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ABSTRACT

Neurocysticercosis (NCC), the cerebral presenceTaénia soliummetacestode Qysticercus cellulosage is

responsible for neurological disorders worldwide order to validate an immunodiagnosis for publeahh

patients in the State of Parana-Brazil, crude a@tigofTaenia crassicepretacestodeqysticercus longicollisyvas
used as an alternative heterologous antigen todmlun ELISA and in electroimmunotransfer blott{EgTB) for

active and inactive NCC diagnosis. Indirect ELISAsvable to discriminate between active and inact&mples
and presented high specificity and sensitivity. Angnunodominant band was able to distinguish the&CN€ages,
although the EITB showed 100% specificity. The inotagical results proved to be an important auxiyiaoll for

NCC diagnosis, mainly for public-health systemsléveloping countries, where either the neuroimagdniques
are not accessible or the resources are scarce.
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INTRODUCTION necessitates the search for a cheaper and accurate

. . . diagnosis method as an appropriate surveillance
Neurocysticercosis (NCC), an important nervous,chanism (Ito, 2002; Flisseet al, 2006).

system infection due tdysticercus cellulosae Immunoassays using crude antigen frod

presents a world-wide distribution. Clinical .o ||ul0saecould be used (ludici Netet al, 2007),

symptoms are pleomorphic and dependent on thgy,,,gh this presents some disadvantages such as

number, type and localization of cysticerci. SOM,qss reaction with other Cestodes, and the large
patients can develop neurological deficits an

: . _ mount of parasites necessary to obtain enough
epilepsy (Carpio, 2002; Takayanagui antinigen (Pardini et al 2002). Furthermore, the
Odashima, 2006). Its diagnosis is based Ofayhack in antigen production is to find naturally
clinical, epidemiological, and immunological jnfected swine. Nowadays, this is rare due to
findings, but requires expensive techniques such danagement procedures ir’nposed on pig raising.
imaging analysis.'ln some cc_)untries such as Braziﬁ;he alternative would be to infect them
the costs for implementing and performinge,nerimentally withT. soliumeggs, but for that
neuroimaging diagnostic are very highThis jnfrastructure and adult tapeworm are necessary,
for it is a high risk activity and thus impracti¢ab
in large-scale. These facts stimulate the seanch fo
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other sources of antigen for NCC diagnosis. AProduction of cysticercal antigen
fox’s parasite namedaenia crassicepappeared The antigens fronC. longicolliswere obtained as
to be a possible source when Freeman isolatatbscribed by Vaet al (1996).
cysticercus €. longicollig from rodents in 1962.
This mutant strain, labeled ORF, reproduce®olyclonal antibodies
asexually by exogenous budding inside thén order to obtain polyclonal antibodies, each New
peritoneal cavity of mice. Keepin@. longicollis Zealand rabbit was immunized subcutaneously
in laboratory could be a way of having an antigewith C. longicollis crude antigens following
source to be used in immunoassays for Minozzo et al (2004)'s methodologyln short, in
cellulosaebecause these parasites share antigertice first immunization, each animal received 1 mg
elements in immunoelectrotransfer blottings -of antigen emulsified with Freund’'s complete
EITB (Pardini et al, 2002). The search for adjuvant. Freund’'s incomplete adjuvant was used
antigens is rare in neurocysticercosis diagnosis booster doses (days d@Ad 45). Serum samples
(Flisser and Gyorkos, 2007) and immunodiagnosig/ere collected on days zero, 15, 30, 45, 52, and 60
is based, primarily, on the detection of antibodiegfter the beginning of immunization. The IgG
(Schantz and Tsang, 2003) by ELISA and EITHBraction was purified by salting out with cold
(Dua and Aneja, 2006; Schantz, 2006). Studiesaturated ammonium sulphate and dialyzed against
have shown it is possible by ELISA and usingPBS.
different antigens to discriminate between active
and inactive NCC, i.e., when the cysticercus isndirect Elisa assay
alive or inert, respectively (Molinaet al, 2002; Specific cysticerci antibodies were detected i ser
Barceloset al, 2005). or CSF from NCC patients, and in controls sera by
The aim of this work was to compare theELISA using crude antigen fro@. longicollis In
experimental results obtained by ELISA andshort, an indirect ELISA was performed using
immunoblot assays using. longicollis crude microtiter plates coated overnight with 3.5 pg/mL
antigens and sera and cerebrospinal fluid (CSFf crude cyst antigen in 0.05M Coating Buffer (pH
from patients with active, inactive NCC or with 9.6). The wells were washed with 0.05% Tween
cysts in transitional phase, i.e., in degeneratior0 in saline, blocked by incubation at’@7for 1h
from the State of Parana, Brazil. with 2% casein in PBS pH 7.4 and washed. Sera
(1:12) or CSF (1:8) were diluted in incubation
buffer (025% casein, 05% Tween 20, PBS 7.4),

