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Abstract

Neurocysticercosis (NCC), an infection of the brain by 7aenia solium (Ts) cysts, is the most
common cause of adult-onset epilepsy in developing countries. Serological testing consists
primarily of varying methods to detect antibodies in body fluids and more recently antigen (Ag)
detection assays to identify individuals or animals with viable parasites. Antigen assays currently
in use employ monoclonal antibodies (mAbs) raised against 7. saginata, which have known cross
reactivity to animal cestodes but are highly specific in human samples. We produced, characterized
and tested 21 mAbs raised against 7. so/iumwhole cyst antigens, vesicular fluid or excretory
secretory products. Reactivity of the TsmAbs against specific cyst structures was determined using
immunofluorescence and immunohistochemistry on histological sections of Ts muscle cysts. Four
TsmAbs reacted to vesicular space alone, 9 to the neck and cyst wall, one to the neck and vesicular
space and 7 to the neck, cyst wall and vesicular space. An in-house ELISA assay to detect
circulating Ts antigen, using the TsmAbs as capture antibodies and a rabbit polyclonal anti-Ts
whole cyst antibody as a detector antibody demonstrated that eight of the 21 TsmAbs detected
antigens in known NCC-positive human sera and three of these also in urine samples. Reactivity
was expressed as normalized ratios of optical densities (OD positive control/OD negative control).
Three TsmAbs had ratios >10 and five between 2-10. The TsmAbs have potential utility for the
diagnosis and post-treatment monitoring of patients with viable NCC infections.
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1. Introduction

Neurocysticercosis (NCC), caused by 7aenia solium cysts localized in the central nervous
system, is the most common cause of adult-onset epilepsy in developing countries and
therefore a serious public health problem in regions of the world where pigs are raised and
sanitation is lacking. NCC is also frequently recognized in developed countries due to
migration of infected individuals and to a lesser extent, in travelers infected in endemic
regions (1-3).

NCC is a pleomorphic disease; symptoms and signs are very variable ranging from
asymptomatic infections to life threatening massive involvement. Clinical manifestations are
strongly influenced by the number, viability, location and growth potential of the parasite as
well as the presence and degree of host inflammation directed to the parasite (1). Diagnosis
requires a combination of information including exposure, neuroimaging and serology (4,
5). None of the individual tests with the exception of direct identification of the parasite, an
unusual occurrence, yields an absolute diagnosis in all instances. Magnetic resonance
imaging (MRI) and computerized tomography (CT) imaging of the brain are most helpful
and may lead to a certain diagnosis in some situations but their high cost makes them
inaccessible to most of those with the disease, who are generally of low socioeconomic
status (5). Infection is determined mainly by detection of antibodies directed against
different parasite antigens using ELISA (6) or the electro immune transfer blot (EITB). The
latter employs lentil lectin-purified parasite glycoproteins (LLGP-EITB) (7) as antigen and
presently this antibody detection assay is considered the serological reference standard test
for diagnosis of NCC (8). However, the main limitation of antibody detection is the inability
to distinguish active infections from previous exposure to the parasite.

The detection of circulating parasite antigen (Ag) has the advantage of confirming the
presence of live parasites and represents a useful tool to monitor patients during treatment
(9). The current ELISA based assay employs monoclonal antibodies (mAbs) raised against
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secretory products of 7. saginata, which cross react with undetermined circulating antigens
present in 7. sofium and other animal cestodes (10-13). These assays have moderate
sensitivity (14, 15), show very little cross-reactivity with other human parasites, and have
proved to be clinically useful. Species-specific mAbs against 7. sofium cysts are not
commercially available.

In the current study we generated mAbs against different antigenic components of the 7.
solium cyst. These were then characterized and subsequently employed in an antigen capture
assay to detect 7. sofium circulating antigens. To our knowledge this is the first report of the
generation of species-specific mAbs to detect circulating 7. solium Ags.

