.
As cestodes lack a digestive track, they obtain their nutrients and excrete their waste
through their tegument surface by absorption and diffusion.

Four developmental phases have been described in the life cycle of cysticerci
(Escobar 1983). In the first one (vesicular phase), the parasite is alive, and the cyst
contains the invaginated larva of 4-5 mm that lies in a transparent liquid (Figs. 1 and
4a). In the following one, (colloidal phase, Figs. 2 and 4b), the cyst is adherent
and surrounded by a connective capsule. The content of the vesicle loses fluidity
and becomes milky. In the third stage (nodular granular phase), the size of the cyst
has diminished, and its membrane cannot be easily identified as it is completely
attached to the collagen capsule. Finally, in the last stage (calcified phase, Figs. 3
and 5b) a hard, completely calcified nodule is identified, reduced to less than half of
its original size. In adjacent tissue, astrogliosis and low-grade inflammatory reac-
tion are present. It is interesting to note that this temporal sequence varies according
to the localization of the parasites. In particular, when parasites are in the cisterns of
the subarachnoid space or in the ventricular system, the vesicular phase is much
longer than in other locations, facilitating parasite growth. It is also interesting to
note that calcification of parasites in these locations is extremely rare.
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Fig. 1 Coronal section
of the brain showing
several vesicular cysticerci

Fig. 2 Coronal section
of the brain showing
colloidal cysticerci

Fig. 3 Coronal section
of the brain showing
a calcified cysticercus

Genetic diversity of cysticerci collected in pork has been investigated. The
comparison of parasites from different continents shows significant genetic differ-
entiation, suggesting diverse evolutionary paths (Vega et al. 2003; Maravilla et al.
2003). On the other hand, when cysticerci of the nearest geographical regions or
from different tissues of the same pig were studied, DNA diversity was within the
range expected from a recombination process (Vega et al. 2003; Bobes et al. 2010).
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The genome of T solium is currently being sequenced in Mexico and only partial
results have been published at the time of this review. The information generated
will provide a powerful resource for the study of taeniasis/cysticercosis helping to
address fundamental questions such as the molecular basis of host-parasite speci-
ficity and mechanisms of parasite pathogenesis, among others (Aguilar-Diaz et al.
2006). Genome size has been estimated to be between 251 and 270 Mb and only
about 24 % of the sequences are homologous to mammalian genes, in particular
humans. The sequences lacking homologues in humans are strong candidates for
investigation of treatment, diagnosis and vaccination (Aguilar-Diaz et al. 2006).

4 Immunological Response

In their larval phase, cysticerci express a complex and diverse set of antigens. A few
of them are specific of T. solium, but many others cross-react with those of other
helminths. Some of them are present in all the phases of the parasites, while others
are phase-specific. Most patients have detectable antibodies, generally of the IgG
class, against parasites in serum and cerebrospinal fluid (CSF). They can also be
detected in the saliva (Bueno et al. 2000), The four subclasses of IgG are increased
in symptomatic NC patients compared to the asymptomatic patients. The relevance
of antibodies to parasite damage has not been extensively studied. Although some
observations indicate that antibodies can have a protective action, the demonstration
of a net beneficial effect is still lacking.

Characteristics of the local inflammatory reaction associated with the presence
of the parasite depend on the CNS compartment where the parasites are located.
When located in the parenchyma or in the subarachnoid space, inflammation is
confined around the parasite. In these cases, the CSF is in general normal and immu-
nohistochemical studies of the inflammatory infiltrate around the cysticerci reveals
the presence of specific IgM and plasma cells, natural killer (NK) lymphocytes,
macrophages, granulocytes, and T cells. Intensity of the inflammatory reaction var-
ies, based upon parasite evolutionary phase, being almost absent in the vesicular
phase and intense in the colloidal one (Alvarez et al. 2002). When the parasites are
located in the basal subarachnoid space or in the ventricular system, inflammation
is mainly seen in the CSF with the presence of lymphocytic pleocytosis, mild eleva-
tion of proteins, and hypoglycorrhachia, with increased levels of all IgG subclasses
as well as interleukin (IL) -6, -5, and -10 (Chavarria et al. 2005). This reaction can
affect the leptomeninges with the formation of a dense exudate containing collagen
fibers, lymphocytes, and multinucleated giant cells resulting in meningeal thicken-
ing as well as occlusion of Luschka and Magendie foramina that can lead to chronic
hydrocephalus (Escobar 1983). In these cases, inflammation can cause damage in
vascular and nervous structures remote from the parasites.

