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Parasite Antigen in Serum Predicts the Presence
of Viable Brain Parasites in Patients With
Apparently Calcified Cysticercosis Only
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Background. Computed tomography (CT) remains the standard neuroimaging screening exam for neurocysti-
cercosis, and residual brain calcifications are the commonest finding. Magnetic resonance imaging (MRI) is more
sensitive than CT but is rarely available in endemic regions. Enzyme-linked immunoelectrotransfer blot (EITB)
assay uses antibody detection for diagnosis confirmation; by contrast, enzyme-linked immunosorbent assay
(ELISA) antigen detection (Ag-ELISA) detects circulating parasite antigen. This study evaluated whether these
assays predict undetected viable cysts in patients with only calcified lesions on brain CT.

Methods. Serum samples from 39 patients with calcified neurocysticercosis and no viable parasites on CT were
processed by Ag-ELISA and EITB. MRI was performed for each patient within 2 months of serologic testing. Con-
servatively high ELISA and EITB cutoffs were used to predict the finding of viable brain cysts on MRI.

Results. Using receiver operating characteristic-optimized cutoffs, 7 patients were Ag-ELISA positive, and 8
had strong antibody reactions on EITB. MRI showed viable brain cysts in 7 (18.0%) patients. Patients with positive
Ag-ELISA were more likely to have viable cysts than Ag-ELISA negatives (6/7 vs 1/32; odds ratio, 186 [95% confi-
dence interval, 1-34 470.0], P <.001; sensitivity 85.7%, specificity 96.9%, positive likelihood ratio of 27 to detect
viable cysts). Similar but weaker associations were also found between a strong antibody reaction on EITB and unde-
tected viable brain cysts.

Conclusions. Antigen detection, and in a lesser degree strong antibody reactions, can predict viable neurocysti-
cercosis. Serological diagnostic methods could identify viable lesions missed by CT in patients with apparently only
calcified cysticercosis and could be considered for diagnosis workup and further therapy.
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Computed tomography (CT) or magnetic resonance
imaging (MRI) constitute the main pillar of neurocysti-
cercosis (NCC) diagnosis [1, 2]. Both neuroimaging
techniques are highly informative regarding the number
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and topography of lesions, their stage of involution, and
the degree of inflammatory reaction of the host against
the parasites. In general, MRI provides better image de-
tection and definition. The availability of several image
protocols, multiplanar reconstruction of images, its ca-
pability to visualize the posterior fossa without bone ar-
tefacts, and its high-contrast resolution allow MRI to
recognize many forms of cysticercosis not visualized on
CT, without using ionizing radiation [3]. However, MRI
has a low sensitivity for detecting calcified lesions, which
are by far the most common neuroimaging finding
in endemic populations; it is also expensive and rarely
available in many endemic regions [4-6]. Thus, CT
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remains the screening neuroimaging procedure of choice for pa-
tients with suspected neurocysticercosis whereas MRI is the best
option for the evaluation of patients with intraventricular cysti-
cercosis, brainstem cysts, and small cysts located over the convex-
ity of cerebral hemispheres [3, 7].

Serological assays complement imaging procedures by de-
tecting circulating antibodies against Taenia solium or by de-
tecting T. solium antigens [8-10]. These immunodiagnostic
tests have been used with variable results [11-13]. Antibody de-
tection by enzyme-linked immunoelectrotransfer blot (EITB)
assay is the assay of choice for serodiagnosis and is highly sensi-
tive and specific in comparison to previous assays [l4].
However, antibody detection indicates exposure to the parasite
but not necessarily the presence of established, viable infection.
Moreover, antibodies may persist long after the parasite has
been eliminated through immune mechanisms and/or drug
therapy [12,15].

Antigen detection by enzyme-linked immunosorbent assay
(Ag-ELISA) is associated with the presence of at least 1 viable
parasite [8, 9, 12, 16, 17]. Our group reported the presence of
parasitic antigen in half the patients with hydrocephalus
(without evidence of viable lesions in CT) and postulated that
this could be due to the presence of viable parasites not detect-
ed by CT. However, MRI was not done in this study and the
hypothesis could not be proven. A consistently negative Ag-
ELISA test has been associated to CT scans showing calcifica-
tions only [18].

