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Preface

Neurocysticercosis—defined as the infection of the central nervous system and its
covering by the larval stage of the tapeworm Taenia solium—is a major public
health challenge for most of the developing world and is increasingly recognized in
developed countries due to mass immigration, refugee movements, international
travelling, and overseas business affairs. Known since ancient civilizations as a dis-
ease of swine and recognized as a human ailment during the Renaissance, it has not
been until the past few decades when the introduction of modern neuroimaging
techniques and reliable serologic tests allowed the preoperative recognition of neu-
rocysticercosis and increased our knowledge on the many clinical forms of presen-
tation of this parasitic disease. This, together with the availability of potent cysticidal
drugs, has changed the prognosis of most affected patients. In addition, well-
conducted epidemiologic surveys have changed our views on basic mechanisms of
disease acquisition. Now, human cysticercosis must be considered a disease mainly
transmitted from person to person, i.e., a healthy person ingesting 7. solium eggs
directly from a Taenia carrier by the fecal-oral route or through non-hygienic han-
dling of food. In this context, the role of infected swine is to perpetuate the infection
cycle only (human develop taeniasis after ingesting pork containing cysticerci).

As occurs with most zoonosis, the disease complex of taeniasis/cysticercosis is
closely linked to poverty and ignorance, disproportionately affecting underserved popu-
lations. Despite the above-mentioned advances in diagnosis and therapy, neurocysticer-
cosis is still the most common cause of acquired epilepsy in the world, with conservative
estimates suggesting that 50 million people are infected by cysticerci. Much remains to
be learned on some controversial aspects of this highly pleomorphic disease. This book
intends to provide a comprehensive—and yet practical—review of basic and clinical
aspects of human 7. solium cysticercosis that will be of value to physicians of different
specialties involved in the care of patients affected by this old scourge.

Guayaquil, Ecuador Oscar H. Del Brutto
Lima, Peru Héctor H. Garcia
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History of Taeniasis and Cysticercosis

The history of parasitic diseases—including taeniasis—is as old as that of humanity
(Cox 2004), but it has been only in the past few centuries that enough knowledge
has been accumulated to proper characterize the disease complex taeniasis/cysticer-
cosis as a major infection of human beings (Fig. 1.1).

Tapeworms recognized Introduction of

in mummys from Egypt cysticidal drugs
Swine cysticercosis Visualization of cysticerci
recognized in Greece by computed tomography

The Koran prohibited

" Immunological diagnosis
consumption of pork

of cysticercosis

<> - ~ ~ <> <> <> e <> ~
3000 BC 500 BC 600 AD 1558 1697 1792 1855 1862 1909 1977 1979
Link between taeniasis
and neurocysticercosis
in the same patient
First case of human First classification of
neurocysticercosis neurocysticercosis
Recognition of cysticerci Description of the
as parasites life cycle of T. solium
! ]\ ] J
Ancient Civilizations Discovery Era Modern Era

Fig. 1.1 Timeline of major events in the history of Taenia solium taeniasis and cysticercosis

O.H. Del Brutto, H.H. Garcia, Cysticercosis of the Human Nervous System, 1
DOI 10.1007/978-3-642-39022-7_1, © Springer-Verlag Berlin Heidelberg 2014
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1.1 Ancient Knowledge

The Ebers Papyrus (1500 BC) includes descriptions of tapeworms and both Taenia
sp. eggs, and Taenia solium cysticerci have been found in the intestine and stomach
of mummies from the ancient Egypt (Bruschi et al. 2006; Le Bailly et al. 2010).
Intestinal tapeworms were familiar among physicians of different ancient civiliza-
tions, who treated them with pumpkin seeds (Cucurbita pepo), a herbal medicine
that it is still used nowadays (Li et al. 2012). Also, the occurrence of swine
cysticercosis (measly pork) was a common knowledge among the ancient Greeks.
Aristophanes (c. 448-385 BC) in his comedy “The Knights” (424 BC) has one of the
slaves inspecting someone’s tongue “to see if he is measled.” Aristotle (c. 384-322
BC) in his book History of Animals described the presence of muscle bladders or
cysts in pig muscles that were compared with hailstones. Interestingly, Aristotle rec-
ognized that nursing pigs do not suffer from the disease (Nieto 1982). The fact that
swine was considered impure in the ancient Greece probably inclined Muhammad
(570-632 AD), the Islam founder, to prohibit the consumption of pork when he
wrote the Koran.

While the association between taeniasis, human cysticercosis, and epilepsy was
far to be even considered in ancient times, there is some indirect evidence suggest-
ing that cysticercus-related epilepsy may have been present in ancient Greece and
Rome. The concept that epilepsy starting in adults could be related to a structural
disease of the nervous system may be traced back to the Hippocratic treatise “On the
Sacred Disease” (Daras et al. 2008), and there is some evidence supporting the cys-
ticercotic origin of the epilepsy that afflicted the Roman dictator Gaius Julius Cesar
(10044 BC), as it started to happen 1 year after one of his visits to Egypt (Bruschi
2011; McLachlan 2010).

1.2  Unraveling Taenia solium

While human taeniasis and swine cysticercosis were well known in ancient
civilizations, proper identification of the causal agent, and the fact that both
conditions are related to the same helminth, was not recognized for centuries.
Theophrastus (c. 372-287 BC) and Pliny (25-79 AD) have been credited for coin-
ing the term Taenia (from the Greek, ribbon or band). However, the name solium
was used centuries later by Arnaldo de Villanueva (c. 1300 AD) to indicate that
humans usually host a single tapeworm. Indeed, the denomination of Taenia
solium—meaning in Latin “the lonely worm”—reflects this traditional, though erro-
neous, view (Del Brutto et al. 1998). There was a long-lasting confusion between
the different tapeworms affecting humans, including 7. saginata, T. solium, and
Diphyllobothrium latum. In 1683, the discovery of the scolex by Tyson provided the
first solid element for the separation of these species, and during the second half of
the eighteenth century, 7. solium was finally introduced into the modern zoological
classification as a distinct helminth (Nieto 1982).

Despite this knowledge, there were a lot of inaccurate thoughts on the behavior
of T. solium, like that of Alpheus Myer, an American physician who, as late as 1854,
designed and patented a trap for the tapeworm (Fig. 1.2). According to his beliefs,
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Fig. 1.2 Diagram of the Myers tapeworm |
trap (From de Souza N. Ingestion/The beast |
within). Cabinet Magazine 2009 (© Cabinet
Magazine, with permission)

if the patient is starved for several days, the worm will move up to the stomach
looking for food and may be trapped with a device embedded in cheese that has
been previously introduced into the patient’s stomach and secured with a silk thread
that will be used to pull out the parasite through the mouth (de Souza 2009).

1.3  First Descriptions of Human Cysticercosis

Several writers concur that the first recorded case of human neurocysticercosis was
probably that described by Rumler in 1558, during the autopsy of a patient with
epilepsy who had liquid-filled vesicles adherent to the meninges. In the seventeenth
century, Paranolus found similar vesicles in the corpus callosum of a priest who had
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suffered from seizures, and Wharton found cysts in the muscles of a soldier
(Del Brutto et al. 1998; Nieto 1982; Wadia and Singh 2002). However, the correct
parasitic nature of these vesicles was not recognized by that time, and it was
Malpighi, in 1697, who described the head of the 7. solium inside them. During
those years, Gmelin coined the term Taenia cellulosae for the vesicles, and Zeder
included them in a new genus, Cysticercus (from the Greek, bladder and tail). It was
believed that cysticercus constituted a separate species of parasite, and it was clas-
sified as Cysticercus cellulosae due to its tendency to develop in connective tissue;
this incorrect term is still widely used nowadays (Del Brutto et al. 1998).

1.4  Taeniasis and Cysticercosis Were Caused
by the Same Parasite

The occurrence of taeniasis and neurocysticercosis in the same person was probably
first recognized by the Peruvian physician, journalist, and politician Hipdlito
Unanue (Fig. 1.3) in 1792, as he wrote in the journal El Mercurio the case of a sol-
dier with taeniasis who died following a generalized seizure (Deza 1987). Some
years later, German pathologists confirmed the morphological similarities between
the head of the adult 7. solium and the scolex of cysticercus, and Kiichenmeister
(1855) demonstrated that oral consumption of cysticercus from pork resulted in
human intestinal taeniasis by feeding convicted men with a soup containing cysti-
cerci obtained from a recently slaughtered pig. At autopsy, Kiichenmeister found “a
small Taenia that was tightly attached with its proboscis to a piece of duodenal
mucosa,” as well as other nine taenias, one of them with the complete crown of 22
hooklets in two rows typical of the rostellum of 7. solium. The definition of the life
cycle of T. solium was completed during the second half of the nineteenth century
by experiments in Belgium and Germany, demonstrating that when Taenia eggs
obtained from proglottids passed by infected humans were fed to pigs, the animals
develop cysticercosis; failed attempts to infect other animals demonstrated that the
main hosts of T. solium are humans and swine (Del Brutto et al. 1998; Nieto 1982).
These findings were confirmed later by the work of Yoshino (1933a, b, ¢) who
infected himself with 7. solium cysticerci to study the life cycle of the cestode.

1.5  Pioneer Clinical Descriptions

Relevant clinical advances on the knowledge of neurocysticercosis during the sec-
ond half of the nineteenth century and the turn of the twentieth century included the
description of meningeal cysticercosis (“traubenhydatiden”) by Virchow, the first
classification of the clinical syndromes of cysticercosis by Griesinger (Table 1.1),
the description of cysticercotic angiitis by Askanazy, and the recognition of tran-
sient episodes of loss of consciousness in patients with fourth ventricle cysticercosis
by Bruns (Arellano-Sanchez et al. 1985; Nieto 1982; Trelles and Trelles 1978).
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Fig. 1.3 (Left) Postage stamp honoring the Peruvian physician and journalist Hipdlito Unanue
(1755-1833), probably the first person who recognized the coexistence of Taenia solium taeniasis
and neurocysticercosis in the same person, and (Right) original publication of the journal El
Mercurio, dating from February 1792, where it was described such association (downloaded from
http://www.cervantesvirtual.com/obra-visor/mercurio-peruano—18/html/027t5ec8-82b2-11df-
acc7-002185ce6064_129.htm and http://www.cervantesvirtual.com/obra-visor/mercurio-peruano—
18/html/027f5ec8-82b2-11df-acc7-002185ce6064_136.htm, last accessed April 15, 2013, docu-

ments in the open domain)

Table 1.1 Griesinger’s Asymptomatic cases

1862 classification of
neurocysticercosis

Epileptic patients without mental disease
Epileptics with associated psychiatric disease

Cases of chronic mental disease alone
Patients with signs and symptoms of diffuse cerebral irritation

In Germany, the book Handbuch der Neurologie included a chapter completely
devoted to Cysticercosis cellulosae quoting references from central Europe,
where this pathology was well recognized at the turn of the twentieth century
(Henneberg 1912). Such chapter collected all the knowledge on human cysticer-
cosis by that time, and many of the concepts written there are still valid nowadays.
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Other European relevant descriptions of the disease by those years were those of
Davaine (1877), author of one of the first textbooks of parasitology, who wrote
extensively on neurocysticercosis; Volovatz (1902) who reported 414 cases of
human cysticercosis—including 149 with neurocysticercosis—in his thesis
“Ladrerie du cysticercose chez I’homme;” and Guccione (1919) and Schmite (1928)
who published the firsts books on neurocysticercosis. In Asia, neurocysticercosis
was first recognized in 1888 during the autopsy of a patient from a lunatic asylum
in Madras (Wadia 1995), and in Latin America, several case reports came from dif-
ferent countries by the end of the nineteenth century and the turn of the twentieth
century (Trelles and Trelles 1978). The first US cases of neurocysticercosis occur-
ring in immigrants were recognized during the first half of the twentieth century
(Dolgopol and Neustaedter 1935), far before the epidemic bout of neurocysticerco-
sis in Mexican immigrants that occurred in the Southwestern US during the 1970s
and 1980s (Richards et al. 1985).

1.6  Lessons from History

Two natural epidemiological scenarios improved significantly our knowledge on the
mechanisms of disease transmission of human cysticercosis and allowed us to better
understand the consequences of migration of humans or swine from disease-
endemic to non-endemic areas.

1.6.1 The British Endemia

A bout of neurocysticercosis in the United Kingdom—elegantly called by Wadia
and Singh (2002) as the “British Military Connection”—was observed from 1930 to
1950, after the massive return of British troops stationed in India. It was MacArthur
(Fig. 1.4) who first noticed the occurrence of cerebral cysticercosis among soldiers
with epilepsy returning from their duties abroad (MacArthur 1934). MacArthur
(1935) also noted the high prevalence of asymptomatic cases of neurocysticercosis,
as he wrote For every case of cysticercosis immediately diagnosticable there are a
large number which will defy diagnosis for years. Other British physicians rein-
forced these findings by reporting a total of 450 British patients with cysticercosis
(Dixon and Hargreaves 1944; Dixon and Lipscomb 1961; Dixon and Smithers
1934). It could also be recorded the onset of neurological symptoms according to
their date of return to a cysticercosis-free country by that time, and it was noticed
that most patients had their initial seizure between 2 and 5 years after return, sug-
gesting a long asymptomatic stage. Most important, some patients were family
members of these soldiers but had never been in India, suggesting locally transmit-
ted disease from a soldier household contact with neurocysticercosis that was also a
T. solium carrier (Dixon and Lipscomb 1961). British doctors also noticed that
treatment of Taeniasis may lead to exacerbations of symptoms of cysticercosis in
some cases (Dixon and Smithers 1934).



1.6 Lessons from the History 7

Fig. 1.4 Lieutenant General
Sir William Porter MacArthur
(1884-1964) (© National
Portrait Gallery, London,

UK, with permission)

1.6.2 The Epidemic of Burns in West New Guinea

Despite the swine-breading culture of the inhabitants of West New Guinea, the
region was free of swine cysticercosis until 1972, where Ekari people of the
Enaratoli region received a number of infected pigs as a gift from the Indonesian
government of Java. By the next year, the presence of cysticerci was noticed in the
flesh of local pigs slaughtered in this region, and soon thereafter, intestinal taeniasis
was diagnosed in humans. By 1974, an epidemic of burns was observed among
Ekari people (Subianto et al. 1978). Such an epidemic was related to seizures caus-
ing people to fall into the bonfires that they used to warm-up the huts during the cool
mountain nights. Many of these epileptic patients also had subcutaneous nodules
that were pathologically confirmed as cysticercus, and one of them (a girl dying
after the seizure episode) had thousands of parasites into the brain parenchyma
(Gajdusek 1978). Some years later, cysticercosis remained endemic in that area and
started to spread to neighboring regions (Bendin and Catford 1983), and even nowa-
days, the disease is still prevalent (Salim et al. 2009), showing the difficulties that
exist to eradicate the parasite once it has been established.
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1.7  Modern Times: Advances in Diagnosis and Treatment

The introduction of the complement fixation test signaled the start of a new age,
since the diagnosis of human cysticercosis could be—for the very first time—estab-
lished without the need of histological demonstration of the parasite (Teive et al.
2006). The complement fixation test was first developed by Weinberg (1909), who
demonstrated antibodies against cysticercus in the serum of infected pigs. Thereafter,
Moses (1911) obtained positive results with the use of this test in the cerebrospinal
fluid of patients with neurocysticercosis, and Lange (1940) and Nieto (1956) settled
the role of the complement fixation test in the diagnosis of the meningeal form of
the disease. More recent advances in neuroradiology, particularly computed tomog-
raphy, allowed the correct localization of intracranial cysticerci and improved the
diagnosis of the disease (Bentson et al. 1977; Carbajal et al. 1977). Finally, the
advent of specific therapy for human cysticercosis (Robles and Chavarria 1979)
opened the more recent chapter in the history of this ancient scourge. With the
development of potent cysticidal drugs, improved diagnostic methods, and effective
vaccines against swine cysticercosis, it is expected that the work of hundreds of
scientists will conclude with the eradication of human cysticercosis.
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Taenia solium: Biological
Characteristics and Life Cycle

Taenia solium is one of several species of cestodes (tapeworms) that can infect
humans (Flisser 1994; Pawlowski 2002). It belongs to the phylum Platyhelminthes,
class Cestoidea, order Cyclophyllidea, family Taeniidae. In general terms, tape-
worms are complex organisms having complex life cycles that require at least two
hosts for their completion. In the case of Taenia solium, humans are the most impor-
tant definitive hosts, whereas both pigs and humans are the main intermediate hosts.
Other animals may act as definitive or intermediate hosts of Taenia solium but their
participation is clinically irrelevant.

2.1 Developmental Stages of Taenia solium

Different developmental stages of Taenia solium must be recognized, including
the adult tapeworm, the egg, the embryo (oncosphere), and the larva (cysticercus).
The adult T. solium has a head (scolex) that consists of four suckers and a rostel-
lum equipped with a double crown of hooks, a narrow neck, and a large body
composed by hundreds of proglottids (Fig. 2.1). The scolex of T. solium is unique
in its characteristics, allowing its easy differentiation from that of 7. saginata
which is not armed with hooks. The body of the parasite is called the strobila and
may be several meters long. Each proglottid of 7. solium is equipped with a rudi-
mentary nervous system, male and female reproductive organs, and a complex
absorption and excretory system (Cardenas-Ramirez et al. 1982). Proglottids
located proximal to the scolex are immature and lack sexual organs. More sexu-
ally mature segments are located in the center of the strobila. Those mature pro-
glottids copulate (with itself or with neighboring proglottids) and begin producing
eggs. Eggs-containing proglottids are located at the distal end of the strobila.
They are referred to as “gravid proglottids™ and are ready to be detached from the
rest of the tapeworm by a process of apolysis. Gravid proglottids contain thou-
sands of fertile eggs which are accumulated within a long and profusely branched
central uterus (Fig. 2.2).

O.H. Del Brutto, H.H. Garcia, Cysticercosis of the Human Nervous System, 1
DOI 10.1007/978-3-642-39022-7_2, © Springer-Verlag Berlin Heidelberg 2014
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Fig. 2.2 Scolex of Taenia solium (Image in the public domain, provider CDC/Dr. Mae Melvin)

The adult Taenia solium inhabits the small intestine of humans, where it is attached
to the intestinal wall by its suckers and hooks. The parasite lives for years in the hos-
tile intestinal environment, as it has been adapted to survive to variations in pH and
to the effects of digestive enzymes. Two or three times per week, a few gravid pro-
glottids are detached from the distal end of the body of the worm and are passed with
feces. Each proglottid liberates up to 50,000 eggs which are very resistant to adverse
environments; eggs can remain viable for months in water, soil, and vegetation, par-
ticularly in humid and warm environments (Aluja et al. 1987; Flisser et al. 1986).

Taenia solium eggs consist of an inner part called the oncosphere and a surround-
ing coat or embryophore (Fig. 2.3). The oncosphere is the parasite itself in its embry-
onal stage, and the embryophore is a rigid structure that protects the embryo from
external environmental conditions. The latter is formed by radially distributed blocks
of a keratin-like protein attached to each other by a cementing substance (Flisser
1994; Laclette et al. 1982). Once in the intestinal tract of their intermediate host
(either humans or pigs), the embryophore is disrupted by enzymatic digestion. The
liberated oncosphere is a solid globular organism composed of muscular, excretory,
and nervous cells, as well as six embryonic hooklets—hence the term “hexacanth
embryo”—and a pair of glands that are useful for migration (Pawlowski 2002).
Oncospheres cross the intestinal wall and enter the bloodstream, from where they are
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Fig. 2.3 Microscopic appearance of Taenia solium eggs (Courtesy of Juan Jimenez, MD, The
Cysticercosis Working Group in Peru)

carried to the tissues of the intermediate host where they rapidly evolve into meta-
cestodes—the so-called postoncospheral stage—and then into larvae (cysticercus).

Taenia solium cysticercus is a vesicle that contains an invaginated scolex
(Fig. 2.4). The vesicular wall is a membranous structure with festooned appearance
composed of an outer eosinophilic layer called the cuticular mantle, a middle cel-
lular layer with pseudoepithelial structure, and an inner layer formed by circular
muscle and reticular fibers (Davis and Kornfeld 1991; Pittella 1997). The cuticular
mantle is covered by microtriches which, in turn, are coated by a carbohydrate gly-
cocalyx that increases the absorptive surface of the cysticercus. The glycocalyx is
the most antigenic anatomical structure of the cysticercus. A network of excretory
and neural structures is also seen inside the vesicular wall. The structure of the
vesicular wall may be seen as a tegument through which adult taenias and cysticerci
fulfill their metabolic and nutritional needs by absorption and diffusion (Lumsden
et al. 1982; Thomas et al. 1989). The vesicular fluid is mainly composed of water
but also contains calcium, glycoproteins, cholinesterase, and coproporphyrin; such
composition confers the vesicular fluid fluorescent properties as well as antigenicity
(Cervantes et al. 1986; Martinez-Zedillo et al. 1982).
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Fig. 2.4 Macroscopic appearance of Taenia solium cysticerci. Showing vesicle and invaginated
scolex (From Del Brutto et al. (1998), with permission)

The scolex located inside the vesicle has a similar structure than the adult
Taenia solium, including a head armed with suckers and hooks, an elongated
neck, and a rudimentary body (Fig. 2.5). Hooks are anhistous structures arranged
in a double crown, with 22—-28 small hooks in the outer crown, and a similar num-
ber of slightly larger hooks in the inner crown. As the larva grows, neck and body
bent in a spiral within the vesicle originating the so-called spiral canal which
leads from the bladder wall to the scolex. The structure of the tegument of the
neck and the body of the larvae is similar to the vesicular wall, except that the
cuticular mantle is thicker, and calcareous corpuscles are found in the reticular
layer (Fig. 2.6).

Much of our knowledge on the different developmental stages of Taenia solium
is derived from the experiments of Yoshino (1933a, b, ¢) who infected himself
with Taenia solium cysticerci to have a constant stock of eggs to experimentally
infect pigs in order to study the stages of development of embryos and metaces-
todes in the natural intermediate host. Yoshino observed developing metacestodes
measuring 0.3 mm in the host’s tissues 6 days after oral infection. By 12 days
metacestodes became cystic, and by 20-30 days, a rudimentary scolex appeared.
The cysts continued to grow, measuring from 3 to 8 mm at 40-50 days. By then,
cysticerci were completely formed but continued to grow for up to 1 year after
infection.
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Fig.2.5 Cysticercus of
Taenia solium showing scolex A )
with four suckers and double
crown of hooks (From Del
Brutto et al. (1998), with
permission)

2.2 Life Cycle of Taenia solium

As noted, the life cycle of Taenia solium usually involves humans and pigs (Fig. 2.7).
In the normal cycle of transmission, humans are definitive hosts harboring the adult
parasite in the small intestine. Gravid proglottids, detached from the distal end of
the adult worm, contain infective eggs that are passed with feces of taenia carriers.

In places with improper disposal of human feces and poor husbandry, pigs have
access to human feces, and in the event that those feces contain Taenia solium eggs,
pigs get infected and become intermediate hosts in the life cycle of this cestode
(Corwin et al. 1986; Gonzalez et al. 2002; Jayashi et al. 2012; Prasad et al. 2011).
This is most commonly observed in rural areas of endemic countries, where all the
conditions favoring the completion of the life cycle of Taenia solium are combined,
including illiteracy, poverty, open-air defecation, warm climate, allowance of free-
roaming pigs, and consumption of improperly cooked pork under poor hygienic
conditions.

After being ingested by pigs (the natural intermediate host of Taenia solium),
eggs cross the intestinal wall, enter the bloodstream, and mature into oncospheres
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Fig.2.6 Calcareous
corpuscles in the membrane
of Taenia solium cysticercus

and then into metacestodes which lodge in the host tissues (particularly striated
muscles). Once lodged, metacestodes evolve into cysticerci. Pigs can be infected by
thousands of cysticerci, giving rise to the so-called measly meat (Fig. 2.8). Human
consumption of improperly cooked measly pork results in release of cysticerci in
the small intestine. The common practice of eating fried pork in developing coun-
tries—at least in rural areas Latin America—is a major source of human infection
with Taenia solium eggs, since large blocks of pork (measuring about 3 cm?) are
fried for just a few minutes in a large boil and this does not allow the destruction of
eggs that are located inside the block (Fig. 2.9).

Once in the human stomach, eggs are liberated from their coat by the action of
bile and digestive enzymes. Then, scolices evaginate and attach to the intestinal
wall. After the scolex is attached, the rudimentary body begins to grow, forming
proglottids. Proglottids begin to multiply and will become mature enough to be
excreted in feces approximately 4 months after infection, thus completing the life
cycle of the parasite (Aluja et al. 1987).

The adult Taenia solium may live for years in the small intestine. While not
impossible, it is unusual for humans to be infected with more than one Taenia
solium at a time, as the first attached tapeworm induces some type of tissue immu-
nity that prevents further attachment of other evaginated scolices to the bowel wall
(Flisser et al. 1979). Taeniasis in humans is a benign condition, mainly producing
abdominal discomfort and peripheral eosinophilia (Botero et al. 1993).



2.2 Life Cycle of Taenia solium

17

Infected pork
ingested by humans

Y

Cysticerci in
pig muscles

Cysticerci evagination
in human stomach

Adult taenia solium
in small intestine

Human
cysticercosis

Taenia solium eggs
ingested by pigs

Taenia solium eggs
ingested by humans

i

Taenia solium eggs
in human feces

Improper handling of
food by taenia carriers

}

Normal cycle of Taenia solium Aberrant transmission

Fig. 2.7 Diagram of major steps in the life cycle of Taenia solium (Reproduced with permission
from: Del Brutto (2012b))

Fig. 2.8 Pork muscles infected with hundreds of cysticerci, giving rise to the so-called measly
pork (Courtesy of the Cysticercosis Working Group in Pert)
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Fig.2.9 Consumption of undercooked pork under poor sanitary conditions is a threat to thousands
of people living in rural villages of developing countries (Reproduced with permission from: Del
Brutto (2012b))

Humans can also act as intermediate hosts for Taenia solium after ingesting its
eggs. Under these circumstances, human cysticercosis develops (Tay-Zavala 1983).
The mechanisms by which eggs cross the intestinal wall and lodge in human tissues
are the same as those described in pigs. Unfortunately, the central nervous system is
one of the main target organs of cysticerci in humans; this infection produces a
complex disease, neurocysticercosis.

The main source from which humans acquire cysticercosis is by contact with a
taenia carrier, which may infect the individual directly from the fecal-oral route or
through non-hygienic manipulation of food. Unfortunately, anecdotal data—mainly
coming from Mexican studies performed some decades ago—suggested that the
most common form of human acquisition of the disease was through the ingestion
of vegetables or fruits grown in plantations fertilized with manure containing human
feces contaminated with Taenia solium eggs (Escobar 1983). Indeed, strawberries
from a region called “El Bajio” were seen as the main culprit for the high prevalence
of human cysticercosis in Mexico City and surrounding areas. Several years later, it
was demonstrated that such strawberries were free of taenia eggs, demystifying
their role in the transmission of the disease to humans (Spindola Felix et al. 1996).
Other studies have also shown negative results when attempting to recover
taenia eggs from nature, even in highly endemic areas (Diaz et al. 1992;
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Keilbach et al. 1989). More recent studies, showing clusters of cysticercosis patients
around taenia carriers, changed definitively the old concept that environmental dis-
persion is the main source of human contamination with taenia eggs, confirming the
major role of person-to-person transmission of the disease (Lescano et al. 2009).