Systemic immunological changes are also observed. In the blood of patients with
inflammatory parasites located in the subarachnoid space or in the ventricular
system, a decreased proliferation of specific cells without production of cytokines,
and an increase of the proportion of T regulatory cells, significantly correlated with
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the increase of these cells in CSF, have been observed (Chavarria et al. 2006; Adalid-
Peralta et al. 2012). On the other hand, patients with asymptomatic calcified NC
present a specific proliferative reaction, with production of cytokines predominantly
of the Th, type (IL-4, IL-5, IL-13, IL-12) and a higher level of specific IgG4, com-
pared to persons exposed to parasites but non-infected (Chavarria et al. 2003).
Parasites have developed different protective mechanisms to evade the immune
surveillance of the host. Particularly, antigen B, the most frequent antigen recognized
by the serum of patients, can bind factor C1q from the complement system, a property
that can prevent the potential toxicity of antibody-mediated parasite damage (Laclette
et al. 1992). The presence of a great amount of immunoglobulin on the surface of the
cysticercus can mask its presence in the immunological system (Flisser et al. 1986).

5 Clinical Manifestations

One of the most intriguing aspects of NC is that presumably a high percentage of the
individuals harboring NC remain asymptomatic. Among the symptomatic group,
clinical manifestations of NC are determined mainly by the evolutive phase and loca-
tion of the parasite within the CNS, as well as by the intensity of the immunological
response of the patient (Loureiro das Chagas et al. 2003; Patel et al. 2006). The com-
bination of these factors, among others, explains the great heterogeneity and the
absence of a specific clinical picture. A systematic review was conducted to estimate
the clinical manifestation frequencies of symptomatic NC (Carabin et al. 2011).
Among NC patients seen in neurology clinics, about 79 % had seizures/epilepsy,
38 % severe headaches, 16 % focal deficits, and 12 % signs of increased intracranial
pressure. Several other symptoms were also reported in less than 10 % of the patients.

5.1 Parenchymal Neurocysticercosis

The most common clinical manifestation of parenchymal NC is epileptic seizure,
which occurs in 60-90 % of cases. The symptomatology of altered mental state and
psychiatric manifestations remains poorly described in the literature (Carabin et al.
2011). In two studies (Forlenza et al. 1997; Carpio et al. 2008) which provided defi-
nitions of clinical manifestations, depression was reported in about 53 % and 15 %
of the patients, respectively. A recent study reports a spectrum of cognitive abnor-
malities, including dementia (Rodrigues et al. 2012).

5.1.1 Neurocysticercosis and Epilepsy

Seizures associated with NC may be categorized as either acute symptomatic (Carpio
et al. 1998; Murthy and Yangala 1999) or as unprovoked, remote symptomatic (epi-
lepsy, if recurrent). This differentiation is very important, due to its implications con-
cerning treatment and prognosis. The classification of seizure types in patients with NC
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varied among studies (Cukiert et al. 1994). It seems that either generalized seizures or
partial seizures with secondary generalization are most commonly reported, while com-
plex partial seizures are less frequent (Carpio et al. 2013). Seizures may occur at any
evolutionary phase of the parasite. In a recent prospective cohort study (Kelvin et al.
2011), transitional cysts have been found to be associated with a significantly higher
probability of seizure in the univariate analysis. However, this association was lost after
adjusting for patient age and gender as well as for number and location of the cysts. Patients
with cysts in the parietal and frontal lobes were also more likely to present seizures.

