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Abstract: Neurocysticercosis, the most common type of neuroparasitosis, is a condition in
which the central nervous system (CNS) is infested with the pork tapeworm Taenia solium
cysticercosis’ larvae. Neurocysticercosis is the most widespread parasitic CNS disease
worldwide, affecting more than 50 million individuals. As neurocysticercosis is prevalent
in developing countries, the growing number of migrants and travelers increases prevalence
in developed countries. Possible neuropsychiatric manifestations are depression, cognitive
dysfunction, dementia, and visual hallucinations. Depending on the cysts’ location in the
CNS, focal neurology or psychiatric symptoms manifest. The diagnosis of neurocysticercosis
is based on neuroimaging and serology. The correlation between specific symptoms and the
cyst’s location might help better understand psychiatric disorders’ pathophysiology.
Nonetheless, the exact prevalence of neurocysticercosis is seldom reported in patients with
psychiatric disorders, which may be due to the lack of imaging availability in developing
countries with a high prevalence.
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Introduction

Neurocysticercosis is a condition in which the central nervous system (CNS) is
infested with the pork tapeworm Taenia solium cysticercosis’ larvae.' It is the most
common type of neuroparasitosis.' As neurocysticercosis is prevalent in developing
countries, the growing number of migrants and travelers increases prevalence in
developed countries as well." Unfortunately, physicians are largely unaware of the
epidemiological importance of neurocysticercosis and its psychological issues.
Neurocysticercosis is a standard differential diagnosis of most neurological, but
not psychiatric, conditions in the endemic regions. However, the infestation results
in complex physiological, neurosurgical, and psychological syndromes.

Along with neurobehavioral disorders associated with neurological and neuro-
surgical problems, the symptoms mimic different psychiatric disorders in up to 15%
of patients with neurocysticercosis.” For example, in the 1960s in England, Dixon
and Lipscomb registered psychiatric manifestations in 39 soldiers (affective dis-
order in 11, schizophrenia in 3, hysteria in 1, and psychoneurosis with hysterical
features in 2 subjects) among 450 soldiers who acquired neurocysticercosis in
service abroad (Proceedings of the Royal Society of Medicine.). It is not precisely
clarified when neurocysticercosis was verified for the first time in medical history.
Paracelsus wrote his masterwork in 1536, in which he believed that a sick priest’s
epilepsy resulted from the existence of brain cysts.” We owe Johannes Udalric
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Rumler for the first reference to a case of human cysticer-
cosis in 1558.*° Domenico Panarolus noted similar cysts
in the corpus callosum of a patient’s brain who had an
epileptic seizure. However, the cysts were not linked to
a parasite until 1697, when Marcello Malpighi discovered
the zoonotic origin of these cysts and described the scolex,
ie, the tapeworm larva within it.° In 1784, Johann August
Ephraim Goeze, alien to the Malpighi’s work, re-examined
the cysticerci, ie, encysted tapeworm larvae in pigs and
identified its helminthic nature. Two years later, P.C.
Werner rediscovered human cysticercosis in the autopsy
of a soldier.® In 1829, cysticercus infestation of the eye’s
anterior chamber was observed, representing the first
investigation conducted on active cysticercus in a living
person.7 In 1860, Virchow, who also described this para-
site called cysticercus multilocularis, presented the first
description of the macropathology and the respective clin-
ical correlations.® The term “cysticerci multilocularis by
cysticercus racemose” was permanently changed by
Zenker in 1882. Later, Griesinger studied a series of 86
patients in 1862, identified a direct association between
cerebral cysticercosis and epilepsy, and proposed a first
disease classification. Three years later, Kuchenmeister
discovered that the larval stage of the tapeworm Taenia
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solium is cysticercus.” Between 1909 and 1911, Moses and
Wimberg conducted serological experiments using com-
plement fixation in serum for diagnostic purposes and
discovered an incidence of neurocysticercosis in specia-
lized hospitals in Mexico of 4%.°