We conducted this study to address whether Ag-ELISA or
EITB could predict the presence of viable brain cysts in patients
whose CT scans show only calcified lesions. This could help
identify patients who would benefit from more advanced
imaging and eventually require a different clinical manage-
ment, as in contrast to patients with only calcifications, patients
with viable parasites may benefit from antiparasitic treatment
or require surgical procedures [19]. In the particular case of ex-
traparenchymal NCC, early detection should avoid disease
progression, saving serious morbidity and reducing mortality
risks.

MATERIALS AND METHODS

Samples

Consecutive symptomatic patients with NCC attending the
Cysticercosis Unit in the Instituto Nacional de Ciencias Neuro-
logicas in Lima, Peru, were invited to participate if they had in-
traparenchymal brain calcifications (1 or more) but no viable
parasites on brain CT scan. Exclusion criteria included the
presence of hydrocephalus, images suspected to correspond to
viable intra- or extraparenchymal cysticerci, or patients who
had received antiparasitic treatment following CT.

A thorough physical and funduscopic examination was con-
ducted on each participant to rule out subcutaneous or ocular
cysticercosis. Variables such as time of disease, previous anti-
parasitic treatment, and time since last seizure were recorded as
well. Appropriate informed consent procedures were followed
including signature of a written consent form. The study proto-
col and consent forms were reviewed and approved by the insti-
tutional review boards of the Universidad Peruana Cayetano
Heredia and the Instituto Nacional de Ciencias Neurologicas in
Lima, Peru.

Study Procedures

A 5-cc blood sample was collected from each patient by veni-
puncture. Samples were processed by the B158/B60 monoclo-
nal antibody (mAb)-based ELISA for the detection of
circulating antigens and an EITB assay. Patients had a brain
MRI done within 2 months of serologic testing, and the propor-
tion of cases with viable brain cysticercosis lesions were com-
pared between positive and negative respondents to each assay.

EITB Assay

The EITB for antibodies against glycoprotein antigens was per-
formed as described by Tsang et al [14]. In brief, 7 purified T.
solium glycoprotein antigens (diagnostic bands GP50, GP42-
39, GP24, GP21, GP18, GP14, and GP13) are separated by
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
and then transferred to nitrocellulose membranes and immobi-
lized. Antibody detection is performed by exposing antigen-
loaded nitrocellulose strips to the patient serum sample and
later developing the strips using 3.3’-diaminobenzidine tetrahy-
drochloride dihydrate as a substrate. Positive identification was
based on visualization of >1 diagnostic bands, and EITB results
were expressed as the number of reactive bands (0-7).

Ag-ELISA Assay

An mAb-based ELISA for the detection of circulating antigens
was used to detect circulating parasite antigen as described by
Brandt et al in 1992 [10] and later adapted by Van Kerckhoven
et al and Dorny et al [20, 21]. The assay uses Nunc MaxiSorp
plates sensitized with a trapping mAb (B158C11A10) in bicar-
bonate buffer at 5 ug/mL. After blocking, serum samples ( pre-
treated with 5% trichloroacetic acid to break existing immune
complexes) are added, followed by the second mAb
(B60H8A4-BIOT), streptavidin, o-phenylenediamine (OPD/
H,0,) as substrate/chromogen, and incubated in the dark for
15 minutes. The reaction is stopped with H,SO, and plates are
read at 490/650 nm. To minimize interplate variation, we used
antigen ratio instead of a raw value of optic density (OD). The
antigen ratio is estimated by dividing the OD of the tested
sample with the mean of 8 negative samples plus 3 standard de-
viations.
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Imaging

CT scans were performed using a 64-slice multidetector CT
scanner before and after contrast injection. CT scan readings
were performed by a neuroradiologist who was not a part of the
study and reviewed by an experienced neurologist (E.J.P.)
before enrollment to exclude patients with CT images compati-
ble with viable intra- or extraparenchymal cysts. Study MRIs
included at least T2 and fluid-attenuated inversion recovery se-
quences and were performed no later than 2 months from CT
and serologic testing. MRIs were also read by a neuroradiologist
who was not a part of the study and reviewed by several
members of the study team. Degenerated cysts, lesions without
discernible liquid contents (“enhancing lesions,” “cysticercal
granulomas”), were not considered viable cysts and thus not in-
cluded in the analysis.

Data Analysis

Receiver operating characteristic (ROC) analysis was elaborated
to estimate the best cutoff values for Ag-ELISA and EITB.
Using these cutoffs, the proportion of positive results for Ag-
ELISA and EITB were independently compared in patients
with and without viable cysts in MRI using the Fisher exact
test. Sensitivity, specificity, and positive likelihood ratios were
calculated for each assay. Quantitative or semiquantitative test
results (antigen ratio for Ag-ELISA, number of reactive bands
on EITB) were compared between patients with and those
without viable cysts on MRI using the Mann-Whitney U test,
and the correlation between the serologic test result and the
number of viable cysts on MRI was evaluated using the Pearson
correlation test.