5.1.2 Epileptogenesis and Neurocysticercosis

So far, the mechanism by which the calcified neurocysticercal lesions (CNL) cause
seizures or epilepsy is not known (Antoniuk et al. 2001; Carpio et al. 2013; Rathore
et al. 2012). This has been attributed to residual perilesional gliosis that results in
chronic epileptogenic foci (Leite et al. 2000). CNL are frequently encountered in
computed tomography (CT) scans of asymptomatic individuals, and studies from
Latin American countries report that the majority are incidental lesions (Fleury
et al. 2010; Leite et al. 2000; Kowacs et al. 2006). These observations would ques-
tion the epileptogenicity of CNL.

Edema associated with CNL has also been suggested to be implicated in epilep-
togenicity. In fact, episodic appearance of edema surrounding the CNL after seizures
has been described (Nash et al. 2008). In this study, the authors argue that episodic
release of cysticercal antigens from the calcified lesions can lead to inflammation,
perilesional edema, and seizures. However, it is not clear whether this edema is the
cause or the consequence of seizure (Leite et al. 2000).

5.1.3 Neurocysticercosis as Etiology of Epilepsy

Although it is clear that epilepsy is the main symptom of NC, the relevance of NC
as a generator of epilepsy is debated. The percentage of patients with NC in epileptic
patients of endemic countries varies among studies from 14 to 54 % (Ndimubanzi
et al. 2010). It is interesting, however, to note that some observations may question
the causal relationship between NC and epilepsy (Sakamoto et al. 1999). Parasite
location may be remote from the apparent epileptogenic region, so that there is no
correlation between the NC burden of lesions and the severity of epilepsy; patients
with severe refractory seizures may have only one calcified lesion, while, on the
other hand, there are patients with multiple cysts or calcifications but no seizures
(Carpio et al. 1998; Ferreira et al. 2002).

It is important to note that both NC and epilepsy are common diseases in most
developing countries, suggesting both causal and fortuitous relationships between
these pathological conditions (Sakamoto et al. 1999; Terra-Bustamante et al. 2005).
In particular, in cross-sectional studies investigating the etiology of intractable
epilepsy in Brazil, NC turned out to mostly represent a coexistent pathology
(Pal et al. 2000; Velasco et al. 2006).
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5.1.4 Risk of Seizure Recurrence in Patients with Neurocysticercosis

Some studies have reported that NC patients with acute symptomatic seizures have a
good prognosis in terms of remission of seizures (Carpio and Hauser 2009; Singhi
et al. 2000; Manreza 2000; Ferreira et al. 2001; Goel et al. 2010). Other studies have
reported that most patients have a high risk of seizure recurrence, and suggest that
prognosis improves after antihelminthic treatment (Garcia et al. 2004). Prospective
cohort studies have determined a risk between 17 and 56 % of seizure recurrence after
a first seizure due to NC, depending on the viability of the parasite. The risk is greater
in the transitional forms and diminishes in the viable or calcified forms (Carpio and
Hauser 2002; De Souza et al. 2009; Sharma et al. 2011; Thussu et al. 2008).

5.2 Extraparenchymal Neurocysticercosis (Basal
Subarachnoid Space and Ventricular System)

At these locations (around 15-30 % of cases) headache and signs of elevated intracranial
pressure due to the obstruction of CSF circulation are the most frequent symptoms.
These occur in 88 % of the cases, in comparison with 10 % of cases with parenchymal
location (Carpio et al. 1994). Inflammation of meninges can also generate cranial nerve
dysfunction, chiasmatic syndrome, and cerebral infarcts secondary to vasculitis
(Agapejev et al. 2007; Cardenas et al. 2010a, b). When hydrocephalus is present
(Fig. 5a), the mortality rate is high (50 %), and most patients die within 2 years after CSF
shunting (Cérdenas et al. 2010a, b; Sotelo et al. 1988). This is why ventricular and basal
cisternal locations are considered to be malignant forms of NC (Estafiol et al. 1986).

Spinal cord cysticercosis is rare. Patients experience nonspecific clinical mani-
festations, such as nerve root pain or spinal cord compression syndromes, according
to the level of the lesion (Alsina et al. 2002). Severe forms of NC may exceptionally
occur, including cysticercotic encephalitis, and result in permanent neurological
sequels, such as amaurosis.

