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ABSTRACT

Introduction: Neurocysticercosis being a potential to human
transmitted disease, is the major cause of seizures and a public
health problem in tropical countries. Though India is known to
be highly endemic, there are many provinces where reports are
still unavailable thereby underestimating its actual burden.

Materials and Methods: Anti-Cysticercus IgG antibodies in
sera from cases presenting with seizures were screened by
ELISA in a preliminary study in Odisha state which is a province
in Eastern coastal India that was never explored before. Patients
presenting with recent onset of seizures within age group 5 to
50 years, either local residents of Odisha or inhabitants from
other parts of the country living for at least one year period in
the study area were included.

Keywords: Cysticercus cellulosae, ELISA, Epilepsy, Taenia solium

INTRODUCTION

Cysticercosis of the central nervous system (CNS) called as
neurocysticercosis (NCC) is known to be a debilitating infectious
cause of neurological disorders in human since many decades in the
past particularly in the tropical developing countries [1]. However,
only recently its importance is being recognized as a potential
human to human transmitted parasitic disease, and the major
cause of epilepsy; thus causing a significant neurological health
problem and disability particularly in the tropics [2-6]. Acute epileptic
seizure with altered sensorium and raised intracranial pressure may
require ventilatory support in an intensive care unit that remains as
the mainstay of management of NCC during acute presentations
[7]. Human gets infected either by accidental ingestion of Taenia
solium eggs through contaminated food or vegetables or due to
endogenous autoinfection because of the carriers of the adult worm
in their intestine; by either means eggs containing the hexacanth
larvae disseminate hematogenously to the brain developing into
metacestode larvae or cysts.

A recent meta-analysis summarizes the proportion of NCC among
patients with epilepsy (PWE), and suggests that in endemic
communities nearly one-third of PWE are living with 7. solium cystic
lesions in their brain [8]. This disease is known to be highly endemic in
Indian subcontinent and the whole of South East Asia [9]. In a recent
Indian study, 89.66% cases having neurological manifestations with
inflammatory granulomas were found consistent with diagnosis
of NCC [10]. However, the serodiagnostic confirmation was not
performed in those cases. NCC was found to be associated with
approximately one-third of all cases presenting with active epilepsy
in either urban or rural regions as per a study reported from Vellore
district of Tamil Nadu (India) [11]. The pleomorphic and unpredictable
course of NCC can be related to the biological stage of the parasites,
their numbers as well as the immunegenetic factors in man [12].

Results: The present study showed 28.12% cases with seizures
to be confirmed neurocysticercosis (NCC) based on serology
and brain imaging. However, statistically no association was
established between anti-Cysticercus antibody detection and
radio imaging characteristics (location, number of lesions, and
stage).

Conclusion: This is the first study in Odisha presenting a series
of cases with serological evidence of exposure to the parasite
along with imaging characteristics which was consistent with
NCC. It is recommended that NCC must be considered for a
differential diagnosis in each active epilepsy case irrespective
of prior prevalence information in all unexplored provinces in
India and other endemic regions; also a compulsory reporting is
warranted in order to aid in quantifying its actual burden.

Though India is known to be highly endemic, there are many
provinces where reports are still unavailable or scanty thereby
underestimating its actual burden in this country [13]. The present
study is done in Odisha that is considered to be a Gate way to the
eastern India, located on the Bay of Bengal coast. With the rapidly
changing economy as well demography, the underlying prevalence
of T. solium cysticercosis was never explored in this area. From this
region, the first published case of NCC (as per MEDLINE database)
was identified in a psychiatric patient with a manic episode of
seizure which was confirmed by CT scan of brain in one of the major
medical center in Cuttack. In that case, psychiatric manifestation
showed a gradual decline following treatment with medication [14].
After a gap of four years (as per MEDLINE database), there was
another case reported from a tertiary care corporate medical center
in the western part of Odisha; a young woman presented with the
features of pseudotumor cerebri, where medical treatment failed
and finally the cysticercous cyst was detected in the spinal canal
only during a lumbo-peritoneal shunt to save her vision [15]. In this
case, she did not show any evidence of spinal involvement directly,
thereby eluding its correct diagnosis; however, the diagnosis was
confirmed later by histopathological examination. Since then there
have been a lot of changes that have occurred in the demographics
of this developing state affecting the local communities due to rapid
increase in both inflow and outflow of populations into and out of this
province for various purposes including but not limited to trading,
education, research, healthcare, tourism, as well as pilgrimage.