Epidemiology Today

In 2015, T solium was named by the WHO Foodborne
Disease Burden Epidemiology Reference Group as
a leading cause of deaths from foodborne illnesses,
Figure 1. The parasite was associated with a substantial
number of 2.8 million disability-adjusted life-years.'® In
less developed countries where pigs are raised as a food
source close to human dwellings, T. solium infection and
the subsequent manifestation of neurocysticercosis are
endemic.'"'? Neurocysticercosis is the most widespread
parasitic CNS disease worldwide, affecting more than

individuals.'>'* Tt

50 million is prevalent in Latin
America, most of Asia, Sub-Saharan Africa, and parts of
Oceania. It is the world’s most prominent cause of
epilepsy."* Due to the immigration of tapeworm carriers
from endemic areas, its diagnosis has significantly
increased in more developed countries.' A few population-

based prevalence studies integrating neuroimaging are also
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Figure | World map showing the distribution of T. solium taeniasis/cysticercosis transmission.
Notes: Reproduced from Garcia HH, Gonzalez AE, Gilman RH. Cysticercosis and lts Impact in Neurological Disease. Clin Microbiol Rev. 2020;33(3):e00085-19.'* Copyright
© 2020 American Society for Microbiology. Reproduced with permission from the American Society for Microbiology.
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available. Epidemiological studies using brain CT (or
more rarely using MRI) revealed that 10 to 20% of villa-
gers in Tanzania have cerebral cysticercosis, most of them
with only one or a few calcified scars and no clinical
symptoms.'”!'> In Mexico’s endemic villages, approxi-
mately 10-20% of individuals showed evidence of neuro-
cysticercosis on computed tomography scans, primarily in
the form of calcified lesions'®'®. In some of these com-
munities, the rate of epilepsy approaches 3%, and approxi-

mately 30% of these cases
17,20

showed evidence of
cysticercosis.

Interestingly, in a Venezuelan community, a high per-
centage (18.4%) of inpatients with chronic psychiatric
disorders suffered from neurocysticercosis.”’ However,
individuals with cysticercosis, particularly with a history
of migration, also search for medical assistance outside of
endemic areas, where cysticercosis might be easily missed
or only be identified accidentally.***® Furthermore, indi-
viduals without a history of eating pork or traveling to
endemic areas have been described as experiencing
neurocysticercosis.”® Epidemiologic studies have demon-
strated that tight clustering in households and household
contacts of patients with neurocysticercosis poses
a threefold higher risk of positive serology for cysticerco-

sis than controls.?’

Parasite Lifecycle

The pork tapeworm 7. solium belongs to the class of the
Cestoda. The family Taeniidae is divided into three genera,
of which T solium is a species.”®* The lifecycle of
T. solium is complex and can contribute to several pathol-
ogies that affect both pigs and humans. The only definitive
hosts within which the tapeworm can complete its life-
cycle and survive in the form of adults are humans.'' Both
humans and pigs have been reported as intermediate hosts
in which tapeworm eggs can grow to the metacestode’s
larval stage.>® Taeniasis occurs after the ingestion of cysti-
cerci-infected, undercooked pork. The larvae evaginate in
the small intestine, and the head (scolex) attaches itself to
the intestinal mucosa and starts developing segments (pro-
glottides). 7. solium has a scolex with four suckers with
a double crown of hooks, a short body, and a wide strobila
(measuring 2—4 m) consisting of several hundred proglot-
tids. Gravid proglottides containing fertile eggs begin to
detach from the distal end and are excreted in the feces
around two months after infection.’ Such eggs are imme-
diately infectious and do not need a developmental period
outside the host. Humans get infected as intermediate

hosts by ingesting food/water contaminated with feces
that contain these eggs or proglottides or by person-to-
person distribution. Humans are typically exposed to eggs
via a fecal-oral transmission (eg, caused by poor hand
hygiene); moreover, tapeworm carriers may also infect
themselves. Upon the ingestion of eggs or proglottides,
oncospheres hatch in the intestine, invade the intestinal
wall, reach the bloodstream, and migrate over 60-70
days to various tissues and organs develop into cysticerci.
Some cysticercosis will spread to the CNS, causing
extreme neurocysticercosis (sequelae), Figure 2. The inci-
dence of autoinfection is not known in individuals with
taeniasis. However, up to 15% of neurocysticercosis
patients, harbor a tapeworm, thus strongly suggesting