The associations of other covariates of potential interest
(type of cysts, number of calcifications, time of disease, previ-
ous antiparasitic treatment, and time since last seizure) with
the serologic results (antigen ratio for Ag-ELISA and number
of bands on EITB) were examined in order to rule out con-
founding factors. Mann-Whitney U test was used to compare
the serologic results in patients with and those without previous
antiparasitic treatment and the Pearson test was used to assess
the correlation of serologic results with quantitative covariables.

All the data were entered in Excel XP worksheets (Microsoft)
and analyzed using Stata software (version 8). The confidence
intervals were calculated at the 95% confidence level and the
results were considered to be statistically significant if P <.05.

RESULTS

Study participants included 20 (51.3%) men and 19 women.
The mean age in our population was 35.7 years (range, 15-65
years). All the patients entered the study with a baseline CT
showing a median of 2 calcifications per patient (interquartile
range, 1-5; range, 1-48). Ag-ELISA, EITB, and MRI were

performed in all patients with a median time between the sero-
logic tests and the MRI of 9 days (range, 1-51)

Individuals With Viable Cysts on MRI

Seven of 39 (18.0%) patients had viable cysts on brain MRI
(Figure 1). The median cyst number was 2 (range, 1-4). Of
these 7 patients, 4 had only intraparenchymal cysts, 2 had both
intraparenchymal and subarachnoid cysts, and 1 had an intra-
ventricular cyst only. Intraparenchymal lesions were reported
as cysts without inflammation in 5 patients and cysts with and
without inflammation in 1 case. None of them had basal subar-
achnoid neurocysticercosis.

Relation Between Ag-ELISA Results and Presence of Viable

Cysts on MRI

Previous studies had used an ELISA ratio (OD of the sample
divided by the mean of 8 known negatives run in the same
plate 3 SD) cutoff value of 1 to define a positive test. Using
this cutoff, 10 patients (25.6%) were seropositive and the test
had a sensitivity of 85.7% (6/7), specificity of 87.5% (28/32),
and a positive likelihood ratio (LR) of 6.8. The mean antigen
ratio in the patients with viable cysts was 13.1 (SD, 18.4) com-
pared to 0.7 (SD, 0.7) in the patients without viable cysts
(P =.002). ROC analysis of the antigen ELISA ratio for detect-
ing viable cysts found an area under the curve of 0.88 (95%
confidence interval [CI], .66-1) and marked an ELISA ratio of
3.3 as the best cutoff point to consider the test positive. Patients
with high antigen ratios (>3.3) were significantly more likely to
have viable brain lesions than patients with lower antigen ratios
(6/7 [85.7%] vs 1/32 [14.3%]; odds ratio [OR], 186 [95% CI, 1-
34 470.0], P <.001) (Figure 2). With this cutoff, the Ag-ELISA
had a sensitivity of 85.7% (6/7), specificity of 96.9% (31/32),
and positive LR of 27.4 to detect viable cysts. The antigen
ELISA ratio significantly correlated with the number of viable
cysts found on MRI (correlation coefficient, 0.32; P =.04).

Relation Between EITB Results and Presence of Viahle

Cysts on MRI

EITB is considered positive if 1 or more bands are found in the
test. Using this criterion, 28 of the 39 patients were positive on
EITB, with a sensitivity of 100% (7/7), a specificity of 34.4%
(11/32), and a positive LR of 1.5. ROC analysis demonstrated
an area under the curve of 0.82 (95% CI, .691-.95) and a pre-
ferred cutoff of 4 bands. For the purposes of this study this op-
timized cutoff value performed better than the standard, with a
specificity of 87.5% (28/32), and a positive LR of 4.6 to detect
patients with viable brain cysts, although the sensitivity
dropped from 100% to 57.1% (4/7). Even after the modification
of the cutoff value, the EITB had lower sensitivity, specificity,
and positive LR than Ag-ELISA. The correlation between the
number of EITB bands and the number of viable cysts did not

el56 e CID 2013:57 (1 October) e Zea-Vera et al



Figure 1.

