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Abstract

Background: Neurocysticercosis (NCC), a predominant parasitic disease that affects the central nervous
system and presents with diverse clinical manifestations, is a major contributor to acquired epilepsy
worldwide, particularly in low-, middle-, and upper middle-income nations, such as China. In China, the
Yunnan Province bears a significant burden of this disease.

Objective: To describe the demographic, clinical, and radiological features as well as serum and cerebrospinal
fluid antibodies to cysticercus in patients with NCC from Dali, Yunnan Province, China.

Materials and Methods: This retrospective study included patients who were diagnosed with NCC at The
First Affiliated Hospital of Dali University between January 2018 and May 2023 and were residing in Dali,
Yunnan Province, China.

Results: A total of 552 patients with NCC were included, of which 33.3% belonged to Bai ethnicity. The
clinical presentation of NCC exhibited variability that was influenced by factors such as the number,
location, and stage of the parasites. Epilepsy/seizure (49.9%) was the most prevalent symptom, with higher
occurrence in the degenerative stage of cysts (P < 0.001). Compared with other locations, cysticerci located
in the brain parenchyma are more likely to lead to seizures/epilepsy (OR = 17.45, 95% CI: 7.96-38.25) and
headaches (OR = 3.02, 95% CI: 1.23-7.41). Seizures/epilepsy are more likely in patients with cysts in the
vesicular (OR = 2.71, 95% Cl: 1.12-6.61) and degenerative (OR = 102.38, 95% CI: 28.36-369.60) stages
than those in the calcified stage. Seizures was not dependent on the number of lesions. All NCC patients
underwent anthelminthic therapy, with the majority receiving albendazole (79.7%).

Conclusion: This study provides valuable clinical insights into NCC patients in Dali and underscores the
significance of NCC as a leading preventable cause of epilepsy.
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INTRODUCTION

Neurocysticercosis (NCC), caused by the cystic larvae of
Taenia solimm, represents a parasitic infection that affects
the human nervous system. This condition is endemic in
numerous developing and certain developed countries,
including sub-Saharan Africa, Eastern Europe, Latin
America, and specific regions of Asia, such as parts of
China." The estimated number of NCC infections exceeds
20 million people worldwide, based on a conservative
approximation.*’

The lifecycle of T. solinm involves the pig, an intermediate
host that houses the parasitic larvae, and the human,
a sole definitive host that harbors the adult tapeworm
and the larval stage. Tapeworm eggs or proglottids
are expelled from the fecal matter of infected humans
into the environment. In regions with poor sanitation,
pigs may ingest these contaminated feces, consuming
the tapeworm eggs.!! The activated eggs hatch, attach,
and penetrate the pig’s intestinal epithelium, spread
throughout its tissues, and develop into fluid-filled larvae
or cysticerci.!! Consumption of impropetly cooked or
raw pork contaminated with these eggs by humans leads
to their transformation into oncospheres in the intestinal
wall. They then penetrate the intestinal mucosa, enter the
bloodstream, and spread to various tissues, including the
central nervous system (CNS).“ Human can serve as
accidental intermediate hosts by consuming uncooked
pork containing cysticerci or have direct contact with Taenia
carriers via the fecal-oral route.l!

A retrospective survey of 16,508 cases of cysticercosis in
China revealed that the majority of cases were concentrated
in the north-eastern, central, and south-western regions.”
Although China’s social and economic development in
recent years has contributed to improvements in the
environment and hygiene, cysticercosis is still prevalent in
some remote areas, such as Sichuan and Yunnan Provinces
in western China, due to complex socio-ecological
factors.l'"1?!

NCC, the most common parasitic infection affecting
the CNS, manifests through a diverse array of clinical
presentations contingent upon the location, number,
and stage of the parasites, as well as the inflammatory
reaction elicited in the surrounding area.l” Cysticercus
within the CNS can assume various stages, encompassing
the viable (vesicular) stage, transitional (colloidal) stage,
and inactive (calcified) stage."*"! Inactive (calcified) cysts
manifest as small, high-density nodular lesions on CT,
sometimes accompanied by perilesional inflammation.

MRI can reveal perilesional gliosis surrounding the cysts.
Common clinical manifestations of NCC include seizutes,
chronic headaches, cognitive impairment, focal neurological
deficits, and symptoms of intracranial hypertension.
Notably, cysts can exist for a sustained period, provoking
a few neurological symptoms.'! Even in the calcified stage,
the lesions can cause recurrent episodes of perilesional
edema, which result in recurrent neurological symptoms
such as seizures.!