. . 2
autoinfection.>>3

Pathogenesis

Cysticerci consist of two main parts: the vesicular wall and
the scolex, the main body of the larva.** After entering the
brain, cysticerci are present in a vesicular form, the viable
stage in which the parasites have a transparent membrane,
a clear vesicular fluid, and a regular invaginated scolex.
Cysticerci may remain viable for years. The colloidal
stage, in which the vesicular fluid becomes turbid, is the
first stage of cysticerci involution, and the scolex shows
signs of hyaline degeneration. Subsequently, the cyst wall
thickens and the scolex is converted into mineralized
granules (the granular stage), after which the cysticercus
is no longer viable. Finally, the parasite remnants appear
as a mineralized nodule (calcified s‘[age).35 In the under-
lying tissue, vesicular cysticerci elicit no inflammatory
reaction.

By comparison, colloidal cysticerci are often sur-
rounded by a capsule of collagen and a mononuclear
inflammatory reaction involving the parasite itself, such
as astrocytic gliosis, microglial proliferation, edema,
degenerative neuronal changes, and perivascular lympho-
cyte infiltration of the surrounding brain parenchyma. This
reaction could represent the basis for the neurological and
psychiatric symptoms of neurocysticercosis. The edema
subsides when parasites enter the granular and calcified
stages, but the astrocytic changes can become more
intense in the lesions’ vicinity,>® Figure 3. Additionally,
epithelioid cells emerge and coalesce to form multinu-
cleated giant cells.’’ In a subarachnoid space, meningeal
cysticerci naturally elicit a severe inflammatory reaction
with the formation of an exudate comprising collagen
fibers, multinucleated  cells,

lymphocytes,  giant
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Ingestion of T. solium eggs
by fecal contamination:
Human cysticercosis

Ingestion of T. solium
egqgs or proglottids:
Porcine cysticercosis

(intermediate host)

Figure 2 Life cycle of T. solium Development of both taeniasis and cysticercosis.
Notes: Reproduced from Garcia HH, Gonzalez AE, Gilman RH. Cysticercosis and Its Impact in Neurological Disease. Clin Microbiol Rev. 2020;33(3):e00085-19."> Copyright
© 2020 American Society for Microbiology. Reproduced with permission from the American Society for Microbiology.

Figure 3 Macroscopic views of cysticerci in different stages of involution.
Notes: Reproduced from Garcia HH, O’Neal SE, Noh ], Handali S, Peru CWG in. Laboratory Diagnosis of Neurocysticercosis (Taenia solium). | Clin Microbiol. 2018;56(9):
€00424-18.3¢ Copyright © 2018 American Society for Microbiology. Reproduced with permission from the American Society for Microbiology.

eosinophils, and hyalinized parasitic membranes, further to small penetrating arteries emerging from the Willis’
leading to the abnormal thickening of the leptomeninges. circle. The latter can induce the occlusion of the vessel’s
This inflammation will spread, further causing damage to lumen with the subsequent development of cerebral
the brain stem’s optic chiasm and cranial nerves, as well as  infarction.®® Some cysticercal antigens stimulate the
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development of specific antibodies that form the basis of
cysticercosis-related immunological diagnosis, whereas
others (particularly antigen B) play a vital role in prevent-
ing the immune system from attacking cysticercosis.>> The
T solium cysticercus uses a series of active immune eva-
sion mechanisms, which include protection by local bar-
riers (such as the blood-brain barrier or the hemato-ocular
barrier), blockage of the complement system, secretion of
cytokines affecting the cellular response, safe degradation
of host immunoglobulins, or masking itself with host

immunoglobulins to evade immune surveillance.**°

Clinical Manifestation

Depending on the cysts’ location in the CNS, focal neu-
rology or psychiatric symptoms manifest. Therefore, the
following forms of neurocysticercosis have been defined:

Parenchymatous Form

Parenchymal neurocysticercosis is the most common type
of neurocysticercosis.*” In the parenchymatic type, the
parasite lodges as single or multiple cysts and forms
clumps in the brain parenchyma. Pericystic inflammation
results in the development of granuloma. The cysts can
continue to develop and produce a space-occupying
lesion.*"**> This variety has an unfavorable prognosis as
it may have a malignant path. The most common clinical
manifestation is epilepsy.

Meningeal Form

The meningeal type is often associated with increased
of the
secondary to widespread subarachnoiditis, ara-

intracranial pressure
9,43,44

in approximately 16%
cases
chnoiditis, and cerebrospinal fluid (CSF) obstruction
resulting in hydrocephalus with clinical presentation of
headache, intracranial hypertension, and disturbance of
consciousness.*> ™’ Due to vasculitis and fibrous cranial
nerves entrapment, it can also manifest as focal neurolo-
gical deficits.*®

Intraventricular and Subarachnoid Forms

The intraventricular and subarachnoid forms of neurocys-
ticercosis are observed in 15-54% of patients and are more
aggressive in clinical terms than the parenchymatic
form.**>! Here, the parasite migrates through the ventri-
cular system, occluding contact corridors for CSF, causing
acute ventriculomegaly episodes leading to sudden death
or focal compression mass effects. Approximately 38% of
patients demonstrate a rapid clinical decline. Larval death

causes epididymitis and ventricular outlet occlusion, thus
leading to hydrocephalus.’' Patients often have an ele-
vated intracranial pressure due to a large cyst size or
load, CSF pathway occlusion, associated epididymitis,
and basal arachnoiditis.>®

Spinal Form

The spinal form occurs in 1.6-13% of patients with neu-
rocysticercosis. There are two known types of spinal neu-
rocysticercosis: extra-medullary and intra-medullary. This
form typically occurs due to the downward migration of
larvae from the cerebral to the spinal subarachnoid

space.’*>

Neurological Symptoms

The concept of a standard neurocysticercosis clinical syn-
drome is not feasible. The disorder may be asymptomatic
or may manifest with a range of non-specific symptoms,
such as seizures, headaches, elevated intracranial pressure,
or cognitive impairment.**>* This pleomorphism is pre-
dominantly associated with individual variations in the
number and location of nervous system lesions and the
magnitude of the host’s immune response to the parasite.>*
One of the remarkable aspects of neurocysticercosis is that
a high proportion of individuals with parasites in the CNS
remain free of symptoms. In other individual patients,
either inflammation around the parasite or mass effects
produce clinical manifestations only several years after
the parasite lodges in the CNS.'? As mentioned above,
neurological symptoms and particularly epileptic seizures,
are regarded as the most common neurocysticercosis man-
ifestation. In 50-80% of patients with parenchymal brain
cysts or calcifications, seizures occur but are less frequent
in other forms. Headaches, hydrocephalus, chronic menin-
gitis, focal neurological deficits are other frequently
observed characteristics.”’> >’ Neurocysticercosis also pre-
sents with intracranial hypertension, hydrocephalus, or
both in 20-30% of cases.’™>® Further, brainstem dysfunc-
tion manifestations, cerebellar ataxia, sensory deficits,
involuntary movements, stroke-like symptoms, extrapyra-
midal signs, and dementia have been described among
patients with neurocysticercosis.”