2. Materials and Methods

2.1. Antigens

Three kinds of antigens were prepared at the same time using cysts excised from one
cysticercosis-infected pig, bought from a known endemic region in the Peruvian highlands,
Huancayo. Cyst viability was evaluated by evagination induced with porcine bile: each time,
50 cysts were placed in a solution of bile-RPMI medium (1: 1) at 37° C; the humber of
evaginated cysts was recorded after 18 h. In all cases, 100% viability was obtained.

2.1.1. Whole parasite antigen (WA)—Cysts were washed three times in phosphate-
buffered saline (PBS) containing 1mM of the protease inhibitor phenylmethylsulfonyl
fluoride (PMSF; Sigma, St. Louis, MO), placed on sterile Whatman filter paper (Sigma) to
remove excess of washing solution and then homogenized in a sterile glass homogenizer in 3
volumes of PBS. The homogenate was then sonicated (Misonix Sonicator 3000) at 60-s
intervals for 3 minutes at 33 watts, on ice, and the supernatant was collected following
centrifugation at 15000 rpm/45 min/4°C.

2.1.2— Vesicular fluid antigen (VF) was obtained by puncture of individual cysts using a 1-
ml syringe. The fluid was centrifuged at 2500 rpm/10 min/4°C and the supernatant was
collected.

2.1.3. Excretory/secretory antigen (ES)—About six hundred cysts were washed three
times in culture medium, cRPMI: RPMI 1640 medium (Gibco) supplemented with 10 mM
HEPES (Gibco), 2mM glutamine and an antibiotic solution containing 100 U/ml penicillin,
100 pg/ml streptomycin and 0.25 pg/ml amphotericin B (all from Gibco-Invitrogen,
Gaithersburg, MD). Washed cysts were placed in culture flasks (200 cyst/flask) and
incubated in cRPMI for 48 h at 37°C and 5% CO,. Culture supernatants were collected
following centrifugation at 2500 rpm/10 min/4°C.

In all cases, SigmaFAST protease inhibitor cocktail (Sigma, St. Louis, MO) containing 2
mM AEBSF, 1 uM phosphoramidon, 130 uM bestatin, 14 uM E-64, 1 uM leupeptin, 0.2 uM
aprotinin, 10 UM pepstatin was added to antigen fractions and aliquots were stored at =70°C
until use. Protease inhibitor was not added to antigens destined for animal immunization,
which were filtered through 0.22-um filters (Millipore) before storage at —70°C. Protein
concentration was determined using a protein assay kit (Bio-Rad, Hercules, CA).
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2.2. Rabbit immunization

Two New Zealand rabbits, kept in cages in a dedicated area as approved by the Ethics
Committee at Universidad Peruana Cayetano Heredia (UPCH), were immunized with 1 ml
of 0.5 mg/ml of WA extract using 500 pg of WA in 500 pl of saline emulsified in equal
volume of Sigma adjuvant system (Sigma, St. Louis, CA), which was injected on day 0 as
follows: 300 ul intradermally (50 pl in each of 6 sites), 300 pl intramuscularly (150 pl into
each hind leg), 200 pl subcutaneously (100 pl in each of 2 sites on the back region) and 200
ul intraperitoneally. Boosts were given on days 24 and 43 with 0.25 mg/ml as above. Blood
was collected by intracardiac puncture on day 50, after anesthesia with intravenous ketamine
(50 mg/kg). Pre-immune sera were obtained from blood samples immediately before
immunization.

2.3. Mouse immunization

Six week old female BALB/c mice, housed in the infected animal area as indicated in the
reports for the Ethics Committee at UPCH, were immunized with 0.2 ml of WA, VF or ES
parasite antigens at 0.5 mg/ml. Briefly, 100 pg in 100 ul of saline were emulsified in an
equal volume of Sigma adjuvant system (Sigma, St. Louis, CA) and injected subcutaneously
on day 0 (100 pl in each of 2 sites on the back region). The first booster with 20 pug/100 pl of
saline emulsified in equal volume of adjuvant was injected intraperitoneally on day 21 and a
second booster with 20 pg/0.2 ml dose without adjuvant was injected intravenously on day
35.

