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ABSTRACT
Neurocysticercosis (NCC) is the most common cause of acquired active epilepsy (AE).
NCC is under reported in India due to lack of systematic systematic studies. We
investigated NCC burden in pig farming community of Lucknow district.
Total 294 families with 1640 subjects from 30 villages were surveyed for AE; 595
asymptomatic individuals underwent magnetic resonance imaging of brain. TLR4,
MMP9, ICAM1 and GST genes polymorphisms were studied for their role in
symptomatic disease. Slaughtered pigs were screened for cysticercosis.
Total 95 (5.8%) subjects with AE were identiﬁed; 48.3% of them had NCC. Ninety
(15%) asymptomatic individuals had NCC. Thirteen (26%) of 50 pigs slaughtered had
cysticercosis.
The results showed high NCC burden in pig farming community and NCC as major
cause of AE. Individuals with polymorphic TLR4, MMP9, ICAM1 and GST genotypes
were susceptible for symptomatic disease. High swine cysticercosis prevalence
suggests the transmission dynamic between human and swine in the community.
Keywords: Active epilepsy, host genetic factors, neurocysticercosis, seizure, swine
cysticercosis
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INTRODUCTION
Neurocysticercosis (NCC),
caused by the larva (cysticercus) of Taenia
solium tapeworm is the most common
parasitic infection of the central nervous
system (CNS). In the developing world,
NCC is identiﬁed as the most common
cause of acquired active epilepsy (AE);
26.3% to 53.8% of AE in the developing
countries are due to NCC (1-3). T.solium
infection is a two host neglected zoonotic
disease, transmitted between human and
pig, and from human to human. Human is
the only deﬁnite host, harbouring the adult
tapeworm in the small intestine. Pig is the
natural intermediate host whereas human
is the accidental dead end intermediate
host. When human consume cysticercotic
pork, the cysticercus develops into an
adult worm in the intestine. The terminal
gravid segment (proglottid) of the adult
worm contains thousands of eggs, which
are excreted through faeces
contaminating the environment. When
eggs are ingested by free roaming swine
and accidentally by man through
contaminated vegetables, food and water,
the eggs lose their coat by the action of the
gastric acid and pancreatic enzymes, and
the hexacanth embryos or oncospheres are
liberated. Oncospheres by using their
hooklets cross the intestinal wall and
through systemic circulation, they reach
the different internal organs of the host,
like skeletal muscles, CNS, subcutaneous
tissue, eye, etc. Now, the oncospheres lose
their hooklets, acquire a vesicular shape
and evolve into cysticerci by gradual

invagination of the protoscolex
(invaginated scolex) in several months
(4).
NCC is associated with
considerable morbidity related to
seizures, strokes, hydrocephalus, and long
term treatment; however mortality is
minimal and frequently associated only
with complicated cases of encephalitis,
cerebral edema, hydrocephalus with
increased intracranial pressure and stroke.
The disease is highly endemic in Latin
America, Asia, Africa, and especially in
countries where pig husbandry is
practiced (5).NCC accounts for
approximately 2 million cases with
50,000 deaths per year (6). It is now being
increasingly reported in developed
countries due to increased travel to disease
endemic areas and migration of tapeworm
carriers or people infected with the disease
from endemic areas (7).
The manifestations of NCC are
sometimes polymorphic and some
individuals with NCC may remain
asymptomatic where parasite dies without
treatment, while in others it provokes
severe neurological disorders like
seizures (8). It has been found that the
disease is asymptomatic in the initial
phase; however, some patients develop
fever and headache during tissue invasion
by the larvae but most patients do not
become symptomatic until 5 to 7 years
after initial infection. Asymptomatic
period may range from 1 to 30 years or
even more (9, 10). The true incidence of
asymptomatic NCC is unknown because
studies deﬁning the ratio between the
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proportion of the population at risk and
those actually has the disease are lacking.
Nevertheless, various studies from
Mexico and South America have found
that up to 50% of patients with evidence of
NCC by laboratory testing or
neuroimaging are asymptomatic (11).
Despite widespread exposure, only few
individuals develop symptomatic disease,
while others may remain asymptomatic
even throughout life but the reasons
largely remain unknown. We conducted
systematic studies in a rural pig farming
community of Mohanlal Ganj block,
Lucknow district to estimate NCC burden
in symptomatic and asymptomatic
individuals, and the possible role of host
genetic factors in the development of
symptomatic disease. We also examined
pigs slaughtered for human consumption
for cysticercosis.
Study Subjects:
Total 294 families from 30
villages were chosen based on 30 cluster
sampling approach recommended by
World Health Organization. Individuals
with AE were identiﬁed on door-to-door
survey. We also examined stool specimens
for eggs of Taenia to determine the
taeniasis burden in the community.
Patients with symptomatic disease (AE/
seizure) and asymptomatic (with no
neurological symptoms) individuals
underwent magnetic resonance imaging
(MRI) of the brain. Further, we collected
blood from NCC related AE patients
(symptomatic) and asymptomatic
individuals, and studied TLR4, MMP9,
ICAM1 and GST enzyme genes

