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INTRODUCTION

Until late 1970s, very few clinical measures
could be done for cysticercosis patients. Antiepilep-
tic treatment for seizures, surgery to relieve the
increased intracranial pressure either by a shunt
operation or by removing the worms blocking
the pathway of cerebrospinal fluid(CSF), biopsy
of one or more subcutaneous ncdules, and pro-
phylactic removal of concomitant Taenia solium
infection, if any, were those we could do for
the patients. As a matter of fact, incidental
recovery of Cysticercus cellulosae in neurosurgical
patients was not uncommon in the endemic areas.

During 1977~1980, however, the develop-
ments of computerized tomography (CT) of brain
and praziquantel, a chemotherapeutic agent, had
changed the management of human cysticercosis.
Praziquantel was proved to be effective in both
dermal and neurocysticercosis(Rim et al., 1980;
Brink et al., 1980; Rim et al., 1982; Botero
and Castano, 1982; Spina-Franca et al., 1982;
Sotelo et al., 1984). The administration of pra-
ziquantel combined with steroid has come to be
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recommended as the first choice in neuro-cysti-
cercosis especially in cases of early infection.
Praziquantel, however, did not cure all the
cysticercosis patients(Rim ez al., 1982), and its
long term efficacy has yet to be evaluated.
Surgical management, therefore, remains still
very important in certain situations.

With the progress in medical treatment of
cysticercosis, the importance of pre-treatment
diagnosis has been grown even more, especially
in neuro-cysticercosis. The diagnosis by CT
proved to be very useful(Carbajal et al., 1977;
Hong et al., 1978; Koh et Sim, 1980; Rodriguez-
Carbajal et al., 1983). CT could visualize the
shape, number and location of the intracranial
lesions when the cystic worm made a contrast
with the inflamed or normal tissue nearby or
when calcifications were present. Most neuro-cys-
ticercosis could be diagnosed by CT. Even by
CT, however, many cases escaped recognition
or gave ambiguous findings to state a definitive
aetiological diagnosis. Especially in the cases
with a single intracranial lesion of granulomatous
nature, aetiologic differentiation became difficult.
Furthermore, in some ventricular cysticercosis,
CT seemed completely normal or showed only
a dilated ventricle without visualizing the worm.
In such difficult situations, serological tests
may provide valuable information for aetiologic



diagnosis if they are sufficiently sensitive and
specific.

Long before the CT era, various serological
tests had been studied as a diagnostic tool of
systemic- and mneuro-cysticercosis(Expert Com-
mittee of WHO, 1976; Flisser et al., 1979).
Complement fixation(CF) test, indirect haemag-
glutination test IHA), gel diffusion(double im-
munodiffusion, immunoelectrophoresis, counter-
immunoelectrophoresis etc.), precipitin test, in-
tradermal test, indirect immunofluorescence test,
blast transformation in vitro, etc. were evaluated.
As Flisser et al.(1979) summarized, these sero-
logic techniques have shown extremely variable
results in their sensitivity and specificity. For
example, IHA, a widely used method, has been
reported by different authors as showing 4~25
% of non-specific reactions in serum of normal
subjects and 10~92% of sensitivity in confirmed
cysticercosis. The relatively high non-specific
reaction could be explained by (1) lack of
available specific antigen which suppress the
cross reactions, (2) difficulty of defining a normal
(not infected with C. cellulosae) subject especially
in endemic area and (3) limited knowledge as
to the range of cross-reacting parasitoses.

Flisser et al.(1979) also listed possible causes
of low sensitivity of the serologic tests in human
cysticercosis, as follows; (1) the immunosup-
pressive effect of anti-inflammatory treatment
frequently administered in those patients, (2)
different degree of infection, (3) the low
sensitivity of the method itself, (4) the existence
of different serotypes in the cysticerci population
and (5) avoidance of immune recognition. In
addition to the above listed factors, the anato-
mical compartmentalization of antibody produc-
tion in- and out-side of blood-brain barrier (Leibo-
witz and Hughes, 1983) might be a reason for
the low sensitivity. Neuro-cysticercosis without
extracranial infection may reveal a negative
reaction when only serum is tested. Also the
pathologic status of lesion by the age of infection
have affected the results of serologic test(Sotelo
et al., 1985).

In order to overcome the compartmentalization

of antibody production in neuro-cysticercosis, if
any, the antibody level should also be examined
with CSF beside a test of serum only. Already
in 1956, Nieto applied CF test to detect anti-
Cysticercus antibody in CSF; IHA has also been
applied to detect the antibody in CSF.

To improve the low sensitivity of the test me-
thod itself, the Expert Committee of WHO(1976)
recommended the application of the enzyme-
linked immunosorbent assay(micro-ELISA) in
serological diagnosis of cysticercosis. Since then,
many workers have evaluated the applicability
of micro-ELISA (Arambulo et al., 1978; Espinoza
et al., 1982; Costa et al., 1982; Tellez-Giron et
al., 1982; Coker-Vann et al., 1984; Mohammad
et al., 1984). Radioimmunoassay was recently
applied to detect the specific IgG antibody in
serum and CSFMiller ez al., 1984; Mohammad
et al., 1984).