The airborne transmission of Taenia solium eggs through flying vectors or inter-
nal autoinfection by the regurgitation of proglottids into the stomach of patients
with taeniasis has also been proposed as possible mechanisms of infection (Tay-
Zavala 1983); however, these are less likely to occur and have not been convincingly
demonstrated. Other proposed anecdotal mechanisms of infection included the
transplacental transmission of larvae (Escobar and Nieto 1972) and infection from
drinking beverages contaminated with Taenia solium eggs as part of herbal medi-
cines provided by some traditional healers in Africa (Bourke and Petana 1994;
Heinz and Macnab 1965).

To conclude, human cysticercosis must be seen as a disease mostly transmitted
from person-to-person, and the role of infected pigs is to perpetuate the life cycle of
Taenia solium. In this way, the occurrence of autochthonous cases of neurocysticer-
cosis in non-endemic regions where swine husbandry is adequate or inexistent is
understandable. Asymptomatic taenia carriers, emigrated from endemic regions,
may transmit the disease through non-hygienic handling of food or by direct con-
tact. The predominance of person-to-person transmission of cysticercosis also
explains the high prevalence of neurocysticercosis in the Indian subcontinent, where
most of the population is vegetarian. As will be discussed later on this book, the
most common form of disease expression in India, as well as in non-endemic
regions, is the so-called single cysticercus granuloma, a benign form of neurocysti-
cercosis that is highly suggestive of sporadic contact with a taenia carrier (Del
Brutto 2012a; Del Brutto et al. 2012; Garcia et al. 2010; Singh et al. 2010). Taenia
carriers may also infect themselves through the fecal-oral route. Due to repetitive
autoinfections, those patients develop mechanisms of immunosuppression that
allow the implantation of hundreds of parasites in the nervous system without trig-
gering a severe inflammatory reaction or major symptoms (Garcfa and Del Brutto
1999; Gilman et al. 2000).
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Neuropathology of Cysticercosis

Almost every organ of the human economy may be affected by cysticerci, but
with few exceptions, significant disease is mostly observed in patients with
neurocysticercosis. The latter is a highly pleomorphic disease, defined as the infec-
tion of the central nervous system and its coverings by the larval stage of the tape-
worm 7. solium. The clinical pleomorphism of neurocysticercosis is mainly related
to both the myriad of pathological changes that parasites may cause within the ner-
vous system and the individual differences that exist in the severity of the host’s
immune response against cysticerci which, in turn, causes a great variety of lesions
in the adjacent cerebral tissue (Fleury et al. 2010; Mahanty and Garcia 2010).

3.1 Microscopic Identification of the Parasite

As previously described, cysticercus is a vesicle consisting of two main parts, the
vesicular wall and the scolex. When the whole vesicle is available for pathological
examination, it is useful to open the vesicle until the larva is exposed. Then, the
larva is placed between two glass slides which are pressed firmly until the scolex
flattens; subsequent microscopic examination usually reveals the characteristic dou-
ble crown of hooks and the four suckers of Taenia solium (Fig. 3.1). Examination of
serial sections of the vesicle also allows the proper differentiation of Taenia solium
cysticercus from the larvae of other cestodes (Tay-Zavala 1983). This permits the
visualization of the spiral canal and the scolex, the latter appearing as a compact
structure having in its interior several anhistous, cornified, and semitransparent
structures corresponding to the hooks (Fig. 3.2).

In some cysticerci—particularly those located in the subarachnoid space—the
scolex cannot be identified. Instead, these parasites are mainly composed of several
membranes attached to each other (Bickerstaff et al. 1952; Escobar 1983). It has
been shown that membranes begin to proliferate after the scolex degenerates, show-
ing changes in their histochemical composition, including the presence of large
amounts of hydrophilic lipids (Valkounova et al. 1992).

O.H. Del Brutto, H.H. Garcia, Cysticercosis of the Human Nervous System, 23
DOI 10.1007/978-3-642-39022-7_3, © Springer-Verlag Berlin Heidelberg 2014
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Fig.3.1 Rostellum

of Taenia solium,

fresh specimen seen
under light microscopy
(From Del Brutto et al.
(1998), with permission)

Fig.3.2 Section of Taenia solium cysticercus showing spiral canal (open arrow) and the rostellum
with characteristic hooks (small arrows) (From Del Brutto et al. (1998), with permission)

It is common to call Cysticercus cellulosae to those parasites having a scolex
and Cysticercus racemosus to those lacking the scolex. This inadequate terminol-
ogy has created confusion and it has even been considered that these are unre-
lated parasites originating from different Taenia spp. (Biagi et al. 1961). The
term Cysticercus cellulosae was coined when it was unknown that cysticerci are
the larval stage of Taenia solium, and the term Cysticercus racemosus was cre-
ated to describe the appearance of some cysticerci located in the subarachnoid
space that tend to group in clusters resembling a bunch of grapes. Therefore, they
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Fig.3.3 Intermediate form
of cysticercus showing
typical membranes of the
racemose form of cysticercus
with preserved scolex (From
Del Brutto et al. (1998), with
permission)

should not be written as scientific names (in italics) and is preferable to describe
these organisms as “the cellulose form” and “the racemose form” of cysticerci
(Flisser 1994). Rabiela and coworkers (1985, 1989) described in detail the mor-
phologic characteristics of the cellulose and the racemose forms of cysticerci,
providing evidence that they belong to the same Taenia spp. The authors also
found another form of cysticercus that conserves the scolex but has two or more
small bladders sprouting from the main vesicle (Fig. 3.3). This intermediate form
represents the initial stages in the transformation of the cellulose form into the
racemose form of cysticercus, in which the vesicle begins to grow and the scolex
disappears as the result of a degenerative process—called hydropic degenera-
tion—that is related to the entrance of cerebrospinal fluid into the vesicles
(Escobar and Weidenheim 2002).

3.2 Macroscopic Appearance of Cysticerci

The main factor determining the macroscopic appearance of cysticerci is their loca-
tion in the central nervous system (Sotelo et al. 1996). Indeed, the size and shape of
parasites vary according to whether they are situated in the brain parenchyma, the
subarachnoid space, the ventricular system, or the spinal cord. Parenchymal brain
cysticerci most often lodge in the cerebral cortex or the basal ganglia due to the high
vascular supply of these areas, although some cysts may be seen in the brainstem or
the cerebellum (Fig. 3.4). Most of these lesions measure from 5 to 15 mm in diam-
eter, as the pressure of the brain parenchyma reduces the chance of further grow of
the cysts. Sometimes, particularly in patients with the so-called heavy non-
encephalitic form of neurocysticercosis (Garcia and Del Brutto 1999), hundreds of
cysts may be seen disseminated within the brain parenchyma, giving the brain a
“Swiss-cheese” appearance (Fig. 3.5).

Subarachnoid cysticerci located at the cortical surface of the brain or within
cortical sulci between two cerebral convolutions most often have a similar shape
and size than parenchymal brain cysts (Fig. 3.6). According to most neuropa-
thologists, this is the most common location of intracranial cysticerci, as many
of the cysts that appear as parenchymal on neuroimaging studies are most likely
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Fig.3.4 Parenchymal brain cysticercus. Note the presence of lesions in the cerebral cortex and the
basal ganglia (left). Some cysts are also located in the brainstem and cerebellum (right) (From
Palmer and Reeder (2001), with permission)

Fig. 3.5 Massive non-encephalitic parenchymal brain cysticercosis. Hundreds of living cysts
(showing scolices) are predominantly located in the cerebral cortex and deep within cortical sulci
(From Garcia and Martinez (1999), with permission)

Fig.3.6 Small subarachnoid |

cysticerci located in cortical - P
sulci (From Del Brutto et al. . - . y *
(1998), with permission)
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Fig. 3.7 Racemose form of neurocysticercosis located at the cerebrospinal fluid cisterns at the
base of the brain (arrows) (left) and within the Sylvian fissure (right) (From Del Brutto et al.
(1998), with permission)

subarachnoid and located deep within cortical sulci (De Souza Lino-Junior at
al. 2007; Escobar et al. 1985; Kimura-Hayama et al. 2010; Pittella 1997,
Rabiela-Cervantes et al. 1982). On the other hand, cysticerci located at the
Sylvian fissure or within the cerebrospinal fluid cisterns at the base of the brain
(including the cerebellopontine angle cistern, the ambiens and prepontine cis-
terns, and the optochiasmatic region) may attain a size of 50 mm or more, as
their growth is not limited by the pressure effects of the brain parenchyma
(Bickerstaff et al. 1952, 1956). The macroscopic appearance of these parasites
is that of giant cysts associated or not with several membranes attached to each
other (Fig. 3.7).

Morphologic characteristics of ventricular cysticerci are varied as they may be
small or large, and may or may not have a scolex. These cysts may be found
freely floating within the ventricular cavities or may be attached to the choroid
plexus or the ventricular wall (Bickerstaff et al. 1956; Madrazo et al. 1983;
Milenkovic etal. 1982). Itis generally accepted that cysticerci enter the ventricular
system through the choroid plexus of the lateral ventricles but are most often
located in the fourth ventricle, though they may also be located in the third or
lateral ventricles as well (Fig. 3.8). This is due to the fact that when parasites
reach the ventricular cavities, they have a size that allows them to follow the
cerebrospinal fluid circulation pathway from the lateral ventricles to the third
ventricle through the foramina of Monro and, then, from the third to the fourth
ventricle through the cerebral aqueduct. By the time cysticerci have reached the
fourth ventricle, most have attained a size that prevents their further transit along
the CSF circulatory pathways and get trapped within this cavity (Escobar and
Nieto 1972).

Uncommon intracranial locations of cysticerci include the subdural space and
the sellar region. In the few reported cases, subdural cysticerci have appeared
as multilobulated cystic lesions showing scolices remnants, thus resembling
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Fig. 3.8 Cysticerci located
within the third ventricle
(arrow). There are some
additional parasites in the
brain parenchyma (From
Palmer and Reeder (2001),
with permission)

those cysts located in the basal subarachnoid cisterns (Feinberg and Valdivia 1984;
Im et al. 2005). Intrasellar cysticerci may occur as the result of direct sellar invasion
by the parasites and may or may not be associated with subarachnoid or ventricular
involvement (Arriada-Mendicoa et al. 2003; Del Brutto et al. 1988).

Cysticerci may also be found at the spinal level. In these cases, cysts may be
located at the spinal subarachnoid space, the epidural space, or within the paren-
chyma of the spinal cord, the former accounting for about 80 % of cases of spinal
cysticercosis (Gupta et al. 2009). Macroscopic appearance of spinal parasites is
similar to those located within the cranial cavity (Kim and Weinberg 1985; Qi et al.
2011). Regarding the level of affection, most spinal cysticerci are seen in the tho-
racic region followed by the cervical, the lumbar, and the sacral regions, in this
order (Guedes-Corréa et al. 2006; Gupta et al. 2009). In some other cases, cysts may
be scattered through all the length of the spinal cord (Jongwutiwes et al. 2011; Lim
et al. 2010; Shin and Shin 2009). Through the years, there have been a number of
hypothesis attempting to explain the occurrence of spinal cysticerci. While it has
been suggested that cysticerci may enter the spinal subarachnoid and epidural
spaces by retrograde flow through epidural vertebral veins (Sperlescu et al. 1989)
and that intramedullary cysts may result from spread through the ventriculo-
ependymal pathway (Trelles et al. 1970), it is most often accepted that spinal lepto-
meningeal cysticerci are the result of passive migration of cysts from the intracranial
subarachnoid space, and intramedullary cysticerci are the consequence of hematog-
enous spread (De Souza-Queiroz et al. 1975). The former theory has been recently
confirmed in a series of patients with basal subarachnoid cysticercosis whose spinal
cords were evaluated with neuroimaging. In such study, 61 % of patients with basal
subarachnoid cysticerci also have spinal subarachnoid space involvement (asymp-
tomatic in many cases), suggesting that this form of the disease is more common
than previously thought (Callacondo et al. 2012).
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Fig. 3.9 Ophthalmoscopic
appearance of subretinal
cysticercus located over the
macular region. The scolex is
visualized as an eccentric
nodule within the cyst (From
Del Brutto et al. (1998), with
permission)

Cysticerci may be located in the eye, including the subconjuntival space, the
anterior chamber, and the subretinal space, but only the latter should be considered
as neurocysticercosis since only the retina is part of the central nervous system
(Malik et al. 1968; Ziaei et al. 2011). Subretinal cysts are most often located over
the macular region and are supposed to enter the eye by the posterior ciliary arteries
(Bartholomew 1975; Kruger-Leite et al. 1985; Lozano-Elizondo 1983). These para-
sites appear flattened by ophthalmoscopic examination due to the pressure effect of
the vitreous against the retina. They have a white or yellowish color with a central
or eccentric, well-defined, rounded zone representing the scolex (Fig. 3.9). Ocular
cysticerci may also be found freely floating in the vitreous when they move from the
subretinal space through the hyaloid membrane, providing the unique opportunity
to visualize in vivo the evagination movements of the parasite (Lozano-Elizondo
1983; Puig-Solanes 1982). There are some rare cases of orbital cysticerci directly
involving the optic nerve (Bousquet et al. 1996; Sudan et al. 2005) or extraocular
muscles (Basu et al. 2009; Sudan et al. 2007).

3.3  Stages of Involution of Cerebral Cysticerci

Classical pathological studies support the concept that cysticerci are formed after
the arrival of metacestodes (hexacanth embryos) to the central nervous system
(Escobar 1983; Escobar and Nieto 1972). Soon after their establishment, cysticerci
are viable, the bladder wall is thin and translucent, and the vesicle is filled with a
clear fluid that bathes an invaginated scolex presenting a structure similar to that of
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Fig.3.10 Brain slice
showing the four different
stages of involution of brain
cysticerci in the same person,
including vesicular cyst
(white arrowheads), colloidal
cyst (black arrow),
granuloma (white arrow), and
calcification (black
arrowheads) (From Sotelo

et al. (1996), with
permission)

the adult Taenia solium; this has been called the “vesicular stage.” According to
Escobar (1983), cysticerci may remain for years in this stage or, as the result of an
immunological attack from the host, may undergo a process of degeneration that
ends with the dead of the parasite and its transformation into a calcified nodule. The
first stage of involution of cysticerci is the so-called colloidal stage, in which the
clear vesicular fluid becomes viscous and turbid, and the scolex shows early signs
of hyaline degeneration. Then, the wall of the cyst thickens and the scolex is pro-
gressively transformed into mineralized granules; this stage, in which the parasite is
no longer viable, is called the “granular stage” or cysticercus granuloma (Chacko
et al. 2000). Then it ensues the “calcified stage,” in which cysticercus remnants
appear as a solid mineralized nodule. The time parasites elapse in each of these
stages has not been established, although it is accepted that considerable differences
may exist among individuals (Escobar et al. 1985; Kimura-Hayama et al. 2010;
Pittella 1997). Moreover, pathological studies have shown cysticerci in the four
stages in the same individual, a finding that may represent cysts of different ages
from recurrent infections or a single infection in which only some cysts have been
attacked by the host’s immune system (Fig. 3.10).

It has recently been suggested that not all cysticercus granulomas are the result
of degenerated vesicular cyst that had been living for years in the brain paren-
chyma (going first through the vesicular and colloidal stages, respectively) but
represent recently established metacestodes rapidly destroyed by the host’s immune
system (Garcia et al. 2010). There are some argument favoring this alternate
hypothesis of cysticerci involution, including the high rate of patients with a single
cysticercus granuloma in populations exposed to low parasite loads, the low sensi-
tivity of serological tests for the detection of anti-cysticercal antigens in patients
with a single cysticercus granuloma, and the younger age of patients with a single
cysticercus granuloma when compared with those with a single vesicular cyst (Del
Brutto et al. 2012).

Also, recent clinical and histopathological evidence supports the fact that calci-
fications are not completely solid nodules and have changed previous concepts
regarding the erroneous view of calcified cysticerci as totally inert lesions.
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Calcifications may experience periodic morphological changes related to a mecha-
nism of remodeling. This may expose trapped parasitic antigenic material to the
host immune system, causing transient inflammatory changes in the brain paren-
chyma that may be the cause of recurrent seizures, focal neurological deficits or
recurrent episodes of headache in some patients (Del Brutto and Del Brutto 2012;
Nash et al. 2004; Ooi et al. 2011; Rathore and Radhakrishnan 2012). In addition, the
increasingly accepted association and probable causal relationship between calci-
fied cysticerci and hippocampal sclerosis favors the view that calcified lesions may
cause permanent epileptogenic foci that result in the occurrence of recurrent sei-
zures (Bianchin et al. 2010; Rathore et al. 2012).

3.4 Tissue Reactions Around Cysticerci

Changes in the nervous tissue surrounding parenchymal brain cysticerci are
directly related to the stage of involution of the parasites (Table 3.1). Viable (vesic-
ular) cysts elicit little or no inflammatory reaction in the surrounding brain paren-
chyma. This scarce reaction is composed of lymphocytes, plasma cells, and
eosinophils and is often associated with a mild astrocytic gliosis (Thomas et al.
1989). Vesicular cysts are often surrounded by a thin collagen capsule that isolates
the parasite from the host and inhibits the spontaneous evagination of the scolex
arresting the evolution of the cysticercus (Ostrosky et al. 1991). On the other hand,
the collagen capsule surrounding degenerating cysticerci is thick and, in turn, is
surrounded by an intense inflammatory reaction that often includes the parasite
itself (Fig. 3.11). A dense layer of eosinophils—playing a major role in the destruc-
tion of cysticerci—is found in contact with the external membrane of the parasite
(Escobar and Weidenheim 2002; Molinari et al. 1983). The surrounding brain
parenchyma also shows astrocytic gliosis, microglial proliferation, edema, neuro-
nal degenerative changes, and perivascular cuffing of lymphocytes (Chacko et al.
2000). When parasites die, the astrocytic changes become more intense than in the

Table 3.1 Correlation between appearance of parasite and pathological changes in central
nervous system according to stage of involution of parenchymal brain cysticerci

Stage of Pathological changes in the brain

involution Appearance of the parasite parenchyma

Vesicular stage ~ Translucent vesicular wall; Scarce inflammatory reaction;
transparent vesicular fluid; viable formation of a collagen capsule
invaginated scolex around the parasite

Colloidal stage  Thick vesicular wall; turbid vesicular Intense inflammatory reaction that
fluid; scolex showing signs of includes the parasite; thick collagen
hyaline degeneration capsule around the parasite

Granular stage  Thick vesicular wall; degenerated Astrocytic gliosis around the cyst;
scolex microglial proliferation

Calcified stage ~ Transformation of the parasite in Intense gliosis; multinucleated giant
coarse calcified nodules cells

From Del Brutto et al. (1998), with permission
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Fig. 3.11 Degenerating cysticercus surrounded by a thick collagen capsule (arrows). There is a
severe inflammatory reaction in the surrounding brain parenchyma (From Sotelo et al. (1996), with
permission)

preceding stages and is common to see gemistocytes in the surrounding tissue. As
will be discussed later, this could be the pathological substrate explaining in part
the malignant transformation of glial cells that is sometimes observed surrounding
parenchymal brain cysticerci (Del Brutto et al. 2000). As the gliosis becomes more
intense, the edema subsides, but epithelioid cells appear and coalesce to form mul-
tinucleated giant cells which are a frequent finding around calcified cysticerci
(Escobar 1983; Pittella 1997).

Subarachnoid cysticerci also elicit an inflammatory reaction which, in contrast to
that observed in parenchymal brain cysts, is not restricted to the perilesional tissue
but is disseminated and may spread from the optochiasmatic region to the foramen
magnum (Escobar and Nieto 1972). This is because activated lymphocytes,
macrophages, and immunoglobulins may be carried out by the cerebrospinal fluid
circulation to distant sites of the subarachnoid space. As a result, there is formation
of a dense exudate composed of collagen fibers, lymphocytes, multinucleated giant
cells, eosinophils, and hyalinized parasitic membranes, leading to abnormal thick-
ening of the leptomeninges (Fig. 3.12). Such inflammatory reaction encases cranial
nerves arising from the ventral aspect of the brainstem with subsequent demyelin-
ation and cranial nerve dysfunction (Fig. 3.13). The foramina of Luschka and
Magendie may be occluded by the thickened leptomeninges and parasitic mem-
branes, with the development of obstructive hydrocephalus (Estafiol et al. 1983).
Blood vessels arising from the circle of Willis may also be encased within this
inflammatory exudate. Such changes may occur in up to 50 % of patients with
subarachnoid cysticercosis but are most often asymptomatic (Barinagarrementeria
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Fig.3.12 Subarachnoid cysticercus. Parasitic membranes (black arrows) are embedded in a dense
inflammatory exudate (white arrowheads)

Fig. 3.13 Racemose
cysticerci in prepontine
cistern surrounding cranial
nerves arising from the
ventral aspect of the
brainstem (From Del Brutto
et al. (1998), with
permission)

and Cantu 1998). The walls of small penetrating arteries are invaded by inflamma-
tory cells, leading to endarteritis with thickening of the adventitia, fibrosis of the
media, and endothelial hyperplasia (Fig. 3.14). The latter may reduce or occlude
the lumen of the vessel with the subsequent development of a cerebral infarction
(Cantu and Barinagarrementeria 1996; Del Brutto 2008; Marquez and Arauz 2012).
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Fig.3.14 Leptomeningeal blood vessel (white arrowhead) affected by endarteritis. Collagen cap-
sule (white arrows) and parasitic membranes (black arrow) surround the vessel (Reproduced from
Rodriguez-Carbajal et al. (1989), with permission)

The lumen of major intracranial arteries may be occluded by atheroma-like deposits
resulting from disruption of the endothelium; this vascular involvement causes large
cerebral infarcts in the territory of major intracranial arteries (Monteiro et al. 1994;
Rodriguez-Carbajal et al. 1989; terPenning et al. 1992). Adherence of cysticerci to
subarachnoid blood vessels may weaken the vessel wall with the subsequent devel-
opment of an inflammatory (mycotic) aneurysm (Huang et al. 2000; Kim et al.
2005; Soto-Hernandez et al. 1996).

Ventricular cysticerci attached to the choroid plexus or the ventricular walls are
associated with an inflammatory reaction that disrupts the ependymal lining. In
such cases, ependymal cells are replaced by proliferating subependymal glial cells
that may protrude toward the ventricular cavities blocking the CSF transit, particu-
larly when the site of protrusion is at or near the foramina of Monro or the cerebral
aqueduct (Rangel-Guerra and Martinez 1986; Salazar et al. 1983; Siqueira et al.
1980). This process is called granular ependymitis and is associated with obstruc-
tive hydrocephalus, which may be asymmetric if only one foramina of Monro is
occluded. Granular ependymitis localized in the fourth ventricle may cause syringo-
bulbia and syringomyelia due to alterations in the hydrodynamic forces of cerebro-
spinal fluid circulation (Escobar and Vega 1981). In contrast, floating ventricular
cysticerci that are not adhered to the ventricular walls do not elicit an inflammatory
reaction; therefore, the cysts are not enclosed by the capsule that surrounds paren-
chymal and subarachnoid cysts. The lack of a collagen capsule makes it possible for
ventricular cysts to evaginate and invaginate repeatedly, as if the parasites were
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searching for an appropriate place for attachment and their further transformation
into adult taenias (Flisser and Madrazo 1996).

Finally, cysticerci located in the spinal subarachnoid space may induce inflam-
matory or demyelinating changes in ventral and dorsal roots, in a similar way as
intracranial subarachnoid cysts induce damage in cranial nerves. Cysticerci located
inside the spinal cord parenchyma induce chronic inflammatory changes resem-
bling those described in the brain parenchyma (Agale et al. 2012; Mohanty et al.
1997; Qi et al. 2011).
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Epidemiology of Human Cysticercosis 4
in Endemic Regions

Taenia solium establishes its life cycle in regions where domestic pig raising
coexists with poor sanitary conditions. Unfortunately, most poor areas of the
world, with exception of Muslim populations, fulfill these simple requirements
(Gilman et al. 1999). In poor regions, domestic pig raising is a usual component
of survival economies, driven as a major incentive by the fact that pigs can be just
left to roam by themselves and thus no money or effort need to be spent in food or
forage, resulting in a very cheap production. Furthermore, there are very active
commercialization systems for pigs and pork in most towns (Cysticercosis
Working Group in Peru 1993).

The World Health Organization has drawn an official map showing areas where
Taenia solium cysticercosis is endemic (Fig. 4.1). These include most Latin
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Fig. 4.1 World map showing areas where cysticercosis is endemic
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Fig. 4.2 Diagram showing gross prevalence of symptomatic and asymptomatic cysticercosis
infections according to positive or negative results on neuroimaging studies and serology

American countries with the exception of Argentina and Uruguay, some islands of
the Caribbean basin including Haiti and Dominican Republic, the sub-Saharan
Africa (Benin, Burkina Faso, Burundi, Cameroon, Chad, Congo, Ghana, Kenya,
Madagascar, Mozambique, Nigeria, Rhodesia, Rwanda, South Africa, Tanzania,
Togo, Uganda, Zambia, Zimbabwe), the Indian subcontinent, and vast regions of
Southeast Asia (Burma, China Laos, Indonesia, Nepal, Philippines, Thailand, and
Vietnam) (O’Neal et al. 2012; Preux and Druet-Cabanac 2005; Schenone 1982;
Winkler et al. 2010).

Even in disease-endemic countries, marked differences in transmission and
prevalence of Taeniasis and cysticercosis exist depending on the particular popu-
lation group studied. Data from rural areas is not necessarily comparable to data
from urban metropolis, and of course, data from hospital-based registries should
not be compared with data from the general population (Garcia and Del Brutto
2005). In a given population, there will be a series of diverse subgroups of
infected persons in terms of symptomatic cases or serological or imaging evi-
dence of cysticercosis (Fig. 4.2). On this basis, it is possible to differentiate
among infected and noninfected individuals and on whether infections are symp-
tomatic or not (Table 4.1). There are some limitations in this categorization,
mainly arising from the fact that imaging is mostly restricted to diagnose
neurocysticercosis.
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Table 4.1 Subgroups of infected persons in terms of symptomatic cases or serological or
neuroimaging evidence of cysticercosis

Not Infected
infected Asymptomatic Symptomatic

Negative for antibody, antigen, and imaging +

Exposed: antibody positive, antigen negative, CT + +
negative

Infected, no viable lesions: calcifications on + +

neuroimaging, antigen negative (independent of
antibody results)

Infected, degenerating lesions: transitional, enhancing
cysts on neuroimaging (often a single lesion)
Infected, viable lesions: cysts on neuroimaging or + +
positive antigen, often antibody positive

I+
+

4.1 Data on Asymptomatic Individuals/General Population
4.1.1 Rates of Infection

As noted, assessing the prevalence of cysticercosis may be difficult due to the high
percentage of asymptomatic infections. The most common ways to evaluate preva-
lence in rural endemic populations are by serology (anticysticercal antibodies or
cysticercal antigens detection) or, rarely, by neuroimaging.