polymorphisms and their expressions to
determine their role in the development of
symptomatic disease. Pigs slaughtered for
human consumption were also examined
for cysticercosis by visiting local
slaughter houses.
Disease Burden of Taeniasis :
Demographic, clinical and
epidemiological data were collected from
1181 subjects in 210 households in 30
villages. Stool specimens from 924
subjects were examined for eggs of Taenia
and other parasites. Eggs and/ or
proglottids of Taenia species were
detected in 172 (18.6%) individuals. This
is one of the highest rates of taeniasis
reported in literature. Factors associated
with intestinal taeniasis on multivariate
analysis were age above 15 years, history
of passage of Taenia segments in stool,
undercooked pork consumption and poor
hand hygiene (12). In an earlier study from
Uttar Pradesh, overall prevalence of T.
solium taeanisis was 2% in the community
(13). In Chandigarh (India), the
prevalence of taeniasis ranged from 0.52% in hospitalized patients and 12-15% in
labour colonies where pigs were raised
(14). In Goa, the estimated prevalence of
taeniasis was reported to be 9.7% (15).
Prevalence of Symptomatic/
Asymptomatic NCC :
Total 95 of 1640 (5.8%) subjects
surveyed in the community had AE;
48.3% of them had NCC on MRI. Single
cyst (cysticercus) was detected in 21
(47.7%), two cysts in 11 (25.0%) and
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Fig.1 : Magnetic resonance image of symptomatic patients with neurocysticercosis
showing cysticerci in the brain parenchyma.T2-weighted axial images
at different sections show(A)single cyst, (B)two and (C)multiple cysts.
multiple cysts (>2) in 12 (27.3%) patients.
MRI pictures of individuals with single
cyst, two and multiple cysts infections are
shown in ﬁgure 1. Occurrences of
vesicular (viable), colloidal/degenerating,
calciﬁed and multiple stages of cystic
lesions were detected in 2 (4.5%), 9
(20.5%), 21 (47.7%) and 12 (27.27%)
individuals respectively. The cystic
lesions were present in the parenchyma in
all the patients; however, two patients
with multiple cysts showed a parasite
lodged in the subarachnoid space along
with parenchyma(16). Epilepsy in the
family and no separate place for pig
rearing were identiﬁed as risks for NCC
clustering. The treatment gap for AE in the
community was above 90%. The probable
reasons for such a high treatment gap were
economic, lack of medical facilities,
social prejudice and faith in other
alternative treatment modalities. The
prevalence of NCC related AE and
epilepsy as such in the pig farming

community was tremendously high. In the
developed world, the prevalence of AE
varies from 3 to 9 per 1000 populations as
compared 49 per 1000 populations in
Liberia (17, 18). In our study the
prevalence of AE was strikingly high
(5.8% i.e. 58 per 1000 populations) and
48.3% of them had NCC. In South India,
the prevalence of NCC related AE varied
from 28.4% to 31% (19, 20).
To t a l 9 0 o f 5 9 5 ( 1 5 % )
asymptomatic individuals who underwent
MRI had NCC. Single cyst was found in
65(72.2%) followed by two cysts in 16
(17.8%) and multiple cysts in 9 (10.0%)
individuals. MRI pictures of
asymptomatic individuals with single
cyst, two and multiple cysts infections are
shown in ﬁgure 2. Occurrence of
vesicular, degenerating, calciﬁed/healed
and multiple stages of cystic lesions were
detected in 16 (17.8%), ﬁve (5.6%), 58
(64.4%) and 11 (12.2%) individuals
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Fig.2 : Magnetic resonance image of asymptomatic neurocysticercosis
subjects showing cysticerci in the brain parenchyma. SWAN images
at different sections show(A)single cyst, (B)two and (C)multiple cysts.
respectively. The distribution of multiple
stages as follows: vesicular and
degenerating in two, vesicular and
calciﬁed in six, and degenerating and
calciﬁed in three cases. Most of the cystic
lesions were present in the frontal lobe of
the brain (51.1%), followed by multiple
locations (14.4%), occipital (13.3%),
parietal (11.1%) and temporal (6.7%)
lobes. All the cysts were located in the
parenchyma of the brain except one cyst
each in ventricle, thalamus and choroids
plexus of the brain (21). Comparative
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distributions of cyst burden according to
number, location and stage of the parasite
in symptomatic and asymptomatic NCC
cases are given in ﬁgure 3. A study from
Mexico showed that 9.1% of apparently
healthy subjects had calciﬁed NCC lesion,
mostly located in the frontal lobe on CT
and these individuals were totally
symptom free (22).

