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Taenia solium cysticercosis

Héctor H Garcia, Armando E Gonzalez, Carlton A W Evans, Robert H Gilman, for the Cysticercosis Working Group in Peru

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.'” 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.” Tt is
now increasingly diagnosed in more developed countries
owing to immigration of tapeworm carriers from endemic
zones.™

T solim 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 larvaec 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 prisoners with
cysticercosis-infected  pork and  recovered  young
tapeworms at autopsy.” 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 50-60x 10" fertile eggs.’

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 inflaimmation at the
implantation site,” without substantial damage to the
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Figure 1: Life cycle of Taenia solium

intestine.' Taeniasis is characterised by mild symptoms or
none at all.'! 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 scem to
be free of symptoms.* In community settings many, if not
most, carriers of 1 solium will neither look for medical care
nor notice the tapeworm segments in their stools.
Conversely, most patients infected with Taenia saginara
notice passage of proglottids, which are motile, more
numerous, and larger than those of T solion.”
Identification of 7" solftn infections is important because
of the risk of cysticercosis in the carrier or the immediate
environment.

Search strategy

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.
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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.

The frequency of autoinfection in individuals with
tacniasis is not known. Dixon and Lipscomb’ 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,” and the proportion with
tapeworms is directly related to the number of cerebral
parasites,’"" which strongly suggests autoinfection. In
other cases the tapeworm carrier can be found in
the patient’s houschold.” Despite the poor sensitivity
of stool examinations, parasitological screening of the
patient and houschold members is recommended so that
sources of infection can be detected and eliminated.

The lifespan of the adult T solium is also unknown.
Parasitology textbooks and reviews cite 20-25 years, on
the basis of anecdotal cases.™” Age-specific data from
later studies suggest a much shorter lifespan, probably
less than 5 years,"* '

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.’” Haematoxylin-eosin staining
of histological sections of proglottids can help.”
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.""
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.” It has
sensitivity of about 95% and specificity greater than
99% and is an effective tool for epidemiological
studies.”* Coproantigen detection assays confirmed
that microscopy was poorly sensitive, missing 60-70%
of cases. Diverse DNA-based assays, mainly to
discriminate 7" soliwm from T saginara infections,'*' and
a serological assay for specific identification of tapeworm
carriers™ have been described lately.

Treatment of taeniasis

The two available drugs are niclosamide and praziquantel.
Niclosamide is the drug of choice because it is not
absorbed from the intestinal lumen.” With praziquantel
there is a small risk that asymptomatic viable brain cysts
are affected by the drug in serum, causing neurological
symptoms (headache, seizures).” 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
faccal-oral contamination with T solium eggs from
tapeworm carriers.” Thus, vegetarians and other
people who do not eat pork can acquire cysticercosis,™
Water, wind, flies, and other indirect means of infection
play little part in transmission.” Internal autoinfection by
regurgitation of proglottids into the stomach in taeniasis
has been proposed but not proven.’*’

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.””* At
small terminal vessels, they establish and encyst as
cysticerci (figure 3), reaching their definitive size of about
1 cm in 2-3 months.” Clinical manifestations depend on
the affected organ; neurocysticercosis and ophthalmic
cysticercosis are associated with substantial morbidity.

Extraneural cysticercosis

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,”
Subcutaneous cysticercosis is rare in Latin America but
very common in Asia and Africa. Biopsy or fine-needle
cytology” 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,” but this study has not been
replicated with more sensitive C'T 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.” As far as is known, cardiac cysticercosis
is asymptomatic.

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
(three-dimensional filtered reconstruction). (C) and (D): massive infection
causing muscular pseudohypertrophia; thousands of cysts following the
muscle planes can be seen.

Ophthalmic cysticercosis

Although ophthalmic cysticercosis is much less common
than neurocysticercosis (occurring in  1-3% of all
infections), 7T solium is the most common intraorbital
parasite.” 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.” Cysticercosis may also present in the anterior
chamber or affect the conjunctiva or extraocular muscles.
Some individuals with massive infections have cysts in the
retro-ocular space, affecting the optic nerve or causing
proptosis.”* Orbital ultrasonography is a valuable and
harmless diagnostic method.”"** Visual loss can also be
related to cerebral cysticercosis causing papilloedema,
hydrocephalus, or chiasm compression.”

Neurocysticercosis

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 barrier™™* and
active immune-cvasion mechanisms by the cysticerci.
After a variable and unknown time (estimated to be several
vears on the basis of classic studies in English soldiers
returning from India),”*""" 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.™
Symptoms and signs are varied and non-specific.

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.”*" In endemic regions, recent onset of seizures in
otherwise healthy teenage, voung adult, or middle-aged
individuals strongly suggests neurocysticercosis.' Most
of these patients are normal on neurological examination.
A series including mostly patients with mild forms
of infection” 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.

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.'™"

Qccasionally, a cyst grows larger than the usual 1-2 cm
and acts in the same way as a tumoral mass (giant cyst)."™"
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 penctrating arteries,
whereas occlusion of large vessels is rare.”

In children and teenagers, an acute encephalitic
presentation can happen; it is more likely in female than
male patients.” 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.

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.™

There scems 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 Larin 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 c¢m (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. '
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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 "

Intraventricular cysticercosis is generally single and free
inside the cavities. Infrequently, the cyst moves from one
ventricular cavity to another.”* 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.”
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.”**** 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.™

Diagnosis

Serology

A finding of cosinophils 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 satsfactory. The most commonly used ELISA
cross-reacts with Hymenolepts nana and  Echinococcus
granulosus, which are common cestode infections.” 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
assay was originally reported to have sensitivity of 98%
and specificity of 100%,"* and it performs much better
than the ELISA in clinical settings.”"*' Its sensitivity in
patients with only one degenerating cysticercus or
calcified lesions only is much lower.” In hospital settings,
antibody can be seen to persist for a long time after the
death of parasites,” 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
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Fgure 5: Macroscuplc patl’mlogy
A: viable cyst. B: racemose cysticercosis in the base of the brain.

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.’**** 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."™ Some,
based on monoclonal antibodies, perform well in
comparison with other available tests on cerebrospinal-
fluid samples.” ™ 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.” 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.

CT has been claimed to have sensitivity and specificity
of over 95% for the diagnosis of neurocysticercosis,”
although CT images are rarely pathognomonic for this
disease.™ 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.” Parasite degencration initially appears
as contrast enhancement of the edges of the cyst and
perilesional oedema, resulting from the inflammatory
reaction in the surrounding tissue.” 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 clicit a strong antibody response,’ 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.” ™™
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 ventricles,
brainstem, cerebellum, eye, and basal racemose vesicles.
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