4.1.1.1 Anticysticercal Antibody Prevalence

Many surveys exist in the literature and of course the estimates vary according to the
sensitivity and specificity of the test used. Before the introduction of the enzyme-
linked immunoelectrotransfer blot (EITB), the low sensitivity and specificity of the
existing tests made it difficult to assess the extent of infection in endemic regions.
Woodhouse et al. (1982) reported an overall 1 % of seropositivity in 20,000 samples
from Mexico; with some communities reaching 6 %, the sensitivity and specificity
of the test used in that survey—immunoelectrophoresis—were estimated to be
around 50 %. Thereafter, some population-based studies used the enzyme-linked
immunosorbent assay (ELISA) with varied results. Coker-Vann et al. (1981)
reported seroprevalence rates ranging from 0.2 to 8.4 % in asymptomatic individu-
als living in different regions of Indonesia, which contrasted with the 16 % serop-
revalence rate of asymptomatic individuals living around the Wissel Lakes area,
where cysticercosis was highly endemic. In the latter, patients with diagnosis of
neurocysticercosis had a seroprevalence of 61 %. In another study performed in
rural Madagascar, 18 % of healthy individuals versus 36 % of neurocysticercosis
patients had a positive ELISA in serum (Michel et al. 1993). Posterior studies,
showing the disappointing reliability of the serum ELISA, make these surveys of
historical importance only.
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Once the highly specific EITB using purified lentil lectin glycoprotein anti-
gens was available, multiple surveys have demonstrated that from 8 to 25 % of
“healthy” persons living in endemic villages have antibodies to Taenia solium
(Garcfa et al. 1991; Sarti et al. 1992). Asymptomatic seropositive individuals
mostly present weak reactions to only one to three antibody bands (GP50, GP42-
39, and GP24) (Schantz et al. 1994). In field conditions, antibody seroprevalence
rates may overestimate the actual prevalence of infection because persons with
anticysticercal antibodies resulting from exposure or from past infections are also
detected. Nevertheless, antibody prevalence can give a general assessment of the
levels of transmission and help to orientate control strategies. At the individual
level, detection of specific anticysticercal antibodies in an asymptomatic person
has limited clinical use.

4.1.1.2 Cysticercal Antigens Prevalence

More recently, some population-based data using circulating cysticercal antigen
detection has become available. The prevalence of circulating antigen ranges from
1 to 22 % (Dorny et al. 2012; Mwanjali et al. 2013; Mwape et al. 2013; Nguekam
et al. 2003; Praet et al. 2010). Antibody prevalence is usually much higher than
antigen prevalence in these studies. There is no information about the predictive
value of a positive antigen test in asymptomatic individuals or in the general popula-
tion, neither is it known whether the use of a higher cutoff would improve its predic-
tive value for neurocysticercosis. As for community-based antibody surveys, the
application of antigen detection in an asymptomatic individual would likely be of
no practical use, although its use for early detection of extraparenchymal infections
has been suggested (Garcia et al. 2012).

4.1.1.3 Prevalence Using Neuroimaging

The proportion of asymptomatic individuals with neurocysticercosis detected by
computed tomography (CT) in endemic populations ranges from 10 to 25 % (Del
Brutto et al. 2005; Fleury et al. 2003; Garcia-Noval et al. 1996, 2001; Medina et al.
2005; Montano et al. 2005; Sanchez et al. 1999) (Table 4.2). A single study in a
high-risk population using magnetic resonance imaging (MRI) reported 5 % of
people harboring small viable cysts, usually a single one (Prasad et al. 2011)

A closer view to the results showed in Table 4.2 provides useful insights. Field
studies using CT consistently demonstrate a significant proportion of villagers har-
boring one or a few brain calcifications, more rarely multiple calcifications or even
more rarely viable cysts. In these same field conditions, most asymptomatic,
antibody-positive people show weak reactions. The positive predictive value of a
positive antibody test in asymptomatic individuals is around 35 %, and the imaging
correlate in such cases is usually one or a few parenchymal brain calcifications. The
relative frequency of viable cysts in general population is low. Not all cases of neu-
rocysticercosis are detected by an antibody assay, since a proportion of seronegative
villagers will also show calcifications on brain CT (Montano et al. 2005). Overall,
approximately 50 % of asymptomatic individuals with parenchymal brain
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Table 4.2 Epidemiologic surveys evaluating the proportion of asymptomatic infections/
symptomatic neurocysticercosis (documented by neuroimaging) among persons with epilepsy in
endemic areas

Proportion with NCC on neuroimaging Ratio of NCC in

People with individuals with
Asymptomatic seizures or epilepsy/general
Location (author) individuals with epilepsy ~ population
Guatemala (Garcia-Noval et al. 1996) 12/51 (24 %) 36/76 (47 %) 2.01
Ecuador (Cruz et al. 1999) 17/118 (14 %) 14/26 (54 %) 3.74
Honduras (Sanchez et al. 1999) 29/144 (20 %) 2/4 (50 %) 2.50
Mexico (Fleury et al. 2003) 14/153 (9 %) 0/1
Peru (Montano et al. 2005) Seronegative: 8/58 15/39 (38 %) 2.00*
(14 %)
Seropositive: 18/53
(34 %)
Ecuador (Del Brutto et al. 2005) 1/19 (5 %) 5/19 (26 %) 5.00
Tanzania (Winkler et al. 2009) 10/198 (5 %) 38/212 (18 %) 3.54

*Calculated over a weighted average at 24.2 % seroprevalence in general population

calcifications are EITB negative. A proportion of villagers will have a positive
antigen test, apparently fewer than those who are antibody positive. The positive
predictive value of a positive antigen test in an asymptomatic individual is not well
known and has been reported to be from 14 to 53 % (Mwanjali et al. 2013; Nguekam
et al. 2003). The neuroimaging correlation for a positive result in antigen detection
is usually that of multiple viable parenchymal brain cysts. It is unclear whether the
remaining antigen-positive, neuroimaging-negative individuals may have viable
brain cysts not detected by imaging or cysts elsewhere in their body.

4.1.1.4 Factors Associated to Infection in Field Settings

Diverse epidemiological studies and clinical series have demonstrated associations
between positive tests and a history of intestinal taeniasis, pig raising, having seen
cysticercosis in their pigs, and other more generic factors such as living in a rural
area and poor sanitation. A history of intestinal taeniasis in the person or in the
household is a very strong risk factor. The accuracy of questioning for an antecedent
of taeniasis could be improved by showing villagers a proglottid, since patients who
had expelled nematodes may assume that the question refers to this antecedent and
answer affirmatively. Pig raising is a poorly specific indicator since in many villages
more than half of the villagers raise pigs (Diaz et al. 1992; Garcia-Noval et al. 1996;
Sarti et al. 1994). Having seen cysticercosis cysts in pigs (or in their own pigs) could
provide a more specific marker, but we have not been able to find comparative
assessments of the predictive value of these questions. There seems not to be par-
ticularly clear differences in the rates of infection be gender. In contrast, the preva-
lence of antibody-positive individuals in the general population begins to rise
between 6 and 10 years of age and increase progressively with higher rates between
20 and 50 years of age (Diaz et al. 1992; Schantz et al. 1994).
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4.1.1.5 Geographic Pattern/Clustering

Clustering of human and porcine cases around a tapeworm carrier was first described
by Sarti-Gutierrez et al. (1988). Using GPS, Lescano et al. (2007) confirmed this
and described that a stronger concentrically gradient is found for porcine seroinci-
dence as an indicator of more recent transmission. Seizure cases, however, are not
clustered around the tapeworm carrier, likely reflecting a clinically silent period
between infection and seizures longer than the average life span of the adult tape-
worm (Lescano et al. 2009). Familiar aggregation of cases is likely due to common
source exposure, although some sort of genetic predisposition to infection or dis-
ease cannot be ruled out. The polymorphism of toll-like receptor 4 has been shown
to be associated to symptomatic disease in human neurocysticercosis (Verma et al.
2010), and differences in some HLA determinants between patients and controls
were demonstrated long ago in Mexico (Del Brutto et al. 1991).

4.1.1.6 Dynamics of Infection in Endemic Populations

To better interpret antigen or antibody prevalence surveys, it is important to note
that a significant proportion of reactors will switch from seropositive to seronega-
tive in 1 year or less (Garcia et al. 2001; Meza-Lucas et al. 2003; Mwape et al.
2013). These individuals correspond to weaker immune reactions and likely repre-
sent exposure without infection, reexposure, mild infections, or infections which
resolved spontaneously. It follows that in endemic communities exposure and trans-
mission are dynamic processes which likely involve a large proportion of the popu-
lation along the years.

4.1.1.7 Cysticercosis in Necropsy Series

Cysticercosis has been reported in 1-3 % of necropsies in general hospitals of
Mexico, Peru, Brazil, and other countries. These cases were mostly cysts in brain,
heart, or other systematically examined organs (Bricefio et al. 1961; Escalante 1977,
Schenone 1982; Lino-Junior et al. 2007). These findings were reported as reflecting
that 50 % or more of all cases were asymptomatic. However, while necropsy exami-
nation demonstrated that cysticercosis was not the cause of death, it confers no
certainty that these individuals were truly asymptomatic.

4.2 Dataon Symptomatic Patients/Clinical Series

Information on the prevalence of cysticercosis based on hospital-based studies is
even less reliable than that obtained from field surveys. Moreover, the proportion of
the different forms of neurocysticercosis is unrealistic, since more severe cases are
those to seek medical attention. Nevertheless, some valuable information can be
gathered from such studies.

4.2.1 Antibodies, Antigen, and Imaging in Clinical Series

Published clinical series are generally reported from neurological services (most
often series of patients with seizures or epilepsy) or neurosurgical services. These
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clinical series show most patients with moderate to strong antibody reactions
(except for a proportion of individuals with only calcified disease or a single brain
cyst), positive antigen reactions (less sensitive in individuals with only one or a few
parenchymal cysts, negative in individuals with only calcifications), and neuroim-
aging findings involving viable cysts and subarachnoid disease in most patients,
except in the Indian subcontinent where the vast majority of neurocysticercosis
patients have a single enhancing brain lesion (Garcia et al. 1997; Rajshekhar and
Chandy 2000; Wilson et al. 1991). Almost all series refer seizures as the more fre-
quent clinical manifestation, ranging from 70 to 90 % of cases (Del Brutto et al.
1992). Extraparenchymal neurocysticercosis, however, is found with low frequency
in neurological services. Its proportional contribution varies from 10 % in neurol-
ogy services to over 60 % in neurosurgical series, reflecting the impact in hydro-
cephalus and mass lesions which require surgical management (Fleury et al. 2011).

4.2.2 Rates of Disease

How much symptomatic disease can be attributed to neurocysticercosis has been a
matter of unnecessary debate. Its frequency in clinical series exceeds by far what
could be expected in the general population. This was initially demonstrated in
controlled serological studies by Chopra et al. (1981) in India using hemagglutina-
tion. These findings were consistently replicated as new, improved serological
assays were available (Garcia et al. 1991; Rosas et al. 1986). The proportions of
neuroimaging findings compatible with neurocysticercosis in individuals with epi-
lepsy in endemic regions may reach 50 % (Cruz et al. 1999; Garcia et al. 1999;
Medina et al. 1990; Sanchez et al. 1999). Once the serological and imaging data are
consolidated, consistent estimates of approximately 30 % of individuals with epi-
lepsy in endemic regions are attributable to neurocysticercosis (Del Brutto et al.
2005; Montano et al. 2005; Ndimubanzi et al. 2010)

There is no systematic assessment of what proportion of individuals with obstruc-
tive hydrocephalus or intracranial hypertension are due to neurocysticercosis,
although its contribution to hydrocephalus series seems quite high (Lobato et al.
1981; Suastegui-Roman et al. 1996). On the other hand, vascular abnormalities
seem to be frequent in cases of neurocysticercosis, and it clearly can be a cause of
stroke; however, the proportional contribution of neurocysticercosis to the burden of
symptomatic strokes in endemic countries does not seem to be major (Del Brutto
1992; Barinagarrementeria and Cantu 2002).

4.2.3 Factors Associated to Infection and Disease

In clinical settings, raising pigs and a history of taeniasis have some predictive value
(Garcia et al. 1995). From published series, from 5 to 10 % of all neurocysticercosis
patients carry an intestinal tapeworm by the time of neurological symptoms, and
around 25 % refer a history of having passed tapeworm segments before (Gilman
et al. 2000). Intestinal taeniasis is almost always present in individuals with massive
infections. A tapeworm carrier in the household is a very common finding when
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cysticercosis presents in infants and young children (Del Brutto 2012), probably
reflecting the short possible time elapsed from exposure. Disease characteristics and
associated signs may be of help, and particularly the suspicion of neurocysticercosis
should be raised in patients with late-onset seizures (even more in those with a nor-
mal neurological examination) and patients with a history of palpable nodes in the
subcutaneous tissues or in the muscles. Interesting trends in gender and age distri-
bution can be seen in clinical cases. A single enhancing brain lesion and basal sub-
arachnoid neurocysticercosis seem to be more frequent in women, while multiple
viable cysts seem more frequent in men. As it could be expected, calcifications are
seen in older patients compared to viable cysts, and subarachnoid disease in even
older patients. A single cysticercus granuloma is seen in younger patients, more
markedly in India (Chandy et al. 1991; Rajshekhar and Chandy 2000). Albeit mas-
sive infections are in general terms rare, these are proportionally more frequent at
younger ages (likely because these infections are clinically eloquent), and massive
infections with diffuse inflammation (encephalitic cysticercosis) are most often
seen in young women (Rangel et al. 1987).

4.2.4 Geographical Variations in the Pattern
of Clinical Expression of Cysticercosis

Two trends can be defined from the literature. In the Indian subcontinent, the vast
majority of clinical cases of neurocysticercosis occur in older children and young
teenagers and correspond to one, less frequently two, already degenerating cysts
(Chandy et al. 1991; Rajshekhar and Chandy 2000). This type of disease (solitary
cysticercal granuloma, single enhancing lesion) has a particularly mild clinical
expression and good prognosis. Also, cases with subcutaneous nodules are more
frequently reported from Africa and Asia than from Latin America. Whether this
results from the genetic diversity of the host inflammatory reaction to the parasite,
or simply to different patterns of infection or infection burden, cannot be discerned
from the existing information.
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Epidemiology of Human Cysticercosis
in Non-endemic Regions
and in the Traveler

Non-endemic areas for cysticercosis could be defined as those places where the life
cycle of Taenia solium cannot be fully completed, as one or more of the several
interrelated steps needed for its completion are not present (Del Brutto and Garcia
2012). Those steps include the following: (1) the presence of Taenia carriers harbor-
ing the adult tapeworm in the intestine, (2) the practice of open-air fecalism or
improper disposal of human feces, (3) the allowance of free-roaming pigs having
access to human feces, and (4) the consumption of undercooked pork. When these
four steps are associated with illiteracy, poverty, poor sanitization, and a warm cli-
mate, the prevalence of human taeniasis as well as that of human and porcine cysti-
cercosis may attain endemic consequences and may represent a major public health
problem (Garcia et al. 2007). As noted in the preceding chapter, this is what hap-
pens in most of the developing world.

In contrast, industrialized nations of North America, Western Europe, and
Oceania have developed, through the past decades, secure systems of sewage dis-
posal and adequate mechanisms of husbandry, precluding pigs to be in contact with
human feces, thus avoiding the life cycle of Taenia solium to be completed. There
are also some regions—developed or not—where the life cycle of the tapeworm
cannot be completed, as their religious beliefs prohibit the consumption of pork;
these include Israel and Muslim countries of the Arab world.

Traditionally considered non-endemic regions have been faced, during the past
decades, with the massive immigration of people coming from cysticercosis-
endemic areas that, together with increased overseas travelling and refugee move-
ments, progressively increased the number of patients with neurocysticercosis in
these regions. As known, the first non-endemic country experiencing such increased
prevalence was the UK after the massive return of soldiers on duty from the Indian
subcontinent (MacArthur 1934). This has been followed by a number of bouts of
human cysticercosis in other non-endemic regions, related to either mass movement
of people or infected swine from endemic to non-endemic areas (Fig. 5.1).
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Fig.5.1 World map showing major outbreaks of human cysticercosis related to mass movement
of people or infected swine from endemic to non-endemic areas. (/) Return of British soldiers
from India to England; (2) gift of infected swine from Bali to Irian Jaya; (3) mass return of
Portuguese living in African colonies after liberty wars in Angola and Mozambique; (4) migratory
movements of people from Mexico and South America to the USA (mainly to the Southwestern
USA and the New York city area); (5) mass migration of people from Ecuador, Pert and Bolivia to
Spain; (6) migration of people from India to countries of the Arabian Peninsula (Reproduced with
permission from: Del Brutto (2012d))

While initially almost all cases of human cysticercosis diagnosed in non-
endemic regions occurred in immigrants or in people repatriated from disease-
endemic areas, the problem has been complicated by the increasing occurrence of
autochthonous cases, i.e., patients born in non-endemic regions who have never
been abroad (Garcia 2012). This created confusion among physicians and health
authorities who, mostly unaware on the mechanisms of disease transmission,
could not found an explanation to this. It was later understood that, in the same
way as people with cysticercosis migrate from disease-endemic to non-endemic
areas, asymptomatic Taenia carriers also migrate, and they represent the source of
infection to local people, thus increasing and favoring the spread of cysticercosis
in non-endemic countries without the need of infected pigs (Schantz et al. 1992).
Despite this evidence, little has been done to detect the Taenia carrier among close
contacts of neurocysticercosis patients living in non-endemic regions. Moreover,
the illegal status of many of these persons complicates even more the access to
household contacts of neurocysticercosis patients in the search of Taenia
carriers.

Nowadays, there is almost no country, considered as non-endemic, where at least a
few human cases of cysticercosis have been reported. In general terms, it can be stated
that more than 80 % of these cases occur in immigrants from disease-endemic areas.
However, on the basis of disease expression of neurocysticercosis in some of these
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immigrants, it is possible that they were not infected back in their country of origin
(before migration), but after they arrived to the non-endemic area (Del Brutto et al.
2012a, b).

5.1 The United States

Human cysticercosis was considered exceedingly rare in the USA, with only 42
cases being reported since 1857-1954 (Campagna et al. 1954). During the follow-
ing years and up to the late 1970s, a number of case reports and small series of
patients also called the attention to the occurrence of this parasitic disease in the
USA, suggesting that its prevalence was on the rise (Bentson et al. 1977; Carmalt
et al. 1975; Cohen 1962; DeFeo et al. 1975; White et al. 1957). Together with the
mass immigration of people from Mexico and other Latin American countries, the
first bouts of human cysticercosis were noticed in the Southwestern USA—mainly
in the states of California and Texas—where more than 500 patients were recog-
nized during the 1980s, most of whom were of Mexican origin (Earnest et al. 1987;
Grisolia and Wiederholt 1982; Loo and Braude 1982; McCormick 1985; McCormick
et al. 1982; Mitchell and Snodgrass 1985; Richards et al. 1985). A literature review
of case series of neurocysticercosis patients diagnosed in the USA from 1980 to
2004 found almost 1,500 patients (Wallin and Kurtzke 2004), a number that
increased to more than 5,000 when more recent publications were included (Croker
et al. 2010, 2012; O’Neal et al. 2011; Serpa et al. 2011). However, these alarming
numbers are clearly an underestimate since neurocysticercosis is not a reportable
disease in most states (Serpa and White 2012). Assessing the actual burden of neu-
rocysticercosis in the USA is complicated. Conservative analysis estimates annual
incidence rates ranging from 1.5 to 5.8 cases per 100,000 in Hispanics and from
0.02 to 0.5 cases per 100,000 in non-Hispanic whites (O’Neal et al. 2011; Sorvillo
et al. 1992; Townes et al. 2004).

As noted, most cases of neurocysticercosis in the USA occur among immigrants
from disease-endemic countries. However, up to 7 % of cases in some series have
been autochthonous, reflecting the occurrence of locally acquired disease (Sorvillo
etal. 1992). A literature review showed 78 well-documented cases of neurocysticer-
cosis acquired in the USA up to the year 2005; in 21 % of these patients, a close
contact infected with the adult Taenia solium was found (Sorvillo et al. 2011). The
most precisely described example of this form of acquisition of human disease in
the USA was reported in the Orthodox Jewish community of New York City, where
some of their members (child and adults) developed neurocysticercosis as the result
of infection from domestic employees recently emigrated from Latin America who
were found to be Taenia solium carriers, infecting people for whom they worked
through non-hygienic handling of food (Schantz et al. 1992).

While most patients with neurocysticercosis diagnosed in the USA presented
with seizures and parenchymal brain granulomas, thus having a benign prognosis,
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some developed severe forms of the disease such as giant subarachnoid cysts or
hydrocephalus (Kelesidis and Tsiodras 2011) and others have even died as the result
of the infection (Sorvillo et al. 2007).

5.2 Canada

Swine cysticercosis has been recognized in Canada since the nineteenth century
(Cameron 1934). However, according to Canadian health authorities, there were no
reported cases of human cysticercosis in the country up to 1956 (White et al. 1957).
During the 1970s, isolated case reports called the attention to the occurrence of this
condition among immigrants to Canada (Ali-Khan et al. 1979; Scholten et al. 1976),
and by 1986, the first series of eight patients with neurocysticercosis was reported
from Montreal; all of them were immigrants from disease-endemic areas (Leblanc
et al. 1986). Soon thereafter, Sheth et al. (1998) reported 29 patients with neurocys-
ticercosis evaluated at Toronto over 6 years; however, no details were given on the
citizenship status of these patients. More recently, several reports have confirmed
the sporadic occurrence of this parasitic disease in Canada, always in immigrants
from endemic areas (Boulos et al. 2010; Brophy and Keystone 2006; Burneo and
McLachlan 2005; Burneo et al. 2009; Hajek and Keystone 2009).

A recent review of the literature of human cysticercosis in Canada (Del Brutto
2012a) identified a total of 55 patients with neurocysticercosis, most of who were
diagnosed over the past two decades. Patients were mainly concentrated in Ontario
and Quebec. Information on the citizenship status was available in only 28 of these
patients. Twenty-seven of them were immigrants from disease-endemic areas, and
the remaining case was a Canadian citizen with history of traveling abroad.
Information on the time elapsed between immigration and symptomatic disease var-
ied widely from a few months to more than 30 years, raising the question of whether
some of these immigrants could have been infected while already living in Canada.
While literature information is rather incomplete, it could be inferred that most of
these patients presented with seizures related to the occurrence of parenchymal
brain cysts or granulomas. Stool examinations were performed in just a few patients,
and some of them were positive for Taenia eggs. In no case were household contacts
investigated for taeniasis. This recent review let it clear that human cysticercosis is
an emerging problem in Canada. However, no actions have yet been taken to reduce
its impact burden or to prevent further spread of the disease (Burneo 2012).

5.3 Western European Countries

While human cysticercosis has been linked to Western Europe for centuries, the dis-
ease became neglected during the past decades just because it was considered rare
(Overbosch et al. 2002). A re-emergency of the disease is currently happening in some
of these countries due to the massive immigration of people from Africa and South
America that took place during the past two decades. For example, neurocysticercosis
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NCC PATIENTS REPORTED BY
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Fig.5.2 Map of Western Europe showing countries with the number of reported cases of neuro-
cysticercosis from 1970 to 2011

in Spain remained endemic during the twentieth century up to the 1980s, where its
prevalence was reduced to 4.3 % per 100,000 inhabitants, with cases confined to rural
areas (Garcia-Albea 1991). Together with the growing number of immigrants, more
than 100 “urban” cases have been recognized during the past decade, mostly among
South American immigrants (Giménez-Roldan et al. 2003; Mas-Sesé et al. 2008;
Ramos et al. 2011; Ruiz et al. 2011). Likewise, most of the cases reported from
Portugal were temporarily related to the massive return of Portuguese citizens from
their African colonies after their independence (Almeida-Pinto et al. 1988; Monteiro
1993; Monteiro et al. 1986, 1992, 1993, 1995; Morgado et al. 1994).

A recent literature search identified 779 patients with neurocysticercosis diag-
nosed in Western Europe from 1970 to 2011 (Del Brutto 2012b). Countries with
more reported patients were Portugal (n=384), Spain (n=228), and France
(n=280), followed by the UK, Italy, and Germany; in the remaining countries,
there was either no data or the reported number of patients was five or less
(Fig. 5.2). Community-based studies attempting to determine the prevalence of
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human cysticercosis is European villages have been scarce. In Northeastern
Portugal, 5 % of the inhabitants had antibodies against cysticercus antigens in
serum (Meneses-Monteiro 1995). In another study, 29 patients with neurocysti-
cercosis were found over a 10-year period in Southeastern France (Rousseau et al.
1999). Some information also exists on the prevalence of neurocysticercosis
among neurologic patients attending specialized centers in Portugal and Spain. In
the former, neurocysticercosis accounted from 0.1 to 0.7 % of patients evaluated
with CT at two large hospitals in Porto and Lisbon during the 1980s and 1990s
(Monteiro et al. 1992; Morgado et al. 1994). In Spain, a mean of two new patients
with neurocysticercosis per year has been evaluated during the past decades at
large hospitals in Vigo and Madrid (Esquivel et al. 2005; Fandifo et al. 1989;
Garcia-Albea 1989).

Information on the citizenship status of neurocysticercosis patients diagnosed in
Western European countries is incomplete. Nevertheless, it could be extracted from
the literature that most are immigrants from disease-endemic countries. In such
cases, symptomatic disease has occurred after a mean of 5 years of being living in
Europe. Most patients came from South America and Africa, the former being most
often diagnosed in Spain and the latter in France and Portugal. Immigrants from the
Indian subcontinent and other regions of Asia were more often diagnosed in the UK
(Kennedy and Schon 1991; Wadley et al. 2000). With the exception of some inter-
national travelers, most European citizens with neurocysticercosis acquired the
infection in the Western European territory as the result of close contact with Taenia
carrier immigrants, and it is likely that the same happened with some of the immi-
grants with neurocysticercosis, particularly those who developed the disease 20 or
more years after being living in Europe (Del Brutto and Garcia 2012; Del Brutto
et al. 2012a, b).