Treatment modalities for NCC comprise antiparasitic
therapy, medical management utilizing symptomatic
medications, and surgical interventions.l''¥ However, for
the long term, the destruction of viable parenchymal NCC
lesions with antiparasitic drugs reduces the recurrence
of seizures.’l Antiparasitic drugs, such as praziquantel
and/or albendazole, are recommended for patients with
intraparenchymal or extraparenchymal cysts; however,
these drugs can elicit local perilesional inflammation in
the initial period, which may lead to the emergence/
exacerbation of neurological symptoms. Nonetheless,
the use of adjuvant corticosteroids prior to antiparasitic
drug administration can help mitigate this effect.l'>"’
Further, NCC patients with epileptic seizures should
receive appropriate anti-epileptic drugs. When the cyst
is located in the intraventricular region, the cysticerci
can be removed by minimally invasive neuroendoscopy.
Cerebrospinal fluid (CSF) diversion with medical therapy
is the recommended approach when surgical removal is
hazardous.!"”)

The incidence of cysticercosis remains alarmingly high
in western China, especially Yunnan province, which has
a diverse population and certain areas where unhealthy
lifestyle is practiced. In fact, the practice of consuming
raw/undercooked meat is common among the Bai ethnicity
residing in Dali.'"**" Besides, in some low-income areas
where toilet facilities are poor or non-existent, people may
defecate in the open. The situation is further exacerbated
by a lack of pig management, or in some cases, pigpens
being connected to human latrines."? The objective of this
study was to provide a comprehensive description of the
demographic, clinical, and radiological characteristics as
well as serum and CSF antibodies to cysticercus in NCC
patients from Dali city, Yunnan Province.

MATERIALS AND METHODS

Study design, setting, and participants

This retrospective study included patients who were
diagnosed with NCC at The First Affiliated Hospital
of Dali University between January 2018 and May 2023
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and were residing in Dali, Yunnan Province, China. The
research protocol was approved by the Ethics Committee
of The First Affiliated Hospital of Dali University, Dali,
China. Data were retrieved from the hospital’s database
using the keywords “cerebral cysticercosis” or “intracranial
parasitic infection.”

Diagnostic criteria for neurocysticercosis

Each patient’s case was analyzed by two investigators to
confirm the diagnosis of NCC, following the diagnostic
criteria for NCC outlined by Del Brutto ez o/ NCC
cases were classified as definitive or probable based on
established criteria. In addition to the exclusion of other
pathologies producing similar neuroimaging findings,
definitive NCC was defined as the existence of one
absolute criterion; two major neuroimaging criteria plus any
clinical/exposure criteria; one major and one confirmative
neuroimaging criteria plus any clinical/exposure critetia;
or one major neuroimaging ctiterion plus two clinical/
exposure criteria (including at least one major clinical/
exposure criterion). Probable NCC was defined as the
presence of one major neuroimaging criterion plus any
two clinical/exposute criteria, or one minor neuroimaging
criterion plus at least one major clinical/exposure ctitetion.

Cystic stages within the CNS were classified into three
stages: vesicular, degenerative, and calcified.” Vesicular
cysts are characterized by rounded, low-density cystic
structures containing fluid, with a diameter ranging from
0.5 cm to 2 cm. These cysts may exhibit minimal or no
signs of inflammation and can often display an eccentrically
located tapeworm scolex, which appears in equal intensity
to CSF on CT scans. In the degenerative stage, cysts
demonstrate indistinct borders and are associated with
obvious peripheral edema. They appear as isointense
fluid on CT and are frequently accompanied by contrast
enhancement in the surrounding region. Calcified cysts,
on the other hand, manifest as small, high-density nodular
lesions on the CT and are sometimes accompanied by
perilesional inflammation. MRI can effectively delineate
perilesional gliosis surrounding these calcified cysts.

The location of parasites in the CNS is the main
determining factor of clinical manifestations in NCC
patients. We defined lesions located in the cerebral cortex
as parenchymal NCC, which contains some small cysts that
grow into the subarachnoid space but are embedded in the
parenchyma. Subarachnoid NCC refers to lesions located
in Sylvian fissures or basal cisterns, which are generally
small in size and lack a scolex in many cases. Those lesions
located in the ventricles or basal cisterna were known as
ventricular NCC, which may be associated with ventricular

distention and hydrocephalus on CT. When the lesion was
located in multiple intracranial regions, it was defined as
multiple-site cysts.

