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Neurocysticercosis (NC), caused by the larval stage of Taenia solium, is one of the most common parasitic
diseases of the central nervous system. The diagnosis of NC is mostly based on costly brain neuroimaging
(computed tomography and/or nuclear magnetic resonance), which is rarely accessible in most affected areas.
The most sensitive and specific tools for NC diagnosis are imagery techniques. The identification of specific
antibodies and antigens is currently used only to support NC diagnosis due to their limited specificity and
sensitivity. This study was performed to compare immunodiagnostic assays (antibody detection by enzyme-
linked immunosorbent assay [ELISA] and enzyme-linked immunoelectrotransfer blotting [EITB] and HP10
antigen detection by ELISA) with the detection of parasite DNA by PCR amplification of a repetitive element
of the parasite genome in the cerebrospinal fluid (CSF) of 121 radiologically and clinically characterized NC
patients. Patients were divided into six groups according to the stage of the parasites and their localization. The
CSF cellularity of each patient was also recorded. When all patients were considered, PCR exhibited the high-
est sensitivity (95.9%) and variable specificity (80% or 100%) depending on the controls used. The sensitivities
of antibody detection by ELISA and EITB were not significantly different, and ELISA identified HP10 antigen
mostly when vesicular cysticerci were located in the subarachnoideal basal cisterns. These results can help in
the selection of different individual assays or combinations of assays to be used in NC diagnosis according to

different requirements.

Neurocysticercosis (NC), caused by the larval stage of the
cestode parasite Taenia solium, is one of the most common
parasitic diseases of the central nervous system (CNS) (20, 39).
This disease represents a major public health problem in areas
of endemicity in Latin America, Africa, and Asia (18, 29, 33,
36) and has been diagnosed with increasing frequency in the
United States, primarily as an imported disease (8). In Mexico,
seroprevalence rates for human cysticercosis ranged from 3.7
to 12.2% (18), and computerized-tomography (CT)-based ep-
idemiological studies performed on inhabitants of rural com-
munities have found an NC prevalence as high as 10% (14, 17).

Most NC cases are asymptomatic and are caused by para-
sites established in the parenchyma. However, due to the high
prevalence of CNS infection, symptomatic NC is also frequent.
Symptomatic NC may adopt different forms, from a clinically
mild to a severe, disabling disease (12). The most frequent
clinical NC manifestations are seizures (in countries where NC
is endemic, it is the most common cause of late-onset epilepsy
[28, 35]), intracranial hypertension, neurological deficits, and
mental changes (3). In these heterogeneous clinical presenta-

* Corresponding author. Mailing address: Laboratoire de Parasi-
tologie-Mycologie, AP-HP, Groupe Hospitalier Pitié-Salpétricre, 47
boulevard de I’'Hopital, 75013 Paris, France. Phone: 33 1 42 16 13 12.
Fax: 33 1 42 16 01 65. E-mail: lomichelet@hotmail.com.

¥ Published ahead of print on 10 November 2010.

195

tions, parasite (location, size, number) and host (degree of
immune and inflammatory reactions developed) factors are
involved (13, 23). The lack of specificity of the neurological
symptoms makes it impossible to diagnose the disease on clin-
ical grounds alone. For this reason, in most cases, NC diagnosis
is based on neuroimaging studies (CT and magnetic resonance
imaging [MRI]). CT and MRI also provide information about
the parasite stage and location (21, 31). Three main stages
have been described: vesicular (viable), colloidal (degenera-
tive), and calcified (inactive) (19). CT is the best radiological
method for the detection of intraparenchymal calcification,
while MRI is more sensitive for the identification of cysts in the
ventricles (42). However, in some cases, particularly when par-
asites are located in the subarachnoid basal cisterns, neither
CT nor MRI can detect the parasite. In these cases, NC diag-
nosis is supported by clinical, epidemiological, and serological
data as well as by the response to cysticidal treatment (9).
Immunodiagnosis of NC by detecting an antigen (Ag) and/or
antibodies (Ab) is an accessible, low-cost diagnostic tool in
areas of endemicity. For Ab detection, the enzyme-linked im-
munosorbent assay (ELISA) and enzyme-linked immunoelec-
trotransfer blotting (EITB) employing total antigen or partially
purified antigen preparations are the most widely used tech-
niques (7, 10). Many authors report that Ab detection in sera
identifies approximately 70% of NC patients; the missing cases
are those with a single parasite (43) and parenchymal and/or
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FIG. 1. Amplicons from PCR after separation by electrophoresis in an agarose gel. Lanes: M, molecular weight markers; 1 to 16, samples of
cerebrospinal fluid from patients; T, negative control. For each sample, two amplifications were performed: the first with 2 pl of DNA from the
CSF sample and the second with 1 pl of DNA from the CSF sample plus 1 pl of DNA from pig cysticerci. In the second amplification, we observed

