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Abstract. To detect IgG antibodies to Taenia solium, a controlled double-blind study was conducted using 91 coded
cerebrospinal fluid samples from patients with neurocysticercosis (NCC) and other neurologic disorders. Samples were
tested in an enzyme-linked immunosorbent assay (ELISA) using metacestode excretion/secretion antigens. The results
were correlated with data from medical records on the diagnosis of NCC (based on computed tomography and magnetic
resonance imaging criteria) and other neurologic disorders. The ELISA results were positive in 22 of the 24 cases with
active NCC. In contrast, six cases with calcified cysts (inactive NCC), as well as one case in a transitional stage, were
negative. One case with a calcified granuloma and another with a granuloma plus calcifications (classified as inactive
NCC) had positive results. The remaining negative results corresponded to other neurologic disorders (58 cases). The
results of the ELISA showed a significant difference between active and inactive NCC (P ⳱ 0.0034).

test for IgG antibodies against metacestode E/S antigens of T.
solium. An enzyme-linked immunosorbent assay (ELISA)
and an enzyme-linked immunoelectrotransfer blot (EITB) assay using metacestode E/S antigens were performed on
samples of CSF from patients with neurologic disorders. The
ELISA results showed a significant difference between active
and inactive NCC (P ⳱ 0.0034).

INTRODUCTION
Neurocysticercosis (NCC) is the generic term used to denote the parasitic disease of the human nervous system
caused by the metacestode of Taenia solium. Classifications
of NCC have been proposed according to the biologic stage of
the parasite, its morphology, and the degree of secondary
inflammation. Magnetic resonance imaging (MRI) and computed tomography (CT) scans have been very useful in developing the following classification: active NCC, when metacestodes are alive; transitional NCC, when metacestodes are
in a degenerative state; inactive NCC, when metacestodes are
calcified; and mixed NCC, when two or three of the previous
types coexist.1–3
The pleomorphism of the clinical manifestations in human
NCC makes it difficult to establish a presumptive diagnosis.
Signs and symptoms appear after an asymptomatic period,
typically 4−5 years, but this can be up to 30 years.4 Since it has
been accepted that the abrupt onset of clinical signs in human
NCC coincides with intense pathologic reactions to degenerating metacestodes in the brain,5 the incubation period may
approximate the estimated life span of the metacestodes.6
Thus, the disease may result primarily from the host inflammatory response to dying parasites.7
Many efforts have been made to use homologous antigens,8–14 T. crassiceps antigens and synthetic peptides,15–17 a
phage display peptide library,18 and recombinant T. solium
antigens in the immunodiagnosis of cysticercosis.19–22
Host-parasite interaction is poorly understood in NCC.
Studies of brain metacestodes from cysticercotic patients have
shown a predominance of a cell-mediated response and the
presence of interleukin-12 (IL-12).23,24 It has also been reported that IL-5 and IL-10 predominated in the cerebrospinal
fluid (CSF) of patients with active NCC.25 Cysteine, aspartic,
and metalloprotease activities have been characterized in excretory/secretory (E/S) antigens from T. solium metacestodes.26,27 Live metacestodes may release such proteases for
parasite nutrition, and they may also induce a humoral immune response in the host. The linkage between live metacestodes and the induced humoral response prompted us to