Classification of epileptic seizures

In accordance with the ILAE 2017 classification,® our
study classified epileptic seizures into two main categories:
focal seizures and generalized seizures. Focal seizures were
further subcategorized into focal impaired awareness
seizures, focal aware seizures, and focal to bilateral tonic—
clonic seizures. On the other hand, generalized seizures
encompassed non-motor seizures, motor seizures, and
tonic—clonic seizures.

Data collection

Demographic information, including age, gender, place
of residence, and dietary habits, was recorded. Clinical
data were collected for each patient, including details
of clinical symptoms such as headaches, seizures, and
other neurological manifestations, as well as information
on serum and CSF cysticerci antibodies. Enzyme-linked
immunosorbent assay (ELISA) tests were performed to
detect IgG antibodies to cysticerci in patients’ serum and
CSF. Moreover, the results of MRI/CT scans and the
administered parasitic treatment were documented. The
prescribed MRI scans were conducted using either a 3.0-T
or 1.5-T imaging system. The majority of patients in the
study underwent neuroimaging examinations as part of
routine diagnostic assessments.

Statistical analysis

Descriptive statistics were used to analyze the distribution
of age, gender, dietary habits, ethnic group, place of
residence, serum and CSF antibodies to cysticercus, MRI
imaging results, main clinical symptoms, and treatment
modalities. Categorical variables were presented as
percentages, while continuous data were expressed as
mean t standard deviation (SD). The Chi-square test or
Fisher’s exact test was applied, as appropriate, to compare
categorical variables. In addition, a multiple logistic
regression model was used to analyze the influencing
factors (i.e., variables with P < 0.05 in the univariate
analysis) among different groups. P < 0.05 was considered
as statistically significant.

RESULTS

Demographic characteristics

A total of 552 patients with NCC were included, of
which 364 (66%) were male and 188 (34.1%) were
female (male to female ratio: 1.9:1). The mean age was
44.8 = 19.3 years (range: 3—80 years). Further, 460 (83.3%)
patients lived in rural areas and 92 (16.7%) in urban areas.
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Table 1: Demographic characteristics of the patients (N=552)

Variable n (%)
Gender
Female 188 (34.1)
Male 364 (65.9)
Age (years)
<14 44 (8)
14-44 192 (34.8)
45-59 160 (29.0)
>60 156 (28.3)
Ethnic group
Bai 184 (33.3)
Tibetan 44 (8)
Han 152 (27.5)
Lagu 12 (2.2)
Lisu 52 (9.4)
Wa 8 (1.5)
Yi 96 (17.4)
Zhuang 4(0.7)
Place of residence
Urban 92 (16.7)
Rural 460 (83.3)
Habits of eating raw meat or vegetables
Yes 288 (52.2)
No 264 (47.8)

In terms of ethnicity, patients were primarily from the
Bai (33.3%), Han (27.5%), Yi (17.4%) ethnic groups; other
minorities accounted for 21.7% of the population. In
addition, most patients had a history of eating raw meat or
lettuce before being diagnosed with NCC (52.2%) [Table 1].

Clinical features

A total of 451 NCC patients from our study had MRI
and clinical examination results available for analysis.
The most common clinical feature was seizures/epilepsy
(n = 225; 49.9%), followed by headaches (142; 31.5%),
and other neurological signs/symptoms (84; 18.6%).
Other neurological signs/symptoms include cognitive
dysfunctions (# = 106), psychiatric disorders (7), focal
neurological deficits (33), and increased intracranial
pressure (28). Further, 61.8% of the patients with epilepsy
presented with generalized tonic—clonic seizures, and
38.2% presented with focal seizures [Table 2].

Compared with other locations, cysticerci located in the
brain parenchyma are more likely to lead to seizures/
epilepsy (OR = 17.45, 95% CI: 7.96-38.25) and
headaches (OR = 3.02, 95% CI: 1.23-7.41), which may be
attributed to perilesional edema caused by inflammation.
On the other hand, subarachnoid cysts are highly unlikely
to cause epilepsy seizures (OR = 0.07, 95% CI: 0.01-0.29).
Headaches are more common in NCC patients with
intraventricular cysts than seizures (OR = 3.11, 95% CI:
1.53-6.32) and other neurological symptoms (OR = 6.71,95%
CI: 2.66-16.90). Similatly, the individuals with subarachnoid
cysts are more likely to expetience headaches than those with
seizures/epilepsy (OR = 11.77,95% CI: 2.54-54.50) [Table 3.