Psychiatric Manifestations
Very few publications, mostly anecdotal accounts from
South America or brief explanations of clinical cases in

neurological research, have considered neurocysticerco-

sis’s  psychiatric - symptoms.'>*'°%%72  Psychological

Neuropsychiatric Disease and Treatment 2021:17

1603

Dove:


https://www.dovepress.com
https://www.dovepress.com

El-Kady et al

Dove

effects of neurocysticercosis have been particularly
detailed in the form of a case series from the early 20th
century, documenting therapeutic and pathological
elements.”> Besides, various studies were conducted in
the first half of the century in psychiatric hospitals, in
which detailed clinical and pathological definitions can
be found’ this time medical surveys focusing on patients
attending the Neurologic Clinic of the University of Sdo
Paulo Medical School reported up to 75% of severe mental
disorders associated with neurocysticercosis.”* More than
15% of patients with neurocysticercosis develop psychotic
disorders.”! Of historical significance, the first case
recorded from Asia of neurocysticercosis came from the
autopsy of an inmate patient in a lunatic asylum in
Madras.” A variety of mental problems induced by neuro-
cysticercosis, such as delirium, perceptive sensory
changes, anxiety, depression, and personality disorders,
have been identified. Recent studies have shown that
many patients with neurocysticercosis show a decline in
the quality of life, depression, or moderate cognitive
impairment that is not explicitly connected to the disease’s
severity or a particular type.**>*’® The presence of ele-
vated intracranial pressure is associated with these symp-
toms but not comorbidity with parenchymal brain cysts or
seizures.”” Particularly in patients with parenchymal neu-
rocysticercosis, psychotic episodes characterized by con-
fusion, delusional ideation, psychomotor agitation,
aggressive behavior, and visual hallucinations have been
identified.®*%® Here, we will discuss the most common
psychiatric manifestations that have been observed in neu-

rocysticercosis, Box 1.

Cognitive Functions

In 1995, Levav et al conducted the first study using struc-
tured cognitive testing in patients with neurocysticercosis
and controls. The authors recruited a representative sample
of patients from a broader epidemiological investigation
on epilepsy and neurocysticercosis in Ecuador. In total,

Box | An
Neurocysticercosis

Overview of Psychiatric Manifestations in

Psychiatric Disorders in Association with Neurocysticercosis

I-Cognitive dysfunction

2- Depression/Mixed anxiety depression
3- Dementia

4-Psychosis

5-Personality changes

123 subjects agreed to participate in their study.”® The
research found that patients with neurocysticercosis had
significant deficits regarding attention and motor function-
ing relative to controls.

In a case series from Brazil, Forlenza et al reported
neurocysticercosis’s psychiatric and cognitive manifesta-
tions. In their cross-sectional study, the extent and char-
acteristics of psychiatric morbidity were assessed in 38
outpatients with reported neurocysticercosis. Psychiatric
diagnoses were made using the present state examination
and the schedule for affective disorders and schizophrenia
- lifetime version; the cognitive status was evaluated by
a mini-mental state examination and Strub and Black’s
mental status examination. A mild to moderate cognitive
impairment was observed in 84% of the cases using Strub
and Black’s mental status examination, while only 26% of
the cases achieved the maximum score of 30 in the Mini-
mental status examination.”” Over one year, a total of 90
patients with untreated neurocysticercosis from the clinical
divisions of the National Institute of Neurology and
Neurosurgery of Mexico City were included in a study
by Ramirez-Bermudez et al They announced that 20
patients (22.2%) had mild forms of cognitive impairment
as shown by direct mental assessment (COGNISTAT).
Recently, Ciampi De Andrade et al presented a report on
cognitive changes and neurocysticercosis.’® The authors
report the inclusion of 45 non-immigrant patients younger
than 60 years with active neurocysticercosis (ie, at least
one MRI scolex cystic lesion) in the sample, thereby
meeting the absolute requirement for confirmed neurocys-
ticercosis by finding the Larvae in the CNS. In total, 28
patients with cryptogenic epilepsy from their institution
were subjected to cognitive testing. The patients with CE
were diagnosed according to the guidelines of the
International League Against Epilepsy. Compared to stable
controls and epilepsy controls, neurocysticercosis cases
displayed substantial impairment in executive perfor-
mance, memory, positive practice, and verbal fluency.