Magnetic resonance imaging demonstrated viable cysticercosis in 7 patients, 1 with 4 lesions (A-C, arrows), 4 with 2 lesions each (D, Eand £,

Gand H, /and J, respectively; arrows), and 2 with 1 lesion each (K'and L, arrows).

reach statistical significance (correlation coefficient, 0.30;
P=.057).

Relation Between Serological Tests and Total Number of Lesions
Including Calcifications

There was a significant association between the total number of
brain cysticercosis lesions (including calcifications and granulo-
mas) and the number of reactive antibody bands on EITB
(Pearson P = .47; P=.002). On the other hand, antigen levels
did not correlate with the total number of lesions (Pearson’s
P=.06; P=.68).

Other variables were explored searching for possible con-
founding factors. The type of cysts found on MRI was not con-
sidered because of the low number of patients for each cyst type.
The antigen ratio level was not associated with the number of
calcifications (P = .84), length of disease (P =.77), previous anti-
parasitic treatment (P = .46), or time since last seizure (P =.74).

DISCUSSION

Calcifications are the most common imaging finding in NCC,
accounting for >30% of symptomatic cases and >95% of the
general population screened by CT in endemic regions.
Because of its wider availability and high sensitivity for calcifi-
cation, CT remains the screening imaging modality of choice
[3, 7]. Our findings demonstrate that small viable cysts may be
frequently missed in patients with CTs showing only calcified
NCC lesions. MRI will likely detect most of these lesions, but it
is highly expensive and rarely available in endemic countries
[7]. Because patients with viable lesions may benefit from spe-
cific therapeutic modalities [19] and having MRIs in all patients
with calcified NCC is not to be expected, immunodiagnostic
assays may provide a practical way to define patients with a
high likelihood of having viable brain cysts [22, 23]. Individuals
with a positive Ag-ELISA (above a conservatively high cutoff
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Enzyme-linked immunosorbent assay antigen detection and enzyme-linked immunolectrotransfer blot assay results of individuals with only cal-

cified neurocysticercosis on computed tomography with and without viable cysts demonstrated by magnetic resonance imaging, at different cutoff levels.
Abbreviations: Ag-ELISA, enzyme-linked immunosorbent assay antigen detection; EITB, enzyme-linked immunoelectrotransfer blot assay.

level) were 27 times more likely to have undetected viable brain
parasites than did antigen-negative individuals.

We applied a high cutoff value on Ag-ELISA to discriminate
cases with viable lesions, determined by using a ROC curve.
This assay routinely uses a cutoff value derived from known
NCC-negative samples [12, 17, 18]. Negative control samples
had very low OD readings and the cutoff values derived from
these seem to be too low for practical use. Using an optimized,
ROC-derived cutoff, the Ag-ELISA had a sensitivity of 85.7%
and specificity of 96.9% to detect missed viable brain lesions.
Despite the increase in the cutoff value, the sensitivity was com-
parable to previous reported estimations (86%) [11]. Nonethe-
less, it is important to consider that the sensitivity and
specificity found in this work applies to the specific study popu-
lation of patients with apparently calcified cysticercosis only
in CT and should not be extrapolated to the general population.
Although our sample was small, antigen levels were signifi-
cantly correlated with the number of viable cysts on MRI. Basal
subarachnoid and ventricular cysts are commonly associated
with a high antigen ratio [22, 24-26]. One of our patients did
have an intraventricular cyst that may explain his very high
antigen ratio (51.948). A high antigen ratio (20.933) was found
as well in our patient with subarachnoid and intraparenchymal
cysts.

We also examined the ability of EITB to predict viable cysts
missed on brain CT. The cutoff was also set at a high value
(4 bands) and obtained a maximal positive LR of 5. Thus, as
expected, antigen detection performed better in predicting the
finding of missed viable cysts than antibody detection, as

antibodies may persist well after all cysts have died [12, 22, 26].
This may also explain the fact that the correlation between the
number of EITB bands and the number of viable cysts did not
reach statistical significance whereas there was a significant cor-
relation between the number of EITB bands and the total
number of lesions including calcifications and granulomas.

In conclusion, we demonstrated that a positive Ag-ELISA
in serum predicts the presence of undetected viable brain cysti-
cercosis lesions, selecting a group of high-risk patients who
would benefit from more advanced imaging techniques and
possibly antiparasitic treatment or eventually surgery. Further
studies in larger endemic populations are warranted to deter-
mine whether Ag-ELISA could be routinely recommended in
patients with a diagnosis of calcified NCC on CT.
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