Patients with cysts in the vesicular stage (OR = 2.71, 95%
CI: 1.12-6.61) and degenerative stage (OR = 102.38,
95% CI: 28.36-369.60) are more likely to experience
seizures/epilepsy compared with those in the calcified
cyst stage [Table 3].

NCC patients with three (OR = 5.53, 95% CI: 1.683—18.14)
or more than three lesions (OR = 2.96, 95% CI: 1.617-5.41)
are more likely to experience headaches than those with a
single lesion; there was no difference in seizures or other
neurological symptoms [Table 3].

Neuroimaging and electroencephalography

All patients (7 = 552) in the study underwent neuroimaging
examinations: 451 (82%) underwent MRI, and 30 (5%)
underwent only CT; the remaining 71 (13%) patients had
undergone neuroimaging examinations at other hospitals
a few days before admission and diagnosis at our hospital.
A total of 438 and 13 cases met the criteria for definitive
and probable cases, respectively.” EEG was documented
for 220 (40%) patients, of which around 51% had a normal
EEG [Table 2].

Among patients with MRI evidence (# = 451), about 51%
and 40% had degenerative and viable cysts, respectively. The
remaining patients only showed calcifications. Parenchymal
cysts were found in 218 (48.3%) patients, intraventricular
cysts in 63 (14%), subarachnoid cysts in 44 (9.8%), and
multiple-site cysts in 126 (27.9%) patients. Further, most
patients had more than three cysticerci (54.3%), followed
by one cysticerci (34.8%). Ring enhancement was observed
in 143 (31.7%) cases, cerebral edema around lesions was
present in 237 (52.6%) cases, and hydrocephalus was
detected in 71 (15.7%) cases [Table 2].

Cysticercosis antibody

A total of 200 NCC patients had detailed serology
test results, of which 129 patients were positive (65%).
Detection of antibodies in CSF was performed in
04 patients, of which 44 (68.8%) were positive [Table 2].

Of the 129 NCC patients with positive serological
antibodies, 44 patients (34%) were in the vesicular stage,
57 (44%) in the degenerative stage, and 28 (22%) in
the calcified stage. Furthermore, 49 (38%) patients had
intraparenchymal cysts, 27 (21%) had intraventricular
cysts, 19 (15%) had subarachnoid cysts, and 34 (26%) had
multiple-site cysts [Table 2].

Treatment
Al NCC patients were treated with anthelminthic therapy:
440 with albendazole (15 mg/kg/d in two daily doses)
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Table 2: Clinical information (N=451)

Variable n (%)
Clinical signs/symptoms

Generalized 139 (30.8)

Focal 86 (19.1)

Headache 142 (31.5)

Other neurological symptoms 84 (18.6)
Cyst(s) location

Intraparenchymal cyst(s) 218 (48.3)

Intraventricular cyst(s) 63 (14)

Subarachnoid cyst(s) 44 (9.8)

Multiple-site cyst(s) 126 (27.9)
Number of cyst(s)

1 157 (34.8)

2 19 (4.2)

3 30(6.7)

>3 245 (54.3)
Stage

Vesicular stage 180 (39.9)

Degenerative stage 228 (50.6)

Calcified stage 43(9.5)
Features of MRI

Ring strengthening 143 (31.7)

Peripheral edema 237 (52.6)

Hydrocephalus 71(15.7)
EEG

Normal 112 (50.9)

Abnormal 108 (49.1)
Cysticercosis antibody from serum

Positive 129 (64.5)

Negative 71(35.5)
Cysticercosis antibody from CSF

Positive 44 (68.8)

Negative 20 (31.3)
Surgical treatment

Yes 68 (12.3)

No 484 (87.7)
Antiparasitic drugs

Albendazole 440 (79.7)

Praziquantel 80 (14.5)

Albendazole and praziquantel 32 (5.8)