Since January 1984 we have also applied the
micro-ELISA in detecting the Cysticercus-specific
IgG antibody in paired samples of serum and
CSF in neurologic patients in Korea. In this
paper, we report the results of two-year study
on the serological diagnosis of neuro-cysticercosis
to evaluate the sensitivity, specificity, cross
reactivities and related aspects.

MATERIALS AND METHODS

1. Antigens

Taenia solium metacestodes (C. cellulosae)
were collected from two naturally infected hogs
slaughtered in Cheju Do, Korea. About 1,000
and 3, 000 cysticerci were harvested from each
hog, by dissecting the infected muscle. About
40% of worm were removed in unruptured states
from the thin fibrous encapsulations without
any host tissue debris on its surface. Cystic fluid
contaminated on hog muscle was discarded. The
unruptured cysts were washed in cold saline for
several times. The water on worm surface was
removed by rolling on filter paper. Then the
cystic fluid from the bladder of worms was pooled
in a beaker, bathed at 4°C by gently beating
each cyst on a funnel wall. A total of 100ml



of cystic fluid was collected from about 1,300
cysts. The fluid was allocated in freezing vials
to keep it at —40°C until use. The protein
content of cystic fluid was 5.0 mg/ml when
measured by the method of Lowry et al. (1951).
The cystic fluid was filtered through 0.45¢m
millipore filter membrane to remove particles
before use as antigen.

Saline extracts of Paragonimus westermani and
Sparganum mansoni were prepared as Cho et al.
(1981) and Kim et al.(1984) did to observe the
cross reactivity in cysticercosis patients. Saline
extracts of Taenia saginata, Clonorchis sinensis
and Fasciola sp. were also prepared using adult
worms.

2. Subjects

(1) Subjects in the preliminary observation:

A total of 70 samples of sera was collected
at random from freshmen of Chung-Ang Univer-
sity, as normal control. Meanwhile sera from
13 cases of clinically diagnosed neurocysticercosis
were secured by the help of Sister Enda M.
Stounton, M.D., Dr. H.Y. Shin and Dr. J.J.
Suh of St. Isidore Clinic in Cheju Do in 1981.
These were epileptic patients with multiple sub-
cutaneous nodules. No cases were examined by

416 cases
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brain CT. Biopsy of skin nodule was done in 2
of 13 cases, which confirmed cysticercosis.

(2) Cases with cysticercosis:

From January 1984 to January 1986 we exa-
mined serologically a total of 416 cases for their
Cysticercus-specific IgG antibody in serum and/
or CSF (Fig. 1). Most of the cases were neuro-
logic patients with epileptic seizure, headache or
other neurologic symptoms. Most cases were
examined by brain CT which revealed normal
or abnormal findings. They were in- or out-
patients of major university hospitals in Seoul
and other cities in Korea.

Out of the 416, 61 cases were excluded from
statistics because they were examined only by
serum (54 cases) or only CSF (7 cases). The other
355 cases who had been examined by both serum
and CSF were subjected to the statistics. All
the CSF except in 2 cases were obtained by
lumbar puncture. These 2 cases were examined
only by ventricular CSF. Three cases were
examined by their ventricular CSF in addition
to lumbar puncture.

These cases with both samples were divided
into 3 groups according to the following criteria
(Fig. 1.

(serologically tested)

l

355 cases
(paired samples examined)

l l

54 cases 7 cases

(serum only examined) (CSE only examined)

|

18 cases 36 cases 7 cases
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71 cases 52 cases 232 cases
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26 cases 24 cases 21 cases 7 cases 45 cases

(Group Ta)(Group Ib)(Group Ic)
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0 0 ~ 32
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6 40 L-180

CSF, **%%%(-): Negative

Fig. 1. General scheme of grouping in the present study.
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Group I was composed of 71 confirmed ecysti-
cercosis. They were selected for a calculation of
the sensitivity of micro-ELISA. They were
divided into 3 subgroups. Group Ia carried 26
cases of surgically proven neuro-cysticercosis.
In 3 cases of them, micro-ELISA was done
after surgery. Three of them were racemose
cysticercosis patients. Group Ib was composed
of 24 cases of proven cysticercosis by both biopsy
of subcutaneous nodules and brain CT findings.
All the cases showed multiple low densities in
the brain CT. Group Ic included 21 cases whose
brain CT showed multiple low densities as re-
viewed by a neuroradiologist.

Group II consisted of 52 cases who had been
proven as to be those of other neurologic diseases.
They were selected for the calculation of the
test specificity. Of them, 7 cases were confirmed
by operation as other neurologic diseases such
as brain tumor, vascular diseases, head trauma,
non-specific granuloma, etc.(Group Ila). The
remaining 45 cases were diagnosed as tuberculous
meningitis, fungal infection, vascular diseases,
congenital anomaly, etc. based on other bacterio-
logical, radiologic data (Group IIb). No patient
with epilepsy of unknown aetiology was included
in Group IIb.

