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Taenia solium metacestode immunodominant peptides recognized
by IgG antibodies in cerebrospinal fluid and serum paired samples
from patients with active and inactive neurocysticercosis
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The aim of this study was to test if serological distinction between patients with active and inactive
neurocysticercosis (NCC), could be accomplished by the recognition of immunodominant peptides in total sa-
line antigenic extract of Taenia solium metacestodes by I1gG antibody in cerebrospinal fluid (CSF) and serum
paired samples. CSF and serum samples of 10 each, active NCC patients, inactive NCC, and individuals with
other neurological disorders, were used to recognize the antigenic peptides by western blot (WB). In the active
NCC the 28-32 and 39-42 kDa peptides were more frequently detected in CSF than in sera (p < 0.05). The 47-
52, 64-68, and 70 kDa antigens showed high frequencies in both samples from patients with active NCC. All the
CSF samples of inactive NCC and other neurological disorder (control) patients tested negative, while serum
samples from these last two groups recognized mainly the 80, 86, 95, and 98 kDa bands. This finding eliminates
the use of the high molecular weigh bands (= 80 kDa) for diagnosis of NCC. The final conclusions were that the
difference between active and inactive NCC may be done with the detection of peptides only in the CSF samples
and that the 47-52, 64-68, and 70 kDa bands may be included as specific markers for active NCC when detected
in CSF samples by WB using total saline extract of T. solium metacestode.
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The life cycle of Taenia solium is complex and in-
volves swine as intermediate hosts and humans as acci-
dental hosts, only human are definitive hosts because their
lodge the adult form in the small intestine. Neurocys-
ticercosis (NCC) is the most common neuroparasitosis
in the world. Frequently the symptoms are late onset
epilepsy, intracranial hypertension, and mental disorders
(Déel Brutto 1999, Carpio 2002).

Thediagnosisof NCC isgiven by the combined analy-
sisof clinical data, neuroimaging (NI), computerized to-
mography (CT), and magnetic resonance imaging
(MRYI), as well as immunological and epidemiological
data(Garciaet a. 2005). From NI findings of NCC, only
the presence of cystic lesions demonstrating the scolex
should be considered pathognomonic (Del Brutto et al.
2001). In epidemiological studies however, NI are un-
suitable due to cost and time, being case definition based
on methods of immunodiagnosis (Flisser et a. 2003).
According to the immune-inflammatory response de-
tected in the cerebrospinal fluid (CSF) or NI data sug-
gestive of metacestodes, NCC can be classified as ac-
tive or inactive. In the first case there is vesicular, col-
loidal or/and granular stages of degenerating parasites
surrounded by astrong inflammatory reaction in the adja-
cent cerebral tissue (Sotelo et al. 1985, Sotelo & Del
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Brutto, 2000). Using histological and immunohisto-
chemical methods, Alvarez et al. (2002) demonstrated
that cells from granulomatous lesions in CNS during
chronic NCC have cytotoxic activity, immunomodu-
lation, and tissular repair functions. In inactive NCC pa-
tients have only calcified lesions with a mean diameter
of 2 mm as measured by NI, with minimal immune re-
sponse (Sotelo et al. 1985, Salgado et al. 1997, Sotelo
& Del Brutto 2000).

As one of the diagnostic approaches for NCC, the
immunologic tests more commonly used to detect anti-
bodies against T. solium are the enzyme-linked immu-
nosorbent assay (ELISA) and western blot (WB) in the
CSF and/or serum (Montero et a. 2003, Barcelos et al.
2005, Schantz 2006). Using purified glycoproteins by
enzyme-linked immunoel ectrotransfer blot (EITB), Tsang
et a. (1989) found high sensitivity and specificity in-
dexes in serum and CSF samples. The 1gG intrathecal
synthesis and specific antibody index in patientswith NCC
can be documented using the formula of Reiber and
Felgenhauer (1987) as performed by Machado et al. (2002).

The aim of this study was to make a serological dis-
tinction between patients with active and inactive NCC,
based on the differential recognition of immunodomi-
nant peptides from T. solium crude metacestode extracts
by 1gG antibodiesin CSF and serum paired samples.

MATERIALS AND METHODS

Patients and paired samples - This study was con-
ducted according to the ethical guidelines of the Brazil-
ian Health Ministry after being approved by the Research
Ethics Committee of Universidade Federal de Uberlandia
(UFU), Minas Gerais, Brazil.
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CSF and serum paired samples were obtained from
the Biological Sample Collection of the Parasitology
Laboratory at UFU, which were from 30 patients admit-
ted to the General Hospital of UFU. These patients were
classified into three groups: G1 - active NCC (10 pa-
tients with parenchimal cysts, 80% of them with mul-
tiple lesions: 1 patient with vesicular associated to in-
flammatory colloidal stage, 4 patients with inflamma-
tory colloidal associated to nodular stage, and 3 patients
with vesicular associated to granul ar stage. The other 20%
presented only one cyst at inflammatory colloidal ve-
sicular stage, as evaluated by NI); G2 - inactive NCC
(10 patients with highly suggestive NCC, al of which
had multiple parenchimal lesions in the calcified stage,
as observed by NI); and G3 - the control group (10 pa-
tients who had other neurologic disorders with normal
NI and negative for NCC in CSF samples by ELISA).

