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Abstract
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The larval stage of the pork tapeworm (Taenia solium) infects the human nervous system, causing
neurocysticercosis. This disease is one of the main causes of epileptic seizures in many less
developed countries and is also increasingly seen in more developed countries because of
immigration from endemic areas. Little information is available on the natural evolution of
taeniasis or cysticercosis. Available therapeutic measures include steroids, treatments for
symptoms, surgery, and, more controversially, antiparasitic drugs to kill brain parasites. Efforts to
control and eliminate this disease are underway through antiparasitic treatment of endemic
populations, development of pig vaccines, and other measures.

Taenia solium infection and the resulting disease neurocysticercosis are endemic in less
developed countries where pigs are raised as a food source.1,2 Neurocysticercosis is
common throughout Latin America, most of Asia, sub-Saharan Africa, and parts of Oceania,
and is the greatest cause of acquired epilepsy worldwide.3 It is now increasingly diagnosed
in more developed countries owing to immigration of tapeworm carriers from endemic
zones.2,4
T solium has a complex two-host life cycle. Human beings are the only definitive host and
harbour the adult tapeworm (taeniasis), whereas both people and pigs can act as intermediate
hosts and harbour the larvae or cysticerci (figure 1).

Taeniasis
Taeniasis occurs only in the human host, after ingestion of undercooked pork infected with
cysticerci. Although cysticercosis has been known for ages, its relation to the adult
tapeworm was not clear until it was shown by Kuchenmaister in 1855; he fed condemned
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prisoners with cysticercosis-infected pork and recovered young tapeworms at autopsy.5 The
larvae evaginate in the small intestine; the head (scolex) attaches to the mucosa and begins
forming segments (proglottids). T solium has a scolex with four suckers and a double crown
of hooks, a narrow neck, and a large strobila measuring 2–4 m and consisting of several
hundred proglottids (figure 2). About 2 months after infection, gravid proglottids begin to
detach from the distal end and are excreted in the faeces; each segment contains 50–60×103
fertile eggs.6
The worm attaches strongly to the mucosa of the upper small intestine by means of its
suckers and hooks. The adult tapeworm causes only mild inflammation at the implantation
site,7 without substantial damage to the intestine.4 Taeniasis is characterised by mild
symptoms or none at all.4 Abdominal pain, distension, diarrhoea, and nausea have been
attributed to tapeworm infestation, but there are no data from controlled experiments that
demonstrate any association, and most patients seem to be free of symptoms.4,6 In
community settings many, if not most, carriers of T solium will neither look for medical care
nor notice the tapeworm segments in their stools. Conversely, most patients infected with
Taenia saginata notice passage of proglottids, which are motile, more numerous, and larger
than those of T solium.8 Identification of T solium infections is important because of the risk
of cysticercosis in the carrier or the immediate environment.
The frequency of autoinfection in individuals with taeniasis is not known. Dixon and
Lipscomb9 noted that nearly 25% of patients with neurocysticercosis either had harboured or
were harbouring a tapeworm. Up to 15% of patients harbour a tapeworm at the time of
diagnosis of neurocysticercosis,10 and the proportion with tapeworms is directly related to
the number of cerebral parasites,10,11 which strongly suggests autoinfection. In other cases
the tapeworm carrier can be found in the patient’s household.12 Despite the poor sensitivity
of stool examinations, parasitological screening of the patient and household members is
recommended so that sources of infection can be detected and eliminated.
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The lifespan of the adult T solium is also unknown. Parasitology textbooks and reviews cite
20–25 years, on the basis of anecdotal cases.8,13 Age-specific data from later studies suggest
a much shorter lifespan, probably less than 5 years.14-16
Diagnosis of taeniasis
Two problems hamper the diagnosis of infection with T solium: the poor sensitivity of stool
microscopy, and the morphological similarity between the eggs of T solium and T saginata.
On the rare occasions when the worm scolex is found, the presence of the double crown of
hooks (present only in T solium) provides definite species identification. The morphology of
the genitalia in mature proglottids or that of the gravid uterus in the distal proglottids can
also enable the identification of species.4 Haematoxylin-eosin staining of histological
sections of proglottids can help.17 Mature, gravid proglottids are rarely available, and
morphological diagnosis of species on the basis of proglottid materials is technically
difficult. In our experience, cleansing the intestine with a purge immediately before
treatment improves the recovery of parasite material including the scolex, allowing species
identification.
Visualisation of taenia eggs by microscopy was the only diagnostic method available until
the early 1990s. Perianal scraping with adhesive tape (Graham’s test) is highly sensitive for
T saginata but not for T solium.18,19 The best available diagnostic assay for intestinal
taeniasis is a coproantigen detection ELISA, which detects taenia-specific molecules in
faecal samples, demonstrating current tapeworm infection.20 It has sensitivity of about 95%
and specificity greater than 99% and is an effective tool for epidemiological studies.15,20
Coproantigen detection assays confirmed that microscopy was poorly sensitive, missing 60–
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70% of cases. Diverse DNA-based assays, mainly to discriminate T solium from T saginata
infections,17,21 and a serological assay for specific identification of tapeworm carriers22
have been described lately.
Treatment of taeniasis
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The two available drugs are niclosamide and praziquantel. Niclosamide is the drug of choice
because it is not absorbed from the intestinal lumen.23 With praziquantel there is a small risk
that asymptomatic viable brain cysts are affected by the drug in serum, causing neurological
symptoms (headache, seizures).24 The usual dose is 2 g orally in a single dose for
niclosamide, and 5–10 mg/kg orally in a sole dose for praziquantel. Both drugs have very
limited marketing and are difficult to find.

