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Abstract :

Background : In patients who have symploms of epilepsy and other neurological deficits, one of the
maost common parasitic infections is neurocysticercosis (NCC) caused by Cysticercus ceffulosae, the larval
form of Taenia selivm. In order to evaluate the characteristics of this illness which define the diagnosis, we
asscssed clinical manifestations, a posifive ELISA for eysticercosis and neurological imaging in paticnis
suspected of having NCC at a teaching hospital.

Methads : This retrospective cohort study assessed 44 patients, who had laboratory results and
clinical manifestations compatible with a diagnosis of NCC, between November 1998 and November 2001.
The criteria for diagnosing this illness modified from these of Del Brutto and colleagues® eriteria. All
patients were investigated with serum ELISA, 18 with CSF ELISA, if there was no contraindication. T,
selizm vesicular eyst soluble antigen was used for the detection of eysticercosis (T. solfum ) antibodies by
solid-phasc enzyme immunoassay. 35 patients were further investigated by a computerized tomography
(CT) scan of central nervous system (CNS), if the results of other investigations were inconclusive. Using
these eriteria, we stratified all patients into three groups: possible NCC (19), probable NCC (10}, and
definite NCC (15). All “*definite” patients were further examined with ELISA for Angiostrongylus cantonensis
and Western blot for Grathostoma spinigerum in order to look for cross-reactivity of the ELISA for
Cysticercosis.

Results : In this study, a prevalence of NCC (34.1%) in the group of patients in whom there was
clinical suspicion of WCC makes us concerned that Thailand is still an endemic area for this disease, The
three most common clinical presentations were seizures, neurological deficit, and signs of increased in-
tracranial pressure. Serum ELISA showed 2 sensitivity of 33.3% and a specificity of 93.1%. C5F ELISA
showed a sensitivity of 40.0% and a specificity of 100%. CT scan brain showed a high sensitivity (92.9%)
with a modest specificity (52.4%). Cross-reaction with other parasitic proteins was found with A. canfonensis
(6.7 %), but not with G. spinigerum.

Conclugion : NCC is still endemic in Thailand. In the approach to this illness, we conelud that the
diagnosis of NCC should be based on the patient’s history and physical signs in combination with
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radiological and serological investigations, Moreover, in areas where A, cantonensis and G, spinigerum
were also prevalent, case should be taken in the interpretation of a positive ELISA for cystercercosis
because of cross-reactivity with antibodies to A. cantonensis which should be checked individually.

Key words : neurocysticercosis (NCC), ELISA, CT scan brain, Taenia solium, Cysticercus cellulosae,
Angiostrongylus cantonensis, Gnathostoma spinigerum
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INTRODUCTION

Taeniasis or pork tapeworm infection results
from infestation with Taenia solivm, the adull
tapeworm, in the small intestine by consumption of
raw or partially cooked pork that contains its larvae,
cysticerci, Human are both the definitive and
intermediate hosts for T2 sefium'. In comparison,
cysticercosis 18 a disease caused by the presence of
Cysticercus celliwlosae and Cysticercus racemose, the
larval forms of T. selium in tissues. Infestation occurs
after ingestion of T solium eggs by fecal-oral
transmission. In man either or both types of discase
may be present’”. Cysticerci have a predilection for
migrating to the central nervous system (CNS), eye
and striated muscle because of the high glycogen or
glucose content of these tissues”.

Neurocysticercosis (NCC) is an infection of
the human CNS with the larval form of T solium.
Neurological involvement is the most common
result™, Clinical symploms and signg of NCC are
divided into parenchymal and extraparenchymal
diseases. Parenchymal disease results from infection
with cysticerci within the brain parenchyma.
Extraparenchymal disease develops when cysticerci
are found in the cerebrospinal Muid (CSF) in the
veniricles, cisterns, and subarachnoid space or within
the eyes or spinal cord. Its" clinical manifestations
are seizures, focal neurological deficits, increased
intracranial pressure, vision change, and mental state
change™. Although a diagnosis of NCC might be
difficult to make, Del Brutto and colleagues have
proposed criteria {or the diagnosis®.