5.4 Countries of the Arab World

Due to religious laws prohibiting swine breeding and consumption of pork, human
cysticercosis has been considered inexistent in Muslin countries of the Arab world
with the exception of sporadic cases seen in immigrants from India during the last
two decades of the twentieth century (Chandy et al. 1989). More recently, a number
of case series suggested that the prevalence of neurocysticercosis in the region is on
the rise. Indeed, a literature search from the year 2000 to 2011 allowed the identifi-
cation of 39 patients with neurocysticercosis (Del Brutto 2013). Most of these
patients were from Kuwait, although some came from Qatar and Saudi Arabia.
Patients were most often young women, and most had a benign clinical course,
since the most common pattern of disease expression of neurocysticercosis in
Arabian is a single parenchymal brain cysticercal granuloma (Abdulla et al. 2006;
Al Shahrani et al. 2003; Al-Khuwaitir et al. 2005; Hamed and El-Metaal 2007; Hira
et al. 2004; Hussein et al. 2003; Khan et al. 2011).

Most patients reported from the Arab world were autochthonous, and occurred
in the context of wealthy families employing babysitters and housekeepers from
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disease-endemic areas. Indeed, familiar cases of neurocysticercosis were recorded
in some cases. Most important, stool examinations in household contacts of some of
these patients allowed the identification of Taenia carriers.

5.5 Australia and New Zealand

Taeniasis and cysticercosis have always been considered rare in Oceania. However,
a number of recent reports suggest that neurocysticercosis is increasingly recog-
nized in this Continent. A total of 39 neurocysticercosis patients have been reported
from Australia, 33 of whom were published in the past two decades. This does not
seem to be the case of New Zealand, as only two patients have been described in that
country (Pybus and Heron 2012; Wickremesekera et al. 1996).

More than 75 % of Australian patients with neurocysticercosis were immigrants
from disease- endemic areas, and the remaining were Australian citizens who had
history of traveling to endemic regions (Crimmins et al. 1990; Lucey et al. 2010;
Hewagama et al. 2010; Walker et al. 1991; Yong and Warren 1994). So, it seems that
Australia is free of locally acquired disease. However, it is also possible that some
immigrants who developed neurocysticercosis while living in Australia were not
infected abroad, ahypothesis that is supported by the fact that some of these persons
have developed the disease more than 10 years after they had migrated from their
countries of origin (Del Brutto 2012b). Unfortunately, case reports and case series
of neurocysticercosis patients diagnosed in Australia have not included information
on whether household contacts of diagnosed patients had been investigated for the
presence of Taenia carriers.

5.6 International Travelers

Information on neurocysticercosis in international travelers from non-endemic to
disease-endemic countries was not well characterized until a recent literature
search identified a total of 52 such cases over the past three decades, a very low
number considering the millions of people who have traveled from non-endemic
to disease-endemic regions during those years (Del Brutto 2012c). However, it is
likely that such review just captured the tip of the iceberg, as many undiagnosed
and unreported cases may exist. Most of the reported patients were middle-aged
adults originally from England, Australia, Israel, Japan and France, and common
places of destination were the Indian subcontinent, South East Asia, Latin
America and Africa. Only two of these patients had history of short-term sojourns
(up to 3 months). The time elapsed between return of the travel to the appearance
of symptoms varied, but most patients became symptomatic at least 2 years after
returning home. Most patients had seizures as the primary or sole manifestation
of the diseases, and neuroimaging studies most often showed a single cysticercus
granuloma located in the brain parenchyma. Also, the prognosis was good in
most cases.
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To acquire the disease, travelers must be in contact with a Taenia carrier, who
will infect them through non-hygienic handling of food. Another possibility is that
travelers get in direct contact with human feces by visiting places where open-air
defecation is a common practice. It is also possible that travelers first become Taenia
solium carriers (by ingesting undercooked pork infected by cysticerci) and then
infected themselves by the fecal-oral route. The most common pattern of neurocys-
ticercosis expression in travelers, i.e., a single cysticercus granuloma, suggests that
the usual form of disease acquisition is through sporadic contact with Taenia carrier
food handlers. Otherwise, travelers would more often present with heavier infec-
tions, which are observed in Taenia carriers who infected themselves or in those
who ingest a heavy load of Taenia solium eggs from nature (Gilman et al. 2000).

An unsolved issue is why a sizable percentage of travelers have developed symp-
toms several years after returning home. While it is true that cysticerci may live for
years within the nervous system, there are some forms of the disease that most often
represent “recent” infections producing symptoms in the very few months after dis-
ease acquisition. This is the case of the single cysticercal granuloma, a particular
form of neurocysticercosis in which the host immune system actively reacts to the
implantation of the metacestode of Taenia solium in the brain parenchyma (Del
Brutto et al. 2012a, b). Since most travelers had this form of the disease, one would
expect symptoms to occur soon after returning home. So, it is possible that what was
presented on neuroimaging studies performed at the time of symptoms (seizures)
were not active cysticercal granulomas, but the late sequelae of an infection that was
previously handled by the host immune system without producing symptoms. As
will be described in subsequent chapters of this book, recent evidence suggests that
calcifications may experience periodic morphological changes that may expose par-
asitic antigenic material to the host, causing transient inflammatory changes in the
brain parenchyma that may be the cause of seizures and changes on neuroimaging
studies—brain swelling and ring-enhancing appearance of the lesion—resembling
those seen in patients with acute cysticercal granulomas (Nash et al. 2004).

References

AbdullaJK, Al-Tawari AA, Cindro-Heberle L, Gopinath MS, Neubauer D (2006) Neurocysticercosis
in non-endemic Muslin areas: a report of seven cases from Kuwait. J Pediatr Neurol
4:257-260

Al Shahrani D, Frayha HH, Dabbagh O, Al Shail E (2003) First case of neurocysticercosis in Saudi
Arabia. J Trop Pediatr 49:58—60

Al-Khuwaitir TS, Al-Moghairi AM, El Zain FN, Al-Zayer WS (2005) Neurocysticercosis in cen-
tral Saudi Arabia. Neuroscience 10:226-229

Ali-Khan Z, Chayasirisobhon S, Aubé M (1979) Human cysticercosis: a probable case of cerebral
cysticercosis with generalized subcutaneous nodular lesions. Can J Neurol Sci 6:371-374

Almeida-Pinto J, Veiga-Pires JA, Stocker A, Coelho T, Monteiro L (1988) Cysticercosis of the
brain. The value of computed tomography. Acta Radiol 29:625-628

Bentson JR, Wilson GH, Helmer E, Winter J (1977) Computed tomography in intracranial cysti-
cercosis. J Comput Assist Tomogr 1:464-471



References 59

Boulos MI, Aviv RI, Lee L (2010) Spinal neurocysticercosis manifesting as recurrent aseptic men-
ingitis. Can J Neurol Sci 37:878-880

Brophy J, Keystone J (2006) First seizure in a new immigrant. Paediatr Child Health 11:345-347

Burneo JG (2012) Neurocysticercosis: a foreign parasite looking for “permanent resident” status?
Can J Neurol Sci 39:269-270

Burneo JG, McLachlan RS (2005) Neurocysticercosis in Canada: still a rare disease? Can J Neurol
Sci 32(Suppl 1):S67

Burneo J, Plener I, Garcia HH (2009) Neurocysticercosis in a patient in Canada. Can Med Assoc
J 180:639-642

Cameron TWM (1934) Sir William Osler—parasitologist. Can Med Assoc J 30:553-556

Campagna M, Swartzwelder C, Comer EO (1954) Human cysticercosis in the United States.
J Parasitol 40(Suppl):46 (abstract)

Carmalt JE, Theis J, Goldstein E (1975) Spinal cysticercosis. West J Med 123:311-313

Chandy MJ, Sharma RR, Lad SD, Manchanda A (1989) Focal epilepsy and a single small enhanc-
ing cortical ring lesion on computed tomography in Asians. Emirates Med J 7:190-197

Cohen B (1962) Cysticercosis cerebri: a case report. South Med J 55:48-55

Crimmins D, Collignon PJ, Dwyer D, Danta G (1990) Neurocysticercosis: an under-recognized
cause of neurological problems. Med J Aust 152:434-438

Croker C, Reporter R, Mascola L (2010) Use of statewide hospital discharge data to evaluate the
economic burden of neurocysticercosis in Los Angeles County (1991-2008). Am J Trop Med
Hyg 83:106-110

Croker C, Redelings M, Reporter R, Sorvillo F, Mascola L, Wilkins P (2012) The impact of neu-
rocysticercosis in California: a review of hospitalized cases. PLoS Neglected Trop Dis 6:¢1480

DeFeo D, Foltz EL, Hamilton AE (1975) Double compartment hydrocephalus in a patient with
cysticercotic meningitis. Surg Neurol 4:247-251

Del Brutto OH (2012a) A review of cases of human cysticercosis in Canada. Can J Neurol Sci
39:319-322

Del Brutto OH (2012b) Neurocysticercosis in Australia: still free of autochthonous cases? Med
J Aust 196:385

Del Brutto OH (2012c¢) Neurocysticercosis among international travelers to disease-endemic
areas. J Travel Med 19:112-117

Del Brutto OH (2012d) Neurocysticercosis. Continuum (Minneap Minn) 18:1392-1416

Del Brutto OH (2013) Neurocysticercosis in the Arabian Peninsula. Emerg Infect Dis 19(1):
172-174

Del Brutto OH, Garcia HH (2012) Neurocysticercosis in nonendemic countries: time for a
reappraisal. Neuroepidemiology 39:145-146

Del Brutto OH, Nash TE, Garcia HH (2012a) Cysticerci-related single parenchymal brain enhanc-
ing lesions in non-endemic countries. J Neurol Sci 319:32-36

Del Brutto VJ, Del Brutto OH, Ochoa E, Garcia HH (2012b) Single parenchymal brain cysticer-
cus: relationship between age of patients and evolutive stage of parasites. Neurol Res 34:
967-970

Earnest MP, Reller B, Filley CM, Grek AJ (1987) Neurocysticercosis in the United States: 35 cases
and a review. Rev Infect Dis 9:961-979

Esquivel A, Diaz-Otero F, Giménez-Roldan S (2005) Growing frequency of neurocysticercosis in
Madrid (Spain). Neurologia 20:116-120

Fandifio J, Rodriguez M, Pastor A, Viladrich A, Botana C, Gémez-Bueno J (1989) Cysticercose
cérébrale. Dix cases Rev Neurol (Paris) 145:389-392

Garcia HH (2012) Neurocysticercosis in immigrant populations. J Travel Med 19:73-75

Garcia HH, Gonzalez AE, Del Brutto OH, Tsang VC, Llanos-Zavalaga F, Gonzalvez G, Romero
J, Gilman RH (2007) Strategies for the elimination of taeniasis/cysticercosis. J Neurol Sci
262:153-157

Garcia-Albea E (1989) Cisticercosis en Espafa. Algunos datos epidemiolégicos. Rev Clin Esp
184:3-6



60 5 Epidemiology of Human Cysticercosis in Non-endemic Regions and in the Traveler

Garcia-Albea E (1991) Cisticercosis cerebral: aportaciones al conocimiento de una enfermedad
endémica en Espafia e Hispanoamérica. AranEdiciones S.A, Madrid

Gilman RH, Del Brutto OH, Garcia HH, Martinez M (2000) Prevalence of taeniosis among
patients with neurocysticercosis is related to severity of infection. Neurology 55:1062

Giménez-Roldan S, Diaz F, Esquivel A (2003) Neurocisticercosis e inmigraciéon. Neurologia
18:385-388

Grisolia JS, Wiederholt WC (1982) CNS cysticercosis. Arch Neurol 39:540-544

Hajek J, Keystone J (2009) Intraventricular neurocysticercosis managed with albendazole and
dexamethasone. Can J Neurol Sci 36:102-104

Hamed SA, El-Metaal HE (2007) Unusual presentations of neurocysticercosis. Acta Neurol Scand
115:192-198

Hewagama SS, Darby JD, Sheorey H, Daffy JR (2010) Seizures related to praziquantel therapy in
neurocysticercosis. Med J Aust 193:246-247

Hira PR, Francis I, Abdella NA, Gupta R, Ai-Ali FM, Grover S, Khalid N, Abdeen S, Igbal J,
Wilson M, Tsang VC (2004) Cysticercosis: imported and autochthonous infections in Kuwait.
Trans R Soc Trop Med Hyg 98:233-239

Hussein FMY, Alhajri FA, Buriki KB, El Beltaji AH, Ovais MI, Almuhtaseb S (2003)
Neurocysticercosis in Kuwait: computerized tomography and magnetic resonance imaging
findings. Kuwait Med J 35:187-191

Kelesidis T, Tsiodras S (2011) Extraparenchymal neurocysticercosis in the United States. Am J
Med Sci 344:79-82

Kennedy A, Schon F (1991) Epilepsy: disappearing lesions appearing in the United Kingdom. Br
Med J 302:933-935

Khan FY, Iman YZ, Kamel H, Shafaee M (2011) Neurocysticercosis in Qatari patients: case
reports. Trav Med Infect Dis 9:298-302

Leblanc R, Knowles KF, Melanson D, MacLean JD, Rouleau G, Farmer J-P (1986)
Neurocysticercosis: surgical and medical management with praziquantel. Neurosurgery 18:
419-427

Loo L, Braude A (1982) Cerebral cysticercosis in San Diego. A report of 23 cases and a review of
the literature. Medicine (Baltimore) 61:341-359

Lucey JM, McCarthy J, Burgner DP (2010) Encysted seizures: status epilepticus in a recently
resettled refugee child. Med J Aust 192:237

MacArthur WP (1934) Cysticercosis as seen in the British Army with special reference to the
production of epilepsy. Trans R Soc Trop Med Hyg 27:343-363

Mais-Sesé G, Vives-Pifiera I, Fernandez-Barreiro A, Martinez-Lage JF, Martinez-Salcedo E,
Alarcon-Martinez H, Domingo-Jiménez R, Puche-Mira A, Casas-Fernandez C (2008) Estudio
descriptivo de neurocisticercosis en un hospital terceario. Rev Neurol 46:194—-196

McCormick GF (1985) Cysticercosis—review of 230 patients. Bull Clin Neurosci 50:76-101

McCormick GF, Zee C-S, Heiden J (1982) Cysticercosis cerebri. Review of 127 cases. Arch
Neurol 39:534-539

Meneses-Monteiro LAS (1995) Neurocysticercosis in the North of Portugal. Arq Neurospichiat
53:3 (abstract)

Mitchell WG, Snodgrass SR (1985) Intraparenchymal cerebral cysticercosis in children: a benign
prognosis. Pediatr Neurol 1:151-156

Monteiro L (1993) Neurocisticercose — uma parasitose (ainda) endémica no Norte de Portugal.
Revista Portuguesa de Doengias Infecciosas 1:11-16

Monteiro L, Stocker A, Seca R (1986) TC, epilepsia e calcificacoescerebrais; andlise de 73 casos.
Bol Liga Port Epilepsia 2(Supp):47-53

Monteiro L, Coelho T, Stocker A (1992) Neurocysticercosis — a review of 231 cases. Infection
20:61-65

Monteiro L, Almeida-Pinto J, Stocker A, Sampaio-Silva M (1993) Active neurocysticercosis,
parenchymal and extraparenchymal: a study of 38 patients. J Neurol 241:15-21

Monteiro L, Nunes B, Mendonca D, Lopes J (1995) Spectrum of epilepsy in neurocysticercosis:
a long-term follow-up of 143 patients. Acta Neurol Scand 92:33-40



References 61

Morgado C, Gomes LB, de Campos JG (1994) Neurocysticercose. Analise imagiolégica de 35
casos. Acta Med Port 7:269-275

Nash TE, Del Brutto OH, Butman JA, Corona T, Delgado-Escueta A, Duron RM, Evans CA,
Gilman RH, Gonzalez AE, Loeb JA, Medina MT, Pietsch-Escueta S, Pretell EJ, Takayanagui
OM, Theodore W, Tsang VC, Garcia HH (2004) Calcific neurocysticercosis and epileptogen-
esis. Neurology 62:1934-1938

O’Neal S, Noh J, Wilkins P, Keene W, Lambert W, Anderson J, Luman JC, Townes J (2011) Taenia
solium tapeworm infection, Oregon, 2006-2009. Emerg Infect Dis 17:1030-1036

Overbosch D, Oosterhuis JW, Kortbeek LM, Garcia-Albea E (2002) Neurocysticercosis in Europe.
In: Craig P, Pawlowsky Z (eds) Cestode Zoonoses: echinococcosis and cysticercosis. los Press,
Amsterdam

Pybus M, Heron P (2012) Neurocysticercosis: an unusual cause of seizure in the New Zealand
setting. J Paediatr Child Health 48:E119-E121

Ramos JM, Masid M, Padilla S, Escolano C, Bernal E, Gutiérrez F (2011) Enfermedades importa-
das y no importadas en la poblacién inmigrante. Una década de experiencia desde una unidad
de enfermedades infecciosas. Enf Infecc Microbiol Clin 29:185-192

Richards FO, Schantz PM, Ruiz-Tiben E, Sorvillo FJ (1985) Cysticercosis in Los Angeles County.
JAMA 254:3444-3448

Rousseau MC, Guillotel B, Delmont J (1999) Neurocysticercose dans le Sud-Est de la France entre
1988 et 1998. Presse Med 28:2141-2144

Ruiz S, Garcia-Vazquez E, Picazo R, Hernandez A, Herrero JA, Gomez J (2011) La neurocisticer-
cosis en Murcia. Rev Clin Esp 211:133-138

Schantz PM, Moore AC, Muiioz JL, Hartman BJ, Schaefer JA, Aron AM, Persaud D, Sarti E,
Wilson M, Flisser A (1992) Neurocysticercosis in an Orthodox Jewish Community in New
York City. N Engl ] Med 327:692-695

Scholten T, Pang D, Lau TS (1976) Cysticercosis. Can Med Assoc J 115:612-613

Serpa JA, White AC Jr (2012) Neurocysticercosis in the United States. Pathog Global Health
106:256-260

Serpa JA, Graviss EA, Kass JS, White AC Jr (2011) Neurocysticercosis in Houston, Texas.
An update. Medicine (Baltimore) 90:81-86

Sheth TN, Pilon L, Keystone J, Kucharczyk W (1998) Persistent MR contrast enhancement of
calcified neurocysticercosis lesions. AINR Am J Neuroradiol 19:79-82

Sorvillo FJ, Waterman SH, Richards FO, Schantz PM (1992) Cysticercosis surveillance: locally-
acquired and travel-related infections and detection of intestinal tapeworm carriers in Los
Angeles County. Am J Trop Med Hyg 47:365-371

Sorvillo FJ, DeGiorgio C, Waterman SH (2007) Deaths from cysticercosis, United States. Emerg
Infect Dis 13:230-235

Sorvillo F, Wilkins P, Shafir S, Eberhard M (2011) Public health implications of cysticercosis
acquired in the United States. Emerg Infect Dis 17:1-6

Townes JM, Hoffmann CJ, Kohn MA (2004) Neurocysticercosis in Oregon, 1995-2000. Emerg
Infect Dis 10:508-510

Wadley JP, Shakir RA, Edwards JMR (2000) Experience with neurocysticercosis in the UK: cor-
rect diagnosis and neurosurgical management of the small enhancing brain lesion.
Br J Neurosurg 14:211-218

Walker J, Chen S, Packham D, Mclntyre P (1991) Five cases of neurocysticercosis diagnosed in
Sydney. Southeast Asian J Trop Med Public Health 22(Suppl):242-244

Wallin MT, Kurtzke JF (2004) Neurocysticercosis in the United States: review of an important
emerging infection. Neurology 63:1559-1564

White JC, Sweet WH, Richardson EP (1957) Cysticercosis cerebri. A diagnostic and therapeutic
problem of increasing importance. N Engl J Med 256:479-486

Wickremesekera AC, Malham GM, Allen J, Macdonald GM (1996) Neurocysticercosis: a rare
cause of epilepsy in New Zealand. N Z Med J 109:212-213

Yong JL, Warren BA (1994) Neurocysticercosis: a report of four cases. Pathology 26:244-249



Immunopathology of Taeniasis
and Cysticercosis

The adaptive processes required for the parasite to survive inside the vertebrate host
avoiding the attack of the immune system either as a tissue cyst or as an intestinal
tapeworm, as well as the changes occurring after detection of the cysts by the
immune system and the subsequent inflammatory reaction and parasite degenera-
tion, result in a varied array of diverse mechanisms and scenarios which in most
cases are only poorly understood.

6.1 Immunopathology of Human Cysticercosis

Our sources of knowledge for human cysticercosis are mostly clinical and necropsy
cases, transversal studies in endemic populations (a few using neuroimaging), and
occasional anecdotal data on epidemiological outbreaks or natural transmission sce-
narios (Dixon and Lipscomb 1961; Gajdusek 1978; Schantz et al. 1992). From
these, we image human cysticercosis as a very common infection, in most cases
resolving without apparent symptoms, which in a minority of cases presents with
disabling clinical manifestations reflecting the specific characteristics of the involve-
ment of the nervous system in each individual. In clinical settings, neurocysticerco-
sis is by far more studied than any other location of cysts, and cysticercosis outside
the nervous system is much less frequently seen. There are, however, many voids in
our knowledge of the dynamics of transmission and the course of infection of human
cysticercosis, including a very poor understanding of the role of the host’s immune
response (Fleury et al. 2010). Many variables affect the immune response; the most
important ones seem to include the infective dose, previous exposures to the para-
site, and the localization of the parasite.

In terms of the infective dose, we can only rely on cyst numbers as a proxy for
the number of ingested oncospheres. This is obviously a distant surrogate since in
most cases of human cysticercosis we only know the numbers of brain cysts which
can be seen on brain imaging and do not know anything about cysts in the rest of the
body (which should be several times more). Most ingested oncospheres will not
result in established cysts. In pig infection models usually 2 % or less of the ingested
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oncospheres result in visible cysts a few months later (Santamaria et al. 2002). The
burden of infection will also affect the response. Clinical series demonstrate that
individuals with a single brain lesion have much milder immune responses, while
individuals with several cysts have more antigens and antibodies (Garcia et al. 2010;
Wilson et al. 1991).

We also know very few about how the innate or acquired immune responses will
affect the likelihood of infection. It is very likely that oncospheres arriving into non-
immunologically privileged sites be destroyed by the host immunity quite early
(Flisser 1994). Moreover, some cysts may have established and resolved before
clinical disease was evident. In endemic areas most individuals with neurocysticer-
cosis (which may compose 15-20 % of the entire population) have only one or two
calcified scars and no history of symptoms (Del Brutto et al. 2005; Fleury et al.
2003; Garcia-Noval et al. 1996; Montano et al. 2005; Sanchez et al. 1999). How an
initial exposure will affect the likelihood of successful infection in further chal-
lenges is also not known.

In terms of localization, subarachnoid disease is associated to very high antigen
levels and strong antibody responses (Fleury et al. 2011). Subarachnoid disease is
characterized by marked extension of the parasite membrane with a hypertrophic
response, and judging by the age profile of these patients, it is likely a late manifes-
tation of neurocysticercosis (Bickerstaff et al. 1952). The strength of the immune
response in parenchymal brain cysticercosis is directly related to the number of
cysts and may be very weak or negative in patients with a single brain lesion (Wilson
et al. 1991; Zini et al. 1990).

6.1.1 Single Enhancing Lesion

Travelers and children (Del Brutto 2013; Del Brutto et al. 2012) and native cases in
the Indian subcontinent most frequently present with a single inflamed brain lesion,
suggesting an early inflammatory response to a mild challenge (Garcia et al. 2003b;
Rajshekhar and Chandy 2000). In this view, a proportion of single lesion cases
would correspond to cysticerci that resolved soon after infection, before full
establishment and thus not provoking a strong immune response (Garcia et al. 2010).
The alternative hypothesis, that these result from existing viable cysts, collides with
the very young age and mild antibody reactions which are typical in patients with
single enhancing lesions.

6.1.2 Immune Response and Symptomatic Disease

Cysts get established soon after infection, likely in less than 3 months (Yoshino
1933). Most cysts in non-immunologically privileged sites are probably destroyed
very fast by the host’s immune response (see above under pig cysticercosis). Cysts
in the brain and the eye survive preferentially due to the protection of the blood-
brain barrier and the hemato-ocular barrier and manifest as symptomatic disease
years after (Dixon and Lipscomb 1961).



6.1 Immunopathology of Human Cysticercosis 65

In a series of detailed clinical descriptions of neurocysticercosis cases published
in Germany and England in the early 1900s, several authors noted that subcutaneous
parasites resolve years after than brain cysts and that neurological symptoms fre-
quently occur between 3 and 5 years after infection (Dixon and Lipscomb 1961;
Henneberg 1912; McArthur 1934). Live brain cysts can survive for many years
without initiating the degeneration process. This long asymptomatic or oligosymp-
tomatic stage likely results from active parasite mechanisms of immune evasion.
Beyond preferential survival in immunoprotected cysts such as the brain or the eye,
cysticercotic cysts may actually utilize molecular mimicry or mimetism mecha-
nisms where the cyst covers itself with host immunoglobulins (Correa et al. 1985;
Flisser 1989; Willms 2008), ingest and degrade host immunoglobulins (Damian
1987), inhibit the complement cascade at the C1q and C3b levels (Khan and Sotelo
1989), and secrete chemokines which modulate the immune attack of the host
(Evans et al. 1998; Sciutto et al. 2007).

Frequently, symptoms and signs of neurocysticercosis appear or get exacerbated as
a result of one or more cysts been attacked by the host immune system. This cellular
attack consists of lymphocytes, plasma cells, and macrophages, frequently preceded
by a well-defined eosinophil infiltrate, and gradually destroys the cyst (Flisser 1994;
Mahanty and Garcfa 2010). In pathological specimens this process results in a col-
loidal stage of early destruction, in which the cysts contents become turbid and jelly,
followed by a granular nodular stage in which no discernible liquid content is found
anymore, to end as a calcified scar, as classically described by Escobar (Escobar
1983). In general, it is suggested that after an initial pro-inflammatory Thl period
with increased IL-12, TNF-a, and nitric oxide, the parasite establishes in a Th2-type
response while asymptomatic, with low IFN-g and IgG2a antibodies and increased
1gG1, IgE, IL-4, IL-13, and IL-15 (Alvarez et al. 2002; Bueno et al. 2004; Chavarria
et al. 2003; Fleury et al. 2003; Restrepo et al. 2001; Rodriguez-Sosa et al. 2002;
Terrazas et al. 1998; Villa and Kuhn 1996), possibly with alternatively activated mac-
rophages as a contributory effector for this modulation (Gundra et al. 2011; Terrazas
et al. 2005). It would eventually switch back to a Thl-like profile once the immune
equilibrium is lost and the inflammatory response establishes and destroys the para-
site, a process which is also triggered by treatment with antiparasitic agents. This
inflammatory response causes most of the morbidity associated with neurocysticerco-
sis (White et al. 1997) and responds very well to steroid treatment (Nash et al. 20006).