In Groups I and II the result of micro-ELISA
for Cpysticercus-specific IgG antibody did not
affected the clinical diagnosis of the patients.
Only mutually exclusive cases were included.

Group III consisted of the remaining 232
patients. All cases of neurccysticercosis, whose
clinical diagnosis depended on the serological
test were included in this group. Those cases
with multiple low densities in brain CT were
included in Group III when the CT was not
reviewed by the neuroradiologist who read the
CT of Groups Ib and Ic. Of these, 19 cases were
clinically confirmed later as cysticercosis by fol-
low-up brain CT after praziquantel treatment.
Other 4 cases were biopsy-confirmed muscular
cysticercosis. The clinical diagnosis of the remain-
ing 209 cases was modified by the results of
serologic test either as neuro-cysticercosis or as
other neurologic diseases. They were, therefore,

excluded from calculation of the sensitivity and
specificity.

(3) Other parasitic infections:

Sera from 110 cases of human parasitic infec-
tion were tested to observe the cross reactivity
to Cysticercus antigen. They were 18 cases of
Taenia saginata infection, 20 sparganosis, 56
paragonimiasis, 15 clonorchiasis and 1 fascioliasis.
Of these, 19 cases were examined of their CSF
together with serum because they were mani-
fested by symptoms of central nervous system
(CNS).

All of the 18 cases of 7. saginata infection
were confirmed by the worm in stool after prazi-
quantel treatment. Out of 20 cases of sparganosis
4 were confirmed by surgery of subcutaneous
nodule, and 2 by neurcsurgery. Ten cases were
manifested by CNS symptoms; their CSF were
also examined. Of the 56 cases of paragonimiasis,
47 were manifested only by pulmonary symptoms;
5 were egg positive by sputum examination and
42 were serologically positive cases. Of the 9
CNS paragonimiasis 4 were surgically confirmed
cases and 5 were serologically diagnosed. Fifteen
cases of clonorchiasis and one fascioliasis case
were all egg confirmed cases.

3. Procedures of micro-ELISA

Procedures described by McLaren et al. (1978)
were followed. Chequerboard titrations were done
using Costar polystyrene EIA plate. Two hundred
gl of cystic fluid antigen diluted in carbonate
buffer (pH 9.6) (in protein concentration of 2,5
pg/ml) were coated in wells overnight at 4°C.
After washing the wells with saline containing
0.05% Tween 20 for 3 times, 200p of 1: 100
diluted sera in PBS/Tween 20(pH 7.4) and
undiluted CSF in respect were incubated for 2
hours at 37°C. After washing, 2004l of 1:
5,000 diluted peroxidase-conjugated antihuman
IgG goat serum(H&L chain specific, Cappel,
USA) in PBS/Tween 20(pH 7.4) were incu-
bated for 2 hours at 37°C. After final washing
200g] of substrate, made of 1 ml of 1% o-
phenylene diamine, 50pl of 6% HyO, and 99ml
of distilled water were added. The reaction was
stopped by adding 20pl of 8N H,SO, after 30



minutes incubation at 25°C. The absorbance
(abs.)was read at 492nm with Gilford spectro-
photometer.

In each test, positive and negative reference
sera were concomitantly assayed. The positive
reference was chosen which gave the abs. of

from 0.03 to 1.45. Of the 13, 4 cases showed
abs. of lower than . 11.

The results in 70 normal control cases showed

abs. in 0.01~0. 09 (mean-+standard deviaticn,
0. 04-+0. 02).

1. 0 by repeated tests.

to the following formula:

Corrected abs. in

Reading of abs.
test sample

in sample

1
X Abs. of positive reference

RESULTS

1. Preliminary observation
The levels of Cysticercus-specific IgG antibody
as revealed by the abs. were shown in Fig. 2.
In 13 cases of clinically diagnosed cases of neuro-
cysticercosis (epileptic patients with multiple sub-
cutaneous nodules in Cheju Do), the abs. ranged
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Fig. 2. Results of preliminary observation for Cysti-
cercus-specific 1gG antibody level in serum
of 13 clinically diagnosed mneurocysticercosis
and 70 cases of normal controls.

The abs. of sample sera
and CSF was corrected in each assay according

No. of cases

2. Criterion of positive reaction

If we had set the criterion at the abs. of
upper limit of mean + 2 standard deviation in
normal control cases, it would have been 0.08
in this study. From the preliminary observation,
however, we thought the differential criterion
could be drawn at any abs. between 0, 10~0. 25
(Fig. 2); the highest abs. in normal control
was 0. 09 and the lowest abs. in clinically diag-
nosed cases was (.25 except for 4 cases who
showed far lower abs.

To make the problem of criterion of positive
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Fig. 3. Frequency distribution of 355 cases by the

abs. (level of Cysticercus-specific IgG anti-
body) interval in serum and CSF.



reaction clearer, we analysed the abs. of 355
cases. The number of cases was plotted against
the abs. interval 0.05. The frequency of cases
was the lowest in 0.21~0.25 when the sera
were tested while the lowest frequency was in
0.11~0. 15 in CSF (Fig. 3).