Serological methods and neurclogical
imaging are both valuable in reaching a diagnosis.
The use of an enzyme-linked immunosorbent assay

(ELISA) on an appropriate specimen 15 necessary.
Serum ELISA and CSF ELISA measurements have
been compared to determine which is the most
appropriate specimen. This ELISA method ean cross-
react with some helminthic infections, in particular,
with gnathostomiasis and angiostrongyliasis®, 1t is
essential to perform an immunohlol for Grathostoma
spinigernm and Angiostrongylus canionensis in order
to confirm or refute the diagnosis of NCC and check
cross-reactivity. A computerized tomography(CT)
scan of the brain may be helpful, especially, if it shows
a cyst containing a scolex or evidence of lesions
suggestive of NCC without demonstrating a scolex
or disappearance of the imtracranial lesion after
treatment with oral cysticercidal medication™,

Unflortunately, we do not yel have a
comprehensive picture of the prevalence and clinical
features of NCC in Thailand®*?', so that this study
has evaluated not only the clinical manifestations
and laboratory assessments of NCC but also the
prevalence of NCC in patienis in whom there was
clinical suspicion of NCC at Siriraj Hospital. This
data also report the cross-reactivity of the ELISA and
Western blot for other helminthic diseases involving
the CMS in similar patients.

MATERIALS AND METHODS

A retrospective cohort study was performed
in 44 patients who were suspected of having NCCin
the Department of Medicine at Siriraj Hospital from
Movember 1998 (o November 2001 and who also
underwent investigations in the Department of
Parasitology. The sample size required for this cohort
was calculated by the SAM program®. The sample
size required was 42 cases.
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Forty-four patients were recruited in this
cohorl, Serum ELISA was performed in all patients.
CS5F ELISA was also performed in 18 patients, as
there was no contraindication in these patients, In
order o support the diagnosis, the CNS CT scan was
done in 35 patients who had neurological deficit and/
or symptoms and signs of increased intracranial
pressure. The remaining patients had positive results
for other diagnosis. Using Del Brutto and colleagues’
criteria and adding a good clinical response after
specific therapy (albendazole or praziguantel) 1o one
of minor criteria, we divided patients into three
groups: 19 with a possible diagnosis of NCC, 10 with
a probahle diagnosis of MCC, and 135 with a delinite
diagnosis of NCC. In the possible NCC, all patients
had 1 major and | epidemiclogic criteria, In the
probable group, all patients had 1 majer, 1 minor and
1 epidemiologic criteria. In the definite group, onc
patient had an absolute criterion with positive
histological findings, and other 14 had | major, 2
minor and | epidemiologic criteria. ELISA
investigation for A. cantonensis and Western blat
analysis for G, spinigerum was performed in all
definite patients. Almost all the possible and probable
patients had a different final diagnosis: 1 had aseptic
meningitis, | had erypiococcal meningitis, | had
neurosyphilis, 2 had alcoholic dementia, 1 had lung
carcinoma with a brain metastasis, 3 had cerebrovas-
cular disorders, and 8 had cosinaphilic meningitis.

T, solinm vesicular cyst soluble antigen was
utilized for the detection of cysticercosis (T selinm)
antibodies by solid-phase enzyme immunoassay,
using Cysticercosis Microplate ELISA (Chemicon
International, USA), The cut off value was taken at
0.5 OD units and a test was considered to be positive
when its value was greater than this. Antihody-
detection ELISA was performed for A, cantonensis,
which used its specific protein acting as the
antigen™'*'. Western blot analysis, which can
detect G, spinigerum al 24 kDa, if present was also
performed®.

Descriptive data analysis, crosstabulation,
and chi-square tests, | sample K-8, Kruskal Wallis H
tests were analysed, These data were calculated the
SPSS program.’

RESULTS

Data from 44 patients suspected of having
NCC were collected and analysed. The demographic
data are shown in Tables 1-3. Using modified Bruto
and colleagues’ criteria, we identilicd 15 definile
cases of NCC. The prevalence of NCC among this
cohort of patients was 34,19,

The clinical manifestations of NCC are
shown in Table 4. However, there is no discrimina-
tion in clinical manifestations not only between defi-
nite group and the rest, bul also among three groups:
definite, probable and possible groups. The symp-
toms and signs of increased intracranial pressure con-
sisted of headache, and/or vomiting and/or papille-
dema,