MATERIALS AND METHODS
Metacestode E/S antigens. Cysticercotic pigs (10−12
months old) were acquired from an endemic area of porcine
cysticercosis.28,29 After the pigs were humanely killed, metacestodes from each pig were obtained as described.30 Briefly,
20 metacestodes dissected from muscle tissues were incubated
in 20 ml of RPMI 1640 medium (Sigma, St. Louis, MO) containing glucose (1 g/ml) and trypsin (0.5 g/ml) at 37°C in an
atmosphere of 5% CO2 for four hours. In cases that showed
scolex evagination greater than 90% and intense motility of
scolices, additional metacestodes were dissected, washed extensively with sterile phosphate-buffered saline (PBS) containing penicillin (500 units) and streptomycin (500 g/ml).
Metacestode E/S antigens were obtained as described27 with
modifications. Metacestodes (700/culture) were incubated in
10 mL of 9 mM Tris buffer, pH 7.2, containing 1 mM EDTA
and 2 × 10−5 M E-64 (inhibitors for metalloproteinases and
cysteine proteases, respectively) at 37°C in an atmosphere of
5% CO2 for three hours. Culture fluids were centrifuged at
9,000 × g for 20 min, filtered through 0.45-m Millipore (Bedford, MA) membrane, lyophilized, and stored at −70°C.
Protein determination. Determination of protein concentration in metacestode E/S antigens was carried out according
to the method of Bradford.31
Cerebrospinal fluid samples. Cerebrospinal fluid samples
from 91 patients with neurologic disorders were provided by
the Sera and CSF Bank of the National Institute of Neurology
and Neurosurgery of Mexico. Samples were collected from
1982 to 1994 and kept at −20°C. Codified samples were tested
in a double-blind controlled study.

777

778

MOLINARI AND OTHERS

Detection of IgG antibody by ELISA. Detection of antibody by ELISA was performed according to the procedure of
Diaz and others9 with modifications. Metacestode E/S antigens at a concentration of 3 g of protein/ml were suspended
in carbonate buffer (pH 9.6). Antigen (100 l) was placed in
wells of microtiter plates in triplicate (Costar, NY). Plates
were incubated overnight at 4°C with PBS containing 3% non
fat skimmed milk and 0.05% Tween 20, followed by incubation at 37°C for one hour. Cerebrospinal fluid was diluted
1:10, 100 l was added to the plate, and the plate was incubated at 37°C for 30 min. The plates were then washed four
times with PBS-0.05% Tween 20 and 100 l of peroxidaseconjugated goat anti-human antibody (1:3,000 dilution) were
added. The plates were incubated at 37°C for 30 minutes,
washed four times with PBS-Tween, and 200 l of freshly
prepared substrate (0.4 mg of o-phenylendiamine/ml plus
0.06% H2O2 in citrate-phosphate buffer, pH 5) were added.
The reaction was allowed to proceed for 5 minutes at room
temperature and was stopped by the addition of 20 l of 0.1 M
sulfuric acid. The optical density (OD) was measured at 492 nm
in a spectrophotometer (Labsystems, Stockholm, Sweden).
Sodium dodecyl sulfate−polyacrylamide gel electrophoresis
(SDS-PAGE). Sodium dodecyl sulfate−polyacrylamide gel
electrophoresis was carried out according to the method of
Laemmli32 in a Mini-Protean II cell (Bio-Rad, Hercules, CA).
Samples of native and metacestode E/S antigens preincubated
with E-64 were analyzed. The gels were stained with a silver
stain (Sigma). Molecular weight was determined using
prestained SDS-PAGE standards (Bio-Rad).
Enzyme-linked immunoelectrotranfer blot assay. To detect
the antigens that were recognized by the CSFs, an EITB assay
was carried out on a nitrocellulose sheet in a Mini-Transblot
cell (Bio-Rad). After metacestode E/S antigens were electrophoretically transferred to the sheet, it was removed and
washed four times with PBS-Tween for (15 minutes/wash). It
was then cut into strips 0.4 cm wide and exposed to CSF
samples diluted (1:5) with PBS-Tween on multi-channel
plaques at room temperature for two hours with shaking. The
strips were washed three times with PBS-Tween for (10 minutes/wash) and incubated with 1 ml of biotinylated protein A
(1:400 dilution) at room temperature for one hour. The strips
were then washed with PBS-Tween, incubated with 1 ml of
streptavidin (diluted 1:400) at room temperature for 30 minutes, and washed twice with PBS-Tween (5 minutes/wash)
and with PBS alone. The reaction was revealed with a substrate solution containing 0.005% 3-3⬘ diaminobenzidine
(Sigma) in PBS, pH 7.2, plus 3% H2O2 and stopped with
deionized water.
Analysis of medical records. Data on the biologic stage of
the parasites (live, transitional stage, and calcified cysts) were
obtained from CT and MRI reports. These data were correlated with the results of the ELISA.
Statistical analysis. A positive ELISA result was defined as
four standard deviations above the mean OD (0.105 ± 0.037,
range ⳱ 0.034−0.169) of 58 CSF negative control samples
from patients with neurologic disorders other than NCC. This
value was calculated to be an OD of 0.185. Sensitivity was
calculated as the number of ELISA-positive cases/total number of cysticercotic patients. Data were expressed as mean ±
standard error of the OD values. Differences between active
and inactive NCC were analyzed by Student’s t-test. P values
< 0.05 were considered significant.

