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SPINAL FLUIÐ ¡MMUNOENZYMATIC ASSAY (ELISA) FOR NEUROCYSTICERCOSIS

Juli¿ Mari¿ cosra, anúonio warter FERRETRÀ, Marisa Mitsue MAKINO and Mario E. caMARGo

SUMMARY

Three different antigens ftom Cysticercus cellulosae, vesiculâr fluid, a saline
and an alkaline extract, were studied in the immunoenzymatic assay (ELrsA) for
the diagnosis of cysticercosis. ELISA was then compared to immunofluorescence,
complement fixation and hemagglutination tests in spinal fluids, for the diagnosisof neurocysticercosis. Results indicate the immunoenzymatic assay as a conve-
nient test for this prlrpose.

Cysticercosis is a serious public health pro_
blem in Frazil1,7,t2,z2. Among the several clinical
forms (neurologic, ocular, muscular, subcuta_
neous) neurocysticercosis is certainly the most
serious one. Ifowever, mar¡y cases have been
diagnosed only by chance during neurosurgery
or necroþsis, or through spinal fluid. examen
performed for other purposes in non-suspected
cases. This suggests the occurrence of a symp-
tomless parasitism of large epidemiological sig_
nificance. Thus the development not only of
practical laboratory tests for routine purposes,
but also of more reliable ones should. be fun-
damental for determining the real prevalence
of such parasitism t6.

For the serological diagnosis of cysticerco-
sis the complement fixation test (CF) 23 shows
a low sensitivity as well as a limited specificity
due to cross-reactions observed mainly in other
parasitic infections. Passive hemagglutination
tests (HA) 8.t1s,17,1e,20,21 although more sensitive,
have shown a reduced specificity. Immunofiuo-
rescence tests (IF) with either fragments 1+ or
cryostat sections e of cysticercus, in spite of
showing a significant percentage of non spe-
cific results have recently found frequent appli-
cation for assaying spinal fluids s¡ ss¡¿2,3,13.
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INTRODUCTION

The immunoen4ymatic assay (ELJSA) for
cysticercosis was described in 19?B by ARAM_
BULO et al. l, using as antigens delipidized sali_
ne extracts from Taenia solium adult worm and
from cysticerci. In the study of suspected cases
of qysticercosis, this test has revealed a better
sensitivity and specificity than the IF and HA
tests.

To standardize the immunoenzymatic assay
for cysticercosis, we have studied. 3 differenr
antigens from Cysticercus ceilulosae. The test
was then compared to CF, IF and HA tests in
spinal fluids of patients with neurocysticercosis
or other neurologic pathologies.

MATERIAL AND METHODS

Antigens

Cysticerci were carefully collected. from in-
fected pork. Vesicular fluid was pooled, centrifu-
ged at 4,800 x g for 15 minutes at 4.C and super-
natant stored at -70.C in small aliquots for use.
A saline extract from about 50 cysticerci was
prepared by grinding the parasites, previously
emptied from vesicular fluid, in about 5 ml dÍs-
tilled water in a Potter-Eveljn tissue homogeni-
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zer, at 4"C for 3 minutes, and after adding 5 ml
of. L.7% NaCI solution the mixture was kept at
4"C for 2 hours under slow agitation. After cen-
trifugation at 10,000 x g for 30 minutes at 4C,
the supernatant was stored in small aliquots at
-70"C. An alkaline extract was preparecl in the
same way by substituting a NaOH 0.3 N solu-
tion for the saline solution.

Anúiglobulin conjugate

The IgG fraction of a sheep antihuman Igc
antiserum, prepared at the laboratory, was la-
beled 'with horseradish peroxidase (Type VI,
Sigma Chem. Co., USA) by the technique of
WILSON & NAKANE24.

Immunoenzymatic assay

\Mells in polystirene plates (Plásticos Ampla,
São Paulo, Brazil)'were filled with 200 micro-
liters antigen solution in carbonate buffer 0.06

M, pH 9.6, and plates sensitized for lB hours at
4'C. They were then washed 3 times with sali-
ne-phosphate buffer (NaCl 0.15 M, phosphates
0.01 M, pH ?.2) 'with 0.05'Zo Tween-20 (PBS-
Tween 20).

For the assays, plates were incubated with
200 microliters of spinal fluids or serum dilu-
tions in PBS-Tteen 20, washed, and incubated
'with 200 microliters conjugate diluted in PBS-
Tween 20 according to titer. Incubations were
done at 37"C for 45 minutes. Two hundred mi-
croliters substrate of 5.23 mM S.aminosalycilic
acid and 1.4? mM hydrogen peroxide -were added
to the wells plates incubated for 60 minutes at
room temperature and the reaction stopped
with one drop NaOH lN. Tests 'were read at
450 nm in a Beckman DU-2 spectrophotometer.