Human cysticercosis
Cysticercosis is infection with the larval stage of the parasite. Human beings acquire
cysticercosis through faecal-oral contamination with T solium eggs from tapeworm carriers.
1,4,25 Thus, vegetarians and other people who do not eat pork can acquire cysticercosis.26
Water, wind, flies, and other indirect means of infection play little part in transmission.27
Internal autoinfection by regurgitation of proglottids into the stomach in taeniasis has been
proposed but not proven.1,27
Clinical presentation
The invasive oncospheres (embryos) in the eggs are liberated by the action of gastric acid
and intestinal fluids and actively cross the bowel wall, enter the bloodstream, and are carried
to the muscles and other tissues.6,28 At small terminal vessels, they establish and encyst as
cysticerci (figure 3), reaching their definitive size of about 1 cm in 2–3 months.29 Clinical
manifestations depend on the affected organ; neurocysticercosis and ophthalmic
cysticercosis are associated with substantial morbidity.
Extraneural cysticercosis
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Outside the central nervous system, cysticercosis causes no major symptoms. Subcutaneous
cysticercosis presents as small, movable, painless nodules that are most commonly noticed
in the arms or chest. After a few months or even years, the nodules become swollen, tender,
and inflamed, and then they gradually disappear.30 Subcutaneous cysticercosis is rare in
Latin America but very common in Asia and Africa. Biopsy or fine-needle cytology31 of a
subcutaneous nodule helps to confirm the diagnosis of cysticercosis infection. Muscular
cysticercosis is a casual finding, appearing as dot-shaped or ellipsoidal calcifications
following the muscle bundles in the thighs or arms, when radiography is done for an
unrelated reason. In a classic series, 75% of patients with neurocysticercosis showed
muscular calcifications after several years of radiographic follow-up,9 but this study has not
been replicated with more sensitive CT scanning. In rare cases, very massive parasite
burdens enlarge the patient’s limbs (muscular pseudohypertrophy; figure 4). The heart is
another occasional location of cysticerci, infected in about 5% of patients.32 As far as is
known, cardiac cysticercosis is asymptomatic.
Ophthalmic cysticercosis
Although ophthalmic cysticercosis is much less common than neurocysticercosis (occurring
in 1–3% of all infections), T solium is the most common intraorbital parasite.33 Intraocular
cysts are most frequently found floating freely in the vitreous humour or in the subretinal
space. Visual disturbance is related to the degree of damage to retinal tissue or the
development of chronic uveitis.34 Cysticercosis may also present in the anterior chamber or
affect the conjunctiva or extraocular muscles. Some individuals with massive infections
Lancet. Author manuscript; available in PMC 2011 May 27.
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have cysts in the retro-ocular space, affecting the optic nerve or causing proptosis.35,36
Orbital ultrasonography is a valuable and harmless diagnostic method.33,34 Visual loss can
also be related to cerebral cysticercosis causing papilloedema, hydrocephalus, or chiasm
compression.37