Parasites and preparation of saline extract - T.
solium metacestodes were obtained from the muscles
of naturally infected pigs. The saline extract was pre-
pared as described by Costa et al. (1982) with modifica-
tions, briefly 50 metacestodes were disrupted in 5 ml of
distillated water and homogenized using a glass tissue
homogenizer at 4°C for 5 min. The metacestodes were
then submitted to four sonication cyclesin an ice bath at
40 kHz during 30 s each, then 5 ml of NaCl 0.3 M was
added and the mixture was again submitted to the sonic
treatment. The mixture was kept at 4°C for 2 h and sub-
mitted to centrifugation at 12,400g for 30 min at 4°C.
The supernatant was analyzed for protein content by the
Lowry et a. (1951) method and stored in aliquots at
— 70°C, until used for WB.

Gel electrophoresis and electrophoretic transfer -
Saline antigen was diluted (v/v) in sample buffer, after
boiling for 3 min at 98°C. All preparations were submit-
ted to electrophoresisin SDS-PAGE at 12% under non-
reducing conditions, as described by Laemmli (1970).
After SDS-PAGE, the gels were either stained by
Coomassie Brilliant Blue or transferred to nitrocellu-
lose membranes (0.45 um, Sigma, US), as described by
Towbin et al. (1979) using atransfer apparatus (Multiphor
I, Pharmacia- LKB, US).

WB - Preliminary experiments were carried out in
order to determine the optimal conditions for WB,
through block titration of the CSF, sera and conjugate.
Nitrocellulose strips containing fractions of the saline
antigen were blocked with 5% non-fat milk in PBS-T
for 2 h at room temperature and incubated overnight at
4°C with CSF samples diluted 1:2 or serum samples di-
luted 1:50 in 1% non-fat milk in PBS-T (PBSTM). After
washing with PBSTM, strips were incubated for 2 h at
room temperature with the conjugate (peroxidase-la-
beled goat anti-human 1gG, whole molecule, Sigma) di-
luted at 1:200 and 1:150 in PBSTM for CSF and serum
samples, respectively. The strips were washed in PBS
and developed with hydrogen peroxide and 3,3'-
diaminobenzidinetetrahydrochloride (Sigma) for 3 min.
The molecular weights of antigenic fragments were de-
termined by comparison with high and low molecular

markers (Sigma). The recognition of at least two immu-
nodominant markers (molecular weight: 12, 13, 14, 18,
21, 24, 26-28, 32, 39, 42, 45, 47, 50, 52, 56, 64-68, 60-
75 kDa) of T. solium metacestodes was used as positiv-
ity criterion for WB, in CSF and serum samples, as de-
scribed previously (Tsang et al. 1989, Simac et al. 1995,
Shiguekawa et al. 2000, Barcelos et al. 2001).

Satistical analysis - Analysis of the data was per-
formed using the Statistic for Windows Software (Stat.
Soft, Inc. 1993). The sensitivity and specificity values
for CSF or sera were determinated using binomial dis-
tribution. To compare the frequency of antigenic mark-
ers recognized in CSF and serum samples by WB, the
percentages of the developed bands were tested by two
proportions at the significance level of 5%.

RESULTS

WB sensitivity for active NCC was 80 and 100% for
CSF and serum, respectively, whereas for inactive NCC
it was 0 and 30% for CSF and serum samples, respec-
tively. On the other hand, WB specificity was 100% for
both active and inactive NCC in either samples.

This present study, for the diagnosis of NCC by WB,
found the bandsintheinterval of 12-70 kDa. Fig. 1 shows
the peptides recognized in the CSF and serum samples
of al analyzed groups. CSF samples from inactive NCC
(G2) and control (G3) patients did not recognize any
peptides in the total saline extract of T. solium meta-
cestodes (Fig. 1A). Serum samples from active and in-
active NCC and control patients reacted with peptides
of apparent molecular weight of 80, 86, 95, and 98 kDa
(Fig. 1B); thisinvalidates the use of such bandsfor diag-
nosis of NCC.

Fig. 2 shows the frequency of peptides recognized
by 19gG antibodies using WB in CSF and serum paired
samples from patients with active NCC (Fig. 2A), inac-
tive NCC (Fig. 2B), and controls (Fig. 2C). In the active
NCC group (Fig. 2A), CSF samples recognized the 28-
32 and 39-42 kDa peptides in a significantly higher fre-
guency than in the serum of the same patients (p < 0.05).
The 47-52, 64-68, and 70 kDa immunodominant pep-
tides were detected in a higher frequency, both CSF and
serum samples of active NCC (Fig. 2A) thanin the inac-
tive NCC (p < 0.05) (Fig. 2B), whilein the control group
(Fig. 2C) they wereall negative. AsshowninFig. 2B and
2C the CSF samples of inactive NCC and control re-
spectively were negative for al peptides. Although the
80, 86, 95, and 98 kDa bands were detected in the two
first groups (CSF and serum samples, Fig. 2A and serum
samples, Fig. 2B) they were found in the control group
too, confirming their inespecificity, thus they were not
considered in the analysis of frequencies the bands.