2 repeat units. All samples were positive except sample 10.

damaged cysticerci (5, 15, 37, 42). It is also estimated that the
specificity of Ab detection for identifying active infection is
around 30%, mainly due to the persistence of antibodies
months or years after the resolution of the infection (22).
Extraneural cysticercosis and cross-reactions with other ces-
todes and helminths can also contribute to false-positive re-
sults obtained by using serum antibodies (22, 27). However,
better Ab detection is reported when Ab are detected in the
cerebrospinal fluid (CSF) of neurological patients (6). The
detection of secreted cysticercal Ag by ELISA is highly sensi-
tive and specific for the diagnosis of living cysticerci (vesicular)
localized in the subarachnoideal space at the base of the skull
(15, 16). More recently, methods based on the detection of
cysticercal DNA have been increasingly explored. In one study,
using highly repetitive elements of the parasite as probes, as
little as 10 fg of T. solium DNA was detected by PCR in the
CSF from 29 out of 30 patients (1). In addition, a seminested
PCR based on HDP2 that can detect 0.174 fg of T. solium
DNA has been reported (24, 25). Here a comparative study of
immunological procedures plus the procedure described by
Almeida et al. (1) were evaluated using CSF from neurological
patients from Mexico and France.

MATERIALS AND METHODS

Patients and samples. This study was performed on CSF obtained by lumbar
puncture from 121 patients (66 men and 55 women) who were admitted to the
Instituto Nacional de Neurologia y Neurocirugia (INNN) in Mexico City, Mex-
ico, between March 2004 and May 2008. Age at diagnosis ranged from 15 to 72
years (mean, 40.3 years; median, 40 years; interquartile range [IQR], 31 to 50
years). The stage (vesicular, colloidal, or calcified) and location (parenchyma and
basal subarachnoid space or ventricle) of cysticerci were based on CT and/or
MRI. CSF cellularity (considered increased when the concentration of white
blood cells [WBC] exceeded 5 per wl) and hydrocephaly (clinically defined) were
recorded. A total of 20 CSF samples from Mexican neurological patients without
NC (mainly patients with epilepsy, tumors, demyelinating disease, headache, or
congenital subarachnoideal cysts) and 49 CSF samples from non-NC patients
(with toxoplasmosis, malaria, HIV, or candidosis) in the Parasitology-Mycology
Laboratory at the Pitié-Salpétriere hospital, Paris, France, were included.

Classification of neurocysticercosis cases. All individuals included as NC pa-
tients were established and confirmed on the basis of radiological features,
characteristics of CSF, clinical presentation and evolution, and response to
treatment. Patients were classified as follows: NC patients with vesicular (group
1), colloidal (group 2), or calcified (group 3) cysticerci; patients for whom a doubt
existed regarding the presence of a vesicular cyst (group 4); and patients for
whom, at the moment of sampling, radiological studies failed to detect parasites
but who were included after successful cysticidal treatment (group 5). Those
patients with vesicular parasites (group 1) were classified according to parasite
location: parenchyma or subarachnoid sulci (group 1a) versus subarachnoid basal
cisterns or ventricles (group 1b). Group 4 corresponds mainly to patients with
unilateral enlargement of a basal cistern but without direct evidence of parasites.
In this location (subarachnoid basal cisterns), the radiological visualization of the
parasite is often difficult, since the parasites exhibit a signal intensity similar to
that of CSF; they generally do not exhibit enhancement after the use of gado-
linium, and they commonly lack the scolex.