Either due to lack of a confirmatory diagnosis or unawareness about
the necessity of its documentation, there was a lack of reported
cases or notifications in this region which probably has given the
false impression about its low prevalence or rareness in this region.
The latest published information on diagnosis of NCC from Odisha
state was 2 cases of disseminated cysticercosis with multiple cystic
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lesions in brain [7]. Assuming the real scenario to be worse, a
screening study was done to find out the possible burden of NCC
among cases of epilepsy or recent onset of seizures.

Hence, the objective of the present study was to address the issue
of NCC prevalence among cases in Odisha, those who present with
recent onset of seizures. In order to supplement the clinical suspicion
of NCC, usefulness of a serological test detecting antibody by ELISA
in addition to brain imaging are discussed.

MATERIALS AND METHODS

This study was conducted in a University teaching hospital in Odisha
State where patients were recruited from Neorology clinic as well as
Medicine Out Patient Department between September 2012 to April
2018. Cases were also referred from another hospital located in
the Western part of Odisha, India. All the samples were analyzed in
one laboratory employing same protocol. After due approval of the
protocol and permission from the institutional ethics committee, a
total of 64 cases with a recent onset seizures were recruited against
their written consent. A detailed history was collected from each
patient and a routine clinical examination was conducted before to
recruit them for this study. The age range of patients was between 5
to 50 years with male predominance (male:female ~ 2.5:1).

Inclusion criteria

Patients presenting with recent onset of seizures within age group
5 to 50 years, either local residents of Odisha or inhabitants from
other parts of the country living for at least one year period in the
study area were included.

Exclusion criteria

Subjects above the age of 50, pregnant woman, and children below
the age of 5 years were excluded; individuals having past history of
accident and trauma in brain, current history of any other chronic
diseases, symptoms of febrile seizures (particularly children) were
excluded from the study. Short term visitors or tourists, and out of
state individuals living in the study area for less than 1 year period
were also excluded.

Brain imaging by computed tomography (CT)

CT imaging was performed in all cases. The study subjects were
initially hypothesized as possible cases of NCC based on two minor
plus one epidemiological criterion as per the revised diagnostic
criteria suggested by Del Brutto [16].

Sample collection

Peripheral whole blood samples (3ml from each) from the recruited
cases were collected aseptically upon written consent. Serum was
separated from each sample aseptically and then preserved at
-80°C till use.

Taenia solium IgG ELISA in serum

A commercially procured ELISA Kit (NovaTec Diagnostics, Germany)
was employed for detection of anti-Cysticercus IgG antibodies
in all the collected sera following manufacturer’s instruction.
Briefly, antigen coated wells (as supplied by the kit manufacturer)
were incubated with 1:10 diluted patient serum (diluted with the
serum diluent fluid provided in the kit). A negative control serum,
a low positive control serum, and a high positive control serum (all
supplied by the manufacturer) were also used for validity of the test.
Absorbance at 450nm (OD,,) was measured. The sensitivity and
specificity of this anti-Cysticercus antibody ELISA in serum was
85% and 94% respectively based on results of the test using sera
from cases with a confirmed diagnosis of NCC and healthy normal
group as described in our past study [17].
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RESULTS

In this study, a positive anti-Cysticercus IgG-ELISA result was
observed in 18 of the total 64 cases indicating an overall positivity
of 28.12% [Table/Fig-1]. There were 43.75% (28 of 64) cases
presenting with generalized seizure and 56.25% (36 of 64) cases
with partial seizure (Complex partial= 16 cases; simple partial= 20
cases). The mean OD,, values of the ELISA on sera identified to
be positive or negative for anti-Cysticercus-lgG antibodies (n,=18
and n,=46 respectively) were found to be extremely statistically
significant (two-tailed p-value < 0.001) using GraphPad QuickCalcs
free statistical calculators available on web (http://www.graphpad.
com/quickcalcs). The age range of the cases was found to be 12
to 50 y (median age = 25 y) and there were 15 male and 3 female
patients who tested positive by ELISA. The age range of male cases
was 5-39 y and that in female cases was from 10 to 45 y. There was
history of migration of 6 cases from other neighboring states in India.
The ELISA results demonstrating anti-Cysticercus-IgG antibodies in
sera from the recruited cases presenting with different pattens of
seizure are stated in [Table/Fig-1]. Among the ELISA positive cases,
majority presented with generalized seizure (35.71%), followed by
simple partial seizure (25%), and complex partial seizure (18.75%).
Headache was the most common problem being presented in each
of our cases. Other clinical presentations in an decreasing order of
occurences are vomiting (50%), pallor (27.78%), altered sensorium
(22.23%), and muscle weakness (11.11%).