Neurocysticercosis
Europe PMC Funders Author Manuscripts

The parasite commonly infects the central nervous system, causing neurocysticercosis, a
pleiomorphic clinical disorder. After entering the central nervous system, cysticerci are
viable and elicit few inflammatory changes in the surrounding tissues. Cysticerci may
remain for a long time in this stage, protected by the blood-brain barrier6,38,39 and active
immune-evasion mechanisms by the cysticerci.6 After a variable and unknown time
(estimated to be several years on the basis of classic studies in English soldiers returning
from India),9,30,40,41 the parasite degenerates with associated immune-mediated
inflammation. Cysticerci cause symptoms because of mass effect or by blocking the
circulation of cerebrospinal fluid, but most symptoms in neurocysticercosis are the direct
result of the inflammatory process that accompanies cyst degeneration. Clinical
manifestations are thus related to individual differences in the number, size, and topography
of lesions and in the severity of the host’s immune response to the parasites.28 Symptoms
and signs are varied and non-specific.
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Neurocysticercosis also presents with intracranial hypertension, hydrocephalus, or both in
20–30% of cases (the proportion varies according to the origin of the cases, higher in
neurosurgical series). This syndrome is related to the location of parasites in the cerebral
ventricles or basal cisterns, blocking the circulation of cerebrospinal fluid, and is caused by
several different mechanisms—the presence of the parasite itself, ependymal inflammation,
or residual fibrosis.46,47

Epileptic seizures are the commonest presentation of neurocysticercosis and generally
represent the primary or sole manifestation of the disease. Seizures occur in 50–80% of
patients with parenchymal brain cysts or calcifications but are less common in other forms
of the disease.3,42,43 In endemic regions, recent onset of seizures in otherwise healthy
teenage, young adult, or middle-aged individuals strongly suggests neurocysticercosis.44
Most of these patients are normal on neurological examination. A series including mostly
patients with mild forms of infection45 showed that about 50% of patients with
neurocysticercosis presenting a seizure have further seizures (epilepsy). The proportion of
relapses in patients with more severe forms of disease is expected to be higher.

Occasionally, a cyst grows larger than the usual 1–2 cm and acts in the same way as a
tumoral mass (giant cyst).48,49 These giant cysts compress adjacent cerebral structures,
causing localised deficits and intracranial hypertension. Cyst growth occurs most frequently
in the subarachnoid space around the sylvian fissure or in the basal cisterns. Motor deficits
can also arise because of oedema secondary to cyst degeneration, or as a result of stroke
complicating neurocysticercosis. Stroke is more frequent in subarachnoid neurocysticercosis
than in intraparenchymal infections. It consists mostly of deep lacunar infarcts resulting
from endarteritis of small penetrating arteries, whereas occlusion of large vessels is rare.50
In children and teenagers, an acute encephalitic presentation can happen; it is more likely in
female than male patients.51 This disorder is due to intense inflammatory reaction of the
host to a massive parasite infection, with pronounced intracranial hypertension. Massive
non-encephalitic forms also occur, presenting with occasional seizures, episodic intracranial
hypertension, or mild cognitive dysfunction.
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Compromise of the spine occurs in about 1% of cases of neurocysticercosis, presenting with
compressive manifestations. Cysts locate mostly in the subarachnoid space, although
intramedullary cysts are found rarely.52
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There seems to be geographical variation in clinical manifestations. In some Asian
countries, almost all patients with neurocysticercosis present with a single enhancing brain
lesion, and a few have very massive infections with hundreds of cysts. Conversely, in Latin
America, the most frequent presentation of neurocysticercosis is a few viable cysts without
signs of inflammation.
Pathology
Cysts are uniformly rounded or oval vesicles, varying in size from a few millimetres to 1–2
cm (in rare cases a growing cyst reaches several centimetres in diameter). The most common
location is in the cerebral hemispheres, mainly at the junction of grey and white matter.
Cysts can be found in the cerebellum, ventricles, brainstem, subarachnoid space, basal
cisterns, and spine. The number ranges from one to more than a thousand. On gross
examination, no variations are observed in the nervous parenchyma surrounding viable
cysts.32,53
Vesicles vary in contents according to their evolutionary stage. Viable cysts have a
translucent membrane through which the scolex is visible as a small 2–3 mm nodule. When
the cyst starts to degenerate, the vesicular fluid becomes opaque and dense, and the edges of
the cyst become irregular and shrink. Later, calcification starts in the cephalic portion and
progresses to the vesicular wall, to leave a round, whitish, calcified nodule. In rare cases, all
the evolutionary phases can be seen in the same individual.54
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Intraventricular cysticercosis is generally single and free inside the cavities. Infrequently, the
cyst moves from one ventricular cavity to another.55,56 Classically, cysts are described as
locating more frequently in the lower cavities: most frequently in the fourth ventricle, less
commonly in the third, and least frequently in the lateral ventricles.57 Intraventricular
parasites can block circulation of cerebrospinal fluid or produce inflammation of the
ependyma and choroid plexus.
The racemose form is a large translucent vesicle, frequently lobulated, without a scolex,
which develops in the basis of the brain or in the ventricles.32,53,58 Sometimes several small
vesicles surround a pedicle attached to the pia mater like a bunch of grapes (figure 5), hence
the name. As vesicles grow in number and adherences, they take over the basal cisterns,
giving an infiltrative appearance. The racemose form is associated with high mortality
because of its association with obstructive hydrocephalus.58