2.4. Hybridoma generation

Cell fusion was performed 5 days after the last boost. Briefly, mice were sacrificed by
intraperitoneal inoculation of ketamine (Ket-A-100, AgroVet Market S. A.) at 0.10 mg/10 gr
weight, their spleens were removed aseptically and carefully disaggregated using a 5-ml
syringe; the cell suspension obtained was washed 3 times using PBS. The myeloma cell line
SP2/0, gently donated by Dr. Siddhartha Mahanty from NIH, was used for the fusion
process; these cells were expanded, pooled and washed three times on the day of the fusion.
Cells were mixed at a ratio of 1 spleen cell per 2 myeloma cells and carefully fused using 1
ml polytehylene glycol, PEG 1500 (Sigma, St. Louis, CA) for 1 minute. Fused cells were
resuspended in Advanced DMEM medium (Gibco), supplemented with 2mM glutamine and
same antibiotic solution as above, incubated for 10 min at 37°C and then centrifuged at 800
rpm/10 min/RT (room temperature) to eliminate the PEG. The supernatant was discarded
and the fusion cells were resuspended in 50 ml of hybridoma medium, hDMEM (Advanced
DMEM medium with 2mM glutamine, antibiotic solution and 10% of Hyclone fetal bovine
serum), placed in 75-ml culture flasks and incubated for 24 h at 37°C in 5% CO,. After that,
HAT supplement (0.10 mM sodium hypoxanthine, 0.40 mM aminopterin and 0.016 mM
thymidine, Life Technologies) was added to the suspension of fused cells to eliminate
unfused or self-fused HGPRT positive-myeloma cells, then plated into 96-well culture
plates and incubated at 37°C in 5% CO,. After 72 h, the medium was replaced with
hDMEM with HT supplement (0.10 mM sodium hypoxanthine and 0.016 mM thymidine,
Life Technologies). After 1-2 weeks, the supernatants of wells containing hybridomas were
screened for mAD reactivity against the antigen mixtures used to immunize the mice.
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2.5. Cloning of hybridoma cells

Hybridomas in positive wells were expanded in 24 well-plates and then cloned successively
by limiting dilution using cloning dilutions at 50 cells/ml, followed by 5 cells/ml and finally
1 cell/ml, respectively, in hDMEM. 100 pl/well was put into 96-well plates and incubated at
37°C in 5% CO,. After 1 week the wells containing hybridomas were screened for reactive
antibody by a direct ELISA test and the cells in positive wells selected for a next round of
cloning. Class and subclass of antibody were determined from supernatants of clones
obtained after the last round of cloning.

2.6. Direct ELISA for screening of hybridomas

Screening of hybridoma supernatants was done with a direct ELISA using the same antigen
used in the immunization. Briefly, 100 pl/well of antigens (1 pg/ml WA, 0.8 ug/ml VF or 2
ug/ml ES) were used to coat 96 well flat-bottomed microtiter plates (Immulon 1 B, Thermo
Scientific) using carbonate-bicarbonate buffer, pH 9.6 (0.05 M NaHCO3/Na,COs3, Sigma, St.
Louis, CA) and left overnight at 4°C. Plates were blocked with 100 pl/well of PBS pH 7. 4,
0.1% Tween-20 and 5% non-fat milk for 1 h at RT and then washed 5 times using PBS pH
7.4, 0.01% Tween-20. Then, 60 pl/well of each supernatant (in duplicate) was added,
incubated for 1 h at RT and then washed 5 times. One hundred pl/well of horseradish
peroxidase-conjugated goat anti-mouse IgG/IgM (KPL, Washington, MD) at 1:5000 in PBS
pH 7.4, 0.01% Tween-20 was then added, incubated for 1 h at RT and washed 5 times.
Finally, 100 pl/well of of tetramethylbenzidine substrate solution (SureBlue TMB
peroxidase substrate, KPL) was added and incubated for 30 min. The reactivity was detected
at 650 nm using a VersaMax ELISA microplate reader (Molecular Devices). Pre-immune
mouse serum and mouse serum after full immunization were used as negative and positive
controls, respectively.