MATERIAL AND METHODS distributed into the wells and incubated at@7or
1h; then the plate was washed and bound human
Serum and cerebrospinal fluid (CSF) lgG were detected by using an anti-human IgG

Serum from active (n=23) and inactive (n=9)peroxidase-conjugated (Sigma) diluted 1:1000.
neurocysticercosis (NCC) and CSF samples frorthcubation and washing were done and the
patients with active (n=46) and inactive (n=24)enzymatic reaction was carried out by the addition
disease were diagnosed through imaging and wegé 0.04 mg/ml OPD, 0.02% (v/v) 8, in 0.1 M
collected at the Departamento de VirologiaCitrate buffer (pH 5.2) for 15 min. The reaction
Hospital de Clinicas — UFPR, in Curitiba-Brazil. was stopped by adding 2N sulphuric acid and then
The study protocol was approved by the Ethicghe absorbance read at 492 nm.
committee on human research at that hospital
according to Resolution 196/96 of the Nationalmmunoecletrotransfer blot assay
Health Council, Ministry of Health, Brazil. CSF C. longicollis soluble proteins were diluted in
samples from 72 individuals with other sample buffer, boiled and separated along with
neuropathologies (such as Hystoplasmosigroad Ranger molecular weight markers
Behcet's disease, Harada’'s syndrome, etc.) wef8iolabs), using a 12% SDS-PAGE gel. The gels
used as negative controls. The selection criteriwere transferred to Hybond nitrocellulose
was based on data obtained from clinical formsmembrane (Amershan Biotech). Subsequently,
image tests (radiography, tomography, NMR); andhitrocellulose strips were blocked with 3% non-fat
immunological, microbiological, and milk in PBS (pH 7.4) for 1 h at room temperature.
histopathological tests. After washing (0.05% Tween 20 - PBS (PBS-T),
the membranes were incubated with the patients’
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CSF (1:4) or serum samples (1:4) diluted in PBS-T:4000. The enzymatic reaction was detected as
for 4 h at room temperature. The strips weralescribed above.

washed and incubated for 2 h at room temperature

with anti-human IgG peroxidase-conjugated

(Sigma A-0170) diluted 1:2000 in PBS-T. TheRESULTS

strips were washed in PBS-T and developed in

0.06% DAB and 0.01% (v/v) @, 30% in PBS. The performance ofC. longicollis antigen as
The reaction was stopped after washing with PB$eterologous antigein the immunodiagnosis of
Serum or CSF samples were considered positivéeurocysticercosis caused by active, inactive or in
when one or more bands with 13, 14, 18, 21, 24legeneration cysticerci in patients from Parana-
38-42, 50 kDa (Tsangt al, 1989) and/or 47-52, Brazil was evaluated.