Fig. 3 : Distribution of cysticerci burden in symptomatic vs. asymptomatic
NCC cases according to (a) number, (b) location and (c) stage.
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comparable (Figure 3). Now the question
arises why some individuals develop
symptomatic disease (seizure), while
others with similar number, location and
stage of the cysticerci remain
asymptomatic. Do host genetic factors
have some role in the development of
symptomatic disease? To answer the
above question, we planned to study
various host genetic factors and their
association with symptomatic disease.
Host Genetic Factors and Symptomatic
NCC :
Most of the human disorders are
results of interactions between
environmental and genetic factors.
Helminths expressed glycans
(glycoproteins and glycolipids) may
activate host immune cells and some of
these molecules can act as speciﬁc
pathogen associated molecular patterns
(PAMPs) for particular TLRs (23).
Thomas et al (2003) showed that
helminthglycans could act as PAMPs for
inducing potent Th2 response via TLR4
dependent mechanism(24). Since studies
are lacking, we investigated the role of
TLR4Asp299Gly and Thr399Ile
polymorphisms and their role in the
development of symptomatic NCC.
Our results showed that TLR4
Asp299Gly and Thr399Ile were
signiﬁcantly associated with the
occurrence of NCC and progression to
symptomatic disease compared to healthy
control and asymptomatic NCC subjects.
Haplotype Gly/Thr was observed as a risk
factor for susceptibility to NCC. Gly and

Ile carriers had signiﬁcant association
with symptomatic NCC (25).
Our earlier studies showed
signiﬁcantly enhanced expressions of
MMP-9 and ICAM-1 in symptomatic
NCC patients (26, 27). We further
evaluated the MMP-9 and ICAM-1 gene
polymorphisms in NCC subjects. The
analysis of the genotype frequency of
MMP-9 (R279Q) polymorphism revealed
a signiﬁcant association of the
heterozygous genotype (R/Q) with
symptomatic subjects compared to
asymptomatic subjects. However, there
was no signiﬁcant difference in the
genotype frequency between
asymptomatic NCC subjects and controls
(28). In ICAM-1 K469E polymorphism
study, homozygous (EE) variant genotype
was associated with 11 and 4 folds
increased risk of symptomatic disease
when compared with healthy controls and
asymptomatic NCC subjects respectively.
However no such association was found
between healthy controls and
asymptomatic NCC subjects. Further, the
E allele had signiﬁcant association with
symptomatic NCC than controls and
asymptomatic NCC subjects. The K allele
was more prevalent among the healthy
controls and showed protective
association when compared with
symptomatic NCC subjects (29).
Previously we reported higher
expression of pro-inﬂammatory cytokines
in symptomatic NCC patients (30).
Inﬂammatory cells with production of
inﬂammatory cytokines activate cellular
oxidant-generating pathways. Reactive
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oxygen species (ROS) that are generated
during inﬂammatory conditions are
highly reactive and can cause damage to
cellular macromolecules such as lipids,
DNA and proteins (31). To counteract the
damage from ROS, the cells are endowed
with a glutathione antioxidant system,
which includes glutathione reductase,
glutathione peroxidase, and glutathione Stransferases (GSTs).These enzymes
maintain redox balance and protect cells
from oxidative damage (32). In humans,
the GST enzymes can be divided into ﬁve
main classes: alpha (GSTA), mu (GSTM),
pi (GSTP), theta (GSTT), and zeta
(GSTZ) that are critical in protection of
cells from ROS during inﬂammatory
condition (33-35). These GSTs are
polymorphic in nature with reported interindividual variations in their enzymatic
activity and level. However, the role of
GSTs in NCC remains unexplored. We
investigated the polymorphisms in GST
genes and their expressions and activities
in symptomatic and asymptomatic NCC
subjects.

Human GST gene polymorphisms
study revealed that the individuals
carrying the deletions of GSTM1 and
GSTT1 (null genotypes) were at risk for
developing symptomatic NCC disease.
Genetic variants of GSTM3 and GSTP1
were not associated with symptomatic
disease. The total GST activity and levels
of GSTM1, GSTT1, and GSTM3 were
signiﬁcantly higher in asymptomatic
subjects than in symptomatic and healthy
controls. Lower GST activity was
observed in individuals with GSTM1 and
GSTT1 deletions. The study suggests that
the individuals with GSTM1 and GSTT1
deletions are at higher risk to develop
symptomatic disease because such
individuals have low level of GSTs that
fail to protect tissues from ROS related
oxidative damage. The higher GST
activity and levels of GSTM1, GSTT1,
and GSTM3 are likely to protect tissue
from oxidative damage thus maintaining
asymptomatic condition (36).

Fig. 4 :T2-weighted magnetic resonance images of pig brain(A and B),
and tongue (C) showing large number of cysticerci (arrowheads).
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Prevalence of Swine NCC :
Our slaughter housesurvey
showed that 13 (26%) of 50 pigs
slaughtered for human consumption had
cysticerci in their muscles; 5 (38%) and 3
(23%) of them also had cysticerci in the
brain and liver respectively (37).Further,
we developed MRI protocol to detect
neurocysticercosis in swine for the ﬁrst
time (38). We also identiﬁed several
clinical signs of swine NCC and these
signs (excessive salivation, excessive
blinking and tearing, and subconjunctival
nodule) were reported for the ﬁrst time in
literature(39). Other Indian studies
showed that 8-10% of pigs slaughtered for
human consumption in Chandigarh and
7% in Kolkata had muscle cysticercosis
(14,40). MRI of pig brain and tounge with
cysticerci are shown in ﬁgure 4.

restriction on sale of measly pork may
help to reduce the disease burden and
economic loss to the country.
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