There is an apparent contrast between the benefit of inflammatory processes in
eliminating the parasite and their deleterious effects in terms of clinical manifesta-
tions (Sciutto et al. 2007). This is particularly notorious when considering the effects
of cyst death, natural of after antiparasitic treatment, in causing brain inflammation.
Using steroids to suppress inflammation is required in both cases (Nash et al. 2011).
Steroids have a very wide spectrum of action so its use does not contribute that
much to deciphered specific inflammation mechanisms in neurocysticercosis. Long-
term steroid treatment may lead to complications so judicious use is mandatory.
Other generic anti-inflammatory therapies like methotrexate (Mitre et al. 2007) have
been used to replace steroids, and immunosuppressive therapy has been used in
severe inflammatory cases (Del Brutto and Sotelo 1988). Whether more specific
agents such as anti-TNF may be of use in neurocysticercosis remains to be explored.
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6.1.3 Diagnostic Antigens and Immunodiagnosis

A large series of specific antigens and epitopes have been identified for Taenia
solium (Deckers and Dorny 2010; Rodriguez et al. 2012). Some of them are associ-
ated with protection to infection and thus have been used to develop pig vaccines,
and most others were identified as potential diagnostic antigens.

6.1.4 Immunity to Cysticercosis and Comorbidity

Some authors have reported an increased presence of immune diseases with altera-
tion of the immune function in patients with neurocysticercosis (Sanz 1987), and an
association between neurocysticercosis and cerebral glioma has been reported both
as isolated cases (Agapejev et al. 1992) and in a controlled study (Del Brutto et al.
1997). The underlying hypothesis is that inflammation and suppression of local
immune response may result in malignant transformation of glial cells, although the
association has not been further studied.

6.1.5 NCCinImmunosuppressed Patients

A few cases of neurocysticercosis in transplant recipients have been reported
(Barra Valencia et al. 2007; Gordillo-Paniagua et al. 1987; Hoare et al. 2006).
Neurocysticercosis is rarely seen in series of patients with HIV infection, most
likely as a coincidental association (Moskowitz et al. 1984; Soto Hernandez et al.
1996; Thornton et al. 1992; White et al. 1995). Some authors suggest that extrapa-
renchymal locations including giant cysts would be more common in HIV-infected
individuals, but this has not been confirmed in larger series (Soto Hernandez et al.
1996; Walker and Zunt 2005).

6.2 Immunopathology of Taenia solium Taeniasis

Relatively little information exist on the human infection with the adult intestinal
tapeworm and the host’s immunological response.

6.2.1 Tapeworm Prevalence and Life Span

Most of the literature is composed of prevalence studies of taeniasis concluding that
the population prevalence of intestinal taeniasis in endemic countries locates around
1 %, usually ranging from 0.5 to 2 % (Allan et al. 1996; Garcia et al. 2003a; Sarti
et al. 1992, 1994). Most of these surveys determined only the prevalence of adult
tapeworms detected by stool microscopy and are likely underestimations of the
prevalence because of the suboptimal sensitivity of microscopy and also because
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they will miss early infections. Parasite antigens can be detected in stools since
early in the infection, 3 weeks, and studies using coproantigen detection find
between 1.5 and 3 times more tapeworms (Allan et al. 1990; Garcia et al. 2003a).
The discordance between coproantigen and microscopy data suggests that either
some or many infections establish but resolve before egg excretion, mature tape-
worms may have periods where no eggs are excreted, or both of the above.

The tapeworm life span of 7. solium was assumed to be of more than 20 years,
based on particular cases of long-standing Taenia saginata infection (Faust et al.
1984). However, clinical and epidemiological data including age prevalence curves
suggests that the adult tapeworm lives less than 5 years (Allan et al. 1996).

6.2.2 Tapeworm Infection

The worm establishes in the small intestine by anchoring its scolex in the mucosa
using its four suckers and its double crown of hooks, with a local inflammatory
response in the area which is composed by macrophages, plasma cells, lympho-
cytes, fibroblasts, neutrophils, and eosinophils, with local histamine release (Avila
et al. 2002; Willms 2008). The local response may reduce the likelihood of tape-
worm establishment and thus it has been explored as a possible vaccine (Leon-
Cabrera et al. 2009, 2012). So far partial protection in a rodent model has been
obtained. Other vaccines for intestinal cestodes are also being developed, including
a dog vaccine for Echinococcus granulosus (Zhang et al. 2006).

Two specific diagnostic antigens specific to the adult tapeworm stage have been
identified, namely, T33 and T38 (Levine et al. 2004; Verastegui et al. 2003). These
antibodies are present in the sera of 95 % or more tapeworm carriers. However, the
antibody response seems to outlast the intestinal tapeworm for a long period, ham-
pering its use as a diagnostic test.

There is little evidence on whether reinfection with a new adult Taenia solium is
possible. This is quite difficult to determine since it requires certainty that the patient
was cured (meaning an accurate follow-up with negative testing for 3 months or
more). From a large series of around 300 patients with 7. solium taeniasis and also
confirmed cure, only three cases of reinfection were seen by our group in a median of
2 years of follow-up (Cysticercosis Working Group in Peru, 2013, unpublished data).

6.3 Immunopathology of Porcine Cysticercosis

Pigs live much less than humans and are likely exposed to much heavier doses of
infective eggs. In field conditions, a minority of pigs ingest eggs directly from the
stools of a tapeworm carrier who defecates in the open field, resulting in heavy
infections. Most animals, however, harbor only a few cysts in the entire carcass
(Huerta et al. 2002). Dispersion mechanisms have been postulated to explain this
apparent discrepancy including pig-to-pig transmission and dung beetles as egg car-
riers (Gonzalez et al. 2006; Juris et al. 1995; Lonc 1980).
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The parasite seems to be well adapted to the porcine host and apparently causes
minimalifany symptomatic disease (de Alujaand Villalobos 2000). Histopathological
studies in the porcine host show a spectrum of severity of the perilesional inflamma-
tory reaction which ranges from almost no discernible response to severe inflamma-
tion with complete parasitic degeneration (Londono et al. 2002).

Antibody responses in pigs have been assessed using the specific EITB assay and
show that sizable numbers of pigs (frequently more than half of all pigs in an
endemic community) may have specific antibodies (Garcia et al. 2003a). A propor-
tion of these circulating antibody responses correspond to persisting maternal anti-
bodies passively transferred on the sow’s milk (Gonzalez et al. 1999). Strong
responses are less frequent. Circulating antigen can be measured by antigen capture
ELISA using monoclonal antibodies (Ganaba et al. 2011). However, antigen levels
in feral pigs are more difficult to interpret because of cross-reactive responses with
Taenia hydatigena, a common tapeworm infection.

The interpretation of porcine serological data in comparison to human data
should always take into account that the information available for human infections
is mostly restricted to brain cysts only, while in pigs the complete parasite burden
is assessed (in the entire carcass). Brain cysts should be a minority of all cysts in
the individual and likely those surviving because of the blood-brain barrier protec-
tion (de Aluja and Villalobos 2000). Pigs with only degenerated cysts resulting
from the host immunity overcoming the infection are also a common finding
despite the fact that most pigs are sacrificed at 9 months or before. In general, the
proportion of pigs with viable cysts is several times less than the proportion of
antibody-positive pigs.

Vaccines against porcine cysticercosis have been developed and successfully
tested in controlled and field conditions, particularly using the TSOL18 antigen
(Flisser et al. 2004; Gonzalez et al. 2005). This is an oncospheral antigen which
confers over 99 % protection when given in two intramuscular doses. Other vac-
cines used a heterologous 7. crassiceps antigen (Huerta et al. 2002) or DNA immu-
nization (Guo et al. 2007). Porcine immunization can still be optimized by reducing
the administration to a single dose or developing an oral vaccine.
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Clinical Manifestations
of Neurocysticercosis

Defining a typical clinical syndrome of neurocysticercosis is not possible. The
disease may be asymptomatic or may present with a number of nonspecific mani-
festations, such as seizures, headaches, focal neurological deficits, increased intra-
cranial pressure, or cognitive decline (Carabin et al. 2011; Del Brutto 2012; Sotelo
2011). This pleomorphism is mainly related to individual differences in the number
and location of the lesions within the nervous system, as well as to the severity of
the host’s immune response against the parasite (Fleury et al. 2010).

Cysticercosis affects indistinctly people from birth to senility. However,
mean age of patients in most large series has been between 25 and 40 years
(Croker et al. 2012; Sotelo et al. 1985). Until recently, neurocysticercosis was
considered rare in infants and children. However, the introduction of modern
imaging diagnostic methods has resulted in increased recognition of pediatric
cases. Most important, the course of the disease is different in infants and chil-
dren compared to adults (Basu et al. 2007; Del Brutto 2013; Talukdar et al.
2002). Regarding gender, most studies have shown that neurocysticercosis
equally affects men and women. Nevertheless, it has been suggested that the
disease tends to be more severe in women. It is possible that the increased reac-
tivity of the immune system in women could be partially responsible for the
observed gender differences in the severity of neurocysticercosis (Del Brutto
et al. 1988a; Fleury et al. 2004).

Geographical differences in the clinical spectrum of the disease have also been
noted. Indeed, disseminated infections associated with symptomatic subcutaneous
and muscular cysticercosis are observed more frequently in Africa and Asia than in
the Americas (Bhalla et al. 2008). Although no antigenic differences between cysti-
cerci obtained from Asiatic and American patients have been demonstrated, the
higher prevalence of symptomatic disseminated cysticercosis among Asians and
Africans has led to the suggestion of possible strain differences (Craig et al. 1996).
A more plausible explanation to this finding is that more severe burden of infections
due to environmental, cultural, and dietary differences, as well as genetic variations
between populations, may explain clinical differences between African, Asian, and
American patients with neurocysticercosis.
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7.1 Parenchymal Neurocysticercosis
7.1.1 Seizures

Seizures are the most common clinical manifestation of parenchymal brain cysticer-
cosis and usually represent the primary or sole manifestation of this form of the
disease (Del Brutto et al. 1992). While seizure prevalence among patients with neu-
rocysticercosis varies according to the population studied and the diagnostic meth-
ods used, most series have shown that seizures occur in up to 80 % of cases
(Ndimubanzi et al. 2010).

Epileptogenesis in neurocysticercosis has been a subject of debate. It was initially
believed that neurocysticercosis-related seizures occurred almost exclusively when
parasites began to degenerate and that the pathological substract explaining the occur-
rence of the seizure disorder was the acute inflammation surrounding dying cysticerci.
Further studies, however, showed that seizures may occur at any stage of cysticerci
involution within the brain parenchyma, from viable cysts to calcifications. In the lat-
ter, the intense gliosis that develops around dying or already dead cysticerci, as well as
periodic morphological remodeling of calcification with exposure of antigenic mate-
rial to the brain parenchyma, or even the development of hippocampal sclerosis may
be the factors accounting for the epileptogenic activity of calcified cysticerci (Gupta
et al. 2012; Nash et al. 2004; Rathore and Radhakrishnan 2012; Rathore et al. 2012).

Neurocysticercosis is a major cause of acquired epilepsy in most of the develop-
ing world and has been considered as the single cause explaining the increased
incidence and prevalence of epilepsy in these regions (Blocher et al. 2011; Carabin
et al. 2011; Del Brutto et al. 2005; Medina et al. 2005; Preux and Druet-Cabanac
2005; Villaran et al. 2009). In addition, this parasitic disease has also been consid-
ered one of the leading cause of adult-onset epilepsy (seizures starting in individuals
aged 25 years or more) in areas of the world where the disease is endemic, particu-
larly in developing countries of Latin America, Asia, and Africa. By the end of the
twentieth century, large series of patients with adult-onset epilepsy from Brazil
(Arruda 1991), Ecuador (Del Brutto and Noboa 1991), Mexico (Medina et al. 1990),
India (Chopra et al. 1981), and South Africa (van As and Joubert 1991) demon-
strated that neurocysticercosis occurred in 25-50 % of the cases, representing the
single most common cause of this syndrome. On the other hand, there is more recent
evidence suggesting that neurocysticercosis may no longer be the most common
cause of symptomatic adult-onset epilepsy in patients evaluated in, at least, some
urban centers of disease-endemic countries (Del Brutto and Del Brutto 2012a;
Sudstegui et al. 2009). In such regions, neurocysticercosis is now outnumbered by
cerebrovascular diseases and brain tumors which appear to be the leading causes of
acquired epilepsy in adult populations. Two factors may be responsible for the
reported drop in the number of patients with neurocysticercosis-related adult-onset
epilepsy, including increased sanitation and widespread availability of neuroimag-
ing machines which allow early recognition of neurocysticercosis cases by general
practitioners who can start prompt cysticidal drug therapy, avoiding long-term
sequelae of chronically untreated disease such as poor seizure control.
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Seizures due to neurocysticercosis are most often generalized tonic-clonic or
simple partial with motor symptomatology, although some patients may present
with complex partial seizures, myoclonic seizures, truncal seizures, or even with
specific epileptic syndromes such as the Landau-Kleffner syndrome. The type of
seizures has been considered to be related to the number and topographic location
of the parasites, whereby patients with a single lesion present with partial seizures,
while patients with multiple lesions have tonic-clonic generalized seizures (Sotelo
et al. 1985). However, a study of 203 patients with epilepsy due to neurocysticerco-
sis showed no difference in the frequency of partial seizures in patients with single
parenchymal brain cysts as compared with those with multiple cysts (Del Brutto
etal. 1992).

7.1.2 Focal Neurological Deficits

From 5 to 15 % of patients with parenchymal brain cysticercosis present focal signs
in the neurological examination (Carabin et al. 2011). While weakness associated
with pyramidal tract signs predominate, almost every focal neurological sign has
been described in these patients, including sensory deficits, language disturbances,
involuntary movements (hemichorea, tremor, facial myokymia, and blepharo-
spasm), parkinsonian rigidity, gait disturbances, and signs of brainstem dysfunction
(Keane 1982; McCormick 1985; Sotelo et al. 1985). As expected, focal signs are
related to parasites strategically located in eloquent areas of the brain parenchyma,
particularly in the cerebral cortex or the brainstem (Del Brutto and Del Brutto
2013a). Interestingly, parasites located in the basal ganglia are most often clinically
silent (Cosentino et al. 2002). Focal neurological deficits in patients with parenchy-
mal brain cysticercosis usually follow a subacute or chronic course resembling that
of a brain tumor or focal granulomatous process such as an intracranial tubercu-
loma. However, some patients present with a stroke-like onset and rapid develop-
ment of focal signs resembling a cerebrovascular event (Del Brutto 2012).

7.1.3 Increased Intracranial Pressure

Different pathogenetic mechanisms explain the occurrence of increased intracra-
nial pressure in patients with parenchymal neurocysticercosis, the most common
being the so-called cysticercotic encephalitis (Rangel et al. 1987). This severe form
of the disease most often affects children and young women and results from the
acute inflammatory response that ensues in some patients as the result of massive
cysticercal infection of the brain parenchyma. Intracranial hypertension in these
cases is related to diffuse brain edema and not due to the physical presence of the
parasites, since massive cysticercal infection of the brain parenchyma is not associ-
ated with increased intracranial pressure in the absence of immune reaction against
the parasites (Del Brutto and Campos 2012). Patients with cysticercotic encephalitis
present with a syndrome of acute or subacute onset characterized by clouding of
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consciousness, seizures, decreased visual acuity, headache, vomiting, and papill-
edema. These patients are severely ill during the acute phase of the disease (some
patients may die as the result of intracranial hypertension), but those who survive
the acute episode usually recover without sequelae (Noboa 1992).

Other mechanisms explaining the development of intracranial hypertension in
patients with parenchymal brain cysticercosis include the rare presence of a large paren-
chymal brain cyst that displaces midline structures or the obstruction of CSF circulation
due to a midbrain cyst that obliterates the cerebral aqueduct (Poon et al. 1980).

7.1.4 Cognitive Decline and Psychiatric Disturbances

That patients with neurocysticercosis may develop psychiatric manifestations or organic
mental disorders has long been known. Of historical importance, the first case of neuro-
cysticercosis reported from Asia came from a man who had lived in a lunatic asylum in
Madras (Wadia 1995), and it was not uncommon in Mexico City to find patients who,
after being admitted to psychiatric hospitals for years, had a correct diagnosis of neuro-
cysticercosis when they developed seizures or focal neurological signs (Nieto 1956).

The spectrum of cognitive impairment in patients with neurocysticercosis is
wide and their prevalence has varied from one series to another. Recent studies have
shown that a sizable proportion of these patients have a decrease in quality of life,
depression, or mild cognitive impairment that is not directly related to the severity
or the specific form of the disease (Bhattarai et al. 2011; de Andrade et al. 2010;
Monteiro de Almeida and Gurjdo 2011; Wallin et al. 2012). This contrasts with
previous studies suggesting that these manifestations correlate with the presence of
increased intracranial pressure but not with parenchymal brain cysts or with the
coexistence of seizures (Forlenza et al. 1997). Overt dementia has been found in
6-15 % of neurocysticercosis patients, a finding that seems to be related with the
presence of active disease (Ramirez-Bermudez et al. 2005; Rodrigues et al. 2012).

Psychotic episodes characterized by confusion, paranoid ideation, psychomotor
agitation, violent behavior, and visual hallucinations have also been described in
patients with parenchymal neurocysticercosis (Shandera et al. 1994; Shriqui and
Milette 1992). Some of these episodes could represent attacks of psychomotor epi-
lepsy or postictal psychosis (Feinstein et al. 1990).

7.1.5 Headache

The occurrence of headache without any other evidence of increased intracranial
pressure has been reported in several series of neurocysticercosis patients with a
prevalence that may be as high as 30 % of cases (Carabin et al. 2011). Such head-
aches are intermittent and resemble those seen in migraine, tension-type headache,
or other primary headache disorders, raising the question of whether they are related
to cysticercosis or may occur as an incidental finding in areas where both conditions
are highly prevalent (Finsterer et al. 2006; Mishra 2007; Rajshekhar 2000). An old
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case-control study suggested that the prevalence of migraine-type headaches was
significantly increased among patients with neurocysticercosis (Cruz et al. 1995).
However, until recently, there was no convincing evidence of a cause-and-effect
relationship between these two conditions. A large, case-control study comparing
the prevalence of neurocysticercosis among patients with major neurological disor-
ders found a significantly increased prevalence of parenchymal brain calcifications
among patients with an otherwise typical “primary headache disorder” when com-
pared with that seen in other neurological disorders (Del Brutto and Del Brutto
2012b). It is possible that periodic remodeling of intracranial calcifications expos-
ing parasitic antigenic material to the host causes transient inflammatory changes in
the brain parenchyma that may be the cause of transient and recurrent headache
episodes mimicking a primary headache disorder, thus providing a rationale for the
association between headache and calcified neurocysticercosis.

7.2  Subarachnoid Neurocysticercosis
7.2.1 Increased Intracranial Pressure

Communicating hydrocephalus is the most common pathogenetic mechanism
explaining the occurrence of increased intracranial pressure in patients with sub-
arachnoid neurocysticercosis. Hydrocephalus may occur by extension of the sub-
arachnoid inflammatory reaction to the leptomeninges at the base of the brain
occluding the foramina of Luschka and Magendie or by chronic inflammation and
fibrosis of the arachnoid villi causing obstruction to the reabsorption of CSF (Lobato
et al. 1981). In these patients, the syndrome of increased intracranial pressure with-
out focalizing signs presents with a subacute onset and progressive course, although
some patients may follow a chronic and normotensive course (Revuelta-Gutierrez
and Valdéz-Garcia 1995). Hydrocephalus is an ominous sign associated with a 50 %
mortality rate at 2 years (Sotelo and Marin 1987).

Development of large cysts at the Sylvian fissure or CSF cisterns at the base of
the brain (particularly the cerebellopontine angle cistern) are often associated with
focal neurological deficits and signs and symptoms of increased intracranial pres-
sure of subacute onset and progressive course that resemble the clinical manifesta-
tions of intracranial tumors or other focal granulomatous infections of the central
nervous system (Fleury et al. 2011; Kelesidis and Tsiodras 2012).

7.2.2 Cranial Nerve Involvement

Cysticercotic arachnoiditis causes entrapment of cranial nerves arising from the
ventral aspect of the brainstem. The oculomotor nerves, running a long course within
the basal subarachnoid space from their origin until their entrance into the cavernous
sinuses, are often enclosed within the dense inflammatory exudate that occurs in
this form of the disease. Extraocular muscle paralysis, diplopia, and pupillary
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abnormalities are the result of this entrapment (Keane 1993). The optic nerves and the
optic chiasm may also be encased within this exudate with the subsequent develop-
ment of diminution of the visual acuity or visual field defects (Keane 1982).

7.2.3 Acute Meningitis

The absence of fever and signs of meningeal irritation have been considered useful
for the differential diagnosis between cysticercosis and other causes of meningitis
such as that caused by pyogenic microorganisms, Mycobacterium tuberculosis or
fungi. However, the clinical course of some patients with cysticercotic meningitis is
acute and may be associated with fever and neck stiffness. So, this parasitic disease
should also be included in the differential diagnosis of acute meningitis in endemic
regions (Bonametti et al. 1994; Srinivas and Chandramukhi 1992).

7.2.4 Stroke Syndromes

A stroke may occur in up to 12 % of patients with neurocysticercosis, particularly
in those with the subarachnoid form of the disease (Marquez and Arauz 2012). It
must be noted, however, that in endemic regions, a patient with neurocysticercosis
may have a stroke from unrelated reasons. Therefore, the diagnosis of
neurocysticercosis-related stroke is only possible after proper interpretation of data
provided by neuroimaging studies, results of immunologic tests, CSF findings, and
the evaluation of other risk factors for cerebrovascular disease that may be present
in a given patient (Del Brutto 1992).

A variety of stroke syndromes, including transient ischemic attacks, cerebral
infarctions, and intracranial hemorrhages, have been described in patients with neu-
rocysticercosis (Table 7.1). Different stroke subtypes are related to different patho-
genetic mechanisms and produce varied clinical manifestations (Cantd and
Barinagarrementeria 1996). Transient ischemic attacks have been occasionally
reported and are most often related to intermittent stenosis of major intracranial
arteries secondary to meningeal cysticerci engulfing such vessels. A sizable propor-
tion of these patients eventually develop a cerebral infarction when the inflammatory
process occludes the affected artery (Aditya et al. 2004; McCormick et al. 1983).

Cerebral infarctions occur as the result of inflammatory occlusion of small pen-
etrating branches of major intracranial arteries or of occlusion of major vessels.
Small infarctions may be located in the subcortical white matter, the internal cap-
sule, or the brainstem and present as lacunar syndromes (ataxic hemiparesis, pure
motor hemiparesis, sensorimotor stroke) indistinguishable from those caused by
atherosclerosis (Barinagarrementeria and Del Brutto 1989). Large cerebral infarc-
tions, related to the occlusion of the anterior or middle cerebral artery, cause focal
neurological signs that may be associated with cognitive decline when both anterior
cerebral arteries are affected (Monteiro et al. 1994; Rodriguez-Carbajal et al. 1989).

Hemorrhagic strokes have been reported in a dozen of patients with neurocysti-
cercosis (Viola et al. 2011). Some of them have had subarachnoid hemorrhages
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Table 7.1 Stroke syndromes due to neurocysticercosis

Clinical manifestations
Transient ischemic attacks

Lacunar syndromes: ataxic

hemiparesis, pure motor
hemiparesis

Sensorimotor deficit, aphasia,

signs of cortical dysfunction,
coma

Cognitive decline

Top of the basilar syndrome,
Parinaud’s syndrome

Headache, vomiting, neck
stiffness, coma
Headache, vomiting, focal
neurological deficits

Stroke subtype

Lacunar infarct in the
internal capsule or the
corona radiata

Large cerebral infarction
involving the entire territory
of the anterior or middle
cerebral artery
Infarction in both frontal
lobes

Infarction involving the
brainstem and thalamus

Subarachnoid hemorrhage

Parenchymal brain
hemorrhage
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Pathogenetic mechanism
Narrowing of the intracranial
internal carotid or basilar artery
Inflammatory occlusion of small
penetrating branches arising
from the circle of Willis
Occlusion of major cerebral
arteries due to atheroma-like
deposits

Occlusion of both anterior
cerebral arteries

Inflammatory occlusion of
penetrating branches of the
basilar artery

Rupture of a mycotic aneurysm

Rupture of a small artery in the
vicinity of a parenchymal brain

cyst

related to the rupture of an inflammatory (mycotic) aneurysm induced by the inflam-
matory reaction that often surrounds subarachnoid cysticerci (Huang et al. 2000;
Kim et al. 2005; Soto-Herndndez et al. 1996). Some other patients have developed
parenchymal brain hemorrhages that have been thought to be related to the damage
of a small artery in the vicinity of a parenchymal brain cyst (Alarcén et al. 1992;
Téllez-Zenteno et al. 2003).

7.3  Ventricular Neurocysticercosis

The main pathological substrate to explain clinical manifestations of intraventricu-
lar neurocysticercosis is the obstruction of CSF transit by the effect of parasites
occluding the foramina of Monro, the cerebral aqueduct, or the foramina of Luschka
and Magendie (Madrazo et al. 1983). Thus, patients often present with increased
intracranial pressure of subacute onset that may be associated with episodes of loss
of consciousness or even with sudden death due to acute hydrocephalus when freely
floating cysts migrate from the lateral ventricles to the third ventricle or when fourth
ventricle cysts move upwards and occlude the cerebral aqueduct (Llompart Pou
et al. 2005; Sinha and Sharma 2012). Cysticerci located in the lateral ventricles may
be associated with focal neurological signs when parasites compress adjacent struc-
tures such as the corticospinal tracts (Milenkovic et al. 1982). Cysticerci located in
the fourth ventricle may be associated with signs of brainstem dysfunction due to
compression of the floor of the fourth ventricle. A particular clinical form of presen-
tation of fourth ventricle cysts is the Bruns’ syndrome, characterized by episodic
headache, neck stiffness, sudden positional vertigo, and loss of consciousness



80 7 Clinical Manifestations of Neurocysticercosis

induced by rotatory movements of the head. While most patients rapidly recover
after these episodes, some may die as the result of acute hydrocephalus (Jimenez
Caballero et al. 2005). Granular ependymitis at the level of the cerebral aqueduct is
also associated with signs and symptoms of increased intracranial pressure due to
hydrocephalus. This condition is often associated with Parinaud’s syndrome as the
result of damage to the periaqueductal gray matter including the oculomotor nuclear
complex (Keane 1982; Salazar et al. 1983).

7.4  Spinal Neurocysticercosis

Involvement of the spinal cord and the spinal canal in cysticercosis was considered
to be extremely rare, accounting for less than 5 % of all neurocysticercosis cases
(Isidro-Llorens et al. 1993). However, widespread use of MRI has improved the
detection of this form of the disease (Gupta et al. 2009; Qi et al. 2011). Indeed, a
recent study stresses the high frequency of spinal cysticerci among patients with
intracranial subarachnoid neurocysticercosis, which can be as high as 61 %
(Callacondo et al. 2012). Spinal cysticerci may be located within the spinal cord
parenchyma or in the spinal subarachnoid space. Spinal cysts may be single or mul-
tiple, and, as occurs with other forms of neurocysticercosis, the clinical manifesta-
tions are mainly related to the number and location of the parasites.