6 Host and Parasite Factors Modulating
Clinical Presentation

6.1 Age

In addition to being less common in children, NC clinical manifestations clearly vary
in different age groups (Kelvin et al. 2009a, b; Rosenfeld et al. 1996). Most cases of
childhood NC present mild to moderate symptomatology and single lesions (Ruiz-
Garcia et al. 1997; Kelvin et al. 2011). A study specifically carried out to compare the
clinical manifestations between pediatric and adult NC patients (Sdenz et al. 2006) has
reported statistically significant differences: seizures were more frequent in children
(80.4 % vs. 56.1 %) and intracranial hypertension and headaches were more frequent
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in adults (27.2 % vs. 15.2 % and 35.1 % vs. 21.7 %, respectively). Although these age-
related differences seem clear, a single effect of age is difficult to demonstrate, since
various confounding factors are probably involved (Kelvin et al. 2009a, b).

Most paediatric cases show a single enhancing lesion, also named solitary cysti-
cercus granuloma (Singh et al. 2010). This lesion is a common finding in patients
with newly identified seizures in developing countries. These patients have some
benign and transitory clinical manifestations, predominantly partial or partial
secondary generalized seizures. Single enhancing lesions tend to resolve spontane-
ously, without anticysticercal treatment or surgery, since the parasite is already in
the degenerative phase and will eventually disappear or become calcified.

6.2 Gender

Inflammation surrounding parenchymal cysticerci is more intense in women (Kelvin
et al. 2009a, b), and multiple degenerating parasites localized in the CNS parenchyma
are also more frequently reported in young women. Regardless of the localization of
the parasite, the inflammatory response, as expressed by CSF cellularity, is more
intense in women (Fleury et al. 2010). There are significant gender and age differences
in the local immune response (Kelvin et al. 2009a, b). It has been suggested that both
age and gender influence the strength of the host’s immune response. The odds of hav-
ing transitional cysts are higher for female patients than for males (Kelvin et al. 2011).

6.3 Genes

Clinical heterogeneity across geographical areas is well documented. Most cases from
the Indian subcontinent present single degenerative lesions, whereas those from Latin
America present few viable cysts (Singh et al. 2010). These differences are probably
due to complex interactions between the host, parasite, and environmental factors
(Singh 1997; Fleury et al. 2010). Genetic differences in 7. solium cysticerci have been
reported from different countries (Maravilla et al. 2008; Vega et al. 2003) and may
contribute to clinical variations among countries. Genetic susceptibility to NC has
been suggested on the basis of positive association of HLA-DRBII 13 with single,
contrast-enhancing CT lesions (Jain et al. 1999). However, neither familial aggrega-
tion of seizures in first degree relatives of NC patients with seizures (Kelvin et al.
2009a, b) nor significant aggregation of NC cases in families have been found (Fleury
et al. 2006), arguing in favor of the involvement of multiple genes.

7 Diagnosis

Diagnosis of NC cannot rely only on clinical grounds, since there are no specific
clinical manifestations of NC.
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7.1 Neuroimaging

Diagnosis of NC is mainly made by neuroimaging. MRI is more sensitive than CT
for the diagnosis of viable and degenerating cysticerci, since it improves recognition
of the perilesional edema and degenerative changes of the parasite, as well as of
cysts located inside the ventricles or the subarachnoid space. However, CT is more
sensitive than MRI for the detection of calcifications.