Another point we considered was the relation
between the positive criterion and the rates of
sensitivity and specificity. The higher the abs.
of differential criterion, the lower the sensitivity,
the higher the specificity and vice wversa. We
thought
should have a priority over

that, in cysticercosis, the specificity
the specificity
because the present assay should differentiate as
much cysticercosis as possible from other ne-
urologic diseases as aetiologic diagnosis.

The last point we considered was whether or

not the same differential abs. should be applied
to 1 : 100 diluted serum and undiluted CSF. In
normal cases, the protein content in CSF is 1/
200~1/400 of serum; and the concentration of
total immunoglobulin is 1/500 of serum(Leibowitz
and Hughes, 1983). As observed by McCormick
et al. (1982), however, immunoglobulin levels in
CSF in neurocysticercosis patients became 1/100
of serum. We thought, therefore, that the same
abs. could be applied as a differential criterion
in both serum and CSF in our assay condition.

From the considerations, we set arbitrarily the
abs. of 0.18 as the lowest limit of positive
reaction. It was a mid-point between the
possible ranges of criterion in the preliminary
observation (Fig. 2) and also a mid-point of
the abs. ranges of the lowest frequency in sera
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Fig. 4. Distribution of the abs. (specific IgG antibody level) in serum and CSF in confirmed neurocysti-
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(v) : Subcutaneous nodule biopsy and brain CT positive (Group Ib). Closed circle(e) : Multiple
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Table 1. The sensitivity of micro-ELISA in neuro-cysticercosis

No. of cases of

No. = —— . e N
Group evaluated serum (+) serum(—) serum{-+) serum(—)
CSF (+) CSF (+) CSF (—) CSF (—)
Ia 26 18 3 0 5
Ib 24 18 0 5 1
Ic 21 14 6 0 1
Total 71 50

 Sensitivity of micro-ELISA by serum: 77.5%
Sensitivity of micro-ELISA by CSF : 83.1%
Overall sensitivity 1 90.1%

(0. 21~0. 25) and in CSF(0. 11~0. 15) (Fig. 3).
3. Sensitivity of assay

As shown in Table 1, a total of 71 cases of
Group I was subjected to a calculation of the
sensitivity. Of them, abs. was above the positive
criterion in 64 cases(90. 1%) when any of serum
or CSF showed positive. When the results in
serum only were considered the sensitivity of
assay was 77.5%(55/71) and that in CSF only
was 83.1%(59/71). Seven cases out of 71
showed negative reaction in both samples.

The sensitivity of micro-ELISA was lower in
Group Ia than in Groups Ib or Ic. In Group Ia,
3 cases were tested on 2~20 days after neuro-
logical surgery. One of them had a single in-
tracranial lesion, whose result was negative both
in serum and CSF. Three additional cases with
a single intracranial lesion, who were tested
before surgery, were negative in both samples.

As shown in Fig. 4, most of the serologically
negative cases of confirmed neurocysticercosis
showed the lowest abs. either in serum or in
CSF; the intermediate ranges were rare in such

false negative cases.
4, Specificity of assay

As shown in Table 2, a total of 52 cases of
Group II was subjected to a calculation of the
specificity. Of them 46 cases(88.5%) showed
the negative results both in serum and in CSF.
When the results by serum were considered
the specificity was 94.2% (49/52) and when
those of CSF only were considered, it was 94. 2
% (49/52). No case was positive in both serum
and CSF.

In surgically confirmed other neurologic diseases
(Group Ila), the specific results were obtained
in 6 of 7 cases(87.5%) while in medically
diagnosed cases(Group IIb), specificity was 88.9
% (40/45). As shown in Fig. 5, the non-specific
positive reactions in Group II revealed their abs.
near to the positive criterion. Only exception
was a child with tuberculous meningitis who
showed a high abs. in CSF.

5. Results in remaining cases

The overall positive rates of 355 subjected

cases are shown in Fig. 1. Out of them 82 cases

Table 2. The specificity of micro-ELISA in neuro-cysticercosis

No. of cases of

No. R } . S
Group evaluated serum(+) serum{(—) serum (-+) serum(—)
CSF (+) CSF (+) CSF (—) CSF (—)
Ia 7 0 1 6
Ib 45 3 2 40
Total 52 0 3 3 46

Specificity of micro-ELISA by serum: 94.2%
Specificity of micro-ELISA by CSF : 94.2%
Overall specificity : 88.5%
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Fig. 5. Distribution of the abs. (specific IgG antibody level) in serum and CSF in confirmed other
neurologic diseases (Group I ). Closed circle(s) : Surgically diagnosed other neurologic dis-
eases (Group Ia). Open circle(o) : Medically diagnosed other neurologic diseases(Group
Ib). Dotted lines at abs. of (.18 are the differential criteria of the positive reaction.

(23.1%) were positive in both samples, 17 cases
(4.8%) were positive only in serum, 23 cases
(6.5%) were positive only in CSF and 233
cases (65. 9% ) were negative in both samples, if
the correctness of the results of micro-ELISA
was disregarded.