2.7. Direct ELISA to evaluate specificity of hybridomas

Specificity of each mAb in the hybridoma supernatants was evaluated using a direct ELISA
against the following antigens from related parasites: 7aenia hydatigena vesicular fluid,
Echinococcus granulosus vesicular fluid, Fasciola hepatica excretion/secretion products, and
7. saginata whole antigen. Briefly, 100 pl/well of each antigen at 2 pg/ml in a carbonate-
bicarbonate buffer pH 9.6 were used to coat 96 well flat-bottomed microtiter plates
(Immulon 1 B, Thermo Scientific) and left overnight at 4°C. The process followed was the
same used for the screening of hybridomas. Positive controls for the assay were sera from a
T. hyaatigena-infected pig, and human sera from patients with echinococcosis, fascioliasis,
and taeniasis by 7. saginata; negative controls were sera from healthy humans and pigs.

2.8. Isotype determination

Isotype was determined using a commercial kit (Hybridoma Subisotyping Kit; Calbiochem).
Briefly, 100 pl/well of polyclonal goat anti-mouse antibodies was coated onto 96-well flat-
bottomed microtiter plates (Maxisorb, Nunc) using the supplied coating buffer, and left
overnight at 4°C. Plates were blocked with 200 pl/well of blocking solution for 1 h at RT
and then washed 3 times using the supplied washing buffer. 50 pl/well of each supernatant
was placed in 7 wells (1 well for each isotype evaluated and 1 blank), incubated for 1 h at
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RT and washed 3 times. Two drops/well of each rabbit anti-mouse 1gG1, 1gG2a, 1gG2b,
1gG3, IgM, IgA and 100 pl/well of PBS as blank were added, incubated for 1 h at RT and
washed 3 times. 100 pl/well of horseradish peroxidase-conjugated goat anti-rabbit antibody
was added, incubated for 1 h at RT and washed 3 times. Finally, 100 pl/well of supplied
TMB substrate solution was added, incubated for 10 min and the reaction was stopped with
50 pl/well of 1M phosphoric acid solution. Reactivity was detected at 450nm using a
VersaMax ELISA microplate reader (Molecular Devices).

2.9. Immunolocalization

Immunofluorescence assay (IFA) was performed on formalin-fixed, paraffin-embedded
sections of 7. solium muscle cysts obtained from naturally infected pigs. Four-pm tissue
sections were deparaffinized, rehydrated, blocked with 100 pl of PBS pH 7. 4, 0.05%
tween-20 and 5% non-fat milk for 1 hour at RT in a humid chamber and washed 3 times
with PBS pH 7.4, 0.05% tween-20. Hybridoma culture supernatants at 100 pl/sample were
added and left overnight at 4°C in a humid chamber. After 3 washes, 100 pl/sample of a
1:100 dilution of goat anti-mouse IgG/IgM conjugated to Dylight™'488 (KPL) and
counterstained with 0.01% Evans Blue (Sigma) was added for a 1-h incubation at RT in a
humid chamber. After 3 washes, slides were mounted with buffered glycerin and observed
with an epifluorescence microscope (Zeiss, Germany) under excitation wavelength of 450—
490 nm and emission at 515-565 nm. Pre-immune mouse serum and serum after full
immunization were used as negative and positive controls, respectively.