In order to make a diagnosis, a CT scan brain
wis performed in 33 patients whe also underwent
ather investigations, We found a compatible CT in
13 out of 14 (sensitivity 92.9%), However, it could
rule out patients with suspected NCC who did not
have it (lalse positive) in 10 out of 21 and showed a
specificity of 52.4% (11 out of 21). Although a CT
scan was performed in 14 out of 15 patients, who had
a definite diagnosis of NCC, we found positive ra-
diotogical findings in 13 out of 14 patients: mul-
tiple rings with or without enhancement (53.8%) were
the most common radiological findings in this study,
Others were caleified nodules (23.190), an intracra-
nial mass (23, 1%) and hydrocephalus (7.7%) that were
suggeslive of NCC. The position of the lesions was
frontal (53.8%), parietal (38.5%), tempaoral {23.15),
occipital (15.4%), midbrain (15.4%) and ventricle
{7751,

ELISA for NCC was examined in both se-
rum and CSF in order to determine Lhe better speci-
men for the diagnosis of NCC. Serum values showed
that 5 out of 15 patients clinically diagnosed with
MNCC were ELISA-positive; and 27 out of 29 were
both free of disease and absolutely negative for this
laboratory test. Serum ELISA showed a sensitivity in
33.3% and specificity 93.1%. CSF values showed
that 2 out of 5 individuals climeally diagnosed with
NCC were ELISA-paositive, 13 patients who did not
have NCC were also negative for the EL1SA, CSF
ELISA showed a sensitivity of 40,05 and a specifi-
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them respectively. We found our specimens cross-
rencted with A, canfonensis in 1 out of 15 samples
(6.79), bul did not cross-react with G, spinigerum,

city of 100.0%.
Because of a confounding, cross-reaction
with A, cantomensiy and G. spinigernm, ELISA and

Western blot analysis were performed specifically Tor

Table 1. Secx distribution of possible, probable, and definite NCC,

Sex Possible NCC Probable NCC Definite NCC Total
Male 14 (73.7%) 3 (30.0%) 11{91.7%) 29 (65.9%)
Female 5(26.3%) T{T0.0%:) 1 (8.3%) 15 (34.19)
Total 19 (100.0%%) 10 (100.0%:) 12 ( 100.0%%) dd (100.0%)
Table 2. Age distribution ol possible, probable, and definite NCC.,
Age range Possible NCC Probable NCC Definite NCC Total
=20 3(15.8%) 1 {100%:) 2(13.3%) 6(13.6%)
21-40 12 (63.2%) 3(30.0%) 4 (26.7%) 19 (43.29)
41-60 3{15.8%) 3(30.,0%:) 5(33.3%) 11 (25.0%)
=60 1 (5.2%) 3030009 4(26.7%) 818.2%)
Total 19 (100.09%) 10 {100.0%:) 15 (100.0%%) 44 (100.0%)
Table 3. Geographic data of possible, probable, and definite NCC,
Regions Possible NCC Probable NCC Definite NCC Total
Maorthern 1 (5.2%) 0 (0% 2(13.3%:) 3 (6.85)
Central 6(31.7%) 6 (60.0%:) 6 (40.0%) 18 (40.9%)
Morth-Eastern 10 (52.79%:) 3(30.0%) 4 (26.7%) 17 (38.69)
Eastern- 0 {0.0%) 0 (0.0%) 1 (6.7%) 1 (2.3%)
Weslern 1 (5.2%) 0 (0.0%) 2(13.3%) 3 (6.8%)
Southern 1 (5.2%) 1 (10.0%) 0 (0.0%) 2 (4.6%)
Total L9 (100,09 1O 100.0%:) 15 (100.0%) 44 C100.0%:)
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Table 4. Clinical manifestations of 13 definite NCC patienis.