Diagnosis
Serology
A finding of eosinophils in the cerebrospinal fluid suggests the diagnosis of
neurocysticercosis. Other routine laboratory tests scarcely contribute, and thus the diagnosis
rests on serology and neuroimaging. Although both are highly sensitive and specific, perfect
correlation should not be expected since their approaches differ.
Until recently, serological diagnosis of cysticercosis was less than satisfactory. The most
commonly used ELISA cross-reacts with Hymenolepis nana and Echinococcus granulosus,
which are common cestode infections.59,60 For this reason, it is much more useful when
applied to samples of cerebrospinal fluid than of serum, with the drawbacks of the
invasiveness and pain associated with the lumbar puncture. The enzyme-linked immunoblot
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assay was originally reported to have sensitivity of 98% and specificity of 100%,61,62 and it
performs much better than the ELISA in clinical settings.63,64 Its sensitivity in patients with
only one degenerating cysticercus or calcified lesions only is much lower.65 In hospital
settings, antibody can be seen to persist for a long time after the death of parasites,66 and
thus a positive antibody test in patients with calcified cysticercosis only is a common finding
and should not be interpreted as indicating the presence of live parasites. This assay requires
more reagents, advanced equipment, and highly trained personnel for antigen purification
and assay performance than does the ELISA. When available, however, immunoblot is an
excellent instrument for diagnosis and management.44,63,64 Since the physician needs to
know the number, location, size, and stage of intracranial parasites, serology mostly has a
screening or confirmatory role and should be used in conjunction with neuroimaging.
Antigen detection assays can detect live parasites and thus direct therapeutic decisions or
monitoring.67,68 Some, based on monoclonal antibodies, perform well in comparison with
other available tests on cerebrospinal-fluid samples.68-70 There is limited evidence on
sensitivity or specificity with serum samples.
Neuroimaging
Because the important features are the number, size, and location of lesions, radiography has
always been crucial for diagnosis of neurocysticercosis.40 Initially, skull and soft-tissue
radiographs showed calcifications, and arteriography and pneumoencephalography (both
dangerous techniques no longer used for this purpose) showed lesions causing mass effect
and hydrocephalus. Lately, computer-based imaging procedures have enabled visualisation
of the brain and other intracranial soft structures. Currently used techniques include CT and
MRI.
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CT has been claimed to have sensitivity and specificity of over 95% for the diagnosis of
neurocysticercosis,28 although CT images are rarely pathognomonic for this disease.71 The
availability of antiparasitic treatments and serial CT studies has allowed the description of
imaging changes throughout the involution process. Cysts appear as hypodense images, with
well-defined edges, and commonly a hyperdense nodule inside the cyst shows the parasite’s
scolex.28 Parasite degeneration initially appears as contrast enhancement of the edges of the
cyst and perilesional oedema, resulting from the inflammatory reaction in the surrounding
tissue.72 In later stages, the cyst becomes isodense to the parenchyma but appears after the
administration of contrast, enhancing as a nodule or a ring. This image, called enhancing
lesion or cysticercus granuloma is barely visible in precontrast images, and corresponds to
the late degenerative phase (no longer viable). The differential diagnosis of this entity in
endemic regions is extremely difficult because of the endemicity of tuberculosis and
neurocysticercosis (panel 1). Patients with a sole enhancing lesion in the brain due to
neurocysticercosis are seronegative because the parasite is already dead or because a sole
parasite does not elicit a strong antibody response,1 and many patients with tuberculoma do
not have detectable tuberculosis in the lungs or in any other location to confirm the
diagnosis.
After this phase, the cysticercus becomes a calcified scar, which normally does not enhance
with the contrast substance. However, contrast enhancement and perilesional oedema can be
seen around old, calcified lesions and are associated with symptom relapses.57,73-76 The
sensitivity of CT is much lower for ventricular or cisternal forms of the disease.
Intraventricular cysticercosis presents with obstructive hydrocephalus, and only indirect
signs such as cavity enlargement or deformation are seen on CT.
MRI is the most accurate technique to assess the degree of infection, the location, and the
evolutionary stage of the parasites (figure 6). It visualises well the perilesional oedema and
the degenerative changes of the parasite, as well as small cysts or those located in the
Lancet. Author manuscript; available in PMC 2011 May 27.
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ventricles, brainstem, cerebellum, eye, and basal racemose vesicles. CT, however, is more
sensitive for the detection of calcifications.77 The main disadvantages of MRI are its high
cost and scarce availability.