2.10. Capture ELISA for detection of T. solium antigen

An in-house ELISA assay to capture 7. so/ium circulating antigens was developed using the
mADbs as capture antibody and a rabbit polyclonal anti- 7. so/ium WA antibody for detection.
The mADbs used in this assay were purified from culture supernatants by ammonium sulfate
precipitation (16). Pools of positive serum and urine samples were prepared using similar
volumes (4ml for serum and 10ml for urine) from each of ten defined samples, mixed in
constant agitation for 30 min at 4° C, then aliquoted and stored at —80° C until use. Positive
samples were from patients with viable NCC demonstrated by neuroimaging and confirmed
by a strong antibody response on EITB. A similar process was used to prepare negative
control pools from healthy volunteers from non-endemic regions (also seronegative on
EITB).

2.10.1. Capture ELISA for detection of T. solium antigen in serum—-Briefly, 100
ul/well of each mAb at 5 ug/ml were used to coat 96 well flat-bottomed microtiter plates
(Immulon 4 HBX, Thermo Scientific) using carbonate-bicarbonate buffer pH 9.6 (0.05 M
NaHCO3/Na,CO3, Sigma, St. Louis, CA) and left overnight at 4°C. Plates were blocked
with 100 pl/well of PBS pH 7. 4, 0.05% Tween-20 and 5% non-fat milk for 30 min at 37°C
and then washed 5 times using PBS pH 7.4, 0.05% Tween-20. Then, 100 pl/well of positive
or negative pools as described, diluted 1:8 in PBS pH 7.4 (by duplicate) was added,
incubated for 30 min at 37°C and then washed 5 times. One hundred pl/well of polyclonal
rabbit anti- 7. sofium WA antibody diluted at 5 pg/ml in PBS pH 7. 4, 0.05% Tween-20 and
1% non-fat milk was added and incubated 30 min at 37°C, then washed 5 times. One
hundred pl/well of horseradish peroxidase-conjugated goat anti-rabbit 1gG (KPL) at 1:5,000
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in PBS pH 7. 4, 0.05% Tween-20 and 1% non-fat milk were added and incubated 30 min at
37°C, then washed 5 times. Finally, 100 pl/well of of TMB substrate solution (SureBlue
TMB peroxidase substrate, KPL) was added and incubated for 30 min. The reactivity was
detected at 650 nm using a VersaMax ELISA microplate reader (Molecular Devices), and
each result was expressed as the OD ratio between the positive and the negative pool.

2.10.2. Capture ELISA for detection of T. solium antigen in urine—Assay
conditions were set differently assuming that antigens in urine could be more diluted, so
urine samples were incubated overnight. To compensate for the extended sample incubation
time, the fixation time of capture mAbs was reduced to 1 h. Significant differences in
performance of antigen binding when fixed at 37°C for 1 hour or overnight at 4°C were
previously ruled out (data not shown). Briefly, 100 pl/well of each mAb at 5 pg/ml were
used to coat 96 well flat-bottomed microtiter plates (Immulon 4 HBX, Thermo Scientific)
using carbonate-bicarbonate buffer pH 9.6 (0.05 M NaHCO3/Na,COg3, Sigma, St. Louis,
CA) and left for 1 h at 37°C. Then, unbound antibodies were discarded and 100 pl/well of
blocking solution, PBS pH 7. 4, 0.05% Tween-20 and 5% non-fat milk, was added and
incubated for 1 h at 37°C and then washed 5 times using PBS pH 7.4, 0.05% Tween-20.
Samples used in the assay were pools of undiluted human urine from patients with proven
NCC or without NCC, previously pre-incubated with polyclonal rabbit anti- 7. so/ium WA
antibody at 7.5 pg/ml for 1 h at 37°C. One hundred pl/well of pre-incubated sample was
added (in duplicate) and incubated for 1 h at 37°C. The solution containing unbound
material and further 100 pl pre-incubated sample was added to each well and left overnight
at 4°C. After 5 washes, 100 ul/well of horseradish peroxidase-conjugated goat anti-rabbit
IgG (KPL) at 1:5,000 in PBS pH 7. 4, 0.05% Tween-20 and 1% non-fat milk was added and
incubated 1 h at 37°C, then washed again 5 times. Finally, 100 pul/well of of TMB substrate
solution (SureBlue TMB peroxidase substrate, KPL) was added and incubated for 30 min.
Reactivity was detected at 650 nm using a VersaMax ELISA microplate reader (Molecular
Devices), and each result was expressed as the OD ratio between the positive and the
negative pool.