Detection of specific antibodies. Anti-T. solium Ab levels were determined by
an in-house ELISA. Vesicular fluid recovered as previously described (26) from
T. solium cysticerci was used as the source of Ag. CSF samples were diluted
(1/50), and 100 pl of each sample diluted in phosphate-buffered saline (PBS)-
bovine serum albumin (BSA) buffer was used. Samples were run in duplicate and
were considered positive if the mean of the optical density (OD) at 450 nm was
higher than the cutoff (corresponding to the mean for 5 negative CSF samples +
2 standard deviations [SD], ranging from 0.06 to 0.10). Negative samples were
from non-NC neurological patients at the INNN diagnosed by MRI (different
from our control group). We also included as positive controls samples from NC
patients at the INNN previously diagnosed on the basis of MRI, lumbar punc-
ture, clinical examination, and follow-up.

EITB (LDBIO Diagnostics, Lyon, France) was also performed (40). The
procedure recommended by the manufacturer was used with the following minor
modifications for better reading of the strips. The detection of at least two bands
was indicative of NC. The membrane strip was incubated for 5 min in buffer R2
before the addition of 50 ul of CSF samples. Strips were incubated on the
rocking platform overnight (instead of 90 min) at room temperature. After a
wash, strips were incubated for an additional 60 min with the anti-IgG conjugate
at room temperature. After a wash, strips were incubated with nitroblue tetra-
zolium (NBT)-5-bromo-4-chloro-3-indolylphosphate (BCIP) substrate in the
dark for 60 min (instead of 10 to 30 min). The reaction was stopped after
aspiration of the liquid by the addition of distilled water. We used the positive
control provided in the kit and the same negative controls from the INNN.

Detection of specific antigens. Parasite HP10 Ag was detected by an in-house
ELISA as previously described (16). Samples were run in duplicate. A sample
was considered positive if the mean OD at 450 nm was greater than the cutoff
value (corresponding to the mean for 5 negative CSF samples + 2 SD, ranging
from 0.12 to 0.19). The cutoff value was estimated for each plate using five CSF
samples from confirmed non-NC neurological patients at the INNN diagnosed
by MRI (separate from our control group). A group of five additional samples
from neurological patients confirmed as NC positive controls from the INNN was
included.

Detection of Taenia solium DNA. The presence of 7. solium DNA was explored
by PCR in each CSF sample. Primers designed to amplify the highly repetitive
element pTsol9 of the genome were employed (GenBank accession no. U45987)
(1, 4). This technique can detect 10 fg of DNA, as previously reported (1).

CSF samples were centrifuged for 10 min at 12,000 rpm. Supernatants were
removed, and 100 pl of PBS was added. Genomic DNA (gDNA) was obtained
using a spin column kit (DNeasy blood and tissue kit; Qiagen). Taenia solium
gDNA obtained by the same procedure from cysticerci of naturally infected pigs
was used as a positive control. Reactions were performed in a final volume of 50
pl containing 1.5 mM MgCl,, 0.5 uM each primer, 200 uM deoxynucleoside
triphosphates (ANTPs) (Q-BIOgen), 1.25 U of AmpliTaq Gold DNA polymerase
(Applied Biosystems), and 2 pl of DNA from the CSF sample. The primers used
in the PCR to amplify pTsol9 were 5'-CAGGGTGTGACGTCATGG-3' (for-
ward primer; positions 21 to 38, 179 to 196, or 336 to 353) and 5'-GCTAGGC
AACTGGCCTCCT-3' (reverse primer; positions 122 to 140, 280 to 298, or 437
to 455). As an amplification control, we also used another tube with 1 ul of DNA
from the CSF sample plus 1 pl of DNA from pig cysticerci. In the first cycle,
DNA was denatured at 95°C for 5 min, followed by 38 cycles of denaturation at
95°C for 45 s, primer annealing at 57°C for 60 s, and elongation at 72°C for 45 s,
plus one cycle at 72°C for 10 min. Ten microliters of each PCR amplification
product was evaluated on a 2% agarose gel. A specific amplification product of
120 bp was expected for one repeat unit. When larger amounts of DNA were
present, the amplification of 2 and 3 repeat units was also observed (Fig. 1). The
presence of one band is sufficient to consider the PCR positive. This technique
was also evaluated on negative controls from the Pitié-Salpétriere hospital.
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TABLE 1. Principal characteristics of patients and controls included in the study
. No. with the indicated result by the following test:
No. of No. male/ Median age Median no. No. with
Group R . i of cells/ul . Ab-ELISA Ag-ELISA EITB PCR
individuals female (yr) (range) (range) hydrocephaly
POS NEG POS NEG POS NEG POS NEG
Patients with 121 66/55 41 (19-72) 9 (0-399) 44 109 12 65 56 98 23 116 5
confirmed NC”