RESULTS
Results of the ELISA and their correlation with CT and/or
MRI findings. The 91 CSF samples were tested by ELISA
using metacestode E/S antigens. The ELISA values greater
than the cut-off value (OD ⳱ 0.185) were considered positive
(Figure 1).
The CT and/or MRI findings showed that 33 patients had a
diagnosis of NCC (23 women and 10 men, age range ⳱ 18−88
years). The remaining patients had other neurologic disorders
(n ⳱ 58). Cases were classified into two categories: active and
inactive NCC. The active NCC category included patients
with ELISA values greater than 0.185 and a diagnosis of NCC
by CT and/or MRI (n ⳱ 22). Two cases with viable plus
calcified cysts with negative ELISA results were included in
this category to calculate the P value. Cases were grouped
according to the following characteristics: 1) one or more
viable cysts (data on the precise number of multiple lesions
were not found in medical records) or 2) one or more viable
cysts plus cysts either in a transitional, racemose, or calcified
stage. The inactive NCC category included six patients with
calcified cysts, one case with a colloidal cyst, and another
patient with one granuloma plus calcifications. The CSF from
patients with calcified and colloidal cysts exhibited negative
ELISA values (< 0.185). The difference between these two
categories was statistically significant (P ⳱ 0.003; Figure 2).
The CSF samples from two patients with other neurologic
disorders and without evidence of cysticercotic lesions by CT
and MRI showed false-positive results. One of them (OD ⳱
0.280) was from a 49-year-old patient with meningitis caused
by Mycobacterium tuberculosis. The other sample (OD ⳱
0.203) was from a 52-year-old patient with acute bacterial
meningitis and positive serologic results for human immunodeficiency virus (HIV) (Figure 1).
To better define the relationship between OD values and

FIGURE 1. Enzyme-linked immunosorbent assay (ELISA) optical
density (O.D.) values of 91 coded cerebrospinal fluid (CSF) samples
from patients at the National Institute of Neurology in Mexico. The
ELISA was conducted using metacestode excretory/secretory antigens. ⽧ ⳱ Positive cases diagnosed as active neurocysticercosis
(NCC) by computed tomography (CT) or/and magnetic resonance
imaging (MRI); ⌬ ⳱ positive cases diagnosed as neurologic disorders
other than NCC; ⌷ ⳱ negative cases diagnosed as inactive NCC by
CT or/and MRI; + ⳱ negative cases diagnosed as disorders other
than NCC. The horizontal line is the cut-off ELISA value (OD ⳱
0.185, mean + 4 SD of 58 cases diagnosed as other disorders other
than NCC).
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FIGURE 2. Histogram of enzyme-linked immunosorbent assay
(ELISA) values of cases with active and inactive neurocysticercosis
(NCC). Active ⳱ cases of NCC with viable cyst(s) with or without
transitional or calcified cysts (n ⳱ 24); Inactive ⳱ cases of NCC with
calcified cysts, one case with a colloidal cyst, and one case with a
granuloma plus calcifications (n ⳱ 8); OND ⳱ cases of other neurologic disorders. Bars show the mean ± SD O.D. ⳱ optical density.
**P ⳱ 0.0034, by Student’s t-test.