2.11. Ethical considerations

3. Results

The study protocol was revised and approved by the Institutional Committee of Animal
Ethics at UPCH (SIDISI 000057672, renovated yearly), which states details for the proper
housing, feeding and handling of animals used in research.

3.1. Generation of hybridomas

After six rounds of fusion of SP2/0 cells with spleen lymphocytes from mice immunized
with different 7. solium antigens, 21 stable mAb-producing hybridomas (TsmAbs) were
generated. Of these, 13 were directed against WA (TsW1-TsW13), 5 against VF (TsV1-
TsV5) and 3 against ES products (TSE1-TsSE3). The class/subclass of each TsmAb was
determined by ELISA resulting in 8 IgM, 9 1gG1, 1 1gG2a and 3 1gG3-reacting hybridomas,
of which 6 IgM, 4 1gG1 and 3 1gG3 were WA-reactive; 4 IgG1 and 1 1gG2a were VF-
reactive; and 2 IgM and 1 IgG1 were ES-reactive hybridomas (Table 1).
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3.2. Reactivity and specificity of the TsmAbs

Supernatants of WA, VF and ES hybridomas with reactivity above 0.5 OD by direct ELISA
against their homologous antigens were selected and cloned three successive times by
limiting dilutions. Re-evaluation of the final supernatants of clones resulted in different
levels of reactivity, with 15 showing high reactivity (OD > 1, including 8 with OD > 2; Table
1 and Figure 1). Through direct ELISA, none of the hybridomas were reactive against ~
hepatica ES antigen, only one (TsV2) had very low reactivity against VF antigens of £.
granulosus and 7. hydatigena. Six (TSW5, TsW6, Tsw8, Tsw10, Tsw1l and TsW13) were
highly reactive against 7. sag/inata whole antigen (OD>1, up to 2.050; Table 1 and Figure 2).

3.3. Immunolocalization

Immunofluorescence showed that the 21 selected TsmAbs reacted to one or more of the
three main structural components of the cyst: neck (scolex), cyst wall and vesicular space.
Pre-immune mouse serum did not react (not shown), while post immune serum reacted
against all three components. Supernatants from selected hybridomas displayed four patterns
of reactivity: Pattern 1: vesicular space alone (TsW9, TsW10, TsV1 and TsV4); Pattern 2:
neck and cyst wall (TsW4, TsW5, TsW6, TsW7, TswW8, TsW11, TsW12, TsV5, TsE3);
Pattern 3: neck and vesicular space (TsW13) and Pattern 4: neck, cyst wall and vesicular
space (TsW1, TsW2 TsW3, TsV2, TsV3, TsE1 and TsE2) (Figure 3).

3.4. Detection of circulating antigens

A capture ELISA assay using a TsmAb as a capture antibody and polyclonal rabbit antibody
for detection allowed the analysis of 7. sofium circulating antigens in sera and urine pools
from NCC patients. Eight TsmAbs (TsW4, TsW5, TsW6, TsW7, TswW8, TsW11, Tsw12
and TsV3) were able to detect circulating Ag in human pooled sera with OD ratios above 2
(OD ratios=0OD positive/OD negative control); three of these (TsW5, TsW8, and TsW11)
had OD ratios above 10 (Figure 4). The same three TsmAbs were able to detect antigens in
pooled human urine with OD ratios of ~10, TsW5 being the most reactive. The remaining
TsmADbs did not detect circulating Ag in urine (Figure 5).