Group 1 51 27/24 40 (19-72) 19 (0-399) 26 49 2 41 10 46 5 50 1
Group la 7 4/3 38 (22-56) 4 (0-53) 0 6 1 3 4 4 3 7 0
Group 1b 44 23/21 42 (19-72) 25.5 (0-399) 26 43 1 38 6 42 2 43 1

Group 2 6 3/3 44.5 (28-51) 6.5 (0-12) 0 6 0 2 4 5 1 6 0

Group 3 31 11/20 39 (21-67) 3 (0-85) 5 23 8 7 24 19 12 28 3

Group 4 19 14/5 46 (28-69) 24 (0-180) 9 18 1 12 7 18 1 18 1

Group 5 14 11/3 41 (23-59) 4 (0-176) 4 13 1 3 11 10 4 14 0

Controls
Mexico 20 9/11 28 (15-59) 2 (0-80) ND 2 18 0 20 0 20 4 16
Paris 49 32/17 49 (1-74) ND ND ND ND ND ND 0 49 0 25

“ Ab-ELISA, antibody detection by ELISA; Ag-ELISA, antigen detection by ELISA; POS, positive; NEG, negative; ND, not done.
® Group 1, vesicular parasites; group la, vesicular parasites in parenchyma or subarachnoid sulci; group 1b, vesicular parasites in subarachnoid basal cisterns or
ventricles; group 2, colloidal parasites; group 3, calcified parasites; group 4, patients with doubts regarding the presence of a vesicular cyst; group 5, patients included

after successful cysticidal treatment.

Statistical analysis. Data were processed in Microsoft Excel 2008 and Stata/
SE, version 9.0. The sensitivity and specificity of each method were determined
with the 95% confidence interval. Data were compared using Pearson’s x? test
with Yates’ correction when appropriate.

The concordance of methods was estimated by use of Cohen’s kappa with the
95% confidence interval. If k is 1, the concordance is perfect. Between 0.81 and
1, concordance is excellent; it is good between 0.61 and 0.8, moderate between
0.41 and 0.6, poor between 0.21 and 0.4, and null between 0 and 0.2.

Pearson’s test of correlation was used to evaluate the correlation between the
OD values from ELISAs and the numbers of cells. The Kruskal-Wallis test was
used to determine the difference in the mean number of cells compared to the
PCR and EITB results. The level of significance was less than 5%.

Ethical considerations. The present study fulfils the requirements for research
using human subjects set forth by Mexican laws and international regulations. It also
complies with all ethical aspects of the General Rules of Health for Clinical Inves-
tigation. All participants volunteered to enter the study, donated a sample, and gave
informed consent. The results were confidential. All patients received medical at-
tention and the specific treatment required by a neurologist at the INNN.

RESULTS

Description of patients. Table 1 summarizes the main clin-
ical and biological characteristics of the patients included in
this study. Of the 121 confirmed NC patients, 51 had vesicular
cysticerci (group 1), 6 had colloidal cysticerci (group 2), and 31
had calcified cysticerci (group 3); for 19 of the individuals,
there was a doubt concerning the presence of vesicular cystic-
erci (group 4); and 14 did not show cysticerci in the radiolog-
ical studies at the moment of sampling but were included after
adequate response to cysticidal treatment (group 5).

CSF cellularity (Table 1) was recorded for 117 confirmed
NC samples and 11 controls. In NC patients, cellularity ranged
from 0 to 399 cells/ul (mean, 30.6 = 56.4 cells/pl; median, 9
cells/ul). Of these patients, 69 (59%) had inflammation (WBC
count, >5/ul). In controls, cellularity ranged between 0 and 80
cells/ul (mean, 10.9 = 26.0 cells/pl; median, 2 cells/pl) and was
inflammatory for 2 individuals (22.2%). The number of cells in
the CSF was missing for 2 patients with vesicular cysts, 1 with
a calcification and 1 without distinguishable cysts in the radio-
logical studies.