Rodrigues et al assessed 40 treatment-naive patients
with calcified neurocysticercosis (C-NC) aged 37.6 +
11.3 years. The adherence to conclusive C-NC require-
ments was subjected to a rigorous cognitive and functional
assessment, and 40 active patients with NC and 40 healthy
controls (HC) were matched for age and education.
Cognitive dysfunction was present in 10 patients
(25%).°"77 To observe cognitive and behavioral changes,
Prasad et al conducted their study on three different chil-
dren’s groups. The first group was 83 reported cases of
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confirmed neurocysticercosis, which were diagnosed
according to the updated Del Brutto criteria (Group-1)."°
Such criteria are briefly divided into absolute and clinical/
exposure criteria. Absolute criteria include parasite histo-
logical confirmation, proof of subretinal cysts, and scolex
demonstration within a cyst. Neuroimaging conditions are
classified as major, confirmatory and minor; Major signs in
neuroimaging include cystic lesions without scolex, lesion
enhancement, multilobulated cysts, and calcifications).
Confirmatory signs include (including cyst resolution
after cystic drug therapy, spontaneous resolution of single
enhancing lesions, and migratory ventricular cysts in
sequential neuroimaging studies), while minor (hydroce-
phalus and leptomeningeal enhancement).
Clinical/exposure criteria include the serological evi-
dence of infection by detecting anticysticercal antibodies
or cysticercal antigens, systemic cysticercosis, confirma-
tion of a Taenia solium household carrier, suggestive clin-
ical symptoms, and residence in endemic regions. There
were two other control groups: children with generalized
idiopathic tonic—clonic seizures (Group II) and otherwise
healthy children with non-specific cough (Group III).
A cognitive and behavioral examination of cases and con-
trols revealed substantial differences in visual perception,
immediate memory recall, analysis, verbal capacity, mem-
ory, and spatial ability. In older children, neurocysticerco-
sis leads to a drop in cognitive function.'® Varghese et al
2016 conducted a prospective, hospital-based study at
a Tertiary Referral Centre in India from April 2012 to
December 2013. According to diagnostic criteria, 43
patients chosen for the study were diagnosed with definite
or probable neurocysticercosis. The researchers found
memory problems in 27.9% of cases.** Medina-Ortega
et al documented a case of a 51-year-old male patient
from the rural region of Caldono (Cauca, Colombia). The
patient had recurrent cognitive impairment and associated
neuropsychiatric manifestations triggered by recurrent
neurocysticercosis.®” Some reports have shown favorable
outcomes in patients with cognitive impairment and neu-
therapy.”>”*  On
a neuropathological level, multiple factors functioning

rocysticercosis  after  appropriate
alone or in conjunction including local inflammatory
(parasitic) reactions, vascular lesions, immune-mediated
reactions, or secondary epilepsy induced by neurocysticer-
cosis, as effects of anti-epileptic drugs, may trigger cogni-
tive impairment.®’ It has been suggested that in patients
with vulnerable brains, frontal-parietal-temporal network

functioning might be impaired, as it correlated with

cognitive functioning, which was measured using Mini-
mental State Examination and Neurobehavioral Cognitive
Status Examination.®® Executive functions have been par-
ticularly reported to be affected by the infestation of cysti-
cercosis. Executive functions are cognitive mechanisms
that underlie the ability to respond to complex circum-
stances and their organizational controls adaptively.*