56, 64-68 and 126-155 kDa (Shiguekaetaal,

2000) showed reactivity. Indirect ELISA
The indirect ELISA results of serum from NCC
Cysticerci antigen detected by ELISA patients and control group (patients with other

In order to evaluate the possibility of detecti@g neuropathologies) using crud@. longicollis as
cellulosae antigens in CSF, an ELISA was antigen are presented in Fig. 1. Samples with
performed. For this, a 96-well multititer plate wasabsorbance equal to or higher than 0.096 of the
coated overnight with a pool of CSF from NCCcut-off value (non-reactive samples plus two
patients (diluted 1:500 in 0.05 M Coating Buffer,standard deviations) were considered positive.
pH 9.6). The washing and blocking was done antiwenty two (96%), sera out of 23 active NCC
C. longicollis polyclonal antibodies from rabbits patients, 1 (20%) out of 5 samples from patients
(diluted 1:800 in incubation buffer) were addedwith inactive form, and 3 (75%) out of 4 sera from
Subsequently, the plate was washed and boumNICC patients with cysticercus in degeneration

rabbit 1gG were detected by anti-rabbit 1gGshowed reactivity againg. longicollisantigen.
peroxidase-conjugated (Sigma A-6154) diluted
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Figure 1 - Indirect ELISA usingC. longicollis antigen with serum samples from NCC patients
(n=32) subdivided in active (x, n=23), inactive (5) and in degeneratiom( n=4)
cysts and from negative group (=10). The bar means cut off value.
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Figure 2 - Indirect ELISA usingC. longicollis crude antigen with CSF samples from NCC
patients (n=68) subdivided in active (x, n=46)cthge (2, n=16) and in degeneration
(A, n=6) cysts and from negative groupr(=72). The bar means cut off value.

The indirect ELISA results obtained for 68 CSFassays using serum or CSF from patients with
from NCC patients and for 72 CSF samples frontalcified cystcercus had low values, CSF ELISA
control group are shown in the Fig. 2. Samples thatas more sensitive (50%) than ELISA using
produced absorbance readings above the cut-aferum (20%).
(0.026) were considered positive. Thirty-nine
(85%) out of 46 CSF samples from patients wittCysticercus antigen detection
active cysticercus, 8 (50%) out of 16 samples fronn order to enhance the diagnostic accuracy,
patients with inactive form, and 4 (66%) out of 6antigens from C. cellulosae were studied in
samples from NCC patients with cysticercus irpatients’ CSF using an€. longicollis polyclonal
degeneration reacted wit@. longicollis soluble antibodies from rabbits. Samples whose
antigen in the ELISA. absorbance values were equal to or higher than the
cut-off (0.269) were considered positive. As
Specificity, sensitivity and accuracy values of expected, the ELISA’s sensitivity for active
indirect ELISA for sera and CSF samples neurocysticercosis was higher (67%) than the
The efficacy of indirect ELISA for active, inactive results obtained for calcified, i.e., inactive NCC
NCC and in degeneration cysts using serum di10%) and in degeneration cysticerci (29%) (Table
CSF samples could be corroborated through tha).
analysis of specificity, sensitivity, and accuracyfFig. 3 showed that 30 CSF samples out of 45
values for indirect ELISA. The ELISA sensitivity patients (66.7%) with active cysts, 2 out of 18
using serum was higher (96 and 75%) than CS&amples (11%) from inactive form and 2 out of 5
ELISA (85 and 67%) for active and in (40%) NCC with cysticercus in degeneration
degeneration cysts, although under the sam@rocess were positive for the presence @f
conditions the specificity of serum ELISA was cellulosaeantigen in the cerebrospinal fluid.
lower (Table 1). On the other hand, although the
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Table 1 - Indirect ELISA assay in sera and CSF for inagtigctive and in degeneration cysticerci using erud
heterologousC. longicollis as antigen. Rates of specificity (Sp), sensiti\i8s), accuracy (A) and Positive or

Negative Predictive Value (PPV) and (NPV) are iatkcl, respectively.

NCC (%) Sp Ss Acc PPV NPV
Inactive 90 20 67 50 69
In degeneration Sera 90 75 86 75 90
Active 90 96 94 96 90
Inactive 93 50 84 67 87
In degeneration CSF 93 67 91 50 96
Active 93 85 89 91 88
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Figure 3 - ELISA results for detection of. cellulosaeantigens in CSF samples from NCC
patients (n=68) classified as active (x, n=45)ciiva (2, n=18) and in degeneration
(A, n=5) cysts and from negative group (=72), i.e, from patients with other
neuropathologies. The bar means cut off value.