Spinal fluids

Spinal fluids were obtained from B0 pâ-
tients, 22 with proven neurocysticercosis, 2l cli-
nically suspect of neurocysticercosis, 22 with
epileps,y, 5 with neurosyphilis and 10 individuals
with the only complain of cephalea. Spinal
fluids were kept in aliquots at -20"C in siliconiz.
ed tubes, after centrifuged for removing any so.
lids.

Oúher úests

CF tests were performed loy Kolmer's tech.
nique with an alcoholic extract of Cysticercus
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cellulosae as antigen rr. For the HA test, alde-
hyde-fixed human red cells were sensitized with
vesicular fluid of cysticercus and tests done as
described s,6. IF tests were performed with cysti-
cercus fragments fixed on microscope slides t+.

RESULTS

Froteins and polysaccharides in antigens

Proteins were determined by the biuret to,

and polysaccharides by the antrona test 18. Ta-
ble I shows results obtained for the 3 cysti-
cercus antigens.

TABLE I
Proteins and polysaccharides in different Cysticercus

cellulosae antigens

Antigens

Vesicular fluid
Sâline extract
Alkaline extract

Evaluation of the different parasite antigens in
the immunoenzymatic assay

Plates were sensitized with antigen dilutions
from 10 pg to 40 pg proteins per milliliter and
assays performed with a reactive serum from
a patient with cysticercosis and a non-reactive
serum from a normal case. For the three anti-
gens the 20 pg/rnl dilution furnished maximal
reactivity, and was thus selected for assays.
Threshold for positive results was taken as 5 0
ELISA Units (1 E.U. : Optical Density x 100).
Spinal fluid titers were given as the highest di-
lution presenting a positive result.

Figure I sho-ws reactivities found for the
positive and the negative standard sera with
the different antigens at 20 ug/ml.

Irnmunoenzymatic assay of the spinal fluids

Spinal fluids were assayed undiluted or in
doubling dilutions in plates sensitized'lvith the
saline extract antigen. This antigen was chosen
because giving reactivities of less than 1.0 E.U.
for non diluted spinal fluids of normal indivi-
duals or patients with no cysticercosis.

.As shown in Table II, ELISA was positive
for all tl:e 22 patients 'with neurocysticercosis,
while IF was positive in 20 patients, FC in 19

8.0 mg/ml
5.5 mg/ml
4.0 mg/ml

Polysâccharides

5.0 mg/ml
3.5 mg/ml
2.0 mg/ml
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and HA in 1?. ELISA titers in this group ranged
from 2 to 512, with 24.1 as the geometric mean
titer. The cases presenting all 4 test positive,
which corresponded to 68.6% of this group,
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showed an ELISA geometric mean titer of. 47.6,
while giving a g.m.t. of 11.8 for the cases with
3 positive tests (21 .2%), and. a g.m,t. of 2.0 for
the cases =with only 2 positive tests (9.10/o).

fluid immunoenzymatic assay

Fig' I - ELIsA reoctivily curves of o positive (o) ond cr negotive (b) serum with vesicutor fluid ( 
-)soline-exlroct (.....) ond olxoline-extroct (----) of Cysticercus ceilulosoe (E.U. = Opticor

Dens¡ty x IOO).

TABLE II
Frequency of agleement between spinal fluid tests for neurocvsticercosis

Serologic pattern

FC EL Neurocysticercosis Clinicallysuspectcases
of neutocysticercosis

14 (63.60/o)

3 (13.6%)

3 (13.60/o)

0

2 (9,L0/o)

0

0

0

0

Totals

640 I28O SERUM OILUTIONS

0

0

0

L (4.80/o)

0

I (4.30/o)

1 (4.80/o)

I (4.80ó)

17 (8I.00/o)

Diagnosis

22

Epilepsy

0

0

I (4.50/o)

0

0

0

0

0

21 (95.50/o)

2l

Neurosyphilis

0

0

0

0

0

0

0

0

5 (I000/o)

22

Cephalea

0

0

0

0

0

0

0

10 (100%)

t0
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From the 21 clinically suspect cases of neu-
rocysticercosis, only 2 showed a positive ELI-
SA. with a mean titer of 2.0. However, ELISA
was negâtive in one case'with all 3 other tests
positive.

One patient with epilepsy had a positive
ELISA with a titer of 4.0 and IF and HA tests
also positive.

All tests were negative for patients with
neurosyphilis or cephalea.