[Table/Fig-2,3] summerize the anti-Cysticercus-IgG test results
with respect to the CT findings showing number of lesions and
their distribution in brain. In the present study, majority of the cases
presented with a single space occupying lesion (n=41) whereas only
14 cases had >2 lesions based on CT. Normal CT was reported
in 9 cases of which one case only appreaered positive for anti-
Cysticercus-IgG. The distribution of lesions in various parts of the
brain is presented in [Table/Fig-3]. In this series the most common
location was the parietal lobe followed by frontal lobe; however
the percentage of cases positive for anti-Cysticercus antibodies

Type of seizure or Number Anti-Cysticercus IgG-ELISA
B of cases No. (%) No. (%) Statistical
recruited .
of sera of sera analysis
tested positive | tested negative
Generalized seizure 28 10 (35.71) 18 (64.29) %?=1.59
. ) ) df=2
Simple partial seizures 20 5 (25) 15(75) *p=0.452
Complex partial seizures 16 3(18.75) 13 (81.25)
Total=64 18 (28.12) 46 (71.88)

[Table/Fig-1]: Results of ELISA showing anti-Cysticercus antibodies in sera from
patients with respect to different seizure patterns

Percentage of sera tested positive under each location in brain was calculated based on total cases
under each category.

* p value was calculated based on non-parametric chi square analysis using Epi Info2001. No
significance was estimated between the seizure patterns vs. antibody positivity (p=0.452)

Total Anti-Cysticercus IgG-ELISA
cez:)es No. (%) No. (%) Statistical
of sera of sera analysis
tested positive tested negative
Number of lesions in brain (n=64)**
No lesion found 9 1(11.11) 8 (88.89) %?=2.83
(Normal Scan) df=2
*p=0.243
Multiple lesions 14 6 (42.85) 8(57.15) P
Single lesion 41 11 (26.82) 30 (73.18)
Total=64 18 (28.12) 46 (71.88)

[Table/Fig-2]: ELISA demonstrating anti-Cysticercus antibodies in sera from patients
with epilepsy with respect to number of lesions in brain

Percentage of sera tested positive under each location in brain was calculated based on total cases
under each category

* p value was calculated based on non-parametric chi-square analysis using Epi Info2001; there

was no statistical difference between the cases with single lesion vs those with multiple lesions in
brain and the ELISA-positive results (p=0.243)

** Number of lesions, and location was based on the CT features and of 64 total number of cases
fifty five cases presented with either one or more number of lesions in the brain whereas 9 cases did
not show any lesion (normal scan); n= total number of cases
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was comparable. Occipital lobe was the least common site. In this
screening study CT scan revealed presence of lesion(s) in the brain
in 17 of 18 serologically positive cases. Presence of either single
or multiple lesions, the lesion characteristics are shown in [Table/
Fig-4]. In this series, majority had a calcified cyst (8 cases single and
4 cases multiple= 12 cases). Active perilesional inflammation was
detected in 4 cases. A single case with a positive ELISA test had the
parasite at the vesicular stage.

Total Anti-Cysticercus IgG-ELISA
number No. (%) No. (%) Statistical
of cases .
of sera of sera analysis
tested positive tested negative
Location of lesions in brain (n=55) no lesion found in 9 cases**
Occipital 8 1(12.5) 7 (87.5) x’=1.49
) df=2
Parietal 32 11 (34.38) 21 (65.62) *p=0.4745
Frontal and 15 5(33.34) 10 (66.66)
fronto-perietal
Total=55 17 (30.9) 38(69.1)

[Table/Fig-3]: Results of ELISA showing anti-Cysticercus antibodies in sera from
patients with epilepsy with respect to location of lesions in brain

Percentage of sera tested positive under each location in brain was calculated based on total cases
under each category.

** The lesion location was based on the CT features and of 55 cases presented with either one or

more number of lesions in the brain; n= total number of cases.

* p-value was calculated based on non-parametric chi square analysis using Epi Info2001. No
statistical difference was found when the relative distribution was compared among different parts
of the brain (p=0.4745)

Number of lesions Lesion type No. (%) of sera tested positive
by anti-Cysticercus IgG-ELISA
Single lesion Vesicular 1(5.88)
Granular-nodular 2(11.76)
with inflammation
Calcified cyst 8 (47.06)
>1 lesions Calcified cysts 4 (23.45)
Calcified + granular 2(11.76)
nodular stage
(with inflammation)
Total number 17 (100)
positive cases
with brain lesion

[Table/Fig-4]: Categories of the cystic lesion in brain based on CT scanning in cases
those tested positive for anti-Cysticercus IgG antibodies by ELISA