Table 2 - Cysticerci antigen detection in CSF for inactiaetive and in degeneration cysticercus usingganhal
antibodies from rabbits immunized with crude antigé C. longicollis. Rates of specificity (Sp), sensitivity (Ss),

accuracy (A) and Positive or Negative PredictivduédPPV) and (NPV) are showed, respectively.

NCC (%)

Sp Ss Acc PPV NPV
Inactive 61 10 50 6.7 71
In degeneration CSF 61 29 58 6.7 90
Active 61 67 63 52 75
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Specific protein recognized by EITB degeneration were not reactive.

According to Tsang (1989) and ShiguekaweOn the other hand, CSF from 72 patients with
(2000), the results of serum or CSF samples coulasther neuropathologies reacted with any protein;
be considered positive when one or more bandbere was not false positive, i.e., there was 100 %
with 13, 14, 18, 21, 24, 38-42, 50 kDa and/or 47specificity. The CSF from patients with active
52, 56, 64-8 and 126-155 kDa, respectivelyNCC manifested a higher reactivity frequency
showed reactivity. In the EITB usir@ longicollis  (Fig. 4) of the proteins of 97 kDa and 140 kDa
as heterologous antigen, 8 (20%) out of 40 CSP7%), 123 kDa (75%), and 150 kDa (84%). The
samples from patients with active NCC, 8 (61.5%CSF samples from patients with cysts in
out of 13 from patients with inactive form, and 2degeneration process reacted only with high
(40%) out of 5 samples from patients with cysts inmolecular weight bands (76 - 149 kDa).

8
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Figure 4 - Reactivity frequency of immunodominant proteiasognized by CSF antibodies frquatients
with active NCC &, n=32), inactive NCCa(, n=8) and in degeneration cysticergj i=3). Note:
The frequency was calculated considering only pasitsamples.

The immunoblotting using serum was done in thehowed no reactivity with low molecular weight
same way, but only 19 (82.6%) out of 23 NCCprotein. On the other hand, three out of 11 serum
active patients were positive according to Tsangontrol samples (28%), all of them (100%) and six
(1989) and Shiguekawa (2000). Serum from(55%) serum samples reacted with 148, 140, and
patients with active NCC reacted with high123 kDa bands, respectively. The protein bands
frequency with the proteins of high molecularwith 52, 65, 71, 84, and 97 kDa were recognized
weight such as 97 and 84 kDa (75%), 104 -128y at least one serum from the control group.

kDa (83%), and 140 kDa (92%) (Fig.5).

There was some reactivity with proteins around 50

kDa with a frequency of 42%, and no reactivep|SCUSSION

sample from patients with cysticerci in

de_:genergtion_, although one serum from a pa‘;ielﬂﬁhe big problem in implementing control and
with an inactive NCC form reacted strongly with proposing eradication programs for

the 52 kDa band. neurocysticercosis is the difficulty to establish a

Eleven serum samples from patients with Otheéarly and unequivocal diagnosis due to the

neuropatologies - excluding NCC - were tgstﬁd byhespecificity of the clinical manifestation and to
EITB using C. longicollis as antigen, and they yhe " jnaccurate interpretation of neuroimaging
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findings due to similarities between these lesional., 2006). The results of an immunodiagnostic test
and those of tuberculomas, brain tumors, anfbr NCC could increase the probability of getting
arteriovenous malformations (Dua and Anejathe correct diagnosis.