In Fig. 6, the abs. in serum and CSF of 232
cases of Group III are shown. The pattern of
abs. distribution was basically identical with
those of Figs. 4 & 5 combined. Of the 232, 4
cases were biopsy confirmed muscular cysticer-
cosis, with normal brain CT findings. Their abs.
were shown with a separate marking. In 19
cases who were diagnosed by follow-up CT after
the empirical praziquantel treatment, the sensi-
tivities were 57.9% by serum and 73.7% by
CSF. The overall sensitivity in these was 78. 9%.

6. Cross reactivity

As shown in Table 3, a total of 110 cases of

trematode and cestode infections were examined

for Cpysticercus-specific IgG antibody levels as
well as for homologous IgG antibody. In 7 cases
of them, abs. was higher than the positive
criteria. Any parasitic infection tested may show
cross reactions though the incidence was low.
The abs. for Cysticercus-specific IgG antibody
was always lower than those to homologous
antigens except in 2 cases(Fig. 7).

In 19 cases who were examined by their CSF,
the cross reaction was observed in 2 neuro-
sparganosis while no cerebral paragonimiasis case
showed any cross reaction.

To check the cross reactivity of neuro-cysti-
cercosis patients to other antigens, 71 cases in
Group I were tested for their Paragonimus- and
Sparganum-specific IgG antibody levels in serum
and CSF. Table 4 shows the result indicating
that neurc-cysticercosis patients revealed no cross
reactivity to [Paragonimus antigen either in
serum or in CSF. To Sparganum antigen, how-
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Table 3. Incidence of cross reactions in sera and CSF of other parasitic infections to Cysticercus antigen

No. of sera No. of CSF
Infected parasite
examined positive examined positive
Taenia saginata 18 2 0 —
Sparganum 20 2 10 2
Paragonimus westermani 56 1 9 0
Clonorchis sinensis 156 1 0 —
Fasciola sp. 1 1 0 —

ever, 6 cases(8.5%) out of 71 revealed positive
reaction when serum was tested, and 11 cases
(15.5%) were positive when CSF was tested.
All the cross reacted cases to sparganum antigen
revealed a high antibody level either in serum
or in CSF. No case showed positive reactions in
both samples. The abs. to sparganum antigen was
always lower than that to Cysticercus antigen.

Table 4. Incidence of cross-reaction in 71 cases of
neuro-cysticercosis(Group I) to Parago-
nimus and sparganum antigens

No. of cross-reacted cases in

Antigen -
serum CSF
Paragonimus 0 0
westermant
Sparganum 6 11




2.0 1

| Y
A [c) e
<) ° 7
[o] 7
o o 4 *e° o e
w 1.0 - o o o L
£ g o 88 3 ‘
) i g0 8 o3 ¢
= o6 © o o} ,/A
= 8 o 8 A o e
© 0.5+ u o o n .
[u] A0 7
w i ® o ® 0 //
= § o] A ,
Q e 0O O 0 ] ’
g 3 o o e o v °
—_— a /,
g : ’
b v ’
S o024 v v ¥ g
= ¢ vyl .
2 v 0 v v
d
8 014 oo s
= - v .
Q -
n o ’
P -
< 005“ //
- ’o’
I
.
- 7/
.
7
7
I
- 7’
.
.
.
.
d
7
,
0.0l L L LR T T T T 1
0.0l 0.05 0.1 0.2 0.5 1.0 2.0
Absorbance to cysticercus antigen

Fig. 7. Relations of the abs. in serum and CSF in other parasitic infections to Cysticercus and
homologous antigens. Transverse line at abs. of 0.25 is the positive criterion of other para-
sitic infections. Vertical line at abs. of 0.18 is criterion for cysticercosis. Dotted oblique
line is y==x. Open circle(o) : Abs. in serum of paragonimiasis cases. Open triangle(s) : Abs.
in CSF of paragonimiasis cases. Closed circle(e) : Abs. in serum of sparganosis cases. Closed
triangle(a) : Abs. in CSF of sparganosis cases. Open rectangle(o) : Abs. in serum of clonor-
chiasis cases. Inverted open triangle(v) : Abs. in serum of taeniasis cases. Double circle(©®):

Abs. in a serum of fascioliasis.

7. Relation of the specific antibody
levels between serum and CSF

As shown in Fig. 3, the abs. in CSF distri-
buted more frequently in lower and higher ranges
than the abs. in sera did. The frequency in the
intermediate range of abs. (0. 1-0.4) was lower
in CSF than in sera. This difference of distri-
bution pattern was statistically significant (y*=
122. 84, p<{0.01). We did not think that this
difference was a result of technical discrepancy
of test condition, especially the dilution factor
between sera(l : 100) and CSF (undiluted). As
shown in Figs. 4-6, 39 cases out of 355 (11.0
%) revealed different results of antibody levels
between serum and CSF in terms of positive/
The above data suggested
that the antibodies in serum and CSF had been

negative reaction.

produced independently.

Of 355 cases, two cases presented a history
corresponding to the independent production of
the specific antibody in serum and CSF.