MRI — Magnetic resonance imaging; CSF — Cerebrospinal fluid;
EEG — Electroencephalography

for 10 days, 80 with praziquantel (20 mg/kg/d in three
daily doses) for 10 days, and 32 with both praziquantel
(20 mg/kg/d in three daily doses) and albendazole
(15 mg/kg/d in two daily doses) for 10 days. In addition
to the antiparasitic treatment, low-dose corticosteroids
(5-10 mg/d) was used as an adjunctive anti-inflammatory
therapy in all patients. Surgical treatment was applied to
68 patients who had intraventricular or subarachnoid
NCC. Minimally invasive neuroendoscopy was used to
remove the cysticerci when they were situated in the
intraventricular region. In cases of evident hydrocephalus,
ventriculoperitoneal shunting was used. Antiepileptic drugs,
such as valproic acid and levetiracetam, was given to 86%
of NCC patients with seizures [Table 2.

Most patients needed to undergo at least three courses of
antiparasitic therapy to achieve a favorable clinical outcome.
Each treatment lasted for 10 days, and a second deworming

was done after 3 months. After receiving treatment,
the clinical outcome was favorable in 458 (83%) cases,
unfavorable in 29 cases, and unknown in 65 cases (due to
lost to follow-up).

DISCUSSION

In this retrospective study, we present the clinical profiles
of 552 NCC patients over a 5-year period. The age
group 14—44 years accounted for about 35% of the
patients, which aligns with the findings of a previous
study.” In addition, a significantly higher proportion of the
patients in the present study were male, which is consistent
with the findings of a comprehensive study from Shandong
Province, another region in China with a high prevalence
of cysticercosis.*"

In the current study, one-third of the patients belonged to
the Bai ethnicity, indicating that their dietary practice of
consuming raw/undercooked pork is the most important
contributing factor of NCC, an observation consistent
with prior research.? There was a concentrated spatial
distribution of NCC patients in rural areas, where people
are primarily engaged in raising free-range livestock and
domestic poultry, suggesting that inadequate environmental
sanitation practices may be contributing to the public health
issue posed by NCC in Dali City. These findings align with
previous studies in other epidemic areas.”*!

NCC patients often harbor multiple cysts at different
locations and stages within the brain, potentially mimicking
awide range of neurological disorders.”! Consequently, the
clinical manifestations of NCC are diverse and not well
understood. Notably, 49.9% of NCC patients with clinical
symptoms presented with epileptic seizures, which is lower
than the 70%-90% range reported in the literature.”” One
possible reason for this may be a lack of understanding of
epilepsy, leading to many atypical seizures being ignored.

The number, location, and viability/stage of cysts play a
significant role in determining the clinical manifestations
of NCC patients. The diversity of cyst sites and stages may
partially account for the wide range of clinical presentations
observed in NCC cases.” Previous literature indicates that
most NCC patients with parenchymal cysts experience
epileptic seizures, whereas patients with extraparenchymal
cysts tend to exhibit nonspecific symptoms such as
dizziness and headaches. Cysts located in the ventricles or
subarachnoid space have a tendency to grow and invade the
surrounding areas, leading to clinical symptoms associated
with hydrocephalus, mass effects, vasculitis, and chronic
arachnoiditis, which generally carry a pootet prognosis.**’
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Table 3: Clinical symptoms and related findings on neuroimaging

Variable OR

P 95% ClI
Lower bound

Upper bound

Epileptic seizures/other neurological symptoms
Number of cyst(s)

>3 1.289
3 1.345
2 4.931
1 1
Cyst(s) location
Intraparenchymal 17.453
Intraventricular 2.160
Subarachnoid 0.065
Multiple 1
Stage
Vesicular 2.714
Degenerative 102.375
Calcified 1
Headache/other neurological symptoms
Number of cyst(s)
>3 2.957
3 5.525
2 5.200
1 1
Cyst(s) location
Intraparenchymal 3.020
Intraventricular 6.706
Subarachnoid 0.760
Multiple 1
Stage
Vesicular 1.400
Degenerative 23.800
Calcified 1
Headache/epileptic seizures
Number of cyst(s)
>3 2.295
3 4.108
2 1.055
1
Cyst(s) location
Intraparenchymal 0.173
Intraventricular 3.105
Subarachnoid 11.765
Multiple 1
Stage
Vesicular 0.516
Degenerative 0.232
Calcified 1