Intramedullary cysts are most often located at the thoracic and lumbar segments of
the spinal cord, although some patients with cervical cysts have been reported
(Sheehan et al. 2002). Cysts produce motor deficits and sensory disturbances below
the level of the lesion. Patients develop progressive spastic paraparesis and a sensory
level including all sensory modalities; back pain and sphincter disturbances may be
prominent complaints in some cases (Castillo et al. 1988; Qi et al. 2011; Sheehan
et al. 2002). Intradural-extramedullary cysticercosis is more common than intramed-
ullary cysts. These lesions may be single or may form clumps of multiple cysts
extending along the entire spinal canal (Lim et al. 2010; Shin and Shin 2009). Clinical
manifestations are characterized by a combination of radicular pain and motor defi-
cits of subacute onset and progressive course (Callacondo et al. 2012; Gupta et al.
2009). Cervical leptomeningeal cysts may cause a compressive myelopathy with
signs of upper motor neuron damage in the lower limbs associated with atrophy and
fasciculations of hand muscles, mimicking amyotrophic lateral sclerosis (Kahn
1972). In other occasions, cervical leptomeningeal cysts may present as recurrent
episodes of aseptic meningitis without focalizing signs (Boulos et al. 2010).

7.5  Other Locations of Intracranial Cysticerci
7.5.1 Intrasellar Neurocysticercosis
This rare form of neurocysticercosis presents with ophthalmological and endocrino-

logical disturbances similar to those produced by pituitary tumors or craniopharyn-
giomas (Del Brutto et al. 1988b). In most cases, clinical manifestations are related
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to compression or even destruction of the pituitary stalk or the hypophysis itself by
invasion of the sellar region by parasites (Arriada-Mendicoa et al. 2003). About
50 % of patients also present with subarachnoid or parenchymal brain cysticercosis
which complicate even more the clinical course of the disease (Del Brutto and Del
Brutto 2013b).

7.5.2 Subdural Neurocysticercosis

Cysticercosis of the subdural space is extremely rare, with only a couple of cases
being reported so far (Feinberg and Valdivia 1984; Im et al. 2005).

Both patients presented with clinical and imaging evidence suggestive of chronic
subdural hematomas; at surgery, lesions were found to be formed by multiple vesic-
ular cysts of various sizes. In these cases, it is possible that parasites entered the
subdural space from the contiguous subarachnoid space through the subarachnoid
membrane.

7.5.3 Ocular and Orbital Cysticercosis

Cysticerci may be located in any part of the eye, including the anterior chamber, the
lens, the vitreous, and the subretinal space (Madigubba et al. 2007). Subretinal cysts
tend to locate near the macula causing progressive diminution of visual acuity or
visual field defects. Cysticerci freely floating in the vitreous may also produce vision
blurring that may be accompanied by a perception of movement of the cyst inside
the eye. In addition, intraocular cysts may induce vitritis, uveitis, and endophthalmi-
tis; the latter is the most severe complication of ocular cysticercosis and may lead to
phthisis bulbi (Kruger-Leite et al. 1985). Extraocular cysticerci, mainly located in
the conjunctiva and palpebra may cause unilateral proptosis, chronic conjunctivitis,
and palpebral ptosis (Pushker et al. 2002). Retro-ocular intra-orbital cysticerci may
compress the optic nerve with the subsequent development of diminution of visual
acuity (Sudan et al. 2005) or may cause palpebral ptosis or diplopia due to direct
involvement of extraocular muscles (Basu et al. 2009; Taksande et al. 2009).

7.6  Systemic Cysticercosis

Cysticerci may be located anywhere in the human body. While these locations
must not be included in the definition of neurocysticercosis, a brief comment
on these forms of the disease is important as they may coexist with intracra-
nial involvement and may provide clues to the correct diagnosis in some cases
(Del Brutto et al. 1996). Subcutaneous and striate muscle cysticerci are small and
most often asymptomatic, although they may enlarge creating diagnostic con-
fusion with neurofibromas, lipomas, or neoplasms (Sacchidanand et al. 2012).
Massive cysticercal infection of striated muscles may eventually produces a syn-
drome of pseudohypertrophic myopathy with generalized weakness associated
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with painless and progressive muscle enlargement particularly affecting the
calf muscles (Sawhney et al. 1976). Cysticercosis involvement of the peripheral
nerves is rare; only a few patients have been reported. Cysts have been found in
the median nerve causing paresthesias along the nerve’s distribution and in the
ulnar nerve causing weakness and wasting of hypothenar muscles (Nosanchuk
et al. 1980; Sorasuchart et al. 1968). Finally, there are anecdotal reports of symp-
tomatic visceral cysticercosis, including hepatic cysticercosis producing hepa-
tomegaly with alterations of liver function tests (Sickel et al. 1995), myocardial
cysticercosis presenting with symptoms of myocarditis and cardiac arrhythmias
(Vieira de Melo et al. 2005), and thyroid cysts causing hypothyroidism (Gupta
and Sodhani 2010).
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Diagnosis of Taeniasis
and Cysticercosis

Despite the fact that human taeniasis and cysticercosis have a well-known etiologic
agent, diagnosis of these conditions may be a challenge. In the case of taeniasis,
most infected individuals are asymptomatic or may develop vague complaints and,
as previously described, defining a typical syndrome of cysticercosis is not possible.
Such clinical pleomorphism is often complicated by the scarcity of pathognomonic
findings or the lack of reliability of many of the available diagnostic tests. Here, we
describe the results of the most accepted complementary exams used for the diag-
nosis of the disease complex taeniasis/cysticercosis.

8.1 Diagnosis of Taeniasis

Humans carrying the adult Taenia solium in the intestine are the source of
cysticercosis infection and should be ruled out in individuals with neurocysticerco-
sis and their household contacts, particularly in young patients or those with mas-
sive infestations (Asnis et al. 2009; Del Brutto and Del Brutto 2013a; Garcia and
Del Brutto 1999; Gilman et al. 2000). The chances of finding a tapeworm carrier
among household contacts of a neurocysticercosis patient are logically smaller in
older patients with only calcified lesions, since they may have acquired the infection
many years ago and the life span of the adult Taenia solium in tapeworm seems to
be below 5 years (Allan et al. 1996a; Huisa et al. 2005).

8.1.1 Microscopy

The traditional parasitological test, i.e., microscopically observation of Taenia eggs, is of
poor use for the diagnosis of 7. solium taeniasis, even if concentration methods are used.
In the best hands, the sensitivity of coproparasitologic microscopy stands below 70 %
(Garcia et al. 2003a). Reasons for this include the variable rate of proglottid and egg
excretion, that most eggs remain in the proglottids, and the slower growth rate compared
to other tapeworms. To partially leverage the poor sensitivity, concentration methods
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should be used, preferably using sedimentation; larger sample volumes need to be
concentrated, and repeated testing (three different samples) is recommended. On the
other hand, the specificity of human stool microscopy for taeniasis is very high.
Appearance of Taenia egg is quite characteristic, with a thick radiate cover and hooks
(embryonic hooks, not cysticercal hooks). However, Taenia solium eggs are extremely
similar than those of Taenia saginata; thus a diagnosis of Taenia sp. infection should only
be reported. The occurrence of morphological and staining differences between the two
tapeworms has recently been suggested, but this is not absolute (Jimenez et al. 2010).

8.1.2 Stool Antigen Detection

Allan et al. (1990, 1993) applied capture ELISA assays to detect Taenia solium antigens
in stool samples, as previously reported for Taenia hydatigena and other parasites. This
coproantigen-detection ELISA greatly improved the diagnostic sensitivity for human
taeniasis. In field surveys, coproantigen detection finds between 1.5 and 2.5 times more
taeniasis cases than the classic microscopic stool examination (Allan et al. 1996b;
Garcia et al. 2003b). The usual coproantigen ELISA assay uses a polyclonal antibody
against the adult tapeworm stage to detect tapeworm antigen in stool supernatant. A 5 %
PBS-formaldehyde solution is used as the diluent and fixative to avoid biosafety risks.

The coproantigen-detection assay uses a very low cutoff value calculated from
negative samples. Low positive results are frequently nonspecific, but strongly posi-
tive samples usually correspond to tapeworm carriers. Samples from Taenia sagi-
nata carriers tend to have very low positive results, and only a small proportion of
the general population have a consistently positive stool antigen result, likely due to
a cross-reaction with rheumatoid factor (Yolken and Stopa 1979). Effective treat-
ment with niclosamide or praziquantel rapidly decreases stool antigen levels, and
2 weeks after treatment almost all cured patients are coproantigen negative; thus, a
positive test after 2 weeks or 1 month of treatment marks treatment failure (much
before the tapeworm begins to release eggs again) (Bustos et al. 2012).

8.1.3 DNA-Based Assays

The use of PCR assays in the diagnosis of human taeniasis has been described by
several groups. These assays can discriminate the species of Taenia and are highly
reliable if tapeworm material is available. This is not usually the case, and so far the
sensitivity of PCR assays in stool samples is not yet defined (Gonzalez et al. 2000;
Mayta et al. 2000; Rodriguez et al. 2012).

8.2 Imaging Diagnosis of Neurocysticercosis

Introduction of modern neuroimaging techniques has greatly increased the diagnos-
tic accuracy for neurocysticercosis by providing objective evidence on the number
and topography of lesions, as well as on the activity of the disease, including the
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degree of the host’s inflammatory reaction against this parasite (Rodriguez-Carbajal
and Boleaga-Durdn 1982). These imaging methods have replaced previously used
radiological procedures such as plain roentgenograms, pneumoencephalograms,
ventriculography, conventional myelography, and angiography that currently have
only limited or historical importance (Arana and Asenjo 1945; Dorfsman 1963;
Trelles and Trelles 1978).

8.2.1 OldImaging Diagnostic Methods

Small, single, or multiple intracranial calcifications are common on plain X-ray
films of the skull in patients with neurocysticercosis (Dixon and Hargreaves 1944;
Stepien 1962). These calcifications are typically small and are characterized by an
eccentric calcified dot representing the scolex, surrounded by a partially calcified
sphere that represents the body of the cystic larva (Santin and Vargas 1966). These
characteristics were once considered useful for differentiating calcifications related
to cysticercosis from those arising as the result of other infections such as toxoplas-
mosis or tuberculosis (Rodriguez-Carbajal and Boleaga-Duran 1982). Another find-
ing on plain X-ray films of the skull was the erosion of the sella turcica as a reflection
of chronic intracranial hypertension, usually related to hydrocephalus (Cardenas y
Cardenas 1962). Soft-tissue roentgenograms are still useful for the detection of cys-
ticerci in muscles. Parasites may appear as small punctate or as elliptical, cigar-
shaped calcifications (McCormick 1985). These lesions are more frequent in calf
and thigh muscles, and in areas where modern neuroimaging diagnostic tests are not
readily available, this is a useful radiological sign for the diagnosis of human cysti-
cercosis and provides indirect evidence favoring the diagnosis of neurocysticercosis
in patients with neurological complaints (Dumas et al. 1990; Preux et al. 1996).

Pneumoencephalograms and ventriculography were the imaging methods of
choice for the diagnosis of intraventricular cysticercosis by identifying filling
defects within the ventricular system that corresponded to ventricular cysts. These
methods were also of value for the evaluation of the size of the ventricular cavities
in patients with suspected hydrocephalus (Bickerstaff et al. 1952; Milenkovic et al.
1982). The main problem was their lack of specificity, since any intraventricular
space-occupying lesion may produce similar filling defects.

Myelography was of great diagnostic value in patients with suspected spinal lep-
tomeningeal cysticercosis by showing multiple filling defects in the column of con-
trast material corresponding to the cysts (Firemark 1978). Using myelography,
leptomeningeal cysts may be seen freely mobile within the spinal subarachnoid
space and may change their position according to movements of the patient in the
exploration table (Kim and Weinberg 1985). However, myelography is not specific
in patients with intramedullary cysts of the spinal cord since the method only visual-
izes partial or complete blockage in the column of contrast material at the level of
the lesion, a finding that may also be observed in other diseases of the spinal cord
(Akiguchi et al. 1979).

Angiography has been used for the diagnosis of neurocysticercosis since the pio-
neer description of Moniz et al. (1932). Early reports were most often concerned with
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the displacement of cerebral arteries caused by hydrocephalus and did not assign a
major diagnostic value to this method (Rocca and Monteagudo 1966). More recently,
reports dealing with cerebrovascular complications of neurocysticercosis described in
detail the spectrum of angiographic changes observed in this parasitic disease, includ-
ing segmental narrowing or occlusion of small- and middle-size intracranial vessels in
patients with cerebral infarctions (Barinagarrementeria and Del Brutto 1989; Levy
et al. 1995; Monteiro et al. 1994; Rodriguez-Carbajal et al. 1989) as well as mycotic
aneurysms in patients with subarachnoid hemorrhage (Soto-Herndndez et al. 1996).
Nowadays, conventional angiography has been largely replaced by magnetic reso-
nance angiography and by CT angiograms for the diagnosis of intracranial vascular
lesions in patients with neurocysticercosis (Del Brutto 2008).

8.2.2 Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI)

Introduction of CT really improved the diagnosis and understanding of neurocysti-
cercosis as it allowed, for the very first time, accurate preoperative visualization of
cysticerci as well as proper identification of the number and topography of parasites
and their stages of viability or involution (Carbajal et al. 1977; Bentson et al. 1977).
CT also allowed the development of clinical classifications of neurocysticercosis
based on the topography of lesions and the activity of the disease (Sotelo et al. 1985)
and was important for determining the rational therapeutic approach for the differ-
ent forms of the disease. Then, the advent of MRI provided a series of imaging
advantages over CT, including the possibility of multi-planar (axial, coronal, and
sagittal) reconstruction of images, the capacity to visualize the posterior fossa with-
out bone artifacts, and a contrast resolution that far exceeds that of CT (Martinez
et al. 1989; Suss et al. 1986). A major shortcoming of MRI, however, is failure to
detect small calcifications which—in many cases—represent the sole imaging evi-
dence of the disease. Because of this major limitation of MRI, CT remains the best
screening neuroimaging procedure for patients with suspected neurocysticercosis.
Other disadvantages of MRI include the scarcity of the equipment in poor regions
where cysticercosis is endemic and the high costs of the exam.

8.2.2.1 Parenchymal Neurocysticercosis

The stage of viability and involution of parenchymal brain cysticerci determines their
appearance on CT and MRI. Viable (vesicular) cysticerci appear as small and rounded
cystic lesions that are well demarcated from the surrounding brain parenchyma.
There is little or no perilesional swelling and no abnormal enhancement after con-
trast medium administration. Many vesicular cysts have in their interior a brighten-
ingnodulerepresenting the scolex, giving the lesions a pathognomonic “hole-with-dot”
appearance (Fig. 8.1). When the infection is massive, as in the so-called heavy non-
encephalitic form of neurocysticercosis (Garcia and Del Brutto 1999), the brain
looks like a “Swiss cheese” (Fig. 8.2) or even as a “starry night” (Fig. 8.3). During
the first stage of involution (colloidal stage), cysticerci appear as ill-defined lesions
surrounded by edema, and most of them show an abnormal nodular or ring pattern of
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Fig.8.1 Fluid attenuation
inversion recovery MRI
showing single parenchymal
brain cysticerci in the
vesicular stage located in the
right parietal lobe. The scolex
is clearly visualized within
the cyst

Fig.8.2 Contrast-enhanced MRI of a patient with heavy non-encephalitic parenchymal brain cys-
ticercosis giving the brain a “Swiss cheese” appearance

enhancement after contrast medium administration; the scolex is seldom visualized
in colloidal cysticerci using CT or conventional MRI sequences (Fig. 8.4). Therefore,
the presence of one or two ring-enhancing lesion in the brain parenchyma may rep-
resent a diagnostic challenge, as other infections or even neoplasms may present with
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Fig. 8.3 Fluid attenuation inversion recovery (leff) and T2-weighted (rightf) MRI of a patient with
massive infection of the brain parenchyma by small cysticerci, giving the so-called starry night effect

Fig.8.4 Contrast-enhanced
MRI showing two colloidal
parenchymal brain cysticerci
(Reproduced from Del Brutto
(2012a), ©Oscar H. Del
Brutto)

similar neuroimaging findings. In such cases, the practice of diffusion-weighted
images and apparent diffusion coefficient maps facilitates the diagnosis by allowing
the recognition of the scolex (do Amaral et al. 2005) (Fig. 8.5).
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Fig.8.5 MRI of a patient with colloidal parenchymal brain cysticerci. Scolices are not visualized on
contrast-enhancing imaging (left), but are well seen in diffusion-weighted images (center) and in the
apparent diffusion coefficient map (right) (Reproduced with permission from: Del Brutto (2012b))

Fig. 8.6 MRI of a patient with cysticercotic encephalitis. T1-weighted image showing diffuse
brain edema and collapse of the ventricular system (left), T2-weighted imaging showing multiple
colloidal cysticerci surrounded by edema (center) and contrast-enhanced imaging showing ring-
enhancing lesions (right) (Reproduced with permission from: Del Brutto (2012b))

A particular neuroimaging pattern of parenchymal neurocysticercosis in the
colloidal stage is that of the so-called cysticercotic encephalitis. In this severe form
of the disease, both CT and MRI show diffuse or multifocal brain edema and col-
lapse of the ventricular system without midline shift (Del Brutto and Campos 2012).
In such cases, multiple small nodular or ring-enhancing lesions appear disseminated
through the brain parenchyma after contrast medium administration (Fig. 8.6).

Parenchymal brain cysticerci may also appear as slightly hyperdense/hyperin-
tense nodular-enhancing lesions surrounded or not by edema or perilesional gliosis.
This pattern corresponds to the granular stage of cysticerci which, as previously
noted, represents degenerated cysticerci. Calcified cysticerci appear, on CT, as small
hyperdense nodules not surrounded by edema or abnormal contrast enhancement.
As noted before, the sensitivity of conventional MRI sequences for the detection of
calcified lesions is not as good as that of CT (Fig. 8.7). There is some recent evi-
dence, however, that use of susceptibility-weighted images may enhance the visual-
ization of calcifications by MRI (Wu et al. 2009).
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Fig. 8.7 Contrast-enhanced CT (left) and T2-weighted MRI (right) showing multiple parenchy-
mal brain calcifications, which are more easily discernible with CT than with MRI

8.2.2.2 Subarachnoid Neurocysticercosis

Subarachnoid cysts located within cortical sulci may present with similar
neuroimaging findings than those described for parenchymal brain cysts or may
grow to distort the cerebral anatomy and compress neighboring structures
(Fig. 8.8). Lesions located within the Sylvian fissures or at the basal CSF cisterns
may have a multilobulated appearance and often attain a large size, displacing
neighboring structures and behaving as space-occupying mass lesions (Fig. 8.9).
Hydrocephalus, related to inflammatory occlusion of Luschka and Magendie
foramina, may also be seen. The fibrous arachnoiditis that is responsible for the
development of hydrocephalus is seen on neuroimaging studies as abnormal lep-
tomeningeal enhancement at the base of the brain (Fleury et al. 2011; Kimura-
Hayama et al. 2010).

Cysticerci located in the sellar region are rare. Those lesions may be confined
to the intrasellar compartment or may be associated with hydrocephalus or sub-
arachnoid cysts at the suprasellar cistern (Del Brutto et al. 1988). According to
a recent review, MRI is better than CT to visualize those cysts (Del Brutto and
Del Brutto 2013b).

Cerebrovascular complications of neurocysticercosis are well visualized with
modern neuroimaging techniques. In patients with cysticercosis-related cerebral
infarctions, the association of subarachnoid cystic lesions or abnormal enhancement
of basal leptomeninges suggests the correct diagnosis (Del Brutto 2008). Magnetic
resonance angiography is a valuable noninvasive imaging modality to demonstrate
narrowing or occlusion of intracranial arteries in patients with subarachnoid neuro-
cysticercosis (Fig. 8.10).
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Fig.8.8 Contrast-enhanced
CT showing two large
subarachnoid cysticerci
arising from cortical sulci
that distort brain anatomy and
compress neighboring
structures

CURI

Fig.8.9 T1-weighted MRI showing clumps of subarachnoid cysticerci involving the left Sylvian
fissure and the basal CSF cisterns surrounding the midbrain
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Fig.8.10 Contrast-enhanced MRI of a patient presenting with an acute stroke syndrome, showing
large clumps of cysticerci within the basal subarachnoid cisterns and a recent infarction in the right
temporal lobe (left) and MRA showing multiple stenosis of major intracranial arteries arising from
the circle of Willis (right)

8.2.2.3 Ventricular Neurocysticercosis

Ventricular cysticerci appear on CT as hypodense lesions that cause asymmetric
obstructive hydrocephalus. Most often, ventricular cysts cannot be visualized
directly as they are isodense with CSF. In contrast, ventricular cysts are readily
visualized on MRI because the signal properties of the cystic fluid, the scolex, or the
vesicular wall differ from those of the CSF (Kimura-Hayama et al. 2010) (Fig. 8.11).
Cyst mobility within the ventricular cavities in response to movements of the head,
the so-called ventricular migration sign, facilitates the diagnosis of ventricular cys-
ticercosis in some cases. In other cases, parasitic membranes or inflammation of the
ependymal lining (ventriculitis) occludes Monro’s foramina and causes asymmetric
internal hydrocephalus, which is most often noticed after the placement of a ven-
tricular shunt, as the lateral ventricle contralateral to the shunt remains dilated after
the derivative procedure. A rare finding in patients with ventricular cysticercosis is
the so-called double compartment hydrocephalus (DeFeo et al. 1975), in which the
fourth ventricle is isolated from the rest of ventricular cavities and from the sub-
arachnoid space due to simultaneous occlusion of the cerebral aqueduct and the
foramina of Luschka and Magendie.

8.2.2.4 Spinal Cord Neurocysticercosis

MRI has become the imaging modality of choice for the evaluation of patients with
suspected cysticercosis of the spinal cord or the spinal subarachnoid space. MRI
allows precise localization of intramedullary cysticerci (Homans et al. 2001; Qi
etal. 2011). Those cysts are usually single and most often located at the lower seg-
ments of the thoracic spinal cord, although they may also be seen at the cervical or
lumbosacral levels. Most of these cysts appear as ring- or nodular-enhancing lesions,
and the scolex can be visualized in a sizable subset of cases (references).
Leptomeningeal cysts are also easily identified with MRI (Fig. 8.12). These lesions
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Fig.8.11 Contrast-enhanced
MRI showing cysticercus
within the fourth ventricle

(arrow). The vesicular wall is
clearly distinguished from the
CSF

may be freely mobile within the spinal subarachnoid space and may change their
position during the exam according to movements of the patient in the exploration
table. A recent study stresses the high frequency of spinal cysticerci among patients
with intracranial subarachnoid neurocysticercosis (Callacondo et al. 2012). It is
likely that this study will change the diagnostic approach of patients with intracra-
nial subarachnoid neurocysticercosis, since all of them will probably need MRI
investigation of the spine to detect hidden lesions.

8.3 Immunological Diagnosis of Neurocysticercosis

An ideal immunodiagnostic test for human neurocysticercosis should be 100 % sen-
sitive (detecting all cases), 100 % specific (ruling out all cases without the disease),
and provides information on the presence or not of living parasites as well as an idea
of the parasite burden. Existing tests are far from this goal, and even if this could be
achieved, immunodiagnosis would still not provide important information available
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Fig.8.12 T2-weighted MRI
showing multiple spinal
subarachnoid cysticerci
(arrows)

from neuroimaging such as the location of lesions, degree of inflammation, and
other particularities affecting the medical or surgical management. Thus, immuno-
diagnosis should always be interpreted on the light of clinical and neuroimaging
findings in a given patient (Rodriguez et al. 2012).

8.3.1 Antibody Detection

More than 100 years ago, it was reported the detection of specific antibody reactions
to cysticercal antigens by means of the complement fixation text in pig serum
(Moses 1909) and in human CSF (Weinberg 1911). Along the years, a series of
antibody detection techniques have been applied to the diagnosis of cysticercosis
including immunofluorescence, hemagglutination, enzyme-linked immunosorbent
assay (ELISA), and lately the EITB (immunoblot) (Arambulo et al. 1978; Diaz et al.
1992; Diwan et al. 1982; Larralde et al. 1986; Tsang et al. 1989).

The ELISA technique, described in 1971, did overcome previous tests because
of its better performance and quantitative results. It was applied to the diagnosis of
neurocysticercosis by the use of a crude cysticercal antigen since 1978 (Arambulo
et al. 1978) and widely adopted a few years later. ELISA-based assays seem to
perform better in CSF than in serum due to less likelihood of cross-reactions.
Indeed, cross-reactions with other helminths are common, particularly with ces-
todes including Echinococcus spp. and Hymenolepis nana. In 1989, the EITB using
a group of seven well-defined lentil-lectin purified glycoprotein antigens provided
a much more sensitive and specific assay and became the test of choice for the
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diagnosis of cysticercosis (Tsang et al. 1989). Strong antibody reactions suggest
severe infections and are infrequent in asymptomatic populations in community-
based studies (Corona et al. 1986; Zini et al. 1990).

Initial evaluations of cysticercosis serology were blurred because of poor char-
acterization of positive cases (parenchymal/extraparenchymal, numbers of viable
lesions, etc.) and by the use of different antigens and test protocols, among other
reasons. The EITB assay is a complicated technique, and the production of lentil-
lectin purified glycoprotein antigens requires fresh cysts which are difficult to
obtain. Recent efforts have been oriented to produce synthetic or recombinant
antigens for use in EITB or simpler techniques. So far, none of these tests has
performed at the levels of the native EITB (Greene et al. 2000; Hancock et al.
2004, 20006).

Some caveats exist in antibody-based serodiagnosis. The presence of circulating
antibodies does not discriminate viable from nonviable infections, since antibodies
can result from exposure only, or from self-resolved infections. For this reason, a
positive antibody result should be interpreted in the context of the studied popula-
tion. In endemic regions, up to 20 % or 25 % of the general population may be
antibody positive on EITB (Garcia et al. 2003a; Tsang and Wilson 1995). In com-
munity settings most seropositive individuals are asymptomatic. Residual paren-
chymal brain calcifications are commonly found in these individuals and much
more rarely, viable cysticerci (Del Brutto et al. 2005; Medina et al. 2005; Montano
et al. 2005). The intensity of the reaction (number of reactive antibody bands) pro-
vides a gross indicator, with weak reactions in the general population and stronger
reactions in clinical cases (Garcia et al. 2003b). In individuals with a single brain
lesion, even the EITB test may miss 30—40 % of cases, most likely due to very low
levels of circulating antibody in these mild infections.

8.3.2 Antigen Detection

Detection of parasitic antigens demonstrates the presence of viable parasites and
thus active infection. Antigen levels usually show a direct correlation with the num-
bers of cysts and extension of the parasite lesions. Two assays using monoclonal
antibodies (originally developed against Taenia saginata) to detect circulating anti-
gens of Taenia solium have been described, both with very similar performance
(Brandt et al. 1992; Harrison et al. 1989). These assays were initially reported for
use in CSF and later proved to be useful for the diagnosis of cysticercosis in serum
samples.