DISCUSSION

When comparing different antigenic prepa-
rations from Clsticercus cellulosae we observed
that both the vesicular fluid and extracts of the
parâsite gave satisfactory results in the immu-
noassay for cysticercosis. Obtaining vesicular
fluid in sufficient amounts for routine work pre-
sents some practical problems. Extracts yield-
ed larger amounts of antigen and thus were
found as more convenient for antigen produc-
tion. No significant antigenic differences were
seen between the saline and the alkaline extract.

ELISA with the saline extract of Cysticer-
cus cellulosae as antigen seems to be a rather
sensitive and specific test for assaying spinal
fluids for neurocysticercosis.

As an easily standardized and practical test
for routine work, ELISA for cysticercosis
should be further studied, mainly in relation to
antigenic fractions of the parasite extracts,
'which could furnish even more sensitive and
specific results.

RESI]MO

Teste imunoenzimático (ELISA) para diagnósti-
co liquórico na neurocisticercose

Investigou-se o comportamento de três an-
tígenos de Cysticercus cellulosae, o líquido ve-
sicular, um extrato salino e um extrato alcali-
no, no teste imunoenzimático (ELISA) para a
cisticercose.

Em seguida, para o diagnóstico da neuro-
cisticercose, comparou-se esse teste com os tes-
tes de imunofluorescência, fixação do comple-
mento e hemaglutinação, em amostras de líqui-
do cefalorraqueano. Os resultados obtidos in-
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dicam o teste imunoenzirnáftico como satisfató-
rio para fins de rotina, em vista da sensibilida-
de, especificidade e facilidade de execução.

ACKNOTilLEDGEMENTS

'We are grateful to Dr Aiuizio de Barros
Barreto Machado (Laboratório Central Hospi-
tal das ClÍnicas, Universidade de Sáo Paulo, SP)
and Dr. Amauri Braga Simonetti (Hospital Sáo
Vicente de Paula, Passo Fundo, R,.G.S.) for spi-
nal fluid samples.

REFERENCES

ARAMBULO, P. V. III; WALLS, K. tv.; BULLOCK, S.
& KAGAN, I. G. - Serodiagnosis of human cysticer-
cosis by microplate enzyme-linkBd immunospecific assay
(ELISA). Acúa trop. (Basel) 35: 63-6?, 19?8.

BASSI, G. E.; CAMARGO, M. E.; BITTENCOURT, J.
M. T. & GUARNIERI, D. B. - Reação de imuno-
fluorescência com antígenos de Gysticercus cellulosae
no líquido cefalorraqueano. Neurobiol. (Reaife) 42:
165.1?0, 19?9.

BASSI, G. E.; CAMARGO, M. E.; BITTENCOURT,
J. M. T.; SANTIAGO, M. F. & CERQUEIRA, F. E. C.

- Comparaçáo entte as reações de fixação de com-
plemento e imunofluorescência em líquidos cefalona-
queanos. Neurobiol. (Recife) 42: 2tst-238, L97gã-

BROTTO, W. - Aspectos neurológicos da cisticercose.
Arch. Neuropsiquiaú. S, Paulo 5: 528-594, 1947.

CAMARGO, M. E.; HOSHINO.SHIMIZU, S. & SI-
QUEIRA, G. R. V. - Hemaggtutination with presetved,
sensitized cells, a practical test for routine serologic
diagnosis of Amorican trypanosomiasis. Rev. Inst. Med.
trop. São Paulo l5:81-85,1973.

CAMARGO, M. E.; LESER, P. c. & LESER,, W. S. P.

- Diagnostic information from serological tests in hu-
man toxoplasmosis. I -.4. compatative study of he-
magglutination, complement fixation, IgG and IgM
immunofluorescence tests in 3.?52 serum samples. Rev.
Insú, Med. trop. São Paulo 18: 2L5-226, t976.

GOBBI, H.; ADAD, S. J.; NEVES, R. R. & ALMEIDA,
IÌ. O. - Ocorrênciâ. de cisticercose (GYsticercus cellu.
losae) em pacientes necropsiados em Uberaba, MG.
Rev. Pat. trop. 9: 51.59, 1980.

GOLDSMITH, R,. S.; KAGAN, I. G.: REYES-GON-
ZALEZ, M. A. & CEDEñO FERREIRA, J. - Estudios
seroepidemioìogicos reâlizados en Oaxaca, México. 1.
Encuesta de anticuelpos parasitarios medinte la ptue-
ba de hemaglutinación indirecta. Bol, Ofic. Sanit.
Panamer, 71: 500-518, 19?1.