Case 1: HKR, a 59-year old male, with
a complaint of right flank pain. The radiological
examinations showed multiple calcified lesions in
abdominal wall. He had
neither focal neurologic symptoms and signs nor

muscles of chest and

epileptic seizures. Brain CT was not done. The
in serum was 0.35(+) for Cysticercus-

CSF

abs.

specific IgG antibody, whereas lumbar
showed abs. of 0.04(—).

Case 2: HJP, a 13-year old male patient had
a recent seizure episode just after a head trauma.
Two years ago, he had multiple subcutaneous

nodules, which were confirmed as Cystécercus hy



a biopsy. His brain CT at the present admission
was normal. The abs. in serum was 0.41(-})
while that in lumbar CSF was (. 10(—). Clini-
cally the patient’s recent seizure was diagnosed
not due to neuro-cysticercosis.

The above two cases indicated that the Cuysti-
cercus-specific IgG antibody did not cross over
blood-CSF barrier in a significant amount even
when the level was sufficiently high in serum.

8. Specific IgG antibody level in
ventricular CSF

During the period of this study, there were 5
occasions of examining the ventricular CSF.
Their history could be summarized as follows:

Case 3: HY, a 13-year old male with head-
ache, convulsions and multiple subcutaneous no-
dules. Brain CT revealed the dilatations of lateral
ventricles and multiple low densities in brain
parenchyme. Ventriculoperitoneal (VP) shunt
operation was done after conray ventriculography,
which showed multiple masses in lateral ven-
tricle. The abs. in ventricular CSF was 3. 35(+)
and that in serum was 1.77(+). He was not
examined by lumbar CSF.

Case 4: BGL, a 47-year old male patient with
the complaints of the memory loss and weakness
of lower extremities had multiple subcutaneous
nodules. Brain CT showed multiple low densities.
Conray ventriculography revealed a cystic mass
at the right frontal horn. His serum and ven-
tricular CSF were examined. The abs. in serum
was 0.82(+) and that in ventricular CSF was
1.11(+). Lumbar puncture was not allowed
because of increased intracranial pressure.

Case 5: KWN, a 48-year old female patient
with dizziness and headache. Brain CT showed
dilatation of ventricles with a ring enhancement
in Sylvian cistern. Ventricular CSF was examined
for the Cysticercus-specific IgG antibody level
together with her serum. The abs. in serum was
0.42(+) and that in ventricular CSF 0. 24 (+).
Conray ventriculography showed a mass at the
4th ventricle. A week later, lumbar CSF was
obtained; the abs. was 1. 00(+).

Case 6: HYC, an 8-year old female patient,
complaining of headache and vomiting was ex-
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amined by brain CT. A markedly dilated 4th

ventricle was shown. Ventricular CSF revealed
the abs. of 0. 08(—) while that in serum was
0.38(+). Four days after VP shunt operation,
lumbar CSF was examined; It showed the abs.
as high as 1. 17(+).

Case 7: MHK, a 6l-year old male patient
with headache was examined by brain CT which
revealed dilatation of the 4th ventricle. Serum
showed the abs. of 0.51(-++) and the lumbar
CSF showed 1.30(+). Ten days later, ventri-
culography was done. CSF from the lateral
ventricle showed the abs. of 0.15(—).

The above 5 cases indicated that ventricular
CSF in obstructive hydrocephalus due to cysti-
cercosis had significantly lower antibody levels
than lumbar CSF unless the worm was located
at the lateral ventricle itself.

9. Findings in racemose cysticercosis:

There were 4 cases of racemose cysticercosis
confirmed by neurosurgery in this study. Three
of them were included in Group Ia. One case
was tested by serum only; therefore excluded
from Grours I, II and III. Their results of the
specific IgG antibody were shown in Table 5.

Table 5. Results of serological tests in 4 racemose
cysticercosis for the specific IgG antibody
by micro-ELISA

Abs. in

Days after
Case serum CSF surgery, tested
RC case 1 0.26(+) 0.52(+) 2 days
RC case 2 0.13(—) 0.29(+) 20 days
RC case 3 0.47(+) 2.10(4) Pre-op.
RC case 4 0.58(+) not done 2 days
BISCUSSION

Many authors have evaluated the applicability
of micro-ELISA in cysticercosis. Using delipidized
saline extracts of T. solium and its cysticerci,
Arambulo et al. (1978) reported firstly that the
sensitivity was 77.6% in 49 suspected cysticer-
cosis patients. Some of hydatid disease and
schistosomiasis cases showed cross reaction to
Cysticercus antigen. Costa et al. (1982) reported



that all of 22 confirmed cases of neuro-cysticer-
cosis were positive by micro-ELISA for IgG
antibody in their CSF. Using purified antigen B
of Flisser et al.(1980), Espinoza et al.(1982)
reported the sensitivity of ELISA was 73% by
serum and 85% by CSF assays in 13 confirmed
neuro-cysticercosis. Tellez-Giron et al. (1982)
compared ELISA with IHA in diagnosis of
cysticercosis. All of 17 sera of confirmed cysticer-
cosis were positive by ELISA while 5 cases were
false negative by IHA. Diwan et al.(1982) rero-
rted that 612 of sera from 31 Irian Jaya pa-
tients of cysticercosis was tositive by ELISA.
Cross reaction occurred in schistosomiasis, echino-
coccosis and angiostrongyliasis. Using partially
purified antigen of C. cellulosae by chromatofo-
cusing procedure, Coker-Vann et al. (1984) re-
ported the sensitivity of micro-ELISA as 80%
in 20 sera of Irian Jaya patients. Mohammad et
al. (1984) applied ELISA in sera and CSF of 19
confirmed neuro-cysticercosis. ELISA by serum
had a sensitivity of 89.5% and a specificity of
100% while the sensitivity and specificity of
CSF assay were 94.7% in respect.

