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Anticysticercous antibodies in serum and
cerebrospinal fluid in patients with cerebral
cysticercosis
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SUMMARY Fifty-one cases of cerebral cysticercosis proved by surgery or CT scanning were studied
prospectively with the ELISA test in order to detect anticysticercous antibodies in blood and CSF.
The ELISA test was also performed for detection of antibodies in 20 control patients who had CSF
withdrawn during a myelogram and in 119 serum samples of asymptomatic subjects. We found an
overall sensitivity of the ELISA test in the blood of 87% with a specificity of 90%. In the CSF we
found a sensitivity of 87% with a specificity of 100%. However, when we compared patients with
cerebral cysticercosis of a benign type with patients with cerebral cysticercosis of a malignant type
we found a serum sensitivity of 75% for the benign group as compared to 93% of the malignant
group. The CSF sensitivity was 80% in the benign group and 93% in the malignant group. This
difference was statistically significant.

Cerebral cysticercosis is a highly heterogeneous and
complex disease from the clinical and pathogenetic
viewpoints.' 2 It may be an asymptomatic or "silent"
infestation or it may cause death or serious
sequelae.36 In post-mortem studies performed in
Mexico City, it has been found that approximately
3% of the population coming to necropsy has cere-
bral cysticercosis. Nevertheless, most of the patients
who were found to have cysticerci in the brain were
asymptomatic. Only in 20% of the cases was the para-
sitic infestation directly responsible for the death of
the patient; in the remaining 80% the parasite was an
incidental finding.5 7
The patients who were asymptomatic had paren-

chymal or calcified parasites, whereas all the patients
who died as the consequence of the infestation had
hydrocephalus.7 In India it has long been known that
cerebral cysticercosis may be a "silent" infection with
few or absent clinical symptoms or it may be a severe
illness causing death or incapacitating sequelae.45
More recently, the natural history. of parenchymal
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cerebral cysticercosis was evaluated in 73 Mexican-
American patients living in Los Angeles.3 8 In this
population it appears to be a relatively benign disease.
The diagnosis was incidental in 20% of the cases and
the main problems were seizures. Surgery was per-
formed in only 6% of the cases and only for diagnos-
tic confirmation; the main clinical problem was sei-
zure control. These studies suggest that parenchymal
cysts and calcified parasites are well tolerated by the
host. On the other hand patients with hydrocephalus
due either to ventricular cysts or basal meningitis fare
poorly despite shunting procedures. We have recently
attempted to classify cerebral cysticercosis into
benign and malignant forms according to the clinical
symptoms and natural history of the disease.9 We
found that the following forms of cerebral cys-
ticercosis had a benign course with little or no symp-
toms: (a) parenchymal cysts; (b) calcified forms; (c)
combination of parenchymal cysts and calcification.
These patients were either asymptomatic or had
seizures as the sole manifestation of the infestation.
The patients who had a malignant course were highly
symptomatic with raised intracranial pressure,
seizures, mental changes, gait apraxia, cranial nerve
palsies and stroke. We classified under malignant
form the following types: (1) hydrocephalus either
due to intraventricular cysts or basal meningitis; (2)
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vasculitis and cerebral infarction; (3) multiple granu-
lomata (cysticercous encephalitis); (4) giant supra-
ventricular cysts. On the other hand, anticysticercous
antibodies, measured by various techniques (indirect
haemagglutination, immunoelectrophoresis, indirect
immunofluorescence, complement fixation tests) have
been demonstrated between 60 and 80% of the
patients with proven cerebral cysticercosist0- t6 We
thought that a correlation between the type of cere-
bral cysticercosis and level of serum and CSF anti-
bodies would be present if an immune mechanism was
important in the pathogenesis of the cerebral damage
and might help in understanding of the low sensitivity
of the serologic tests used in the diagnosis of cerebral
cysticercosis.t7
We postulated that the sensitivity of the ELISA test

for detection of anticysticercous antibodies in serum
and CSF was lower in patients with a benign course
than in those with a malignant course. In addition, if
the humoral response was involved in the patho-
genesis of the symptoms the antibody titres would be
higher in the malignant form as compared to those
with a benign course. We also studied the serum and
CSF of patients with cerebral cysticercosis in order to
have a control population, thought to be necessary in
an endemic region.