CT or MRI can identify the four developmental phases of cysticerci when located in
the brain parenchyma. In the vesicular phase, the CT scan depicts circumscribed, round,
hypodense areas, varying in size and number, without enhancement by contrast media
(Zee et al. 2000). In the MR, the vesicular larva appears with a CSF-like intensity signal
on all sequences, with no surrounding high signal on T2-weighted images (Lucato et al.
2007; Mont’ Alverne Filho et al. 2011). Both MRI and CT may show a high intensity or
hyperdense, 2-3 mm mural nodule depicting the scolex, within some vesicular cysts
(Fig. 4a). MRI sequences such as axial fluid attenuated inversion recovery (FLAIR)
detect a significantly higher number of scolices than other sequences, which is helpful
for improving the diagnosis of NC (Lucato et al. 2007). As the cyst degenerates, the
contrast-enhanced CT scan shows an annular (colloidal phase) or nodular (nodular
phase) enhancement surrounded by irregular perilesional edema (Fig. 4b). In this phase,
the fluid content gives a slightly higher signal than CSF and is sometimes isodense with
the parenchyma on MRI-T1 and/or proton density-weighted, and high signal on T2
images. The capsule shows a higher signal than the adjacent brain tissue, with thick ring
enhancement on T1 images, while on T2 images there is a low ring signal surrounded
by high signal lesion, due mostly to edema (Dumas et al. 1997; Zee et al. 2000). When
the cyst dies it may disappear or become an inactive calcified nodule with homogeneous
high density on CT or low intensity on proton-weighted MRI (Fig. 5b).

When the parasites are located in the subarachnoid space or within the ventricular
system, recognition of parasites with MRI is more difficult, as parasites emit an inten-
sity signal similar to that of the CSF, generally do not enhance after intravenous admin-
istration of contrast, and commonly lack a scolex. Thus, often only indirect signs of the

VIFTY

Fig. 4 MRI of parenchymal neurocysticercosis. (a) Viable cysts showing the scolex. (b) Colloidal
cyst appearing as a ring-enhancing lesion with perilesional edema
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Fig. 5 Imaging findings in patients with neurocysticercosis. (a) MRI showing hydrocephalus with
transependymal edema. (b) CT showing calcified cysticerci associated with ventriculomegalia

presence of the parasite are available, such as the unilateral enlargement of the basal
cistern (Lucato et al. 2007) (Fig. 6). Specific MRI sequences including diffusion-
weighted MRI magnetization transfer ratio (MTR), 3D constructive interference in
steady state (3DCISS), fast imaging employing steady state acquisition sequences
(FIESTA; Fig. 6a), and FLAIR sequences have proven to be more sensitive tools to
visualize the cyst wall (Braga et al. 2004; Fleury et al. 2011). In case of meningeal
inflammatory process, gadolinium enhancement of MRI or contrast-enhanced CT may
depict leptomeningeal thickening (Kioumehr et al. 1995) and hydrocephalus (Fig. 5a).

7.2 Immunodiagnosis

No optimal immunological test for NC diagnosis is yet available. The difficulties of
developing a sensitive and specific immunological test for NC diagnosis are mainly
the result of the proper characteristics of the disease. An immunological test useful
for medical practice must be specific in terms of CNS localization and should
differentiate between viable and non-viable forms of the parasite.

Different immunological tests have been developed. The most widely used tests
aim at the detection of specific antibodies. In these cases, different types of antigens
have been used: crude antigens or partially purified antigenic extracts of 7. solium
or of the related parasites 7. crassiceps or T. saginata, and recombinant or synthetic
proteins. Techniques have also evolved, from complement fixation test, indirect
hemagglutination, to the enzyme-linked immunosorbent assay (ELISA) and
enzyme-linked immunoelectrotransfer blot (EITB) assay (Tsang et al. 1989; Brandt
et al. 1992), which are the two main techniques currently in use. Also, detection of
antigens by monoclonal or polyclonal antibodies using the ELISA technique has
been developed (Brandt et al. 1992).