DISCUSSION

Theimmunological teststhat detect parasite antigens
in biological samples constitute the best choice to de-
fine which form of NCC, active or inactive, the patients
present. However, they are expensive since monoclonal
antibodies are employed, which makes such tests till
unsuitable for routine laboratory applications, especially
in developing countries (Schantz 2006).
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Fig. 1: western blot for the detection of 1gG antibodies to Taenia solium metacestodesin cerebrospinal fluid (A) and serum (B) paired samplesfrom
patientswith active neurocysticercosis (NCC) (n = 10), inactive NCC (n = 10), and 10 controls (with other neurological disorders).

The distinction between active and inactive-NCC is
important for the diagnosis and treatment of the patients
(White Jr 2000). Using excreted/secreted antigens of T.
solium metacestode for ELISA tests, Molinari et al.
(2002) showed that the CSF samples of active NCC pa-
tients had significantly higher positive indexes when
compared to the inactive NCC patients. Using T.
crassiceps antigens and CSF and serum paired samples
from patients of NCC, Barcelos et al. (2005) showed
the highest levels of specific 1gG antibodies in both
samples by ELISA, since the immune response is maxi-
mized when the parasite goes into degenerative phases.

In the present study the WB using total saline extract
of T. solium metacestodes showed high sensitivity and
specificity for the detection of specific bands (< 70kDa)
in CSF and serum samplesin the active NCC. These re-
sultsmay permit the differentiation of the active and inac-

tive forms of NCC. Thus the sensitivity and specificity
calcule depend on the classification of the NCC (active
or inactive). Using purified glycoprotein antigens derived
from T. soliumcysticerci by EITB, the sensitivity and speci-
ficity were of 94 to 98% and approaching 100% respec-
tively, for patients with two or more cysts or enhancing
lesionsasdemonstrated by othersstudies(Tsang et al. 1989,
Garcia et al. 1991, Richards & Schantz 1991).

Thetwo CSF samplesthat did not recognize any pep-
tide came from patients with only one colloidal vesicu-
lar cyst. These 20% negative results maybe explained by
two reasons: (i) they werein the stages| and |1 described
by Escobar et al. (1985) when the cysts are till aive
without exposing their antigens; (ii) they had only one
cyst, these results are in agreement with the study of
Rajshekhar and Oommen (1997) that demonstrated sen-
sitivity < 50% in patients with single intracranial cyst.
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Fig. 2A: frequency of peptidesrecognized by 1gG antibodies using west-
ernblotin cerebrospina fluid (CSF) and serum paired samplesfrom 10
patients with active neurocysticercosis (NCC); B: 10 patients with inac-
tive NCC; C: 10 controls using total saline extract of Taenia solium
metacestodes; (*): p <0.05.

The real interpretation of the results of these two pa-
tients is quite difficult since it is known that the pres-
ence or absence of antibodiesin the CSF may depend on
many other variables such as the individual immune re-
sponse, the stage of cysts, the number of cysts, and the
topography of the cyst. This particular last factor influ-
ences the result of the CSF examination in direct propor-
tion to its proximity to the ventricular and/or subaracnoid
space (Flisser et al. 1980, Sotelo & Del Brutto 2000).

In the present study even using the total saline ex-
tract of T. solium metacestodes the WB identified six
of the seven antigenic markers (12, 14, 18, 24, 39-42,

and 50 kDa) with molecular weights similar to the gly-
coproteins described by Tsang et al. (1989) in the active
NCC. The 28-32 kDaand 39-42 kDa peptides were only
detected in the active NCC with a higher frequency in
CSF samples than the serum samples. The finding of the
28 kDa band with high specificity was described by
Gottstein et al. (1987). The 47-52 and 64-68 kDaimmu-
nodominant peptides had high frequencies of detection
in both samples of active NCC patients. Using saline
extract of T. solium metacestodes, Barcelos et al. (2001)
demonstrated that the markers of 64-68 kDa were im-
munodominants in CSF samples, and Shiguekawa et a.
(2000) found that the 47, 52, 64-68 kDa were immu-
nodominants in serum samples. In this present study the
70 kDa band was identified with 80 and 90% of recogni-
tion respectively in CSF and serum samplesin the active
NCC. In the inactive NCC the frequency of recognition
of this band in serum samples was lower (30%), than in
the active NCC, with a statistical significance. Analyz-
ing paired CSF and serum samples of NCC patients,
Simac et al. (1995) showed in CSF samples an additional
60-75 kDa band and explained this frequent finding
refering to a Miller et al. (1985) publication which
considered the intrathecal secretion of specific antibod-
ies responsible for such results.

The final conclusions were that the difference be-
tween active and inactive NCC may be done with the de-
tection of peptides only in the CSF samples and that the
47-52, 64-68, and 70 kDa bands may be included as spe-
cificmarkersfor active NCC when detected in CSF samples
by WB using total saline extract of T. solium metacestode.
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