Patients and methods

We prospectively studied over two years, 51 patients in
whom the diagnosis of cerebral cysticercosis was established
either by surgery or by CT scanning. Patients in whom the
diagnosis of cerebral cysticercosis was in doubt or had
hydrocephalus of other types were excluded. The mean age
of the patients was 38 years, with a range 18 to 61 years; 27
patients were male and 24 were female. Twenty patients had
parenchymal cysts or calcification or a combination of both.
These patients had a benign course and were diagnosed by
CT scanning. The presenting complaints were headache or
seizures (table 1). Thirty-one patients had hydrocephalus,
giant supratentorial cysts, cerebral infarction or cysticercous
encephalitis. These last patients had raised intracranial pres-
sure with papilloedema, gait difficulties, cranial nerve pal-
sies, mental changes, disturbance of consciousness and sei-
zures. These patients had a malignant course (table 2).

All the hydrocephalus patients underwent a ventriculo-
peritoneal shunt. Eleven out of the 21 patients with hydro-
cephalus underwent surgical removal of the intraventricular
cyst. The three patients with giant cysts in the supratentorial
space all were operated. Twenty-nine out of the 31 patients
with malignant cysticercosis underwent a surgical pro-

cedure. The control groups were 119 asymptomatic subjects
without a history of a neurological disease from whom we

obtained a blood sample. We also studied 20 CSF samples in
20 patients who underwent a spinal tap for a myelogram due
to a herniated lumbar disc. Patients with neurological dis-

Table 1 Benign cerebral cysticercosis (20 patients)

Number Symptoms

1. Patients with parenchymal cysts 9 (45%) Asymptomatic 1/9
Seizures 4/9
Headache 4/9

2. Patients with calcified parasites 2 (10%) Headache 1/2
Seizures 1/2

3. Patients with parenchymal cysts and 3 (15%) Asymptomatic 2/3
calcified parasites Seizures 1/3

4. Patients with granulomata 2 (10%) Headache 1/2
Seizures 1/2

5. Patients with parenchymal cysts and 4 (20%) Headache 2/4
granulomata Seizures 2/4

Table 2 Malignant cerebral cysticercosis (31 patients)

Number Symptoms

1. Patients with hydrocephalus 26 (83-8%) Increased intracranial pressure, mental
changes, gait difficulties, cranial nerve
palsies, seizures

2. Patients with hydrocephalus secondary 15 (48 3%) Increased intracranial pressure, mental
to subarachnoid blockage changes, gait difficulties, cranial nerve

palsies, seizures
3. Patients with intraventricular cysts 11 (35-4%) Increased intracranial pressure, gait

difficulties, mental changes, cranial
nerve palsies

4. Patients with giant supratentorial cysts 3 (9-6%) Increased intracranial pressure, mental
changes, hemispheral lesion

5. Patients with cysticercous encephalitis 1 (3-2%) Increased intracranial pressure, diffuse
encephalopathy

6. Patients with vasculitis 1 (3-2%) Stroke
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eases other than cerebral cysticercosis were excluded.
Antigen preparation We followed the method of
Kagan 13 18 with some modifications. The cysticerci were

obtained from parasitised pig's meat. The parasites were

washed in saline solution, frozen and unfrozen three times;
afterwards they were sonicated for 5 minutes in an ice bath,
then they were lyofilised and crushed in a mortar; thereafter
they were hydrated in a coca solution and centrifugated
for 30 minutes at 3500 RPM (centrifuge WIFV 6). The
supernatant was dialysed against saline solution. The
dyalisate was again centrifugated and the proteins were

quantified. Finally it was lyofilised again and stored.
ELISA test Dynatech Immulon plates with removable
wells were used in this study. The technique was as follows:
200mcl of cysticercous cellulosa antigen in a concentration
of 5 mcg/ml for the serum test and 3 mcg/ml for the CSF test
for each well was kept at 4°C for 12 hours. To it was added
200 mcl of serum or CSF diluted 1:200 for the serum in PBs
tween and 1:10 for the CSF also in PBs tween. Then, it was
incubated for 30 minutes at 37C and then washed for five
minutes three times. Anti IgG (200 mcl) was added to each
well. After again washing for five minutes each well received
200 mcl of substrate solution and was incubated for 30
minutes at 37°C. Finally the reaction was stopped with
50 mcl of NaOH2 solution in a normal concentration and
the reading was made of optic densities in a microlector for
ELISA 810-C titertek-multiskar. The technique is the
indirect ELISA test.
Statistical treatment The U test of Mann Whitney was

used to compare the values of optical densities between the
serum and CSF of patients and controls and between
patients with cerebral cysticercosis of benign and malignant
types. The percentages of positivity and negativity were

compared between patients with benign and malignant cys-
ticercosis using the exact probability test of Fisher. The
value of optic density considered to be positive was the mean
plus one standard deviation of the control population. The
non parametric U test of Mann Whitney was used because
the distribution of the data was not normal.