2006). A step further in this direction could be to useds
Furthermore, the costs for performingantigen fromC. cellulosagSilva et al, 2000; ludici
neuroimaging techniques are very high, mainly foNetoet al, 2007; Parija et gl2007). However, it is
the public-health system. For routine laboratorywery difficult to obtain enough quantities of an
tests, the best choice for a NCC screening could lztigen as that depends either on finding naturally
the use of immunoassays that combines accuradpfected swine or infecting them experimentally
sensitivity, and reasonability (Ito, 2002; Fliss#r with T. soliumeggs
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Figure 5 - lllustration of blot immunoreactivity of the sen and the CSF from 12 patients with
active NCC and one of eleven patients with otheragathologies as control group (C)
tested in the ELISA. The reactivity of serum and=G&ere analyzed individually using
lanes containin@ysticercus longicolli€rude extract as antigen. Proteins were separated
by SDS-PAGE on a 12% gel under reducing conditidfslecular weight proteins are
indicated in the left in kilodaltons (kDa).

Several studies have shown th@at longicollis studies have shown that immunoassays were able
could replaceC. cellulosaebecause both parasitesto detect whether the patients presented alive or
shared antigenic elements able to be used inactive cysticerci (Molinaret al, 2002, Barcelos
ELISA or immunoblottings (Vazet al, 1996; et al, 2005, 2007). In order to evaluate and
Buenoet al, 2000; Pardinet al, 2002; Peralta et confirm the epidemiological data of
al., 2002; Ishideet al, 2006). Therefore, the use of neurocysticercosis in the State of Parand, Brazil,
this heterologous antigen may contribute forC. longicollis crude extract was used as
seroepidemiologic studies to evaluate the complelxeterologous antigen of @ellulosaein ELISA
taeniasis/cysticercosis (Vaet al, 1996; 1997, and EITB assay of patients with different
Sciutto et al, 2000, Ito, 2000). Furthermore,
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evolutionary stages of cysticerci (Soteéd al, Therefore, as argued by Barcelos et al. (2007), the
1988) diagnosed through neuroimages features. high molecular weight bands present strong cross
In the present work, samples of CSF and serumeaction and must not be used for NCC diagnosis.
from patients with NCC confirmed by computedSimilar results were obtained with the CSF
tomography were analyze@. cellulosaeantigens samples from patients with cysts in degeneration
were captured by ELISA using rabbit polyclonalprocess, which reacted exclusively with high
antibodies produced against its heterologoumolecular weight proteins. According to
antigens,C. longicollis The specificity and the observations of Alujat al (1996) about animals
sensitivity of those immunoassay results werénfected with cysticerci, low molecular weight
observed as well as their performance wheproteins (13 - 18 kDa) were the most
cerebrospinal fluid (CSF) or serum was used. Thenmunogenic antigens at the beginning of the
specificity of indirect ELISA was 93 and 90% for disease whereas, in later phases, antibodies were
CSF and serum, respectively. The same assay waoduced against medium molecular weight
more sensitive when serum (96%) was used g®moteins (24, 42, and 50 kDa).
compared to CSF (85%) from patients with activdn the present immunoblotting for active NCC, the
NCC. low molecular weight proteins (9-12 kDa, 24-32
The reactivity of serum or CSF from patients withkDa) and peptides between 45 - 70 kDa had higher
inactive, i.e., calcified cysticercus could befrequencies in the serum than in the CSF. These
explained by the presence of antibodies that coulesults were contrary to previous studies by
persist for a long time after the parasite wa®arcelos and colleagues (2007), who used
eliminated by immune mechanisms and/orccellulosaeas antigen and found higher frequencies
therapeutic drugs (Harrisoat al, 1989; Garciaet with CSF than with serum. Discordant results
al, 1997; Sciutto et gl 2007). Even with CSF corroborated other studies that showed that
samples from patients with active NCC, thedifferences in reactivity could be related to
antigen detection by ELISA did not present goodmmunological factors, localization and
results. Its specificity and sensitivity were oBl{y development phase of cysts, especially with
and 67%, respectively. In this immunoassay, onlgxisting immune-evasive mechanisms (Sciutto et