Sensitivity and specificity of each diagnostic tool. Table 2
shows the sensitivity and specificity of each technique em-
ployed. For the diagnosis of vesicular parasites, the sensitivity
of the Ag-ELISA was significantly lower than those of the
ADb-ELISA and PCR. This difference disappeared when
the samples were analyzed according to parasite location. The
sensitivity of Ag-ELISA for the diagnosis of colloidal (group 2)
and calcified (group 3) parasites or for the diagnosis of NC in
patients for whom no parasites were distinguished by radiolog-
ical studies after successful cysticidal treatment (group 5) was
also lower than that of the other techniques. This difference
was significant when this test was compared with the Ab-
ELISA and PCR in cases when parasites were calcified or
when no parasites were detectable. The sensitivity of PCR was
higher than that of any other test for all groups of patients.
Significant differences between PCR and EITB were observed,
particularly when all patients, including those with calcified
cysts, were considered.

Although the sensitivity of Ab detection using ELISA was
higher than that with EITB for all patient groups except one
(the sensitivities were equal for group 4), this difference was
not significant (P > 0.05). The specificities of the diagnostic
tools ranged from 80% for PCR to 100% for Ag-ELISA and
EITB, with no significant differences between techniques. Of
the 20 controls, 4 were positive by PCR (presence of a specific
band). Of these, one was also positive by the Ab-ELISA. This
patient had multiple cavernomas. The PCR was also positive
for a sample from a patient for whom, although a cyst was
present upon brain imaging, the diagnosis of NC was discarded
based on the lumbar puncture result, response to treatment,
clinical and radiological evolution assessed by neurological ex-
amination, and repeated MRI. Another patient who was also
positive by PCR had chronic hydrocephaly but no other clinical
signs of NC. When PCR was tested on the non-NC French
CSF samples, its specificity increased to 100%.

Concordance between diagnostic tools. We evaluated the
concordance between each pair of procedures for the different
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TABLE 2. Sensitivities and specificities of the diagnostic tools tested for the different patient categories

No. of Sensitivity or specificity (95% confidence interval)® P
Group A
individuals — Ap p1 1SA Ag-ELISA EITB PCR Pl P2 P3 P4 Ps P6
Patients with 121 90.1 (83.3-94.8)  53.7 (44.4-62.8) 81 (72.9-87.6) 95.9 (90.6-98.6) <0.0001 0.07 0.13 <0.0001 <0.0001 0.0006
confirmed NC*¢
Group 1 51 96.1 (86.5-99.5)  80.4 (66.9-90.2)  90.2 (78.6-96.7) 98 (89.6-100) 003 043 1 0.26 001 021
Group la 7 85.7 (42.1-99.6)  42.9 (9.9-81.6) 57.1 (18.4-90.1) 100 (59-100) 0.27 056 1 1 0.07 0.19
Group 1b 44 97.7 (88-99.9) 86.4 (72.6-94.8)  95.5(84.5-99.4)  97.7 (88-99.9) 0.12 1 047 027 0.12 1
Group 2 6 100(54.1-100)  33.3(4.33-77.7) 833 (35.9-99.6) 100 (54.1-100) 006 1 1 0.24 006 1
Group 3 31 742 (554-88.1)  22.6(9.59-41.1)  61.3 (42.2-782) 903 (742-98)  <0.0001 042 018  0.005 <0.0001 0.02
Group 4 19 94.7 (74-99.9) 63.2(38.4-83.7)  94.7 (74-99.9) 94.7 (74-99.9) 0.04 1 0.04 0.04 1
Group 5 14 92.9 (66.1-99.8)  21.4 (4.66-50.8)  71.4 (41.9-91.6) 100 (76.8-100) <0.0001 033 1 0.02 <0.0001 0.09
Controls
Mexico 20 90 (68.3-98.8) 100 (83.2-100) 100 (83.2-100)  80(56.3-943) 046 046 0.66 1 011 011
Paris 49 100 (97.2-100) 100 (86.3-100) 1

“ Values for patients with confirmed NC are sensitivities; values for controls are specificities.
b P1, Ab-ELISA versus Ag-ELISA; P2, Ab-ELISA versus EITB; P3, Ab-ELISA versus PCR; P4, Ag-ELISA versus EITB; P35, Ag-ELISA versus PCR; P6, EITB versus

PCR.