** The type of lesion was based on the CT features following the criteria as described elsewhere
[18]

DISCUSSION

NCC has been suspected as a major definable risk of epilepsy in our
country [19]. Our study attempted for the first time reporting a series
of cases from Odisha state in India where more than one fourth of the
total number of epilepsy cases were found to be possibly due to the
T. solium cysticercosis as evidenced based on the serum antibody
reactivity in a validated commercial assay. Therefore, by detection of
anti-Cysticercus IgG antibodies in serum the possible potentiality of
NCC can be identified as an underlying cause of the recent onset of
seizures as studied in our region. There were few earlier studies from
other Indian provinces which showed similar levels of occurrence of
cysticercosis as a cause of acquired seizure [20-22]. Among the
series of epileptic cases NCC has been reported in 34.6% of patients
with seizure of either single or recurrent types taken together as
stated in a review; 59.2% of those presented with a single seizure,
whereas 23.7% of those with recurrent seizure disorder [23]. We
also noted majority of our patients experiencing at single episode
of seizure before admission. Whereas only a few provided history of
recurrence. The regional variation in the prevalence rates of epilepsy
in India may be attributed to the actual prevalence of NCC in those
communities as recommended elsewhere [24].

In the current screening study we found ‘partial seizure’ to be the
major pattern of seizure as clinically evaluated. A predominance
of generalized seizure was reported in earlier studies, and also
significantly higher titre of antibodies was reported in confirmed
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patients of NCC when compared with cases with other neurological
disorders as well as normal controls subjects [25]. However, the
trend of generalized seizure to be the major presentation in our NCC
patients was contradictory to another Indian study [26]. This may
be related to the patient population and the age group since it has
been noticed that children with underlying NCC present more with
focal seizure. Our patients showed headache as the major common
presentation. Other presentations were vomiting, pallor, altered
sensorium, and muscle weakness. There was no hemiparesis case
in this series. No case of hydrocephalous was also recorded in the
studied cases. Similar incidence was also reported in earlier Indian
study [27].

There were predominantly adult than paediatric NCC cases in our
case series; and predominantly more male patients than female
ones. In other Indian study also maximum incidence of NCC was
found in the age group between 21 and 30 y [28]. However, the
scenario of seizure occurences in Mexico has been reported to
be more frequent in children compared to adult subjects [29]. The
younger children might also acquire this infection as reported from
a study conducted in Ecuador [30]. However this observation may
not be universalized among paediatric population worldwide. An
increase in the number of live vesicular cysts and a decrease in
the number of dead and or degenerating cysticerci might correlate
with aging process which was observed in earlier study; the
immuno-endocrinological factors are thought to be playing a role
in susceptibility and pathogenesis with respect to the age of the
infected individual [31]. However, in our case series, no such trend
has been observed. This may be clarified better if we compare the
incidences among children and adults separately in future surveys.
Hence, there is a clear message that NCC should be suspected
in every case with seizures irrespective of the seizure pattern, or
gender, or age group especially in endemic areas.

In the present series, the distribution of lesions in various parts
of the brain showed parietal lobe being the major site of infection
followed by frontal lobe; however the percentage of cases positive
for anti-Cysticercus antibodies was comparable in the above two
brain parts. In an earlier Indian study it was reported that a high
probability of harboring either a single CT enhancing lesion, or single
small cerebral calcific CT lesion, or multiple small cerebral calcific CT
lesions in in a child with partial seizures with no obvious causation
[32]. The same group also reported in another retrospective studies
that NCC, small single cerebral calcific CT lesion and single CT
enhancing lesion and together accounted for 40% of etiological
factors of seizure [33]. No such assumption is made for adult NCC.
However, it may be the similar situation in adult cases as seen in
our study, because majority of the cases diagnosed to be positive
by serology had either of the above three types of brain lesions on
CT. Occurrence of disseminated cysticercosis with multiple cystic
lesions in brain and other body locations have been reported from
this province before [7]. In our patient series, cysts were not found
in eye, subcutaneous tissue and other parts.

A sudden onset of the clinical signs in NCC is reported to coincide
with intense inflammatory reactions to the dying or degenerating
cyst within the brain [34]. The inflammatory reactions surrounding
cystic lesions usually indicate the disease to be resulted primarily
from host inflammatory response to the dying parasites [35]. Usually
provoked seizures disappear following death of all the parasites,
leaving a smaller percent of patients with residual epilepsy mostly
due to formation of scars [36]. In the present article there was no
scope of including the patient follow up data, however, at the first
visit to clinics and in those who were advised for CT, calcified lesion
in brain was observed in majority of cases which included either
single lesion or multiple ones, and also either with or without peri-
lesional inflammation.