In terms of its sensitivity and specificity, the
diagnostic ability of micro-ELISA in neuro-
cysticercosis using paired samples of serum and
CSF was very good in this study. Results were,
however, not as excellent as reported by Costa
et al. (1982), Tellez-Giron et al. (1982) and
Mohammad et al.(1984).
comparable with those by Espinoza et al. (1982)
and Diwan et al.(1982). We thought that some-
what inferior results among various reports were
not due to problem of ELISA itself. As reviewed
by Draper and Lillywhite(1984), micro-ELISA
is one of the most promising techniques in all

Present results were

of its sensitivity, reproducibility, safety, simpli-
city and price. Therefore, the somewhat inferior
finding in this study was considered to be attri-
butable to wider case coverage rather than the
problems in the technique.

In this study we applied micro-ELISA in 355
cases of neurologic patients of various manifes-
tations. Of them 71 cases were selected as con-
firmed neuro-cysticercosis; of 71, 26 cases were

surgically confirmed. Out of 26 surgically con-
firmed cases 5 showed negative IgG antibody in
both samples. Four cases of the 5 had a single
intracranial lesion. This suggested that the
number of lesion may be related with the anti-
body level; but there have been yet no definite
report which confirmed this relation.

Since the introduction of praziquantel in treat-
ment of cysticercosis, the policy of patient
management began to change. Less cases of
neuro-cysticercosis are subjected to surgery than
in the past. Nowadays those with a single lesion
are liable to surgery than multiply involved. In
cases of increased intracranial pressure, VP
shunt is preferred. All of the above listed factors
may affect the sensitivity of micro-ELISA in
the present study, to become somewhat inferior.

Though micro-ELISA is sensitive and repro-
ducible, there remained many aspects to be
improved especially in application to cysticercosis.
The antigen should be improved in its quality.
The crude extracts need purification to eliminate
cross-reacting components with other parasitic
infections(Flisser et al., 1979). In this respect,
Grogl et al. (1985) analysed C. cellulosae extract
by enzyme-linked immuno-electrophoretic transfer
blot. They identified 37 protein bands which
reacted with sera of 5 human neuro-cysticercosis
cases. Polypeptides of 64K, 53K, and 32-30K
daltons were candidates of the best diagnostic
antigens. Rhoads et al. (1985) reported a fraction
of cystic fluid of 7. hydatigena metacestode was
promising as a diagnostic antigen of bovine
cysticercosis. Choi et al. (1986) indicated that
cystic fluid of C. cellulosae was more sensitive
and specific antigen than saline extracts of any
other anatomical parts of the worm when an-
alysed by micro-ELISA. Disc-polyacrylamide gel
electrophoresis of cystic fluid showed 6 protein
bands; therefore the best antigenic protein should
be identified and isolated from them. In this
study cystic fluid was used as antigen instead of
crude extract of the parenchymal tissue. Unlike
the above study results, Flisser et al. (1980)
identified by immuncelectrophoresis that antigen
B from parenchymal tissue was the most sensitiv e



antigen. Guerra et al. (1982) purified the antigen
B and determined its molecular weight as 105K
and 95K daltons. It is not known at this moment,
however, among diverse antigenic proteins which
is the most {requently reacting one with equally
diverse polyclonal antibodies.

Another aspect that needs improvement is
developing a method of detecting antigenemia or
antigen in CSF. Diagnosis of cysticercosis may
be supplemented by this. As shown in Figs. 4
and 6, many false negative cases showed far
lower level of IgG antibody rather than marginal
levels. We conjectured that most of them were
either in early (Nieto, 1956) or in late inactive
stages of infection. Sotelo et al. (1985) differen-
tiated active cysticercosis from inactive forms
based on clinical manifestations and laboratory
data. In inactive cases the sensitivity of CF test
decreased to 23.2% while it was fpositive in
83.4% of active cases with inflammatory CSF.
Detection of antigenemia, therefore, may be
helpful especially in diagnosis of the early cysti-
cercosis.

The value of CSF in detecting the specific
antibody has long been known in cysticercosis
(Nieto, 1956). Many neuro-cysticercosis cases
developed their symptoms without subcutaneous
nodules. Reversely, cases with nodules can not
be definitely stated to have intracranial lesion.
Examination of antibody in CSF seemed, there-
fore, to be very helpful to make a correct diag-
nosis of neuro-cysticercosis. Actually 9 out of
71 confirmed cases in this study showed antibody
only in CSF whereas 5 were rositive only in
serum.