Europe PMC Funders Author Manuscripts

A set of objective diagnostic criteria has been proposed.78 Absolute criteria include
histological demonstration of the parasite, cystic lesions with scolex on neuroimaging, or
direct visualisation of ocular cysts; major criteria include suggestive lesions on
neuroimaging, positive serum immunoblot, resolution of cysts after antiparasitic therapy, or
spontaneous resolution of enhancing lesions; minor criteria are compatible lesions on
neuroimaging, compatible clinical manifestations, positive cerebrospinal-fluid ELISA, or
cysticercosis outside the central nervous system; and epidemiological criteria include
household contact, living in an endemic area, or travel to endemic areas. Combinations of
these criteria provide different degrees of diagnostic certainty.

Prognosis and natural evolution
Panel 2 shows research needs in T solium infection. There are few data on the natural
evolution of neurocysticercosis, and those available are from historical controls in open
treatment trials. As far as is known, the evolution of intraparenchymal neurocysticercosis
follows a favourable course with degeneration of parasites and formation of residual
calcified scars.79 When the parasites locate in the subarachnoid space or the ventricles, the
morbidity and mortality are much higher because of parasite growth, intracranial
hypertension, arachnoiditis, blockage of cerebrospinal-fluid pathways, hydrocephalus, and
other complications.49,80,81

Treatment
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Cysticercosis outside the nervous system is a benign disorder and does not merit specific
treatment. Neurocysticercosis, however, is associated with substantial morbidity and
mortality. Until 1978, the only treatments available were surgery for cyst excision or
ventricular shunts or steroids to decrease inflammation. Praziquantel, first used in porcine
cysticercosis, was the first effective specific antiparasitic drug.82-84 Later, albendazole
added a cheaper and more effective alternative.85,86 Transient worsening of neurological
symptoms can be expected during antiparasitic therapy, secondary to the perilesional
inflammatory reaction. In most cases, symptoms are limited to mild to moderate headache
and are easily controlled with steroids. Although antiparasitic agents in neurocysticercosis
have been accepted by most of the medical community, some believe that, since the parasite
starts to cause symptoms at the time of its death, the use of parasiticidal drugs leads to an
unnecessary increase in the inflammatory process.79,87 The issue led to heated discussion.
88-90 The main argument is whether antiparasitic treatment or natural involution of a cyst
will lead to reduced scarring and thus improved prognosis in terms of epilepsy evolution.
Many reports have been published on the use of antiparasitic treatment in
neurocysticercosis.82-86,90-94 However, non-treatment comparison groups were included in
only four studies, three of which included patients with enhancing lesions (parasites that
have already degenerated). A summary of controlled studies can be found in the Cochrane
Library,95 although no overall conclusion can be reached because the types of disease and
the findings differ substantially. Two double-blind, placebo-controlled trials assessed
patients with a sole enhancing lesion. Padma and colleagues93 found similar resolution rates
on 3-month follow-up CT in groups assigned albendazole or placebo.93 By contrast,
Baranwal and co-workers91,92 found better resolution on imaging and fewer seizures in the
albendazole group than in controls during follow-up. A third double-blind, placebocontrolled trial in India compared the evolution of parenchymal neurocysticercosis lesions
(including cysts and enhancing lesions) on CT at 3 months after treatment94 and showed
Lancet. Author manuscript; available in PMC 2011 May 27.
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similar resolution rates. The only controlled trial in non-enhancing intraparenchymal cysts
has been an open-label study comparing radiological and clinical (seizure relapses)
evolution between patients treated with albendazole, praziquantel, or no antiparasitic
therapy.90 All three groups received prednisone. The study found no differences in the
proportions of patients free of cysts at 6 months and 1 year after treatment, or in the relative
reduction in numbers of cysts and no difference in the proportion of patients free of seizures
during the entire follow-up.
Antiparasitic treatment may be unnecessary or even contraindicated in some cases. Without
doubt however, there are subgroups of patients with neurocysticercosis who not only benefit
from antiparasitic therapy but also might undergo progression of disease and even die if not
treated, such as those with giant cysts or subarachnoid cysticercosis.48,49 Similarly,
complications in the treatment of neurocysticercosis with antiparasitic drugs can be severe,
but they are very rare. Until a prospective, randomised study has been completed, a simple
summary is that antiparasitic agents are effective to destroy cysticerci in the human brain, at
the cost of acute inflammation. Whether this is the most beneficial option for patients with
intraparenchymal cysticercosis in the long term is not yet clear. The currently accepted
schemes are either 8 days of albendazole treatment (15 mg/kg daily) with simultaneous
administration of steroids, or 15 days of praziquantel (50 mg/kg daily).96 Shorter schemes of
1 day of praziquantel or 3 days of albendazole seem effective for patients with only one
lesion, but not for those with many cysts.97,98
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A panel of experts analysed the current consensus and disagreements in the management of
neurocysticercosis.99 Their main conclusions were that therapeutic decisions should be
adapted to the individual and should be based on the number, location, and viability of the
parasites within the nervous system; that growing cysticerci should be actively managed by
either antiparasitic drugs or surgical excision; that the management of intracranial
hypertension secondary to neurocysticercosis should take a high priority; and that adequate
management of seizures should be ensured. Specifically, they agreed on the management of
patients with moderate infections and viable cysts (antiparasitic treatment, with steroids);
calcified cysticercosis (no antiparasitic treatment); ventricular cysticercosis
(neuroendoscopic removal, when available); subarachnoid cysts, including giant cysts or
racemose cysticercosis, and chronic meningitis (antiparasitic treatment with steroids,
ventricular shunt if there is hydrocephalus); cysticercotic encephalitis (no antiparasitic
treatment, high-dose steroids, and osmotic diuretics); hydrocephalus with no visible cysts on
neuroimaging (ventricular shunt, no antiparasitic treatment); spinal cysticercosis,
intramedullary or extramedullary (primarily surgical); or ophthalmic cysticercosis (surgical
resection of cysts). There were disagreements about the use of antiparasitic drugs
(considered unnecessary or of high risk by some experts) in patients with only one or a few
viable cysts, patients with massive infections with viable cysts, or patients with many
degenerating cysts.99
Treatment of symptoms has an important role in the management of neurocysticercosis.
Seizures generally respond well to first-line antiepileptic drugs,43,100 but complete
withdrawal of antiepileptic therapy is difficult to achieve.100 Steroids, dexamethasone or
prednisone, are helpful in oedema or intracranial hypertension.