Comparisons of these tests have given divergent results, in part due to differences in
methodology between studies. Despite these sources of variations, it seems that EITB in
sera has higher sensibility and specificity than ELISA to detect antibodies, at least when
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Fig. 6 MRI of extraparenchymal neurocysticercosis. (a) Cysticerci located in the cerebellopontine
cistern (FIESTA sequence). (b) Cysticerci located in the basal subarachnoideal cisterns

carried out in non-endemic areas (Ramos-Kuri et al. 1992). It is also clear that sensitivity
of both tests falls in cases with a single parasite, when parasites are located in the brain
parenchyma or are calcified (Wilson et al. 1991; Singh et al. 1999). In CSF, performance
of Ab-ELISA and EITB seems to be quite similar (Proafio-Narvaez et al. 2002;
Michelet et al. 2011). Antigen detection in sera or CSF is highly specific for detecting
viable extra-parenchymal parasites (Fleury et al. 2007). Another important point is the
feasibility of carrying out ELISA and EITB techniques in endemic countries. In fact,
while ELISA can be accomplished in 20 h and costs around $2.00 per sample, EITB
assay requires almost 2 weeks, sophisticated equipment, highly skilled personnel,
and its cost is up to ten times greater than ELISA (Proafio-Narvaez et al. 2002).

Despite the current immunological and imaging advances, the diagnosis of NC is
still a challenge in many patients. Del Brutto et al. (2001) proposed diagnostic
criteria for NC based on clinical, imaging, immunological and epidemiological fea-
tures. This proposal, though not validated so far, may be useful to identify patients
with parenchymal, but not extraparenchymal, forms of NC (Machado 2010). Such
diagnostic criteria should be revised to incorporate current scientific knowledge, in
order to achieve a new consensus on the diagnosis of NC.

8 Treatment

The treatment of NC should be individualized, based on the pathogenesis and
natural history of the disease in each patient. Therapy in most cases is limited to
symptomatic treatment with anti-seizure medication (ASM) for patients with sei-
zures. Regarding duration of the ASM following an acute NC episode, some clini-
cians routinely continue ASM for 1 year, but shorter or longer intervals have also
been recommended (Carpio et al. 2013; Takayanagui et al. 2011). It is assumed that
the risk of seizures is substantial as long as there is an active ongoing process as
characterized by persistence of edema around the degenerating lesion. Because of
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this, CT scan is a useful tool for these treatment decisions. It is appropriate to monitor
cyst activity with CT scanning or MRI and to continue ASM until resolution of the
acute lesion (Carpio et al. 2013). Seizures occurring in individuals after resolution
of edema and reabsorption or calcification of the degenerating cyst should be con-
sidered unprovoked; in this situation, long-term ASM is warranted (Fig. 7).

Mannitol or oral glycerol is used if high intracranial pressure is a feature;
analgesics should be given for headache. Corticosteroids are often administered for
NC, on the premise that they reduce inflammation and edema around dying paren-
chymal cysts, and are also recommended for treatment of large subarachnoid cysts
and arachnoiditis. However, the doses, duration, form and, importantly, timing of
administration of corticosteroids are not clear. Alternative non-hormonal anti-
inflammatory agents are dextrochlorpheniramine, ketoprofen, and immunosuppres-
sants such as azathioprine and methotrexate. The efficacy of these drugs in NC has
not, however, been widely confirmed.

Surgery is currently restricted mainly to placement of ventricular shunts for
hydrocephalus and, in occasional cases of accessible racemose subarachnoid cysts
and intraventricular cysts, mainly by endoscopic approach (Goel et al. 2008; Proano
et al. 2009; Torres-Corzo et al. 2010). Transitional or degenerative cysts, regardless
of their size or location should not be biopsied or removed if differential diagnosis
has been discarded, since the parasite is dead and will disappear or become calcified
spontaneously (Singh et al. 2010).

Treatment for NC with antihelminthic drugs (AHD) has been available for at least 25
years, but their use has always been controversial. Praziquantel (PZQ) was used for the
first time in México (Robles and Chavarria 1979) and albendazole (ALB) was used for
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the first time in China (Xiao et al. 1986) to cure NC. PZQ is an acylated isoquinole-
pyrazine with broad antihelminthic activity. Its mechanism of action is not fully
understood, but it is assumed that PZQ changes metabolism and intracellular calcium,
with the main side effect of inhibition of muscle movements (Garcia-Dominguez et al.
1991). ALB is a benzimidazole with a broad antihelminthic spectrum, whose anticys-
ticercal effect is by inhibition of glucose uptake by parasitic membranes, causing energy
depletion (Lacey 1990). To date there are no controlled clinical trials to establish defini-
tive doses and duration of treatment. The most frequent treatment scheme for PZQ is
50 mg/kg/day for 15 days and for ALB, 15 mg/kg/day for 8 days (Carpio et al. 2013).