Clinical manifestations MNo. of patients Percent
Increased intracranial pressure 8 53.3
Meurological deficits B 53.3
Seizures 8 533
Dizziness 3 20,0
Alleration of consciousness l 6.7
Loss of cognitive L 6.7

DISCUSSION

Cysticercosis is one ol the mest commaon
parasitic infections that causes neurological
abnormalities and has a high impact on the
population warldwide not only in developing
countries, but also in developed pnes™*, White has
described ahigh prevalence in Latin Amernica, Africa,
South and Southeast Asia, and Eastern Europe’. In
this study, the prevalence of NCC was 34,1%. This
prevalence is as high as that reported from endemic
areas?™ ™. However, this study looked at individuals
in whom the diagnosis was suspected, who presented
to a teaching hospital. We did not have any cases
from southern Thailand; this region may have a low
rate of infestation as a result of the Islamic religion,
fewer pigs being kept, and abstinence from eating
pork. In a previous report, Gracia et al who studied
factors associated with T, solinm cysticercosis
founded that living in rural area, having raised pigs,
and being more than 20 years of age with a history of
seizure were significant factors associated with
NCC*, Actually, economic, cultural and religious
factors strongly affect the prevalence of cysticercosis
in any particular geographical area’.

MNCC can present with a variety of symptoms
and signs. In this study, three common clinical
manifestations were selzures, neurclogical deficit,
and signs of increased intracranial pressure (33.3%).
This resembles other repotts from India and Thailand.
Kuruvilla et af discovered that the most common
clinical presentation was seizure (1009) followed
by headache/vomiting (64%), papilledema (2749
and neurological deficits { 189", and Vejjajiva also
found that Cysticercus cellulosae commonly resulis

in epilepsy, and somelimes increased intracranial
pressure. However, spinal cord and cauda equina
involvement occurs much less frequently®
Mevertheless, Sotelo e af who studied in 753 cases
of NCC in Mexico found other clinical manifesta-
uons are comman: arachnoiditis (48%) and hydro-
cephalus due to meningeal inflammation (25.7%)
were the most commaon form®, Perhaps, because of
the different states of cysticercosis in the CNS,
patients demonstrate a variety of symptoms and signs
so that clinical manifestations differ according to
region®, Thus, Scharf has concluded that the clinical
manifestations of NCC are related to several factors:
size, number, and location of the cysts and the host-
cyst inflammatory response™. In this retrospective
study, seizures (53.3%) was also the most frequent
clinical manifestation and focal seizures with
secondary generalization were the most common
(75G) of all. As in a previous report in which
bcCormick er al suggested that focal or generalized
seizures are the mosl commaon symploms occurrng
i up to 9254,

A CT brain scan is widely accepted as the
first line 1maging required in patients suspected of
having NCC'', In this study, we found various
characteristics that might suggest NCC: the
sensitivity of imaging was high but the specificity
was moderale so that both False-positives and false-
negatives occurred at a high rate. The results of this
procedure depend on the stage of the lesion and the
host inflammatory response™?,

In this study, the sensitivity and specificity
of serum ELISA was 33.3% and 93.1% respectively
for diagnosing NCC so that it is hard 1o use serum
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ELISA alone for the diagnosis of this disease unless
there is other useful evidence. Contrary o this, the
sensitivity of ELISA varied from S0% (o 905" s
We showed no discrimination between two different
specimens (serum and CSF}) in that ELISA in CSF
wits as sensitive as serum in diagnosing NCC. Asina
previous study, White found serum and CSF had
similar sensitivities between 60% and 8057,
Although there is controversy concerning which
specimen o use, Del Brutto ef al have recommended
one criterion for diagnosing NCC as positive serum
anticysticercal antibodies demonstrated hy
tmmuncklot, or positive CSF anticysticercal
antibodies demonstraled by immunoblot or ELISA &,
Interestingly, it has been suggested that specimens
should be further investigated with enzyme-linked
electroimmunatransfer blot (EITB) for NCC, Tsang
ef al suggested that EITE has a sensitivity of 100%
and specificity of nearly to 100% in the confirmation
of the diagnosis™. However, Ito et al have reported
that not only immunoblots but also ELISA show very
similar sensitivities and specificities for the
differentiation ol MCC [rom other disease™,

In Thailand, there are three parasites and a
protozoan that commoenly cause neurological disease
in man. These are T. solinm (cysticercosis), .
spinigerum, A, cantonensis, and Toxaplasma
gondii™. We were concerned that ELISA results
could show a false positive for other parasitic
infections, particularly A, cantonensis and
v, spinigernm. In this stody, either an ELISA or
Western blot analysis was performed in order 1o
prevent this. Similar to others, we still found cross-
reactivity of helminthic protein with A, cantonensiv
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