66.7% of samples from patients with active cystsl, 2007). Due to complex and diverse core epitope
were reactive. Its sensitivity for active NCC wasfrom antigens present in the parasite, the immune
higher (67%) than the results obtained for inactiveystem could respond to distinct forms (Flisser,
NCC (10%) and in degeneration cysticerci (29%)2002).
Due to low specificity (61%), this assay mustThere are other conflicting reports also. Chung
require the concomitant use of EITB or indirect(1999) has shown that a 10 kDa recombinant
ELISA. molecule (CyDA) with high homology wittC.
As expected, 80 and 60% of CSF from patientfongicollis protein was reactive in 97% of active
with active NCC and cysts in degeneratiorNCC samples and had 98% specificity. These
process, respectively, showed reactivity wEh results were not confirmed in the present work in
longicollis crude antigen in an immunoblotting, active NCC. It was found that the band between 9
while, as demonstrated by other studies, onlgnd 12 kDa had only a 38% reactivity frequency
38.5% samples from patients with calcified lesiorand 79% specificity. Hancoclet al, (2004)
form showed any reactivity (Garcia, 1997). Theshowed that band 50 kDa had both high sensitivity
specificity of that immunoassay was 100% as therand specificity. However, Furrows et.(@0D06)
were not false positives among CSF samples fromhowed there was an heterogeneous reactivity in
patients with other neuropathologies who werdCC immunodiagnosis and, for this, single band
used as control group. findings in an EITB must be interpreted with
Antibodies from serum and CSF of NCC patientspecial caution. Espindola (2000) observed that
detected peptides more frequently with highhyperimmune mouse BALB/c serum against crude
molecular weight bands (97 kDa, 123 kDa, 14@ntigen of T. crassicepswas able to recognize
kDa, and 150 kDa). However, the serum and thpeptides of 18 and 12-14 kDa ©f crassicepsin
CSF samples from control group reacted witithe same experiment, it was observed that the 15,
proteins equal or above 76kDa. 70, and 94 kDa antigens @f. soliumwere not
specific, since they reacted with serum from
negative control animals. Rodriguez-Hidalgo et al
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(2006) analyzed serum of infected swine andCysticercus cellulosge no sistema nervoso
obtained high reactivity on 50 and 39-42 kDacentral, € uma doenca mundialmente conhecida
protein bands. como responsavel por distarbios neuroldgicos.
As reported by Molinari et al. (2002), the indirectCom o objetivo de validar um imunodiagnéstico
ELISA results showed that samples from patientpara pacientes da rede publica do estado do
with alive cysticercus had higher absorbance thaRarana-Brasil, o extrato bruto do metacestédeo de
samples from patients whose cysts were calcifiedl. crassiceps(C. longicollig foi produzido e
or in transitional stages, but this distinction ldou utilizado como antigeno heterdlogo para o
not be made by immunoblotting. Although diagnéstico de NCC ativa e inativa utilizando-se
different immunodominant proteins were found inELISA e eletroimunotransferéncia (EITB). O
the EITB, any band was able to discriminate thensaio de ELISA indireto foi capaz de discriminar
different forms of neurocysticercosis. Thea forma ativa e inativa da NCC, apresentando alta
methodologies for antibody detection in serum anéspecificidade e sensibilidade. Ao se utilizar
CSF by ELISA and immunoblottingechniques EITB, nenhuma proteina foi imunodominante de
demonstrated that they should be used in th®rma a distinguir os diferentes estdgios da NCC,
diagnosis of neurocysticercosis, specially wheembora o ensaio tenha tido 100% de
associated and combined with clinical andespecificidade. Os resultados mostram que o0s
neuroimage examinations. ensaios imunolégicos podem ser uma ferramenta
In the analysis of the patients' medical recortls, auxiliar importante para o diagnostico da NCC,
was possible to observe that the diagnostiprincipalmente para o sistema publico de saude,
conclusions were based on the clinical aspect, icujo diagnéstico por imagem ndo é acessivel ou
the image exams, in the biochemical exam of CSIujos recursos financeiros sdo escassos.
and in the repetition of these exams at different
times, submitting the patient to expensive and
traumatic procedures. The neuroimages werREFERENCES
rarely absolutely positive in showing that the
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