Results

In figs I and 2 the level of antibodies in optical densi-
ties (OD) by the ELISA method in patients with
proven cerebral cysticercosis and controls is shown.
The mean of optic densities in serum and CSF for
patients with proven cerebral cysticercosis was 0 939
+ 0-576 and 0 906 + 0 692 respectively.
The control patients had a mean of 0 306 + 0-137

in serum and in CSF of 0 20 + 0 024. Figures 3 and
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Fig I Levels ol antibodies in optical densities by, ELISA in
patients with proven cYsticercosis and controls, in serum.

4 show the results of ELISA in patients with benign
and malignant cerebral cysticercosis. In the patients
with benign cerebral cysticercosis the mean OD in

serum was 0 87 and in CSF was 0 724. In contrast in

the patients with malignant cerebral cysticercosis the
mean in serum was 1 162 and 1452 in CSF. The
difference between the patients with benign and
malignant cerebral cysticercosis was found to be
highly significant (p < 0 01) in serum and CSF.
The sensitivity of the ELISA test in patients with

proven cerebral cysticercosis in serum was 87% with
a specificity of 90%. In the CSF the sensitivity was

88% with a specificity of 100%.
In the serum the mean level of optical densities of

the ELISA test were 0 87 and 1 162 for the benign and
malignant forms respectively. This difference is highly

Table 3 Comparison of the sensitivity of the ELISA in patients with benign and malignant cerebral cysticercosis

Sensitivity

1. Patients with benign cerebral cysticercosis serum 75% p < 0 01
2. Patients with malignant cerebral cysticercosis serum 93% (Exact probability test of Fisher)
3. Patients with benign cerebral cysticercosis CSF 80% p < 0 01
4. Patients with malignant cerebral cysticercosis CSF 93% (Exact probability test of Fisher)

1046

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.49.9.1044 on 1 S
eptem

ber 1986. D
ow

nloaded from
 

http://jnnp.bmj.com/


Anticysticercous antibodies in serum and cerebrospinalfluid in patients with cerebral cysticercosis

2-0-

1 8 -

1*6 -

1*4 -

1-2-
O D

1-0-

0.8 -

0-6 -

0-4 -

0.2 -

0
(n =20)

Controls

(n =48 )

Patients with
proven cc

2X0]

1*8-

162-
OD -

1 0-

0-8 -

0-6 -

0-4-

02-

0

p<001

(n= 20)

Patients with
benign cc

(n =28)

Patients with
malignant cc

Fig 2 Levels of antibodies in optical densities (OD) by
ELISA in patients with proven cysticercosis and controls, in
CSF.
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Fig 3 Results of ELISA in patients with benign and
malignant cysticercosis (cc) in serum.

Fig 4 Results of ELISA in patients with benign and
malignant cysticercosis, in CSF.

significant statistically (p < 001). In the CSF the
mean of the OD was 0 724 for the benign group and
1 452 for the malignant group (p < 0001). The
difference in sensitivity of the test in the serum was
75% for the benign group and 93% for the malignant
group (p < 0-0 1). The optical densities in the group of
patients with malignant cysticercosis in the serum was
1 [162 and in the CSF 1 452. This difference was found
also significant statistically (p < 0-01) (table 3).

Discussion

Our data show that cerebral cysticercosis is a complex
and pleomorphic infection from the clinical and
immunological points of view; this study also throws
some light on the understanding of the pathogenesis
of the symptoms and its relationship with the
humoral response in cerebral cysticercosis.

Patients with benign cerebral cysticercosis have a
low level of antibodies in serum and CSF. The sensi-
tivity in the serum in patients with benign cys-
ticercosis was 75%, whereas -the sensitivity in the
serum in patients with malignant cysticercosis was
93%. The sensitivity of the test in the CSF was 80%
in the patients with beieigh-derebral cysticercosis as
compared-with 93% of the patients with malignant
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cerebral cysticerco$is. The difference in sensitivity in
serum and CSF between the patients with benign and
malignant cerebral cysticercosis is highly significant
(p < 0-01). This difference persists even ifwe compare

the absolute values of the optical densities of the
ELISA test in both groups of patients. The ELISA
test had an overall sensitivity in the serum of patients
with proven cerebral cysticercosis of 87% and a

specificity of 90%. The specificity in the CSF was

88%. This study suggests that the low sensitivity of
the serologic tests previously reported was due to the
fact that we were sampling two different populations
of patients with cerebral cysticercosis. 17 19-24
Our data demonstrate that patients with malignant

cerebral cysticercosis have a much more marked
humoral response than those with a benign course.