Porcine cysticercosis
In places with inadequate disposal of human faeces, pigs ingest stools containing T solium
eggs. Cysticerci lodge anywhere in the body of the pig, most commonly in the muscle and
subcutaneous fat. Pigs with cysts in the brain are a subset of those with more cysts in the
carcass (Cysticercosis Working Group in Peru 2002, unpublished data). Although some pigs
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have massive infections, porcine cysticercosis is rarely associated with symptoms of any
kind. Most pigs are killed before the age of 9 months, which is too short a time for the cysts
to reach the degenerative stage that is associated with symptoms in human beings.
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An inexpensive treatment for porcine cysticercosis might increase the value of pigs and
block transmission of infection. A veterinary benzimidazole, oxfendazole, is more than 95%
effective in killing the cysts in the pig when given in a single dose of 30 mg/kg.101-103 This
drug has not yet been tested in human beings.
Immunity to the oncosphere stage plays a central part in regulation of transmission of taeniid
cestodes, and oncosphere-based vaccines are highly protective for T ovis, Echinococcus
granulosus, and T saginata.104 Partial protection has been achieved by vaccination of healthy
pigs with T solium oncospheral antigens.105-107

Epidemiology
Cysticercosis affects thousands of individuals in less developed countries1,3 and in more
developed countries with a high rate of immigration from endemic areas.2,4 In endemic
countries taeniasis/cysticercosis is extremely common, and neurologically symptomatic
individuals, although many, represent only the tip of the iceberg. In most endemic villages
more than 10% of the general population are seropositive, and the proportion can reach
25%. In population-based studies, 10–18% of asymptomatic individuals have CT features
that suggest neurocysticercosis, mainly brain calcifications in seronegative individuals.
108-111