Depression

Psychiatric abnormalities, especially depressive syn-
dromes, are common in patients with neurocysticercosis.
As reported by Flourenza et al, the most common psychia-
tric diagnosis (52.6%) among 38 outpatients with neuro-
cysticercosis was depression. Psychiatric diagnoses were
made using the present state examination and the schedule
for affective disorders and schizophrenia-lifetime version.
Higher clinical morbidity was associated with active dis-
ease and intracranial hypertension, and a history of mood

disorders  was

75,81

strongly  associated with present
A different
a correlation between neurocysticercosis and depression

depression. Brazil study observed
in 114 outpatients, subdivided into four groups: NCC
with epilepsy, NCC without epilepsy, epilepsy without
NCC and chronic headache. The authors report that the
prevalence of depression in the examined patients was
higher than the general population. The proportion of
patients with depression was as follows: epilepsy + neu-
rocysticercosis = 83% and epilepsy-free neurocysticercosis
= 88%.

Moreover, psychotic disorders were less common than
previously recorded; however, this may again be clarified
by using a study of neurological outpatients that are likely
to have less severe psychiatric disorders.®® Ciampi de
Andrade et al (previously mentioned in the psychiatric
manifestations section) examined 40 treatment-naive
patients with NCYST and found that depression was evi-
dent in 27.5% of patients with active neurocysticercosis.>
Srivastava et al took detailed psychiatric history and con-
ducted a detailed clinical examination of 50 patients with
epilepsy and neurocysticercosis and 50 patients with epi-
lepsy and no proof of neurocysticercosis.®? They used
a semistructured interview to assess psychiatric symptoms
using the Comprehensive Psychopathology Rating Scale.
They found clinical morbidity in 68% of patients with
epilepsy and neurocysticercosis, which was substantially
higher than that in the control group of patients with
epilepsy and without neurocysticercosis. In both cases
(36%) and controls (30%), severe depression was the
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most common co-diagnosis, followed by mixed anxiety
depression diagnosed in 18% and 10% of the cases and
controls, respectively. The pathophysiology of how neuro-
cysticercosis infection leads to major depressive episodes
remains unknown.®> However, it seems essential to assess
the link between immunologic response and incidence of
depression in neurocysticercosis® as there is a clear indi-
that
depression.®

cation cytokines play an important role in

Dementia

Dementia has been described as a neuropsychiatric pre-
sentation of neurocysticercosis with a unique clinical fea-
ture — it is reversible and patients may fully recover, as

reported by Machado-Porto et al. in a 63-year-old woman
with racemose neurocysticercosis.***> Other than degen-
erative dementia with its higher prevalence in the elderly,
neurocysticercosis-related dementia is observed in any age
group. Neurocysticercosis-related dementia may represent
the only manifestation of the infection, but dementia may
also co-manifest with other neuropsychiatric symptoms
like hallucinations and neurological presentations like
seizures.***® Around one-fifth of patients with neurocysti-
cercosis are confirmed to have dementia.?” Nonetheless,
the exact prevalence of neurocysticercosis is seldom
reported in patients with psychiatric disorders, which
may be due to the lack of concern about neurocysticercosis
as a causative agent of psychological manifestation.

Figure 4 A drawing showing the diagnostic criteria for neurocysticercosis.

Note: These criteria were established by Del Brutto et al; data from Del Brutto et al.’®
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Approximately one-fifth of hospitalized patients with psy-
chiatric disorders in the state of Tachira (Venezuela)
(patients in the psychiatric department) reported seroposi-
tivity to cysticercosis, thus emphasizing dementia.’!
Ramirez-Bermudez et al researched dementia in neurocys-
ticercosis. The authors determined that 82 patients with
a definitive or likely neurocysticercosis diagnosis had
active and inactive manifestations of the disease.
Dementia was found in 17% of patients. In this analysis,
some facts may account for a slightly greater prevalence of
dementia.®® Patients with mental disorders may also be at
an elevated risk of developing neurocysticercosis because
they may become infected by contact with feces due to bad
hygiene practices. Neurocysticercosis can be responsible
for most major psychiatric syndromes (such as schizophre-
nic and affective disorders) and dementia.®®