8.3.3 Other Immune Diagnostic Tests
DNA-based PCR assays in CSF have been applied to the diagnosis of NCC with

encouraging initial results (Almeida et al. 2006; Hernandez et al. 2005; Michelet
et al. 2011). One of these series suggested higher sensitivity in patients with
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extraparenchymal NCC, and one reported problems with the specificity of the test.
Further, systematic evaluations of their sensitivity should clarify their potential use
for diagnosis. Also, a cellular-based immune assay, the lymphocyte transformation
test was applied to neurocysticercosis in 2008, reporting a sensitivity of 94 and
96 % specificity (Prasad et al. 2008). This test is based on memory T cells and dem-
onstrates previous exposure of the host to the antigen.

8.3.4 Antigen Versus Antibody Testing

Antigen-capture assays are—in general terms—Iess sensitive than antibody assays,
which use antibody production by the host’s immune system as a response intensi-
fier. Very high antigen levels should thus raise the suspicion of extraparenchymal or
massive parenchymal neurocysticercosis. Negative results are to be expected in
patients with only a few parenchymal brain lesions. On the other hand, these assays
seem to be highly specific in humans and do not seem to cross-react with other
infections. Here, as in any other ELISA test, the intensity of the reaction should be
taken into account in a similar way as described above for the EITB, and reactions
close to the cutoff level should be interpreted with caution. Detection of circulating
antigen seems very promising as a tool to monitor the evolution of patients, particu-
larly in cases of extraparenchymal neurocysticercosis (Bobes et al. 2006; Fleury
et al. 2013; Zamora et al. 2005).

The major advantage of antibody detection over antigen detection is a much
higher sensitivity, which makes antibody-detecting assays the tool of choice for
serological diagnosis. On the other hand, circulating antibody does not discrimi-
nate between active and inactive infections and thus its clinical utility is restricted
to etiological confirmation, and since antibodies persist for long time, antibody
detection assays are impractical to monitor disease evolution. Antigen levels give
an idea of the infection burden and severity of infection (Fleury et al. 2003;
Garcia et al. 2000), and their negativization is strongly suggestive of complete
parasite resolution.

8.3.5 Interpretation of a Positive Immune Diagnostic Test

Immunodiagnosis, either antigen or antibody detection, is not specific for central
nervous system infection, neither can they provide specific data on the characteris-
tics of the lesions. It follows that antigen or antibody assay results should be inter-
preted in the context of an individual patient or population, and neuroimaging is
required to guide therapeutic decisions.

Antibody and antigen seroprevalence issues were previously discussed in the
chapter of epidemiology in endemic regions and here we will refer only to their use
in the clinical context. An attending physician caring for people from cysticercosis-
endemic regions should have in mind that these regions have a background preva-
lence of seropositivity which can reach 20 % or more of the general population.
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However, these usually are weak reactions. In clinical settings, a weak positive
antibody test is only to be expected in patients with a single viable lesion or calcified
neurocysticercosis. In these cases, a weak result is compatible with the clinical pre-
sentation although it could still result from the background population positivity
levels. In most other cases antibody reactions should be clearly positive, and these
clearly positive tests in the presence of neurological manifestations have a very high
predictive value to confirm the diagnosis.

If neuroimaging is not available, the use of serology to diagnose cysticercosis
becomes a matter of discussion and depends on whether etiological manage-
ment (antiparasitic drugs or surgery) could be given in blind. As will be dis-
cussed latter on this book, we do not recommend to consider initiating blind
antiparasitic treatment for neurocysticercosis, based on the following reasons:
(a) the initial steps of antiparasitic treatment do not result in immediate symptom
relief, conversely, a transitory exacerbation in symptoms can occur and requires
appropriate steroid and symptomatic treatment; (b) theoretically, degeneration
of a cyst in a delicate location, i.e., the ventricular system, could cause serious
complications or even be lethal; and (c¢) symptomatic treatment is key and it is
mostly independent of the etiology of the symptoms. Alternatively, a positive
immune diagnostic test should be considered as a criterion for patient referral for
imaging diagnosis and etiological case management. It seems counterintuitive to
assume a smaller need of referral for other symptomatic conditions different to
neurocysticercosis.

8.4  Other Diagnostic Tests for Human Cysticercosis

Some hematological abnormalities, i.e., peripheral eosinophilia, have been
described in patients with neurocysticercosis; however, these are inconstant and
have no diagnostic strength (Loo and Braude 1982). In addition, abnormalities in
the cytochemical composition of CSF have been reported in a sizable proportion
of patients with neurocysticercosis (McCormick et al. 1982). These changes are
nonspecific and do not differentiate neurocysticercosis from other infections of
the brain or the spinal cord. Moreover, a normal CSF examination does not rule
out the diagnosis of neurocysticercosis. The most common finding is a moderate
mononuclear pleocytosis (cell counts rarely exceeding 300/mm?®) (Bittencourt
et al. 1990). A nonspecific, and often transient, eosinophilia may be noticed in
almost 60 % of the patients who have pleocytosis (Johnson 1989). Proteins may
be raised in the range of 50-300 mg/dl, although CSF protein levels as high as
1,600 mg/dl have been reported (McCormick et al. 1982). CSF glucose levels
are usually within the normal range despite active meningeal disease. Indeed,
this finding has been considered as a useful differential diagnostic clue between
cysticercotic and other infections of the nervous system, i.e., neurotuberculosis,
which are usually associated with low CSF glucose levels. Nevertheless, very
low glucose levels (<10 mg/dl) have been reported in patients with neurocysti-
cercosis and have been associated with poor prognosis (McCormick et al. 1982).
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8.5 Diagnostic Criteria for Neurocysticercosis

As described throughout this chapter, the diagnosis of neurocysticercosis can be a
challenge. In 1996, the first attempt to settle a set of diagnostic criteria for human
cysticercosis was published. It was based on the objective evaluation of clinical,
radiological, immunological, and epidemiological data of patients (Del Brutto et al.
1996). After some years of experience, it was considered that a set of criteria exclu-
sively devoted to the diagnosis of neurocysticercosis would be more comprehensi-
ble than the initial one (Del Brutto et al. 2001). As in the 1996 publication, the
revised criteria included four categories of diagnosis—absolute, major, minor, and
epidemiologic—stratified on the basis of their individual strength. Absolute criteria
allow unequivocal diagnosis of neurocysticercosis, major criteria strongly suggest
the diagnosis but could not be used alone to confirm the diagnosis, minor criteria are
frequent but nonspecific manifestations of the disease, and epidemiologic criteria
refer to circumstantial evidence favoring the diagnosis. Interpretation of these crite-
ria permits two degrees of diagnostic certainty: (a) definitive diagnosis, in patients
who have one absolute criterion or in those who have two major plus one minor and
one epidemiologic criteria, and (b) probable diagnosis, in patients who have one
major plus two minor criteria, in those who have one major plus one minor and one
epidemiologic criteria, and in those who have three minor plus one epidemiologic
criteria (Table 8.1). More than 10 years after its publication, the 2001 set of diagnos-
tic criteria has become a useful tool for the diagnosis of neurocysticercosis in
patients living in endemic as well as in non-endemic countries, avoiding over- and
underdiagnosis of the disease in both field studies and the hospital setting.

Table 8.1 Diagnostic  piggnostic criteria

criteria for Absolute

heurocysticercosis Histologic demonstration of the parasite from biopsy of a brain or
spinal cord lesion
Evidence of cystic lesions showing the scolex on neuroimaging
studies
Direct visualization of subretinal parasites by fundoscopic
examination

Major
Evidence of lesions highly suggestive of neurocysticercosis on
neuroimaging studies
Positive serum immunoblot for the detection of anticysticercal
antibodies
Resolution of intracranial cystic lesions after therapy with
albendazole or praziquantel
Spontaneous resolution of small single enhancing lesions
Minor

Evidence of lesions compatible with neurocysticercosis on
neuroimaging studies
Presence of clinical manifestations suggestive of
neurocysticercosis
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Table 8.1 (continued) Positive CSF ELISA for detection of anticysticercal antibodies or
cysticercal antigens
Evidence of cysticercosis outside the central nervous system
Epidemiologic
Individuals coming from or living in an area where cysticercosis
is endemic
History of travel to disease-endemic areas
Evidence of a household contact with 7. solium infection
Degrees of diagnostic certainty
Definitive
Presence of one absolute criterion
Presence of two major plus one minor and one epidemiologic
criteria
Probable
Presence of one major plus two minor criteria
Presence of one major plus one minor and one epidemiologic
criteria
Presence of three minor plus one epidemiologic criteria

Adapted from Del Brutto et al. (2001)
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Management of Neurocysticercosis

As detailed in the preceding chapters, clinical manifestations of neurocysticercosis
are directly related to the localization of parasites within the nervous system, and
result from inflammation, mass effects, blockage of the CSF transit, fibrosis, or
vasculitis (Garcia and Del Brutto 2005). Inflammation arises from the attack of the
host’s immune system to the parasite and is usually found by the time a cyst degen-
erates. Inflammation is not necessarily a continuous progressive process and occa-
sionally an inflamed cyst may return to a quiescent stage. Moreover, inflammation
may also present around old, calcified lesions (Nash et al. 1999). Mass effect occurs
when large cysts or cyst clumps located in the subarachnoid space compress neigh-
boring structures, although it may also result from smaller lesions exerting pressure
to an adjacent eloquent cerebral area (Proafio et al. 2001). Blockage of the CSF
transit is usually caused by intraventricular or subarachnoid lesions or due to chronic
scarring resulting from residual fibrosis (Estafiol et al. 1983). More rarely, local or
remote damage to small- and medium-sized intracranial arteries by a surrounding
subarachnoid parasite, or by the inflammatory reaction developed in the subarach-
noid space, may result in the occurrence of an ischemic stroke with the resulting
clinical manifestations (Del Brutto 2008).

A first line of management should target the presenting symptoms of a given
patient and pathogenetic mechanisms involved in their occurrence. Therefore,
appropriate institution and optimization of symptomatic therapy—antiepileptic
drugs (AEDs), analgesics, anti-inflammatory drugs, anti-edema agents, or surgery—
should always precede the use of cysticidal agents (Nash and Garcia 2011). This
concept is of particular importance since during the initial days or weeks after the
onset of cysticidal drug therapy, symptoms will not improve and could even get
worse; this may be dangerous in a given patient with intracranial hypertension or
poorly controlled seizures.

As noted, neurocysticercosis is a pleomorphic disease that causes several neuro-
logical syndromes and pathological lesions. Therefore, a unique therapeutic scheme
cannot be useful in every patient. Characterization of the disease in terms of cysts’
viability, degree of the host’s immune response to the parasites, and location of the
lesions are important for a rational therapy (Garcia et al. 2002; Nash et al. 20064, b).

O.H. Del Brutto, H.H. Garcia, Cysticercosis of the Human Nervous System, 109
DOI 10.1007/978-3-642-39022-7_9, © Springer-Verlag Berlin Heidelberg 2014
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Table 9.1 General guidelines for therapy of neurocysticercosis

Parenchymal neurocysticercosis
Vesicular cysts:
Single cyst: Albendazole 15 mg/kg/day for 3 days or praziquantel 30 mg/kg in three divided
doses every 2 h. Corticosteroids rarely needed. AED for seizures
Mild to moderate infections: Albendazole 15 mg/kg/day for 1 week or praziquantel 50 mg/
kg/day for 15 days. Corticosteroids may be used when necessary. AED for seizures
Heavy infections: Albendazole 15 mg/kg/day for 1 week (repeated cycles of albendazole may
be needed). Corticosteroids are mandatory before, during, and after therapy. AED for seizures
Colloidal cysts:
Single cyst: Albendazole 15 mg/kg/day for 3 days or praziquantel 30 mg/kg in three divided
doses every 2 h. Corticosteroids may be used when necessary. AED for seizures
Mild to moderate infections: Albendazole 15 mg/kg/day for 1 week. Corticosteroids are
usually needed before and during therapy. AED for seizures
Cysticercotic encephalitis: Cysticidal drugs are contraindicated. Corticosteroids and osmotic
diuretics to reduce brain swelling. AED for seizures. Decompressive craniectomies in
refractory cases
Granular and calcified cysticerci:
Single or multiple: No need for cysticidal drug therapy. AED for seizures. Corticosteroids for
patients with recurrent seizures and perilesional edema surrounding calcifications
Extraparenchymal neurocysticercosis
Small cysts over convexity of cerebral hemispheres:
Single or multiple: Albendazole 15 mg/kg/day for 1 week. Corticosteroids may be used
when necessary. AED for seizures
Large cysts in Sylvian fissures or basal CSF cisterns:
Racemose cysticercus: Albendazole 15-30 mg/kg/day for 15-30 days (repeated cycles of
albendazole may be needed). Corticosteroids are mandatory before, during, and after therapy
Other forms of extraparenchymal neurocysticercosis:
Hydrocephalus: No need for cysticidal drugs therapy. Ventricular shunt. Continuous
corticosteroid administration (50 mg three times a week for up to 2 years) may be needed
to reduce the rate of shunt dysfunction
Ventricular cysts: Endoscopic resection of cysts. Albendazole may be used only in small
lesions located in lateral ventricles. Ventricular shunt only needed in patients with associated
ependymitis
Angiitis, chronic arachnoiditis: No need for cysticidal drug therapy. Corticosteroids are
mandatory
Cysticercosis of the spine: Surgical resection of lesions. Anecdotal use of albendazole with
good results

Level 1 of evidence favors the use of cysticidal drugs in patients with parenchymal brain vesicular and
colloidal cysts. For other forms of the disease, guidelines are based on Levels 2 and 3 of evidence

Therapy often includes a combination of symptomatic drugs, cysticidal therapy, and
surgery (Table 9.1).

9.1 Symptomatic Management

Neurocysticercosis-associated seizures seem to respond very well to a first-line
AED (Del Brutto et al. 1992a, b). Carbamazepine and phenytoin are the most fre-
quently used drugs, followed by valproate. When choosing the AED, it must be
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Fig. 9.1 Cutaneous reaction (left) in the back of patient with single cysticercus granuloma (right)
occurring 2 weeks after the start of phenytoin therapy

remembered that some patients with a single cysticercus granuloma may develop
transient cutaneous reactions with the use of sodium phenytoin (Fig. 9.1) probably
related to mechanisms involved in the immune-mediated response of the host to the
parasite (Singh et al. 2004). Irrespective of the AED used, good seizure control is
almost always the rule in patients with neurocysticercosis, and refractory seizures
are rare. However, there is no consensus on the required length of AED treatment in
patients with neurocysticercosis. Some authors have suggested that short-term
(3—6 months) use of AEDs—while inflammation around a cyst still exists—may be
enough. So far, no controlled evidence exists to support this claim and standard
guidelines on the use of AEDs should be followed. After seizure remission and
appropriate tapering of AED, still 50 % of patients will present further seizure epi-
sodes and require reinstalling AEDs for much longer time (Del Brutto 1994). There
is increasing evidence favoring the concept that patients who develop calcifications
(either spontaneously or as the result of cysticidal drug therapy) are those that will
need longer (even lifelong) courses of AED therapy to reduce the risk of relapses in
the long-term follow-up (Verma and Misra 2006).

Headache should be appropriately assessed to rule out intracranial hypertension.
If no signs of intracranial hypertension exist, common analgesics should be used to
obtain appropriate pain control. The use of anti-inflammatory drugs agents has been
mostly restricted to corticosteroids, although early reports on the use of dextrochlo-
ropheniramine or, more recently, of methotrexate also exist (Agapejev et al. 1989;
Keiser and Nash 2003). Acute anti-inflammatory therapy in neurocysticercosis is
primarily directed to reduce edema and local inflammation, thus ameliorating intra-
cranial hypertension and decreasing the propensity to further seizures. Corticosteroids
also remain the first line of therapy for patients with cysticercotic angiitis to reduce
the risk of arterial occlusion with the subsequent development of a cerebral infarc-
tion (Del Brutto 2008). The length of corticosteroid therapy varies according to the
size of the lesions and the extent of the resulting inflammatory reaction. In many
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cases, the use of such drugs should be sustained for weeks and perhaps months
(more markedly so in patients with multiple large cysts or extraparenchymal neuro-
cysticercosis). As long-term corticosteroid use is associated with unpleasant and
sometimes risky side effects, the use of methotrexate has been proposed to decrease
the dose and time of corticosteroid therapy (Mitre et al. 2007).

Particular attention should be given to intracranial hypertension, and cysticidal
drugs must not be initiated if intracranial pressure is increased as it may worsen it
in the short term (Rangel et al. 1987). As previously mentioned, if severe brain
edema is suspected or demonstrated by neuroimaging studies—as in patients with
cysticercotic encephalitis—corticosteroids must be given as first-line therapy. The
choice of a particular drug and the regimen of therapy are not based on controlled
studies, but most experts recommend the use of dexamethasone at doses ranging
from 6 to 16 mg/day or even higher doses. Using this approach, a rapid response is
usually obtained and most patients improve their condition in a matter of hours or a
few days. However, symptom relapses may occur at the time of corticosteroid inter-
ruption so gradual tapering of these drugs should be considered. If ventricular cysts
or hydrocephalus are present or suspected, or if large cyst or a clump of cysts are
present, neurosurgical evaluation is mandatory and shunt placement or resection of
the lesion(s) may be required (see below).

9.2 Surgical Management

Before the introduction of modern neuroimaging techniques and cysticidal drugs,
patients with suspected neurocysticercosis usually went to the operating room for
confirming the diagnosis and to get a definitive cure for the disease (Trelles and
Trelles 1978). While over the past 40 years less and less patients with neurocysticer-
cosis underwent resection of lesions, surgery still plays an important role in the man-
agement of patients with some specific forms of the disease (Sinha and Sharma 2012).

Hydrocephalus secondary to cysticercotic arachnoiditis always requires the
placement of a ventricular shunt. The main complication of ventricular shunt is the
high incidence of shunt dysfunction. Actually, the high mortality rate (up to 50 %)
associated with the development of hydrocephalus due to neurocysticercosis is
related to the number of surgical interventions to revise the shunt (Sotelo and Marin
1987). It is probably that long-term corticosteroid administration may reduce the
incidence of shunt dysfunction in these cases (Suastegui-Roman et al. 1996). It has
also been suggested that an inversion of CSF transit is the most important cause of
shunt dysfunction, as it allows parasitic debris to enter the ventricular system.
Therefore, the use of a shunt that functions at a constant flow rate—avoiding the
entrance of subarachnoid CSF into the ventricular system—could reduce the num-
ber of shunt failures (Sotelo et al. 1995).

Surgery is an option for the resection of ventricular cysticerci, particularly those
located within the third and the fourth ventricles. While cysticidal drugs destroy
many ventricular cysts, the ensued inflammatory reaction that occur as the result of
therapy may cause acute hydrocephalus if those cysts are located near the
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interventricular foramina of Monro or the cerebral aqueduct. In such cases, ven-
tricular cysts may be more safely removed by surgical excision or endoscopic aspi-
ration (Sinha and Sharma 2012). The surgeon must consider the possibility of cyst
migration between the time of diagnosis and the surgical procedure, and this must
be ruled out by a neuroimaging study before surgery to avoid unnecessary cranioto-
mies (Zee et al. 1984). Shunt placement should follow or even precede the excision
of ventricular cysts associated with ependymitis.

Whether spinal cysticerci (located intramedullary or at the spinal subarachnoid
space) should be operated or not is still a matter of debate, and it is likely that this
question should never be definitively answered based on the rarity of these forms of
the disease. Anecdotal cases suggest that medical treatment may be safe and effec-
tive (Garg and Nag 1998). However, most experts prefer to refer those patients to
the neurosurgeon until further studies are available. For those patients with spinal
subarachnoid cysts, the surgeon must have the same precaution than for ventricular
cysts, i.e., to perform neuroimaging studies just before surgery, as those cysts may
have been moved from the time of diagnosis (Herndndez-Gonzalez et al. 1990).

9.3  Specific (Etiological) Management
9.3.1 Cysticidal Drugs

As will be discussed later on, two drugs (albendazole and praziquantel) have been
shown to have potent cysticidal effects in humans (Del Brutto 2003). Other drugs,
such as metrifonate and flubendazole have been eventually tried in this condition
but their use has been promptly abandoned due to side effects or lack of efficacy
(Salazar and Gonzalez 1972; Téllez-Girén et al. 1984). Oxfendazole, a benzimid-
azole molecule with a long half-life, has been shown to cause a significant clearance
of muscle and brain cysts in swine after a single-dose trial (Gonzalez et al. 1997);
this drug is now undergoing Phase I studies in humans, and if found safe, it may
provide a new therapeutic alternative to albendazole or praziquantel. There is also a
single report suggesting that ivermectin may be effective in selected cases
(Diazgranados-Sanchez et al. 2008).

Praziquantel is a pyrazino-isoquinoline derivative. It affects calcium channels in
the parasite’s surface and produces muscle contractions, paralysis, and damage of
the tegument (Overbosh et al. 1987). Maximal serum levels are obtained 1.5-2 h
after administration and drop rapidly thereafter (Jung et al. 1991). Praziquantel is
metabolized in the liver, and size effects are mild and mainly related to gastric dis-
turbances, dizziness, drowsiness, fever, headache, increased sweating, and, less
commonly, allergic reactions (reference). For treatment of neurocysticercosis, pra-
ziquantel is usually given at daily doses of 50 mg/kg for 2 weeks, with a ceiling of
3 g/day. A single-day course of 75—-100 mg/kg divided in three doses given every
2 h has been also described (Corona et al. 1996; Del Brutto et al. 1999), but it seems
to be effective in patients with a single lesion but not in those with multiple cysts
(Pretell et al. 2001).
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Albendazole is a typical benzimidazole compound. It leads to selective degenera-
tion of parasite cytoplasmic microtubules, affecting ATP formation, and also impairs
glucose intake, leading to energy depletion and parasite starvation (Rossignol 1981).
It binds to tubulin and thus also interferes with parasite cell division. Albendazole is
not active by itself and the active molecule, albendazole sulfoxide, results from liver
metabolism of albendazole (Castro et al. 2009). Maximal levels are obtained from 2
to 3 h after ingestion, and albendazole penetrates in the CSF better than praziquantel
(Jung et al. 1990a). Side effects in humans are mostly related to liver toxicity
(increase in liver enzymes), hematological effects, hair loss, and gastrointestinal
symptoms (Rossignol 1981). For therapy of neurocysticercosis, albendazole is usu-
ally given at daily doses of 15 mg/kg for 1-4 weeks. In the USA, a ceiling of 800 mg/
day is frequently used based on FDA-approved doses, while in most other countries,
the usual ceiling is 1,200 mg/day (Garcia and Del Brutto 2005).

9.3.2 Trials of Cysticidal Drugs

Cysticidal drugs have been used for therapy of human cysticercosis after Robles and
Chavarria (1979) reported the cure of a single Mexican patient with multiple ring-
enhancing lesions after a trial with praziquantel. This pioneer report was followed
by a number of case series and controlled studies (using historical controls) showing
the efficacy of the drug (Botero and Castaiio 1982; Sotelo et al. 1984, 1985; Spina-
Francga et al. 1982). Such results prompted clinicians to widely use praziquantel in
different forms of the disease. It was then noticed that a few days after the onset of
therapy, symptoms increased in a sizable proportion of cases, even with serious
adverse effects including intracranial hypertension or death (Wadia et al. 1988).
This created confusion among some physicians involved in the care of neurocysti-
cercosis patients, who questioned the benefits of praziquantel and even considered
that this drug may actually be deleterious in this setting (Kramer 1995). Meanwhile,
albendazole, another cysticidal drug, was first tested in Mexico and then in other
disease-endemic countries, and proved effective for destroying parenchymal brain
cysticerci, with the advantages of being cheaper and somewhat more effective than
praziquantel (Alarcén et al. 1989; Cruz et al. 1991; Escobedo et al. 1987; Garcia
et al. 1997; Sotelo et al. 1988, 1990; Takayanagui and Jardim 1992). Some early
studies also found a clinical effect on seizure control, with 50-80 % of treated
patients being free of seizures compared to 25 % of untreated patients (Del Brutto
etal. 1992a, b; Vazquez and Sotelo 1992). However, a couple of controlled studies,
published during the 1990s, challenged the usefulness of cysticidal drugs, reporting
no significant effect in parasite destruction or in the reduction of seizures (Salinas
et al. 1999). Further placebo-controlled studies confirmed the efficacy of cysticidal
drugs (as shown in pioneer trials) and settled their actual value in the management
of patients with neurocysticercosis (Baranwal et al. 1998; Garcia et al. 2004; Gogia
et al. 2003; Kalra et al. 2003).

A review of the published literature including case series of patients with viable
parenchymal cysticercosis confirmed by serology and evaluated with neuroimaging
studies from 3 to 6 months after the trial shows that praziquantel destroys 57.1 %
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(95 % C.1. 55-59 %) while albendazole destroys 71.6 % (95 % C.1. 70-73 %) of
lesions. In general terms, 50.5 % (95 % C.1. 45-56 %) of patients treated with pra-
ziquantel and 53.1 % (95 % C.1. 48-58 %) of those treated with albendazole were
free of lesions after therapy (Hector H. Garcia, unpublished data). Although the
above numbers incorporate diverse case series with individual biases and likely
overestimate the efficacy of both drugs, these overall estimates agree with most
reviews on the subject, suggesting that albendazole has a slightly higher cysticidal
efficacy than praziquantel.

In order to better understand the apparent discrepancies in the reported trials, we
first need to put them in the context of the different types of neurocysticercosis. The
clinical evolution of patients with a single parenchymal brain granuloma is extremely
different from that of those with multicystic parenchymal disease or extraparenchy-
mal neurocysticercosis, and the results of trials in different forms of neurocysticer-
cosis cannot meaningfully be pulled together.

9.3.2.1 Cysticidal Drugs for Therapy of Patients
with Viable Brain Cysts

As previously noted, the initial trials on cysticidal drug therapy were performed in
patients with established brain cysts, many of them with multiple cysts in the vesic-
ular or colloidal stage (neuroimaging studies showing ring-enhancing lesions with
a clear hypodense/hypointense center). This type of lesion will not resolve by itself
in the short term and is likely to continue causing symptoms for years (Garcia and
Del Brutto 2005). It is unclear whether patients with untreated cystic disease will
eventually develop subarachnoid disease years later. For clinicians familiar with this
form of neurocysticercosis, the benefits of destroying all cysts under controlled con-
ditions are evident, and thus most experts in Latin America—where viable paren-
chymal brain cysts is a frequent presentation—are inclined in favor of the routine
use of cysticidal drugs (Fig. 9.2). Despite the large body of open controlled studies
and case series, only a few years ago, the first double-blind, placebo-controlled,
randomized trial demonstrated that viable cysts were not expected to resolve by
natural evolution in the short term and that albendazole was associated to fewer
seizures with generalization in the long term (Garcia et al. 2004). Of note, the effi-
cacy of albendazole in this trial was only 65 %, and the difference in numbers of
partial seizures was not statistically significant.