0.340 0.765 271
0.626 0.408 4.434
0.133 0.615 39.536
<0.001 7.964 38.251
0.118 0.823 5.667
<0.001 0.014 0.288
0.028 1.115 6.606
<0.001 28.357 369.601
<0.001 1.617 5.410
0.005 1.683 18.137
0.150 0.552 48.963
0.016 1.230 7.410
<0.001 2.661 16.899
0.485 0.352 1.641
0.382 0.658 2.977
<0.001 7121 79.542
0.001 1.395 3.775
0.001 1.760 9.588
0.932 0.312 3.562
<0.001 0.093 0.322
0.002 1.526 6.316
0.002 2.539 54.504
0.163 0.204 1.307
0.002 0.094 0.574

CI — Confidence interval; OR — Odds ratio

Consistent with these findings, our study also revealed
that the majority of NCC patients with parenchymal cysts
presented with epilepsy/seizures, whereas subarachnoid
cysts were less likely to cause such seizures. In addition,
headaches were more commonly reported in patients with
intraventricular cysts compared with seizures and other
neurological symptoms.

In terms of the stages of cerebral cysticercosis, patients
with cysts in the vesicular and degenerative stages were
found to be more prone to seizures/epilepsy. These
findings are consistent with previous literature indicating
that patients with NCC in the degenerative stage commonly
exhibit various clinical characteristics.”) While some

theories propose that the epileptogenesis in NCC may be
attributed to local inflammation and/or the formation of
reactive gliotic scars, the underlying molecular mechanisms
and regulatory processes involved remain unknown.

Our findings indicate that NCC patients with multiple
lesions are more likely to present with headaches compared
with patients with single lesions. However, a report by
Stelzle et alP” contradicts this observation and suggests
no difference in headache occurrence between single and
multiple lesions.

Calcified granulomas are the most common radiological
finding in NCC. The presence of calcifications suggests

288 Saudi Journal of Medicine & Medical Sciences | Volume 11 | Issue 4 | October-December 2023



Zhu, et al.: Neurocysticercosis in Dali, China

a previous infection with NCC, which is significant
for diagnosing parasitic diseases. In the presence of
intracranial calcifications, NCC should be strongly
considered.P!! Previous studies have shown that a portion
of the calcification is a focus of intermittent seizure activity
and is usually associated with peripheral transient perifocal
edema, which may be caused by host inflammation.
Perifocal edema was defined as MRI-detected episodic
edema and enhancement around calcifications closest to
the calcified lesion, which is a characteristic pattern of
edema caused by disruption of the blood—brain bartier.*
Patients with calcified NCC may have a higher rate of
seizure recurrence compared with other stages of NCC.
We hypothesize that exploring the potential advantages of
inhibiting calcification formation or suppressing peripheral
inflammation to prevent seizures would be a promising
direction for future research.

ELISA-based detection of parasitic antigens and antibodies
in both serum and CSF is currently used in clinical studies.
It is worth noting that circulating parasitic antigens can
only be found in the serum of patients with viable parasitic
tissue, and their levels decrease rapidly following successful
antiparasitic treatment or surgery.”¥ The detection of
cysticercal antibodies in the CSF using ELISA shows higher
sensitivity (89%) and specificity (93%) in patients with
viable NCC infections.” Whereas the sensitivity of serum
testing for parenchymal NCC is relatively poor, ranging
from 72% to 86%, and it is often negative in patients with

only a few live CYSts,[?’(’»?ﬁ]

In our study, serological testing for T. so/ium in serum and/
or CSF was reported in only 200 cases with NCC by ELISA
test. The probable reason for this is that the diagnosis
of NCC primarily relies on neuroimaging (CT or MRI),
with the examination of cysticercus antibodies serving as
a supplementary tool. About 65% of the patients tested
positive for serum cysticercus IgG antibodies and 69%
tested positive for IgG antibodies against CSF cysticercus.
Notably, the most specific serological test currently
available for diagnosing NCC is the enzyme-linked
immunoelectrotransfer blot (EITB) assay, which is
considered the serological reference standard for NCC
diagnosis.’¥ However, the EITB assay has a significant
limitation in that it exhibits low sensitivity (50%—60%) in
patients with only one intracranial cysticercus, particularly
when the cysticerci are calcified. Interestingly, antibodies can
persist in the body long after the death of parasites. Thus,
a positive result in patients with calcified cysticercosis does
not necessarily indicate the presence of live parasites.” It
also implies that our understanding of the biological and
immunological characteristics of the tapeworm’s various

life cycles is still lacking. Sahu ez a/. also found a strong
association between the live stage of the parasite and the
detection of antibodies in sera and CSF of NCC patients
using ELISA with ES antigens.””! However, we were neither
able to determine the circumstances under which patients
were tested for cysticercus antibodies nor determine the
time point at which it was performed.