the biologic stage of the parasites, cases were grouped as
follows. The highest positive OD values (0.589 ± 0.1449) corresponded to cases with one viable cyst (n ⳱ 6; P ⳱ 0.008).
Intermediate positive OD values (0.537 ± 0.065) corresponded to cases with one or more viable cysts plus one or
more transitional cysts (n ⳱ 7; P ⳱ 0.0001). The lowest positive OD values (0.398 ± 0.157) corresponded to cases with one
viable cyst plus one or several calcified cysts (n ⳱ 8; P ⳱
0.134, not significant). The ELISA values of six cases with a
single lesion and characteristics different from those described above are also depicted (Table 1). Negative ELISA
values from cases with calcified cysts were compared with
ELISA data reported in medical records. The comparison
showed that cases with calcified cysts had positive ELISA
values when metacestode extract antigens were used.
SDS-PAGE. Electrophoresis showed differences between
metacestode E/S antigens treated with E-64 and those not
treated (Figure 3C, lanes 3 and 2, respectively).
Immunoblot assays. Results of the EITB assay showed a
good correlation with those of the ELISA. The CSF samples

TABLE 1
Correlation between enzyme-linked immunosorbent assay values
(mean ± SEM) and the biological stage of cysts (data obtained
from computed tomography/magnetic resonance imaging
scans reports)
Parasite
stage

Number
of cases

OD values
(mean ± SEM)

Viable (single)
Viable (multiple)
Colloidal
Viable(s) plus transitional
Viable(s) plus calcifications
Viable plus racemose
Calcified granuloma
Granuloma plus calcifications
Calcified cysts
Racemose
Total

6
1
1
7
8
1
1
1
6
1
33

0.589 ± 0.1449
0.263
0.179
0.537 ± 0.0651
0.398 ± 0.1568
0.242
0.519†
0.211
0.105–0.0078
0.326

* P values of calcified cysts.
† Recognized by 4 antigens in the blotting assay.

P*

0.0075
0.0001
0.1343

FIGURE 3. A, Blotting results of 10 cerebrospinal fluid samples
from patients with different forms of active and inactive neurocysticercosis (NCC) (lanes 1−10) and eight samples from patients with
other neurologic disorders (OND) (lanes a−h). Lane 7 corresponds to
a sample from a patient with a diagnosis of calcified granuloma. The
arrows indicate Mr protein standards in kilodaltons (kD). B, The
strips (lanes) in A with their corresponding enzyme-linked immunosorbent assay optical density (O.D.) values and the number of proteins (bands) recognized by metacestode excretory/secretory (E/S)
antigens. C, Sodium dodecyl sulfate−polyacrylamide gel electrophoresis of metacestode E/S antigens. The gel was stained with silver.
Lane 3, sample preincubated with E-64; lane 2, sample not incubated
with E-64; lane 1, arrows indicate Mr protein standards in (kD).