¢ Group 1, vesicular parasites; group la, vesicular parasites in parenchyma or subarachnoid sulci; group 1b, vesicular parasites in subarachnoid basal cisterns or
ventricles; group 2, colloidal parasites; group 3, calcified parasites; group 4, patients with doubts regarding the presence of a vesicular cyst; group 5, patients included

after successful cysticidal treatment.

groups of patients (Table 3). The value of kappa ranged from
0.11 to 0.89. In Table 3, the best concordance found was that
between the Ab-ELISA and the EITB test. Between these
techniques, the concordance was excellent for groups 1, 1b,
and 4; good for groups 2, 3, and 5; and moderate only for the
group with vesicular parenchymal cysticerci (group 1a). The
poorest concordance was that between Ag-ELISA and PCR,
which was poor or null for 4 of the 7 patient categories, as
shown in Table 3. The low concordance of the Ag-ELISA with
the other techniques for groups 3 and 5 must be noted. In these
cases, only 1 concordance was moderate; the other 5 were poor
or null. The best concordance between each pair of diagnostic
tools was observed for group 1b.

CSF cellularity and the sensitivity of diagnostic tests. The
number of cells (mainly lymphocytes) in the CSF correlated
positively with the levels of antibody (r = 0.42; P < 0.001) and
HP10 Ag (r = 0.24; P = 0.006). Also, PCR- and EITB-positive
samples showed significantly higher numbers of cells than neg-
ative samples (P = 0.0007 and 0.0001, respectively). None of
the CSF samples were hemorrhagic.

DISCUSSION

PCR based on pTsol9 amplification detected 90 to 100% of NC
cases depending on the stage and location of the parasite. Unex-
pectedly, this technique detected 100% of parenchymal neurocys-
ticerci. This observation is not in agreement with previous data
indicating that access to the CSF is restricted for parenchymal
cysticerci (15). The specificity of PCR was 80% for Mexican
controls and 100% for French controls. The latter result is in
accordance with those reported by Almeida et al. (1). The lower
specificity obtained with Mexican samples was not expected, since
this procedure is based on specific amplification of parasite DNA.
One sample among the four CSF samples that were PCR positive
was also positive for the detection of antibodies by ELISA. It is
probable that these positive controls had or have had NC that was
not diagnosed by radiological techniques. As we stated above,
undetected infections could occur under conditions of endemicity
without apparent symptoms or radiological signs. PCR could be
useful for the diagnosis of NC cases when imagery techniques
have failed.

TABLE 3. Concordance of tools estimated by Cohen’s kappa with 95% confidence intervals

Group

Cohen’s kappa (95% confidence interval)®

Ab-ELISA vs
Ag-ELISA

Ab-ELISA vs
EITB

Ab-ELISA vs
PCR

Ag-ELISA vs
EITB

Ag-ELISA vs
PCR

EITB vs PCR

Patients with
confirmed NC

0.38 D (0.26-0.49)

0.76 B (0.64-0.88)

Group 1° 0.70 B (0.53-0.86)  0.84 A (0.70-0.97)
Group la 0.46 C (0.10-0.82)  0.58 C (0.24-0.93)
Group 1b 0.76 B (0.60-0.92)  0.89 A (0.77-1)

Group 2 031D (0-0.67)  0.69 B (0.39-1)

Group 3 0.28 D (0.10-0.47)  0.76 B (0.59-0.94)

Group 4 059 C (0.36-0.82)  0.89 A (0.76-1)

Group 5 022D (0-0.44) ~ 0.69 B (0.45-0.93)