9.3.2.2 Cysticidal Drugs for Therapy of Patients
with a Single Cysticercal Granuloma

In the Indian subcontinent, the most frequent form of neurocysticercosis is a single
degenerating brain parasite presenting with recent onset seizures in older children
and teenagers (Garcia et al. 2010). This type of neurocysticercosis is also seen in
infants and children elsewhere in the world (Del Brutto 2013) and also in residents
of non-endemic countries who get exposed to the parasite while travelling or due to
close contact with an asymptomatic Taenia solium carrier living in their close envi-
ronments (Del Brutto 2012; Del Brutto et al. 2012). Therefore, some Indian experts
and pediatricians in non-endemic countries were prone to question the benefits of
cysticidal drug therapy based on the demonstrated risks of treatment in a disease
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Fig. 9.2 Fluid-attenuated inversion recovery (FLAIR) and T2-weighted MRI showing multiple
parenchymal brain cysticerci in the vesicular stage (left). Three months after albendazole therapy,
most lesions—particularly those located at the occipital lobes—disappeared (center), and 1 year
after therapy, all lesions have been resolved and many of them have been replaced by a residual
calcification (right)

which they considered mild and of a very good prognosis (Mitchell and Crawford
1988; Padma et al. 1994). In fact, the risks for seizure relapse in patients with a
single cysticercus granuloma seem to be below 30 %, strongly associated to cases
where a residual calcification is left instead of total clearance of the brain lesion
(Verma and Misra 2006). Given the already-established inflammatory reaction with
cellular infiltrate and cyst destruction and the fact that most of these lesions fre-
quently resolve without specific treatment, it is reasonable to conclude that cysti-
cidal drugs would have minimal or no effect in this form of neurocysticercosis
(Singh et al. 2010). The problem has been mainly generated by the incorrect recog-
nition of a single cysticercus granuloma and by the fact that some studies have prob-
ably included patients with both colloidal and granular cysticerci.

9.3.2.3 Cysticidal Drugs for Therapy of Patients

with Extraparenchymal Lesions
While some studies have shown that albendazole may successfully destroy
ventricular cysticerci (Del Brutto and Sotelo 1990; Proafio et al. 1997), endoscopic
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resection of the lesion seems to be the safest and most effective approach for this
form of the disease (Sinha and Sharma 2012). The doubt remains on whether
patients should receive a trial with cysticidal drugs after resection of ventricular
cysts (Khade et al. 2013). If ventricular cysts were entirely removed, there should be
no reason for further medical treatment. However, there is no certainty that other
smaller lesions are missed by neuroimaging studies, particularly in the ventricles or
basal CSF cisterns. Persistence of cysts or membrane remnants could lead to further
clinical issues and later disease manifestations. Use of circulating antigen detection
assays could orientate the use of cysticidal drug therapy in such patients.
Alternatively, a trial with cysticidal drugs could be proposed on the basis that if
there are no remaining parasites, the risks associated with treatment are minimal or
nonexistent. In any case, neuroimaging and serological surveillance of these patients
should be kept for a few years.

Patients with involvement of CSF cisterns at the base of the brain by cysticerci
usually develop protracted courses and grim prognoses. In these cases, after hydro-
cephalus and intracranial hypertension have been managed, cysticidal drugs should
be given until no evidence of living parasites exists anymore. Published evidence
suggests that albendazole is the preferred drug in this setting (Del Brutto 1997; Del
Brutto et al. 1992b), although some patients have not responded to medical treat-
ment (Cardenas et al. 2010). Treatment of giant cysts located inside CSF cisterns
usually requires higher doses of albendazole (up to 30 mg/kg/day), more prolonged
courses of therapy (more than 1 month), or even repeated cycles (Géngora-Rivera
et al. 2006; Proafio et al. 2001). Again, neuroimaging and circulating antigen moni-
toring would be important here since antibodies will persist for years. Caution
should be taken in these patients because treatment may result in sudden intracranial
hypertension or stroke (Noboa 1993). However, under appropriate corticosteroid
coverage, these events are rare and the risk of disease progression outweighs those
of treatment.

9.3.3 Meta-Analysis Data on Cysticidal Drug
Therapy for Neurocysticercosis

Six meta-analyses have been published to date. The first of them included only four
randomized trials comparing albendazole or praziquantel versus placebo or no treat-
ment in patients with parenchymal brain cysts; the authors found no differences in
the frequency of seizures and a lower risk of persistence of cysts among treated
versus nontreated patients (Salinas et al. 1999). The second meta-analysis evaluated
11 randomized trials comparing the same outcomes than in the former, but here, the
use of cysticidal drugs were associated with a better resolution of colloidal and
vesicular cysticerci, a lower risk for recurrence of seizures in patients with colloidal
cysticerci, and a reduction in the rate of generalized seizures in those with vesicular
cysticerci (Del Brutto et al. 2006). The third meta-analysis included four random-
ized trials and ten observational studies for evaluating the efficacy of albendazole in
children with parenchymal brain enhancing lesions, showing reduction in the
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relative risk of seizure recurrence in treated patients (Mazumdar et al. 2007). A
fourth meta-analysis compared the efficacy of albendazole versus that of praziquan-
tel in six trials and found that albendazole is more effective than praziquantel for
reducing the number of recurrent seizures, but the efficacy of both drugs for destroy-
ing cystic lesions is rather similar, with some trials favoring albendazole while oth-
ers favoring praziquantel (Matthaiou et al. 2008). The fifth meta-analysis—published
as part of the Cochrane library—showed that the use of albendazole reduces the
number of cystic lesions and the chance of seizure recurrence; this meta-analysis
combined series of patients with viable cysts and with enhancing lesion, so the
compound result is difficult to interpret (Abba et al. 2010). Finally, the sixth meta-
analysis reviewed 15 randomized controlled trials comparing rates of seizure free-
dom and single-granuloma resolution in patients receiving cysticidal drugs or
corticosteroids versus those that were only treated with AEDs, and it was found that
the use of albendazole improved the rate of seizure-free persons and hastens the
resolution of the granuloma when compared with no treatment and that the role of
corticosteroids alone remains uncertain (Otte et al. 2013).

Recently, a group of US neurologists revised published data to issue a guideline
document for the American Academy of Neurology, concluding that albendazole
plus corticosteroids should be considered for patients (adults and children) with
neurocysticercosis, as the use of these drugs reduce the number of viable cysts on
control neuroimaging studies (level B of evidence) and the long-term risk of seizure
recurrence (level B evidence). According to the panel, available data is insufficient
to support or restrict the use of corticosteroids alone for therapy of patients with
parenchymal brain cysticercosis (Baird et al. 2013).

9.3.4 Concomitant Medication During Antiparasitic Treatment

Cysticidal drug treatment may be associated with exacerbation of neurological
symptoms due to the damage of the parasite and the breakage of its immune-modu-
latory mechanisms, with an associated local inflammatory response and perilesional
edema. This is particularly true for patients with heavy infections with parenchymal
brain cysts and for those with subarachnoid or ventricular neurocysticercosis
(Del Brutto et al. 1992b; Garcia and Del Brutto 1999; Proafio et al. 2001). For this
reason, corticosteroids are usually coadministered during a trial with cysticidal
drugs. Most authors use corticosteroids from the start of the trial or just 1 day before,
while others prefer to start these drugs a few days in advance (Marquez-Caraveo
et al. 2004). Corticosteroids are often given at moderate doses (most commonly
6—12 mg/day of dexamethasone or 20 mg of methylprednisolone per day) and
tapered after the end of cysticidal drug therapy. Since corticosteroids cause gastric
irritation, omeprazole at doses of 20 mg/day is often given to minimize this side
effect. Therapy with AEDs should be optimized and maintained as per standard use.
Plasma levels of albendazole or praziquantel are extremely variable from one indi-
vidual to another and seem to depend on several factors, including the simultaneous
use of corticosteroids (Jung etal. 1990b; Takayanaguietal. 1997; Vazquezetal. 1987).
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Some authors propose the use of fatty meals to increase plasma levels of albenda-
zole sulfoxide, or grapefruit juice to increase praziquantel levels (Lange et al. 1988;
Castro et al. 2002).

9.3.5 Treatment of Asymptomatic Neurocysticercosis

There is absolutely no controlled data to base treatment decisions on the best thera-
peutic approach to asymptomatic individuals diagnosed of viable neurocysticerco-
sis when neuroimaging studies are performed by an unrelated reason, i.e., head
trauma or detected during the screening of Taenia solium carriers’ household con-
tacts. The risks and benefits of any specific treatment should then be weighted and
considered in the context of the individual infection type and parasite burden.
Cysticidal drugs can trigger seizures or—in patients with massive infections or huge
intracranial cysts—Iead to intracranial hypertension, hydrocephalus, or stroke. On
the other hand, as much as it is known, extraparenchymal neurocysticercosis is pro-
gressive and eventually lethal, and no alternative therapies exist, so the use of cysti-
cidal drugs in these patients, even at an early, asymptomatic stage, should be
seriously considered. If a decision not to treat is done, neuroimaging and immuno-
logical surveillance should be enforced. A more conservative approach can be con-
sidered in patients with a single and small parenchymal brain cyst.

9.3.6 Further Directions of Cysticidal Treatment

There are preliminary reports on the use of the combination of albendazole plus
praziquantel for the treatment of neurocysticercosis. In the initial report, Guo et al.
(2003) found markedly higher cysticidal efficacy in the combined regimen. A fur-
ther study in Indian children with single enhancing lesions also found a nonsignifi-
cant trend for a better efficacy when both drugs were given (Kaur et al. 2009). The
superior efficacy of this combination is biologically plausible since both drugs have
different mechanisms of action and their combined use may provide better clear-
ance of cysticerci (Garcia et al. 2011). An ongoing, double-blind, large-scale study
in patients with viable parenchymal neurocysticercosis will help to resolve the ques-
tion of whether two drugs are better than one for treatment of this form of the dis-
ease (Hector H. Garcfia, unpublished results).
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Control and Perspectives 1 0
for Elimination of Taenia solium
Taeniasis/Cysticercosis

As previously discussed in this book, Taenia solium is endemic in vast parts of the
world, in particular, in regions where pigs are raised as domestic animals in rural
areas. The resulting disease, neurocysticercosis, is also present in non-endemic
regions because of travel and immigration. Taeniasis/cysticercosis exerts a signifi-
cant economic impact worldwide, most of which is associated with human neuro-
cysticercosis, although there are other associated costs related to porcine cysticercosis
(Bhattarai et al. 2012; Praet et al. 2009; Torgerson and Macpherson 2011). The
substantial contribution of neurocysticercosis to the burden of neurological disease
in Latin America has been estimated as between 23,512 and 39,186 symptomatic
neurocysticercosis cases in Peru, and approximately, 400,000 in Latin America
(Bern et al. 1999). Even in non-endemic regions, immigrants with neurocysticerco-
sis may become a significant economic burden for health systems. General costs
related to neurocysticercosis in California, USA, have been estimated to be $17
million, with hospital costs above $5 million (Croker et al. 2012).

In disease-endemic regions, neurocysticercosis has been blamed to account for
approximately one third of all epilepsies (Del Brutto et al. 2005; Montano et al.
2005; Ndimubanzi et al. 2010) after accounting for the baseline prevalence of sero-
logical markers and CT abnormalities in asymptomatic individuals. This proportion
is quite consistent among studies (Ndimubanzi et al. 2010). From all causes of epi-
lepsy, only a few are amenable to strategies for their decrease in the medium to long
term, and even fewer could be eliminated. At the population level, the numbers of
seizure cases related to motor vehicle accidents respond to enforcing legislation,
perinatal epilepsies respond to improved prenatal control and better delivery condi-
tions, stroke-associated seizures respond to secondary prevention (Newton and
Garcia 2012). None of these conditions can be foreseen to disappear. Conversely, if
transmission of Taenia solium is eliminated, up to 30 % of all epilepsy cases could
be prevented.

Being such a significant public health problem, actions on control and potential
elimination of Taenia solium are urgently required. Actively intervening to control
Taenia solium is not a new idea. Control interventions have been tested since 1985,
and the International Task Force for Disease Eradication listed Taenia solium
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taeniasis/cysticercosis as potentially eradicable (International Task Force for
Disease Eradication 1993), mainly because of the lack of contributing wild reser-
voirs, pig as an easily targetable intermediate host, and the availability of effective
treatments for taeniasis (and now for pig cysticercosis), among other reasons. With
this, taeniasis cysticercosis joined a reduced number of diseases targeted for elimi-
nation and potential eradication.

10.1 Principles of Control
10.1.1 Treatment of Taeniasis

The only source of infection for humans and pigs is the human tapeworm carrier.
Moreover, the adult Taenia solium tapeworm has a very high biotic potential,
meaning that a single worm can infect many hosts in its surroundings. For all these
reasons the tapeworm carrier is the main target of control interventions. Tapeworm
carriers may be treated and cured either by case diagnosis and individualized
treatment or by mass treatment of the human population with a single oral dose of
either niclosamide (2 g in adults) or praziquantel (5—10 mg/kg). Diagnosis of tae-
niasis is usually made by stool microscopy after concentration by sedimentation,
with poor sensitivity (under 70 %) (Garcia et al. 2007a). Detection of tapeworm
antigens in stools (coproantigen detection), described by Allan et al. (1990), is a
much more sensitive technique but is not widely available beyond research
settings.

Mass treatment is logistically easier and likely much cheaper. However, there
is a theoretical risk that the administration of antihelminthic drugs to an individ-
ual who has silent neurocysticercosis could trigger seizures or other neurological
symptoms. This has been reported in a few individuals after a single dose of pra-
ziquantel (Flisser et al. 1993; Johnson 1986; Torres et al. 1988) or after a single
dose of the commonly used antihelminthic albendazole (Garcia et al. 2007b;
Ramos-Zuniga et al. 2013). This seems to be a rare event since praziquantel is
routinely administered in mass-treatment campaigns for schistosomiasis in
Africa, some of which are also endemic for cysticercosis, and reports of neuro-
logical side effects are rare (Johnson 1986). Niclosamide does not have this draw-
back but it is poorly available in many parts of the drug (as it also happens with
praziquantel). Adding mass niclosamide or praziquantel treatment to existing
mass deworming programs has been suggested as a highly cost-effective control
strategy (Alexander et al. 2011).

A series of experiences with mass chemotherapy have been performed in sev-
eral countries. Between 1985 and 1987, Cruz et al. (1989) de-parasitized over
10,000 individuals in Loja, Ecuador, using a single dose of 5 mg/kg of praziquan-
tel. They found 1.6 % of taeniasis by patient’s self-report and published a reduc-
tion in porcine cysticercosis after the program. This program, however, was
interrupted soon after its implementation, and a few years after stopping control,
transmission returned to levels close to baseline. Diaz Camacho et al. (1991)
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performed mass praziquantel treatment in a village of 559 individuals in Sinaloa,
Mexico. The authors reported no taeniasis cases or cysticercosis-infected pigs
1 year after the intervention and noted a marked clustering around tapeworm car-
riers. However, 1 year after the intervention, porcine cysticercosis detected by
tongue examination had raised from 6 to 11 % (Keilbach et al. 1989). From 1991
to 1996, Sarti et al. (2000) worked in three villages in Morelos, Mexico. In one of
them, mass chemotherapy with 5 mg/kg praziquantel was 67 % effective to treat
human taeniasis. The prevalence of taeniasis dropped by half, and there was also
a long-term drop in porcine seroprevalence and a decrease in late-onset seizures.
Health education was tested in one of these villages and shown to decrease trans-
mission of taeniasis/cysticercosis very fast after the intervention (Sarti et al.
1997). In the third community, where both health education and mass praziquan-
tel treatment were administered together, the prevalence of human taeniasis did
not show an impact along time, but porcine prevalence decreased gradually
(Pawlowski et al. 2005).

Between 1994 and 1996, Allan et al. (1997) used mass niclosamide therapy in
approximately 2,000 people in two villages in Guatemala and dropped the preva-
lence of taeniasis from 3.5 to 1 %, accompanied by a marked drop in pig seropreva-
lence. More recently, an educational intervention was also tested in 42 villages (827
households) in Mbulu district, Tanzania. It resulted in improved knowledge of the
disease without apparent changes in observed risk practices; however, the incidence
of porcine cysticercosis was significantly reduced in the intervention arm (Ngowi
et al. 2008). Wide efforts in China using health education, mass chemotherapy, and
environment management are reported to have reduced porcine cysticercosis by
97 % and human taeniasis by 91 % along 6 years (Wu et al. 2012).

10.1.2 Treatment of Infected Pigs

Treatment of the human tapeworm carrier ignores the porcine reservoir.
Mathematical modeling strongly suggests that driving disease transmission to an
extinction state would require multiple sustained interventions in the human
population, for a very long time (Gonzalez 1997). Treatment of infected pigs
would avoid future taeniasis infections and increase the likelihood of elimina-
tion. Flisser and coworkers (1990a, b) demonstrated the efficacy of praziquantel
to eliminate muscle cysts in pigs. Tellez-Giron et al. (1981) reported 100 % effi-
cacy with 10 days of flubendazole, Gonzalez et al. (1995) reported good efficacy
of multiple doses of albendazole, and Peniche-Cardenas et al. (2002) reported
similar effects using 8 days of intramuscular albendazole sulfoxide. Most of
these regimes require multiple doses which is highly impractical in field condi-
tions. Oxfendazole, given as a single oral dose of 30 mg/kg, is close to 100 %
effective to destroy muscle cysts; it is not expensive and has no major side
effects. Death of cysts usually occurs along a few weeks. The withdrawal period
of oxfendazole at this dose was calculated to be 17 days. Oxfendazole treatment
of pigs at 4 and 9 months of age as a single control measure was tested in two
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groups of 54 pigs each and 108 controls in Mozambique; significant decreases in
pig infection were found, more marked when pigs were treated at 9 months of
age (Pondja et al. 2012).

Combined human and pig treatment was applied by the Cysticercosis Working
Group in Peru in ten villages in Huancayo, at the Peruvian central highlands. The
effect was measured in pig seroincidence and demonstrated a significant decrease
followed by a rapid return to levels close to baseline, quick after the intervention
was stopped (Garcfia et al. 2006).

10.1.3 Pig Vaccination

A third major pathway of intervention is the immunization of the porcine popula-
tion. Molinari et al. (1993) performed a large trial of pig immunization using a
crude cysticercal extract in 3,295 animals, a proportion of which were vaccinated
twice. No infected animals were reported 1 year after the intervention, although it
is unclear how infection status of pigs was determined. Others have demonstrated
diverse degrees of protection using antigens from the scolex, the entire cyst, or
from the oncosphere (Nascimento et al. 1995; Plancarte et al. 1999; Verastegui
et al. 2002). Improved pig vaccines were later developed. TSOL18 is an onco-
spheral recombinant protein identified and developed in Australia. Two doses of
TSOLI18 vaccine provide almost absolute protection to further infection (Flisser
et al. 2004; Gonzalez et al. 2005), a protection that was later confirmed in field
trials (Assana et al. 2010). A vaccine using synthetic peptides of Taenia crassi-
ceps antigens has been produced and applied in Mexico. This vaccine seems to
obtain reductions of up to 98.7 % in the numbers of parasites but only 53 % in the
proportion of infected pigs (Huerta et al. 2002). DNA vaccines have also been
shown to provide diverse degrees of protection, up to 93 % (Guo et al. 2004,
2007; Wang et al. 2003).

10.1.4 Other Potential Points of Intervention

A time-honored form to detect infected pigs in the field is to examine their tongues
to see cysticerci nodules (Fig. 10.1). However, not all infected animals have a posi-
tive tongue examination. Inspection of carcasses at slaughterhouses is also a clas-
sic standard in control which, nevertheless, has limited value to detect porcine
cysticercosis in endemic regions. First of all, most cysticercosis infected pigs will
have less than five or ten cysts in the entire carcass, so opening the carcass and
performing a few cuts in the larger muscles is likely insufficient to detect these few
cysts. Furthermore, peasants will be reluctant to bring animals at risk of being
infected with cysticercosis because of wrong confiscation policies with no reim-
bursement to the affected peasant (Cysticercosis Working Group in Peru 1993;
Gemmell et al. 1983).

As noted, a major problem in rural villages of developing countries is the fact
that pigs are allowed to roam free and the close relationship that they have with
humans (Fig. 10.2). So, pigs get access to human feces in places with poor
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Fig.10.2 Pig and man living together. This close relationship is the main responsible for the high
endemicity of cysticercosis in rural villages of developing countries (Reproduced with permission
from Pathogens & Global Health. Neurocysticercosis special issue, August 2012, cover photo,
Oscar H. Del Brutto and Hector H. Garcia, Guest Editors)
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Fig. 10.3 Pig corralling in a rural village of coastal Ecuador (Atahualpa). This simple measure
prevents pigs to be in contact with human feces and may help to interrupt the life cycle of Taenia
solium

sewage disposal and may become infected. Confinement of pigs (pig corralling)
is a logical measure (Fig. 10.3). It however collides with the requirement of
investment from the farmer to feed corralled pigs, something not required if pigs
are left to roam and pasture. In survival economies, farmers will be unlikely to
comply with sustained corralling because of these economic reasons (Cysticercosis
Working Group in Peru 1993; Garcia et al. 2007a). Anecdotally, sometimes open
latrines are placed in the backyard where pigs are corralled, allowing the cycle to
complete.

Sotelo et al. (1986) reported in 1986 that freezing of infected pork will kill cys-
ticerci in a day at —24 °C or in 4 days at —5 °C. Meat processing by gamma radiation
at high doses inhibits the ability of cysticerci to evaginate. Cysticerci irradiated at
lower doses may evaginate, but when they are fed to hamsters as a tapeworm infec-
tion model, they seem to have an impaired development in the hamster gut (Verster
etal. 1976).

Vaccinating the human host to prevent intestinal taeniasis infection has been pro-
posed as a potential control measure (Flisser et al. 2010; Leon-Cabrera et al. 2009),
and early experimental models in rodents seem to show a degree of protection
induced by Taenia solium calreticulin (Flisser et al. 2010). So far, no attempts have
been made to produce a human cysticercosis vaccine.
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10.2 Current Status of Taenia solium Control

In an interesting trial in Cameroon, Assana et al. (2010) used two rounds of porcine
TSOL18 vaccination at 3, 4, and 7 months of age plus oxfendazole treatment at the
time of the second immunization and found no infected animals in the intervention
group 5 months after the last immunization, compared to 20 % in controls; this trial
did not intervene in the human population. In Tumbes, Peru, a large-scale control
program has been implemented using repeated rounds of human mass treatment
with niclosamide, pig treatment with oxfendazole, and pig vaccination with the
TSOL18 vaccine, with apparently focal elimination of transmission (Mahanty and
Garcia 2010). In the Tumbes program, coproantigen detection was widely applied
to detect treatment failures after mass treatment. In the settings of poorly effective
regimes (effectiveness of 5 mg/kg of praziquantel in mass campaigns has been
reported to be as low as 67 %), a field-applicable coproantigen test could comple-
ment treatment efficacy. Coproantigen levels become negative as soon as a few days
after successful taeniasis treatment (Bustos et al. 2012).

10.3 Monitoring of Interventions

Monitoring the effects of an intervention requires the selection of practical, feasible,
and accurate indicators. Monitoring human taeniasis is impractical due to its low
prevalence. Monitoring human neurocysticercosis is hampered by the fact that most
cases would be asymptomatic, a significant proportion of them will be seronegative,
and brain image is not applicable for this purpose. In the long term, however,
changes in the proportion of symptomatic neurocysticercosis cases could be sur-
veyed in people with epilepsy. The prevalence of epilepsy secondary to neurocysti-
cercosis was reduced from 37 to 14 % in Salamd, Honduras, after 8 years of the
implementation of a multi-intervention control program for cysticercosis (Medina
et al. 2011). This indicator is likely not be sensitive to detect the effect of the inter-
vention in the initial few years, but, on the other hand, it may provide a solid out-
come to demonstrate the impact of cysticercosis control in public health.

The evident target for surveillance is the proportion of infected pigs, although no
ideal indicator yet exists. Sentinel pigs were proposed and tested in Peru, and they
do reflect infection pressure but are not practical because of costs and other logistic
reasons (Gonzalez et al. 1994). Porcine infection could be monitored by tongue
examination, serology, or necropsy. Tongue examination has the major drawback
that it will only pick up heavily infected animals and thus will likely be poorly sen-
sitive for mildly infected pigs particularly after systematic intervention is enacted
(Gonzalez et al. 1990; Onah and Chiejina 1995). Serological testing for specific
antibodies collides with very high seroprevalence rates in pigs from endemic
regions, and many of these animals will likely remain antibody positive for a long
period (Garcia et al. 2003). Conversely, antigen testing has the problem of cross
reactions with Taenia hydatigena, a very common cestode, and a high detection
threshold, likely over a few tens of cysts in the entire pig. Carcass surveillance at



132 10 Control and Perspectives for Elimination of Taenia solium Taeniasis/Cysticercosis

slaughterhouses has been discussed lines above and would likely share the very
low-sensitivity problems of tongue and antigen testing (Cysticercosis Working
Group in Peru 1993; Gemmell et al. 1983). Community participation in reporting
infected pigs would likely be needed to survey transmission. This should be designed
in a way that it is not associated with losses to farmers in order to keep their coop-
eration. Improvements in the economy of small farmers could be a great incentive
for their cooperation with control interventions. Significant financial gains for the
pig farmers following a health and pig-management education intervention aimed
to decrease porcine cysticercosis were calculated in Tanzania (Ngowi et al. 2010).

10.4 Control Versus Elimination

Arguments in favor of control and morbidity reduction as a more attainable goal
compared to elimination have been published (Engels et al. 2003). Given the very
high biotic potential of Taenia solium, it is quite possible that control effects will be
overcome by the infection pressure soon after interventions are stopped, and trans-
mission will tend to return to pre intervention levels (Garcia et al. 2006). On the
other hand, after focal elimination is attained, reintroduction from neighboring
endemic regions is an obvious and immediate risk and should be considered for the
expansion of intervention programs.

10.5 Foreseeable Future

Confirmation of the efficacy of the proposed control strategies is required as a proof
of concept, to later optimize them in terms of easier availability of intervention and
monitoring tools without risking the efficacy of control. Drug availability should be
improved, the efficacy of taenicidal regimes should be evaluated and optimized, and
improvements in the vaccine strategy such as a single-dose, oral vaccine should be
listed in the unfinished control agenda. Another interesting possibility is whether
control could be performed departing from focal high-risk spots. O’Neal et al. (2012)
reported clustering of tapeworm carriers around tongue-positive pigs in an endemic
community in Northern Peru and suggested that tongue-positive pigs could be used
to define areas for targeted screening or presumptive treatment for taeniasis.
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