with ELISA values ranging from 0.361 to 0.875 recognized
three to nine metacestode E/S antigens (Figure 3A and B). In
contrast, CSF samples with negative ELISA values
(0.088−0.102) did not recognize E/S antigens (Figures
3A and B). Several of the antigens recognized had a molecular mass range of 6.7 to 130 kD. An antigen with an approximate molecular mass of 45 kD was recognized in six of seven
CSF samples studied (Figure 3A). One CSF sample from a
patient with a diagnosis of calcified granuloma and an ELISA
value of 0.519 recognized four proteins in the EITB assay, but
it could not be classified (Table 1 and Figure 3B).
Statistical results. The sensitivity of the ELISA was 92%
(22 of 24) and the specificity was 97%. Cases with granuloma
and/or calcifications (n ⳱ 8) were excluded since patients
with calcifications do not actually have NCC but its sequel.1
DISCUSSION
Taenia solium metacestode E/S antigens have been evaluated for use in the diagnosis of human and porcine cysticer-
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cosis.12,33 However, they have not been studied in relation to
the biologic stage of metacestodes in patients with NCC and
specific IgG titers. In the current study, metacestode E/S antigens of T. solium used in ELISAs showed a strong capacity
in discriminating between active and inactive forms of NCC.
Results showed that all cases with a single viable cyst had
the highest OD values in the ELISA. The intermediate OD
positive values corresponded to cases with viable cyst(s) plus
transitional lesions. The lowest positive values corresponded
to cases with viable cyst(s) plus one or more calcified cysts. In
contrast, negative values were detected in all cases with calcified cysts.
There were two remarkable cases in this study. The first
was a patient with a calcified granuloma, a highly positive
ELISA value (0.519), and four proteins recognized in the
EITB assay. In our study, positive ELISA values showed a
correlation with the presence of a viable cyst. A calcified
granuloma was reported in this case. However, the presence
of viable cyst not detected by imaging studies cannot be ruled
out. Moreover, similar discrepancies between the EITB assay
and CT scans have been reported.34 The second case had an
ELISA value of 0.153, three viable cysts, and multiple calcifications identified by a CT scan. This patient probably had a
low antibody response; unfortunately, the EITB assay could
not be performed in this case.
It has been demonstrated that metacestodes of T. solium
secrete a cysteine protease activity that depletes CD4+ cells in
vitro and may be involved in parasite nutrition and immune
evasion.27 If the T. solium metacestode secretes proteins into
its surroundings, the host may produce specific antibodies
against these proteins. When the parasites are viable, they
may be secreting proteases in addition to other proteins. Conversely, since degenerating or dead metacestodes do not secrete these proteins, the host response to this antigenic stimulation may be arrested. Only the remaining primed B cells
may be producing specific antibodies against E/S antigens in
a decreasing fashion. It is then likely that specific antibodies
in patients with transitional or calcified NCC may be scarce or
absent. Our results indicate that there is a direct relationship
between the living stage of cysts and the presence of antibodies against E/S antigens.
The results of immunodiagnosis in inactive NCC have usually been reported as negative.35 One study that used metacestode E/S antigens identified one positive case among 10
cases of inactive NCC.12 However, in the current series, we
did not find positive ELISA results in six cases with calcified
lesions (inactive NCC). In contrast, all ELISA values were
positive when a crude metacestode extract was used. This
apparent discrepancy may be attributed to the prolonged release of somatic antigens in the process of parasite destruction. Moreover, it has been reported that specific antibodies
persist long after the parasite has been eliminated by immune
mechanisms and/or drug therapy.36,37
Although the number of CSF samples tested by immunoblotting was small, it is interesting to point out that a 45-kD
antigen was recognized at a high frequency (86%). A good
correlation was also found between high OD values and the
number of antigens recognized by IgG antibody in the CSF
samples.
Positive ELISA values were obtained for a CSF sample
from a patient with meningitis due to M. tuberculosis and for
another sample from a patient with bacterial meningitis plus

positive serologic results for HIV. However, these were falsepositive results that could be due to antigens from M. tuberculosis or other infective agents that cross-react with antibodies to metacestode E/S antigens.38
The ELISA and EITB assay with metacestode E/S antigens
may be useful in diagnosing cases in which imaging studies
cannot discriminate between active and inactive NCC,20 and
when making treatment decisions. The latter is particularly
important since cysticidal drugs are effective only in patients
with active forms of NCC. The immunodiagnostic assay may
be also useful in endemic areas where equipment for imaging
studies is not available. Finally, antibodies titers may be helpful in monitoring the biologic stage of the parasite in cases of
extraparenchymal cysts in which the results of medical
therapy are difficult to evaluate.39,40
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