It also suggests that the cerebral damage may be par-

tially mediated by the immune response. The lack of
production of antibodies in cerebral cysticercosis has
been perplexing. In the past it has been attributed to:
(1) variable antigenicity of Cysticercus cellulosae; (2)
'evasion" of the parasite by covering itself with
immunoproteins of the host; (3) "suppression" of the
humoral immune response by the parasite; (4)
immune suppression by ingestion of steroids; (5) tech-
nical defects in the tests and in the preparation of the
antigen.25 30 We carefully looked for the ingestion of
steroids in both groups of patients. Only 10% of the
patients with a benign course had taken steroids
sometime during the course of their illness, and this
factor cannot account for the low sensitivity of the
tests in this group. On the other hand almost 75% of
the patients with malignant cerebral cysticercosis
received steroids. We examined the patients with
negative serology searching for causes to explain the
negativity of the ELISA test in patients with proven

cysticercosis of a malignant type. The two patients
with humoral response had received large amounts of
intravenous steroids for at least two weeks preceding
the determination of serum and CSF antibodies.
Nevertheless the steroid intake could not be the sole
factor in the lack of antibody response as 75% of the
patients with cerebral cysticercosis of the malignant
type had steroid therapy.
The patients with malignant types who did not

have a humoral response had large cysts in the supra-
tentorial space. We concluded that some patients with
cerebral cysticercosis do not produce antibodies and
patients with cerebral cysticercosis of a benign nature
are non responders in a greater proportion of cases.

The reason why some patients do not produce anti-
bodies should be sought in the complex relation of
host and parasite. This relationship also determines
the production of symptoms. It is clear that the para-
site may be present in the brain without the pro-
duction of disease.4 7The parasite may produce

symptoms by mechanical compression or obstruction
or by the induction of an inflammatory process sur-
rounding the parasite.9 31 Intraventricular cysts may
produce obstruction to the CSF circulation that may
prove fatal to the patient with little or no
inflammation.7 A giant cyst in the supratentorial
space may also compress the cerebral tissue and
induce mechanical damage with scant inflammation.
Cysticercus cellulosae in the parenchymal tissue is
remarkably well tolerated and the inflammatory reac-
tion is sparse around these lesions.7 In contrast, the
inflammatory reaction is intense around Cysticercus
racemosus;5 it is also severe in arachnoid reactions in
the cisterns surrounding the brain stem, the chiasm
and Sylvian subarachnoid spaces.7 The symptoms are
also produced by the presence of an inflammatory
reaction in patients with vasculitis, multiple granu-
lomata and ependymitis.9 The calcification is not
associated with an inflammatory process.7
We found that the sensitivity of the ELISA test in

patients with benign cerebral cysticercosis was the
same in both serum and CSF, and the titre of anti-
bodies was low in both. In contrast, the amount of
anticysticercous antibodies in the CSF in patients
with malignant cerebral cysticercosis was much
higher than the serum. This difference was also statis-
tically significant (p < 0 01). These findings suggest
de novo synthesis of anticysticercous antibodies inside
the central nervous system and it also indicates that
the inflammatory reaction in the central nervous sys-
tem may be mediated by the humoral immune
response. Alternatively, the patients with malignant
cysticercosis may have a more severe dysfunction of
the blood brain barrier and the higher titre of anti-
bodies indicate a greater passage of antibodies from
the blood to the brain. We believe this is unlikely
because the mean optical densities in the CSF were
much greater than the mean optical density in the
serum in patients with malignant disease. The natural
history, clinical findings, pathological evidence and
humoral immune response suggest that parenchymal
cysticercosis alone or in combination with
calcification is a benign problem that is largely
asymptomatic or presents with seizures or headaches.
These patients have a lower percentage of positivity
for the presence of anticysticercous antibodies, if they
are present. The infection seems compatible with a
normal life expectancy and pathologically there is
sparse inflammation in the cerebral tissue sur-
rounding the parasite.7 In contrast, patients with
malignant cysticercosis have an illness that may
progress and lead to death or incapacitating sequelae.
The titre of anticysticercous antibodies in this group
of patients is much higher than in the benign group
suggesting that the inflammatory process is to a great
extent mediated by the humoral response.
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Patients with intraventricular and large supra-
tentorial cysts have increased intracranial pressure
and have a life-threatening illness but the main mech-
anism of cerebral damage is mechanical compression
or obstruction to the CSF circulation and probably
not the production of an inflammatory process.31
These patients, therefore may have lower titres of
antibodies as compared to those patients with hydro-
cephalus due to basal arachnoiditis, vasculitis or mul-
tiple granulomata. Further studies correlating anti-
body levels, amounts of immunoglobulins, presence
of immune complexes, sub-populations of T and B
lymphocytes in the CSF of patients with cysticercosis
of a benign and malignant course are urgently
needed.
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