A meta-analysis of treatment of NC reported disappearance of viable parenchy-
mal cysts in 44 % of patients who were treated with ALB vs. 19 % of the placebo
group. In contrast, disappearance of degenerative cysts in 72 % of patients of
the ALB group and in 63 % of the placebo group was not statistically significant
(Del Brutto et al. 2006). An Editorial comment of this meta-analysis (Del Brutto
et al. 2006) stated that selected studies were small and heterogeneous, and only 5 of
11 were of good quality. The Editorial comment concluded that studies provided
limited evidence of a modest efficacy of NC treatment. A recent Cochrane review
(Abba et al. 2010) concluded that in adults with viable cysts the use of ALB is
associated with a decrease in the number of cysts, but with no difference in seizure
recurrence between ALB and no treatment.

Regarding extraparenchymal cysts, the management is even more unclear.
Although AHD have demonstrated efficacy in some cases, it is also clear that not all
the cases respond to current treatment (Das et al. 2007; Carpio et al. 2008; Cardenas
et al. 2010a, b). This is why it is a priority to search for new treatment alternatives
(Jung-Cook 2012; Diazgranados-Sanchez et al. 2008).

9 Eradication of the Disease

Cysticercosis has been considered a neglected “tools-ready disease” (WHO 2007) and
a potentially eradicable disease (Task Force 1993). Simple approaches, such as inter-
rupting the parasite’s life cycle by placing fences to avoid the contact of pigs with
human feces eventually contaminated with 7. solium eggs could eradicate the disease.
Some other strategies have been proposed and tested: massive AHD treatment of
humans to reduce the number of tapeworm carriers (Allan et al. 1997; Sarti et al. 2000),
health education programs, improvement of pig-management and sanitary conditions
(Ngowi et al. 2008; Sarti et al. 2000), treatment of infected pigs (Sikasunge et al. 2008)
and vaccination of rural pigs (Huerta et al. 2001; Sciutto et al. 2007; Gonzalez et al.
2001). Although almost all these strategies have shown relative efficacy, they have
been evaluated only in studies on small cohorts and during limited periods of time.
It is relevant to mention that a pilot control program in the poorest states of Mexico is
ongoing, based on health and sanitary education associated with vaccination of pigs,
and the preliminary results are encouraging (De Aluja et al. 2012).

The main and urgent strategy to be carried out for NC is the implementation of
specific national and international health policies. Also, since pathogen
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transmission does not respect borders, the implementation of multinational and
regional networks is indispensable to fight against this parasitic disease. Currently,
networks of specialists have been organized in Africa, Asia, Europe and Latin
America. These efforts must be encouraged, but as eradication depends mainly on
social, economic and political factors, their real impact will depend on convincing
national governments to make of this objective a public health priority.

10 Conclusions and Future Perspectives

NC is still endemic in countries with poor sanitation, and is being increasingly reported
in high income countries due to migration and tourism. The morbidity and mortality
caused by this preventable disease are unacceptable in the twenty-first century. As
shown in this chapter, many questions are now solved, although problems related to
immunology, diagnosis and treatment are still open. One of the reasons of the slow
progress is that this disease occurs mainly in low income countries, where diagnosis
tools are not available to all the population and where only few researchers are inter-
ested in the problem. Also, the epidemiologic transition, present in most of these coun-
tries, boosts the authorities to disregard it and to focus efforts to diseases of the “first
world”. Multidisciplinary research is needed, mainly to identify sensitive and specific
diagnostic tools of low cost, to investigate the factors involved in the lack of response
to treatment of some patients and to propose new therapeutic compounds. Knowledge
of the 7. solium genome will certainly represent an important step forward for many of
these issues, inspiring optimism. In addition, close communication with local authori-
ties is indispensable regarding prevention, because control programs will be successful
only if they are involved in their application.
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