Currently, there is no clear consensus on the optimal
treatment for NCC. Since the 1980s, albendazole and
praziquantel have been widely used in the management
of NCC." In our study, albendazole was the most
commonly prescribed treatment, which is consistent
with the recommendations in the guidelines.®
80 patients (15%) were treated with praziquantel alone.
This may have been due to the findings in previous studies
showing that both albendazole and praziquantel are
significantly effective in treating cerebral cysticercosis and
have similar medium- and long-term efficacy.!*!

I However,

The dosage and duration of treatment varied depending
on factors such as the location, stage, and number of cysts,
as well as the severity of clinical symptoms. Albendazole
monotherapy was administered to all cases with a single
intraparenchymal NCC. Adjunctive corticosteroid therapy
was used in all patients who received antiparasitic therapy,
which is consistent with the recommendations in the
guidelines. Further, 68 NCC patients underwent surgery,
and minimally invasive neuroendoscopy was used to
remove the cysticerci when they were situated in the
intraventricular region. In cases of evident hydrocephalus,
ventriculoperitoneal shunting was used. However, it should
be noted that not all cysticerci can be removed during
surgery, and thus anti-parasitic drugs are still required after
the procedure.

In this study, multiple sites of cysts were present in
126 patients, but only 32 received combined antiparasitic
treatment. According to the Guidelines for the Clinical
Management of Patients with NCC,"”! patients with more
than two viable parenchymal cysticerci should be treated
with a combination of albendazole and praziquantel,
rather than albendazole monotherapy. The findings of this
study should be an indicator for clinicians to standardize
treatment according to the accepted guidelines.

Schistosomiasis, a parasitic infection caused by Schistosoma
Japonicum, has similar neurological symptoms to NCC
such as focal or generalized seizures. Other clinical
manifestations ate associated with increased intracranial
pressure.””) However, both these diseases differ in terms
of their source, route of infection, and transmission.
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Nonetheless, Dali, Yunnan Province, previously had a high
prevalence of schistosomiasis, and thus it is important to
differentiate between the two.

In schistosomiasis, the infection occurs when the skin comes
into contact with contaminated freshwater, typically while
swimming. In rare cases, they can affect the CNS.***! On
the other hand, NCCis the most common parasitic infection
affecting the CNS.”! Typically, single or multiple mass-like
lesions in NCC are observed in MRI, primarily affecting the
cortex and subcortical areas of the cerebral hemispheres.
Less commonly, the lesions may involve the cerebellum
and brainstem. On contrast-enhanced MRI, these lesions
exhibit a unique enhancement pattern characterized by
clusters of central linear enhancement surrounded by
multiple enhancing punctate nodules, which is often
referred to as an “arborized” appearance.! The tendency
for these foci to fuse together is a distinctive characteristic
of cerebral schistosomiasis, allowing differentiation from
NCC and brain tumors."”>***! 'To confirm the diagnosis,
immunological tests can be conducted on serum or CSE
Therefore, based on the patient’s history of schistosome
exposure, positive results from serological screening
tests (or CSF/feces analysis), and the characteristic
imaging features observed on CT/MRI, it was possible
to differentiate NCC from neuroschistosomiasis in our
study. Nonetheless, it should be noted that due to sustained
efforts through the implementation of a new integrated
control strategy in 2004 in China,*** the morbidity and
prevalence of schistosomiasis in Dali City is currently at
record low levels.

CONCLUSION

This study contributes to a better understanding of
the features of cerebral cysticercosis and offers a
comprehensive depiction of the demographic and clinical
profiles of NCC patients in Dali, Yunnan Province, China.
Our findings unequivocally affirm that the neurological
symptoms associated with NCC exhibit substantial diversity
contingent upon the number, location, and developmental
stage of the parasites. Epilepsy/seizures and headaches
were found to be predominant manifestations of NCC,
and thus NCC can be considered as a key contributor to
preventable epilepsy within Dali city, China.
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