Europe PMC Funders Author Manuscripts

Transient seropositive reactions112 and common cases of asymptomatic calcified
neurocysticercosis108-111 are consistent with a threshold under which parasite destruction
occurs, potentially determined by the number of parasites, the immune status of the host, the
age at infection, or any combination of these factors. Animal models suggest that the host’s
immune response can resolve mild infections at early stages.113 If this resolution occurs in
human neurocysticercosis, it could explain the frequency of degenerating cysts clustered in
younger ages, the relation to infections with a single parasite (90% of cases with only
degenerating cysts), and the frequency in India, where, because of vegetarian habits, direct
exposure to tapeworm carriers is less frequent.114 Patients with viable cysts only would
represent cases in which the parasites survive and establish.
Few data are available on the epidemiology of adult tapeworm infections. Up to 6% of the
population in endemic villages may harbour adult T solium tapeworms at a given time.15,115
The few existing community studies in taeniasis, done in Guatemala14,15,116 and Peru,16
show that tapeworm infections are more common in younger than older individuals,
especially in the female population. Consistently, cases of intestinal taeniasis cluster in
houses,14 probably as a result of similar food consumption habits. Clustering of infected
pigs or seropositive human beings around tapeworm carriers has also been shown.14,16
Domestic pig raising, taeniasis, and human cysticercosis are intimately inter-related. Many
farmers in less developed countries cannot afford a cow but can buy a few pigs. These
animals are cheap and easily marketable, becoming a convenient source of meat or money.
Even better, no investment is needed to feed them, since free pigs roam around and eat
pasture and garbage. In endemic areas, few pigs go through the formal slaughterhouse
system; moreover, peasants used to screen their pigs for cysticercosis by examining their
tongues117 before taking them to the slaughterhouse.118 Thus, abattoir prevalence statistics
are probably a gross underestimation of the real rates.118 Serology has proven useful to
detect infected animals for epidemiological purposes. The rates of porcine infection vary,
but in endemic regions 30–60% of pigs are seropositive.117,119 Studies in pigs have
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provided important data: the high correlation between human and porcine prevalence, the
use of sentinel pigs to monitor transmission, and the potential use of oxfendazole for the
control.
Cysticercosis and epilepsy
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Epilepsy is more prevalent in less developed than in more developed countries.120 Rates
such as 17 per 1000 in Ecuador,121 21 per 1000 in Colombia,122 and 37 per 1000 in
Nigeria123 are three to six times higher than those in more developed countries.3 Serological
studies in India,42 South Africa,124 Mexico,108 and Peru125 suggest that the higher rates of
epilepsy are due mainly to neurocysticercosis. In Mexico126 and Peru,44 12% of
neurological hospital beds are occupied by patients with neurocysticercosis. Similar surveys
in neurological centres show neurocysticercosis in 30–50% of epileptic individuals,
compared with less than 5% of individuals attending with other neurological symptoms.
42,125,127 When correctly compared, seroprevalence is consistently much higher in
neurological patients than in the relevant general populations. The risk of epilepsy in
seropositive individuals is twice to three times that in seronegative controls.108,128 The risk
increases further for specific subgroups (people with late-onset epilepsy, for example).
There are no data on the risk of neurological symptoms developing in seropositive
individuals in the community.
Cysticercosis in non-endemic countries
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In the USA, neurocysticercosis is common in hospitals treating large Hispanic populations
in areas such as Los Angeles, San Diego, New Mexico, and Houston.2,4 The number of
cases in the USA (including people born in the country) is increasing, probably as a result of
both improved diagnosis and increased immigration of individuals infected with T solium.4
A cluster of cysticercosis cases arose in an Orthodox Jewish community in Brooklyn, New
York. The only risk to this population was their exposure to Latin-American domestic
workers who were probably infected with T solium tapeworms.26 In a recent study in
accident and emergency departments of patients who underwent neuroimaging because of a
seizure, neurocysticercosis was found in 10% in Los Angeles and 6% in New Mexico.129
Cases of neurocysticercosis are now also diagnosed more frequently than before in Europe,
Australia, and other non-endemic areas.130,131
Economic burden
Neurocysticercosis affects mainly older children and adults, so the estimated economic
consequences due to chronic disability are heavy. Flisser126 estimated a cost of US$15
million per year only for hospital admission of cases of newly diagnosed neurocysticercosis
in Mexico. There are no figures available on the maintenance cost of antiepileptic-drug
therapy in epilepsy due to neurocysticercosis, or other long-term costs. Patients with
calcified cysticercosis can have seizures or other neurological morbidity persisting for years
after they are deemed cured. T solium not only produces a severe disease1 but also causes
widespread economic losses to the pig industry.132 In Mexico, for example, porcine
cysticercosis caused loss of more than half the national investment in swine production,133
and the losses occasioned by the destruction of meat are estimated at $43 million per year.
126