The prevalence picture of an infection may be different in different
studies even from different provinces within one country. For
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instance, a recent report indicates that cysticercosis is not a major
cause of epilepsy among the residents from Kerala state in India
[37]. One factor affecting the above differences may be the variable
sensitivity and specificity of each of the diagnostic tests used in
different studies. Sensitivity of a diagnostic test while detecting
anti-parasite antibodies may also be related to the number of
lesions present present in the brain. In the present case series, no
significant association was observed between number of lesions
in brain and the ELISA-positivity. However, there was more intense
color development that may be due to release of more antigens
from multiple larvae that results in mounting a stronger antibody
response in the infected host as suggested in another study [38].

Itis clear from various studies that NCC is one of the major differential
diagnoses in every case with seizures particularly in the tropics
where seroepidemiological studies may be very useful in control
programs of this disease [25]. Thus NCC must be suspected in
each case of seizures and a wide variety of neurologic disorders
[39]. Most of the cases with NCC do not show the typical features
on CT or MRI; many a times diagnosis of single brain lesion might
also be a diagnostic challenge [40]. Hence, it is essential to choose
an appropriate diagnostic modality for a proper diagnosis of the
actual etiology in patients with seizures. Though, CT scan is a
potent diagnostic tool compared to antibody detection however, the
diagnostic decision is known to be better taken when both these
modalities are considered together [41].

In our study, presence of antibodies was assessed among all the
cases either having intracranial lesion or no lesion. Though presently
employed commercial ELISA kit detects antibody against antigen of
the parasite which are not defined, however it was found useful in
confirming the presumptive cases as diagnosed based on clinical
symptoms as well as imaging characteristics. Further study should
be conducted to screen antibodies specific to more defined antigens
of the larval cestode in order to better understand the clinical course
or infection along with the information on viability of the parasite
in human brain. In the present screening study there was one
interesting case of a child having no abnormality on CT scanning of
brain but was found to be positive by the ELISA. This patient might
have T. solium larval infection elsewhere in the body that showed a
detectable antibody level in serum when tested by ELISA, however
the seizure occurrence may also be due to any other reason, or
possibly the location of the parasite cyst in brain might not have
been located by CT in this case.

In this series 4 of 14 patients with multiple lesions in brain disclosed
prior history of anti-tubercular medication but there was confirmatory
diagnosis of tuberculosis in none. Of these 1 tested positive for
cysticercosis. Since intracranial tuberculoma and NCC are the most
frequent granulomatous infections in the CNS, it may be true that
they will appear similar on imaging [42]. Also, it may be necessary
to rule out both these conditions because the lesions may also
appear like brain tumor. So there is recommendation to consider
tuberculoma and NCC in the differential diagnosis of brain tumour
in tropical countries [43].

There was one case with a single cyst in the brain found to be negative
for anti-Cysticercus antibodies by ELISA, but clinically suspected to
be NCC strongly based on epidemiological information albendazole
therapy was given with steroidal anti-inflammatory regimen. On a
follow up visit this patient was later found to be positive on a repeat
ELISA (OD,, not shown). This indicates either the single lesion in
brain was at very early stage of development hence no antibodies
detected or there was undetectable limit of antibodies in the patient
serum. Whereas the other case with a vesicular stage was found
positive by antibody-ELISA. This may be possibly a transitional stage
between vesicular to nodular granular stages of the parasite with
a detectable limit of anti-parasite antibodies in serum. Otherwise
there may be cysts elsewhere in the body that showed a higher
antibody response. A rapid and appropriate diagnosis, revealing the
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biological stage of this parasite would probably be of a great value
in initiating an appropriate treatment modality. Also in the present
study no detailed analysis of the social customs and related factors
was done; which might be unique to this region and thereby those
can be indirectly responsible for a high incidence rate of NCC in this
province that need to be verified.

CONCLUSION

This is the first study from Odisha province where clinically suspected
cases of NCC were confirmed serologically. Because this is only a
preliminary attempt based on screening in hospital, however, this
iceberg tip is tempting to explore the way up to its base provided
a larger screening program is set with a scope to screen high risk
community. It is warranted to consider a serological evidence of
exposure to the parasite along with imaging characteristics for a
confirmatory diagnosis of NCC in each and every case of active
epilepsy irrespective of prior prevalence information in all yet to
explore provinces in India, and must be reported in order to aid in
quantifying its actual countrywide burden.
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