According to the literature, psychosis is a rare presen-
tation in Neurocysticercosis and might present in up to 5%
of patients®®. The reported psychosis cases in the literature
were mainly case reports. Mixed anxiety depression was
also reported in a previous study of neurocysticercosis
patients.” Antisocial personality changes have been also
reported previously in patients with neurocysticercosis. We
now added those psychiatric disorders to the revised
manuscript.®’

Diagnosis

Neurocysticercosis diagnosis is based on various observa-
tions, including, if available, epidemiology, symptoms,
signs, serology, and pathology (Figure 4). Definite diag-
noses require brain imaging.

Imaging

Neuroimaging is essential to diagnose cysticercosis to
assess the form of the disease and required emergency
measures. To identify affected brain regions as well as
active cysts, MRI is superior to CT scans. However, CT
is superior for the detection of calcifications. CT imaging
is ideal for detecting calcification and a complete MRI
analysis is necessary to identify subarachnoid and ventri-

cular manifestations of the disease.”®"!

Serology

Several serological tests that measure antibodies against
T. Solium have been developed over time, Box 2. A serum
Western blot employing a particular fraction of 7. solium is
the best known and most useful test. This test particularly

. . . . . 34.92-9
confirms the diagnosis of taeniasis/cysticercosis.>*?*~°

Box 2 Summarization of the Commonly Used Immunological

Tests for Diagnosis of Neurocysticercosis.””*®

ImmunoBlot ELISA

® The current choice for serolo- |® Low specificity of the test has

gical diagnosis of been recognized as a major
neurocysticercosis problem because of cross-
® CDC'’s immunoblot is based on reaction of the components of
detection of antibody to one the crude antigens of
or more of 7 lentil-lectin puri- cysticerci.
fied structural glycoprotein ® These components cross react
antigens from the larval cysts of with antibodies specific for
T. solium. many helminthic infections,
® |n clinical settings, the diagnos- especially echinococcosis and
tic performance of the LLGP- filariasis.
EITB performed in serum sam-
ples is very high, approaching
98% sensitivity and 100% spe-
cificity in patients with more
than one viable brain cysticer-
cosis cyst.
® |n patients with a single viable
or degenerating cyst, the sen-

sitivity is lower (60% to 70%).

The major disadvantage is that it lacks sensitivity in the
patients with low disease burden as those with one viable
or degenerating cyst. Moreover, it may be negative in the
patients with only calcified lesions.”®

Antigen detection tests have been developed using mono-
clonal antibodies in an ELISA capture format. They are
specific for the diagnosis of possible infection but are not
as sensitive as antibody assays. In patients with the subar-
achnoid disease, the antigen is usually present but is less
common in the parenchymal disease. The antigen concentra-
tion is greater than the serum in the CSF. Levels correlate
grossly with the degree of involvement.®'

Conclusion
Although neurocysticercosis is the most widespread para-

sitic CNS disease worldwide,>*°

its psychiatric manifesta-
tions do not appear to be well researched in the literature.
Therefore, this narrative review aimed to highlight the
various psychiatric symptoms of neurocysticercosis.
Although data are available about this disorder from
the early 20th century, much room is available for future
research. Retrospective, prospective cohort studies, more
population-based neuroimaging studies, and cross-
sectional studies could help regarding a more accurate

estimation of the prevalence of neurocysticercosis.
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Immigrants from endemic areas presenting with psychia-

tric symptoms or treatment-resistant depression should

receive brain imaging to exclude neurocysticercosis as

a potential organic etiology. The correlation between the

presenting psychopathology and the localization of the

brain’s cysts could help neuroscientists better understand

the affected brain corresponding to specific psychiatric

symptoms.
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