Control of taeniasis and cysticercosis
T solium is transmitted mainly in rural areas where pigs have access to untreated human
sewage or faeces and infected pork is widely available. An estimated 400 000 people have
symptomatic neurocysticercosis in Latin America alone.134 More developed countries
eradicated cysticercosis by improving sanitation and controlling domestic pig-raising.135,136
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Since little socioeconomic development in endemic areas is expected in the near future,
intervention measures for control and eradication are urgently needed.
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To date, no intervention has achieved sustained interruption of transmission. Abattoir
inspection and confiscation is the only official diagnostic method in most endemic countries.
12 In most of these areas, the majority of pigs are killed clandestinely in any case. Since only
a few cuts are made in each carcass to preserve its commercial value, slaughterhouse
inspection probably misses most mild infections. This system drives farmers to slaughter
pigs illegally and does not stop the distribution of infected meat.118
Only the tapeworm carriers and the infected pigs are important in terms of transmission.
Individuals with neurocysticercosis are a health concern; but unless they also carry an
intestinal tapeworm, they do not pose a public-health risk. Rates of human taeniasis can be
decreased either by detection and treatment of the tapeworm carriers, or by treatment of the
whole population.12,115,137 Transmission can also be blocked if the sale and consumption of
infected pork is prevented by slaughterhouse inspection.12 Health education alone has also
been tested in Mexico, with promising but incomplete results. Knowledge about the disease
improved substantially, but practices related positively or negatively to risk (hand-washing,
defecating in fields, corralling of pigs) remained unchanged. In favour of health education is
the long-term effect of acquired knowledge.138,139 Porcine infection can be addressed either
by mass anthelmintic treatment101,102,140 or in the future, if an effective vaccine becomes
available, by immunisation of the pig population.106,141,142 A high-cost vaccine would
undoubtedly be an impediment for a vaccine strategy, since the target population is rural
endemic villages. Any selected combination of interventions would need to ensure
community cooperation to achieve sustainable control.
Search strategy
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This seminar is based on papers published in the past 15 years in English, Spanish, or
Portuguese selected from MEDLINE by use of the PubMed system with keywords
“cysticercosis”, “neurocysticercosis”, “Taenia solium”, “epilepsy”, and “seizures”. Older
articles were selected from the private collections of the authors and the archives of the
Cysticercosis Working Group in Peru.

Panel 1: Differential diagnosis of neurocysticercosis on neuroimaging
Sole non-enhancing cystic lesion
Hydatid disease
Arachnoid cysts
Porencephaly
Cystic astrocytoma
Colloid cyst (third ventricle)
Several non-enhancing cystic lesions
Multiple metastases
Hydatid disease (rare)
Enhancing lesions
Tuberculosis
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Mycosis
Toxoplasmosis
Abscess
Early glioma
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Metastasis
Arteriovenous malformation
Calcifications
Tuberous sclerosis
Tuberculosis
Cytomegalovirus infection
Toxoplasmosis
Panel 2: Research needs in T solium infection
Clinical
Improved knowledge of natural history
Concrete determination of benefits and specific indications of antiparasitic therapy in
neurocysticercosis
Testing of new antiparasitic and anti-inflammatory agents
Immunological
Development of field-applicable, specific assays for human taeniasis
Development of field-applicable, specific assays for viable cysticercosis
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Prevention and control
Systematic assessment of efficacy and effectiveness of all potential intervention
measures (including pig vaccines)
Estimation of infection and disease burden attributable to neurocysticercosis
Estimation of economic losses due to porcine cysticercosis
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Figure 1.

Life cycle of Taenia solium
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Figure 2. Scolex (A) and strobila (B) of adult tapeworm

The morphology of the proglottids changes as they mature and become gravid.
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Figure 3. Cysticerci

(A): as seen in infected pork. (B): excised into a Petri dish. The white dot in each cyst
corresponds to the scolex.
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Figure 4. Cysticercosis outside the nervous system

(A): ocular cyst floating in the vitreous humour. (B): calcified cysts on CT (threedimensional filtered reconstruction). (C) and (D): massive infection causing muscular
pseudohypertrophia; thousands of cysts following the muscle planes can be seen.
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Figure 5. Macroscopic pathology

A: viable cyst. B: racemose cysticercosis in the base of the brain.
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Figure 6. Neuroimaging

MRI of viable (A) and degenerating (B) cysts, and CT of calcified cysticerci (C).
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