GONZALEZ-BARRANCO, D.; SANDOVAL ISLAS, M. E.
& TRUJILLO VALDES, V. M. - Reacción de immu.
nofluo¡escencia indirecta en cisticercosis. Arch, Invest.
Med, (Mex.) 9: 51-58, 19?8.

2.

4.

q



COSTÂ, J. M.; FERRETRA, Â. \{.; MAKINO, M. M. & CAMARGO, M. E. _ spinal(ELTSA) for neurocysticercosis. Rev. rnst. Med. trop. são paulo 24:33?-341. 1982.

10. GORNALL, .q,. c.; BÁRDAWILL, C. J. & DAVTD, M.
M. - Determination of se,tum protein by means ot
the biuret teaction. J. biol. Chem. t??: ?51-?66, 1946.

11. KOLMER, J. .A.; SPAULDING, E. H. & ROBINSON, H.
W. - .{proved Laboraúory Technic, 5th ed.. Nery york.
Appleton-Century-Crofts, 1951, p. ?9?_855.

12. LANGE, O. - Sindrome liquó¡ico da cisticercose encé-
falomeningæ. Rev. Neurol. psiquiaú. S. paulo 6: 85-48.
1940.

13. LMAMENTO, J- A. - Contribuição de reações de
imunofluorescência do líquido cefalorraqueano ¿o esúu.
do da neurocisticercose. São paulo, lgg0. [Tese de dou-
toramento 

- Faculdade de Medicina da Universidade
de São paulol.

14. MACHADO, ¡,. J.; CAMARGO, M. E. & HOSHINO, s.
- Reação de imunofluorescência para a cisticetcose
com partÍculas de Cb/súÍcercus cellulosa¿ fixadas à lâ_
mina"s de microscopia. Rev. Soc. brasil. Med. trop. ?:
181-183, l9?3.

15. MAHAJ.{N, R. C.; CHITKARA, N. L. & CHOPRA,
J. S. - Ev¿luation of C{¡sticetcus and adult worm
antigens in serodiagnosis of cysticercosis. Indim J.
Med. Res. 62: 1Bt0-1818, 19?4.

16. MARLET, J. M. - AntÍgeno intradámico para diag_
nóstico da cisticercose. Rev. Saúde húbl 12: ZB-ZS, lg7g.

17. MARTINEZ-CÂIRO, S.; RUIZ-MACIAS, C.; LOPEZ-RO_
MAN, M. & MATEOS-GOÀ'4EZ, E. _ Usefulness of
concentrated CSF hemagglutination technique for the
diagnosis of cerebral cysticercosis. Arch. Invesú. llled.(Mexico) ll: 34?-859, 1980.

18 MAR,TIR,ANI, I.; HOXTER,, G.; 'trASCHENBER,G, B.L.; MARIÁNI, L & CÌNTRA, Á. B. V. _ D"te;-
nation of polysaccharide hexoses and hexosâmines in
normal human sera. J. Lab. Clin. Med. ilz 7,tB_779, L959.

POWELL, S. J.; pROCTOR, E. M.; \ryILMOT, A. J.& BARNETT, _A. M. _ Neurological complications of
cysticercosis in Africans: a ctinical and seÌological
study. Ann. ú¡op. Med. parasit, 60: tsg-164, 1966.

PROCTOR,, E. M.; pOWELL, S. J. & ELSDON.DEW.
R,. - The serological diagnosis of cysticercosis. Ann.
trop, Med. Parasiú. 60: 146-151, 1966.

SCHANTZ, p. M.; SHANKS, D. & I.VILSON. M. _
Serologic cross-reactions with sera from patients with
echinococcosis and cysticercosis. Amer. J. úrop. Med.Ifyg. 29: 609-612, 1980.

SPINA-FRANÇÁ, A. - Cisticercose do sÍstema ne¡voso
centtal. Consideraçõ€€ sobre 50 casos. Rev. paul. Med.
48: 59.?0, 1956.

WEINBERG, M. - Recherché des anticorps specifi-
ques dans la distomatose et la cysticercose. C,R. Soc.BioI. (Paris) 66: 219-221, 1909.

WILSON, M. B. & NAKANE, p. K. _ Recent deve_
lopments in the petiodate method. of conjugating hor_
seradish peroxidase (HRpO) to antibodies. In: KNApp-
W.; HOLUBAR, K. & WICK, c. (ed.). Immuno{luores.
cence and Related Techniques. -Amsterdam, North-Hol-
land Biomedical press, 19?9, p. 215.

19.

fluid immunoenzymatic assav

20.

21

22.

Recebido para publicação em 2z/g/LggÌ.

34L