So far, this study was the first in observing
quantitative relations of Cysticercus-specific an-
tibody levels between serum and CSF. It is tco
early to make any conclusion, but our data
suggested strongly that the majority of the
specific IgG antibody in CSF was produced in
the intracranial lesion rather than they are
contributed by filtration through blood-CSF
barrier or by exudation through damaged blcod-
brain barrier at brain lesion(Leibowitz and
Hughes, 1983). Actually muscular cysticercosis
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without intracranial lesion showed negative
antibody level in CSF though gositive in serum.
In addition, 5 cases in Group Ib whose brain
CT showed typical lesions of neuro-cysticercosis
were negative in CSF antibody while rositive
in serum. These results have been obtained by
comparable dilutions of serum and CSF for
measurement of the specific IgG antibody in
CSF. Many quantitative aspects of the antibody
levels between serum and CSF needs further
researches in neuro-cysticercosis.

CSF from lateral ventricle have been available
during ventriculography or VP shunt ogeration
which are done most frequently in obstructions
at the 4th ventricle(Zee et al., 1984). These
ventricular CSF showed negative or low level
of antibody unless the worm located at the
lateral ventricle. Nieto(1956) also described 10
such cases who showed different antibody levels
between ventricular and lumbar CSF. This
difference may be due to lower protein concen-
tration in ventricular CSF than in lumbar CSF
(Nieto, 19565 Leibowitz and Huhges, 1983).
The mechanism of the difference, however, may
not ke simple as the above. Whatever the mecha-
nism of the difference was, the level of the
specific IgG antibody in ventricular CSF should
be interpreted with caution in intracranial hygper-
tension cases in whom the ventricular CSF is
frequently the only material for assay. In this
respect, Salazar et al.(1983) reported that all
of 8 ventriculitis cases showed positive antibody
level in lumbar CSF while only 2 out of 8
cases of the fourth ventricular cyst were positive
in lumbar CSF; and even in ventriculitis cases,
ventricular CSF were negative for antibody.
Sotelo et al. (1985) interpreted these findings as
an indication of the local production of antibody
in the subarachnoid space. Our data were in
agreement with them.

If the antibody in serum and CSF are gro-
duced by extra- and intracranial infections in
respect, the positive cases in serum would indicate
that there are concomitant systemic infection
whether apparent or hidden. The cases with
antibody only in CSF would indicated the intra-
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cranial infection without extracranial involve-
ment. Real situation would not be simple as the
above; data of clinical cases should be evaluated
in this respect.

Biagi et al.(1961) observed in racemose cysti-
cercosis cases the higher frequency of positive
precipitin reaction with antigen from racemose
cysticercus than from normal C. cellulosae. They
speculated that this may be due to different
antigenic compositions between them. That was
one of the reasons for speculating antigenic
variation among C. cellulosae population(Yako-
leff-Greenhouse et al., 1982). So far our cases
of racemose cysticercosis showed no difference of
antibody level from conventional cases.

SUMMARY

The applicability of micro-ELISA was eva-
luated in human neuro-cysticercosis using paired
samples of serum and CSF. A total of 355 cases
who were mostly neurclogic patients was sub-
jected. Cystic fluid of C. cellulosae was used as
antigen in protein concentration of 2,5 pg/ml.
Serum was diluted to 1:100 and CSF was
undiluted in the assay for the specific IgG
antibody level. The differential criterion of
the positive reaction was the abs. of 0.18 in
both samples. The results were summarized as
follows:

1. The overall sensitivity of the micro-ELISA
in 71 confirmed neurocysticercosis was 90. 1% ;
the sensitivity by serum was 77.5% and that
by CSF was 83.1%. CSF was a more sensitive
and valuable material. Most of the false negative
cases of neuro-cysticercosis showed far lower
level of abs. rather than marginal.

2. The overall specificity of the micro-ELISA
in 52 confirmed other neurologic diseases was
88.5%; the specificities by serum and by CSF
were 94, 2% resgpectively. Cases of other neuro-
logic diseases did not show false positive reac-
tions in both samples.

3. When serum was assayed, taeniasis(2/18),
sparganosis (2/20), paragonimiasis(1/56), clonor-
chiasis(1/15) and fascioliasis(1/1) cases showed

cross reactions. When CSF was assayed, 2 of 10
neuro-sparganosis showed cross reactions while
none of 9 neuro-paragonimiasis showed it. Cut
of 71 confirmed neuro-cysticercosis cases, 6 and
11 showed cross reactions by serum and CSF to
crude extract antigen of sparganum; but no case
did show it to crude extract antigen of Para-
gonimus westermani.

4, Ventricular CSF showed low or negative
levels of IgG antibody than lumbar CSF unless
the lesion was at the lateral ventricle itself.

5. Out of 4 racemose cysticercosis cases, 3
showed positive reaction in serum while all of
3 examined CSF were positive.

The above results indicated that the serological
test for detecting the specific IgG antibedy by
micro-ELISA using paired samples of serum and
CSF was very helpful for clinical differentiation
of neuro-cysticercosis from neurologic diseases of
other causes.
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