0.50 C (0.32-0.68)

0.75 B (0.57-0.92)
0.60 C (0.29-0.91)
0.77 B (0.59-0.94)

0.66 B (0.36-0.96)
0.42 D (0.18-0.65)
0.69 B (0.47-0.92)
0.71 B (0.48-0.94)

0.49 C (0.36-0.62)

0.79 B (0.65-0.94)
0.51 C (0-0.99)
0.87 A (0.74-0.99)

0.19 E (0-0.65)

0.42 C (0.19-0.66)
0.68 B (0.46-0.90)
0.38 D (0.06-0.69)

0.21 D (0.10-031)

0.54 C (0.36-0.73)
0.31 D (0.02-0.60)
0.62 B (0.43-0.82)

0.23 D (0-0.52)
0.1 E (0-0.25)
0.51 C (0.28-0.74)
0.16 E (0-0.33)

0.41 C (0.25-0.58)

0.67 B (0.48-0.85)
0.40 D (0.1-0.71)
0.74 B (0.57-0.92)

0.55 C (0.24-0.87)
0.37 D (0.16-0.59)
0.69 B (0.48-0.91)
0.54 C (0.29-0.79)

“ Levels of concordance: A, excellent (0.81-1); B, good (0.61-0.8); C, moderate (0.41-0.6); D, poor (0.21-0.4); E, null (0-0.2).
> Group 1, vesicular parasites; group la, vesicular parasites in parenchyma or subarachnoid sulci; group 1b, vesicular parasites in subarachnoid basal cisterns or
ventricles; group 2, colloidal parasites; group 3, calcified parasites; group 4, patients with doubts regarding the presence of a vesicular cyst; group 5, patients included
after successful cysticidal treatment.



VoL. 49, 2011

In the study on HDP2 PCR, two uncertain NC cases were
PCR positive (25). The authors suggest that the parasite DNA
detected in these cases could be related to the perilesional
edema occasionally observed with damaged cysticerci (30). In-
deed, we have no information concerning the process leading
to DNA release into the CSF. Further studies are required in
order to better understand this process and also to evaluate the
persistence of DNA in the CSF of patients.

The results obtained for the other immunological tools are
in agreement with the findings of previous reports. A specificity
of 100% was observed with the HP10 Ag-ELISA, accompanied
by high sensitivity for the detection of vesicular parasites lo-
cated in the subarachnoid space or in ventricles (86.4%). We
also confirmed that the ability of the HP10 Ag-ELISA to de-
tect vesicular parenchymal cysts is limited, though higher than
that reported previously (42.9% versus 0%) (2). These contra-
dictory results could be influenced by the low number of pa-
renchymal neurocysticerci included in both studies. In addi-
tion, the possibility of radiological misdiagnosis of additional,
undistinguishable subarachnoid cysts cannot be discarded. Par-
ticularly, in our study, 2 of the 3 positive patients showed
inflammatory CSF, a feature seen mostly when parasites are
localized in the subarachnoid basal space.

In general, samples found to be positive by different diag-
nostic tools were significantly more inflammatory than negative
samples, showing the relevance of the presence of parasite
markers in the genesis of the immune-inflammatory reaction
associated. This was found in previous studies in which inflam-
matory CSF was found to be associated with positive levels of
HP10 Ag, with odds ratios of 30 and 32 reported by Bobes et
al. and Fleury et al., respectively (2, 16).

The results reported for the Ab-ELISA regarding the detec-
tion of vesicular parasites (sensitivity, 97.7% when parasites
were located in the subarachnoid space or ventricles and
85.7% when they were located in the parenchyma) were similar
to those of previous studies (15). It must also be noted that this
technique effectively detects parasites independently of their
viability.

The sensitivity and specificity of EITB were initially reported
to be 98 and 100%, respectively (41). A subsequent evaluation
of this test with 50 NC patients found a sensitivity of 91% for
active NC and 88% for calcified cysticerci (43). Our results
were not significantly different from those of the latter report
(90.2% and 61.3%, respectively). In our study, although EITB
exhibited higher specificity than the Ab-ELISA (100% versus
90%, respectively) and lower sensitivity (81% versus 90.1%),
respectively), these differences were not statistically significant.
Our result differs from those of some published studies (34,
38), although others are in agreement (11, 32). Since our Ab-
ELISA is a simpler and less expensive tool than EITB for the
immunological diagnosis of NC in the CSF, it seems more
advisable for use in poor countries where NC is endemic, in
order to consolidate the diagnosis of NC.

PCR of CSF samples for posttreatment follow-up remains to
be evaluated. It will be also interesting to evaluate PCR of
serum samples, because CSF sampling requires lumbar punc-
ture. Serum samples are more readily available but contain
large amounts of proteins and DNAs that can limit the speci-
ficity of PCR.

In summary, comparison of the procedures currently in use
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for NC diagnosis encourages the use of parasite DNA detec-
tion by PCR for diagnosis and points to the existence of pos-
sibly undiagnosed NC cases not detectable by available radio-
logical or immunological tests.
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