4. Discussion

Twenty-one newly generated mouse mAb to 7. solium cysts (TsmAbs) were characterized
and tested to determine their utility to detect 7. so/ium antigens in serum and urine in an
easily performed capture ELISA format. To our knowledge, the TsmAbs reported here are
the first ones generated against 7. sofium cysts, which cause human neurocysticercosis.
Possible advantages over previously reported and currently available antigen assays include:
the development of assays specific to 7. so/ium, which is essential to prevent detection of
other cross-reacting antigens from pig cestodes; development of a more sensitive assay to
allow detection of all viable 7. sofium parenchymal infections; discovery of unique antigens
whose presence and levels correlate with clinically useful information such as a measure of
acute cyst damage or parasite death; and development of easily obtained, low cost tests
which would be particularly useful in poverty stricken regions where 7. solium infections are
common.
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Monoclonal antibodies against 7. crassiceps (17) and 7. saginata (18) have been developed,
as well as against 7. so/ium eggs (19), to be used in the diagnosis of NCC. Our approach was
to develop TsmAbs to various components and products of 7. solium cysts, whole antigen
(WA), excretion/secretion products (ES) and vesicular fluid (VF). Isotype determination
showed 8/21 were IgM and 13/21 different subclasses of 1gG; immunolocalization studies
allowed grouping of antibodies into likely similar or identical reactivities as well as unique
patterns whose reactivity may correlate with useful clinical information. In particular,
TsmAbs associated with surface antigens, which would be those raised against WA, might
be associated with species-specific determinants (15). Most of the highly reactive TsmAbs
recognized surface structures of the neck and cyst wall. Thus far, these eight TsmAbs are 7.
solium specific. By direct ELISA they show no cross-reaction against £. granulosus\/'F, T.
hydatigena\/F and F. hepatica ES. Six of the produced mAbs reacted against whole 7.
saginata antigens; four of them from the eight highly reactive ones. A species-specific test
should be generated using the clones that did not cross react.

Exploratory evaluation of a few individual CSF samples from patients with NCC has already
been performed with encouraging results (data not shown). This initial characterization step
will be followed by the development and optimization of an antigen detection assay using
the TsmAb combinations performing better, which then will be tested for sensitivity and
specificity using individual, well defined serum and CSF samples from different types of
NCC. Individual sample assessment would demonstrate whether the detected antigens are
consistently found in NCC cases.

Eight of 21 TsmAbs were able to detect cestode antigen present in pools of sera from
infected patients using a capture antigen assay employing rabbit anti- 7. so/ium WA antibody
for detection after capture by TsmAbs. In addition, antigen can reliably be found in the urine
of infected patients. In preliminary experiments various combinations of TsmAb could also
be used to detect circulating antigens (20); early results suggest the sensitivity of these
assays can be considerably enhanced.

5. Conclusion

In conclusion, our results show the successful generation of 21 mAbs against 7. solium
cysts, which showed no cross-reaction with related parasites, except for 7. saginatain some
cases; 8 TsmAbs are able to detect circulating antigens in human blood and urine samples.
These TsmAb are very promising for future applications in the clinical management of NCC
patients as well as to study the host-parasite relationship in this disease.
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HIGHLIGHTS

We generated twenty one hybridomas producing mAbs against 7. solium
cyst extracts.

A capture ELISA was designed using the TsmAbs and a rabbit polyclonal
antibody.

Eight TsmAbs detected 7. so/ium antigens in sera and 3 in urine of NCC
patients.

The TsmAbs may be used for new diagnostic tests and to follow up
treatment of NCC.
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Figure 1. Reactivity of the monoclonal antibodies against homologous antigens
Reactivity of hybridoma culture supernatants against whole cyst Ag ( =), vesicular fluid Ag

( =), and excretion/secretion Ag ( =), expressed as OD at 650 nm.
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Figure 2. Cross reactivity of the monoclonal antibodies against related parasite antigens
Reactivity of hybridoma culture supernatants against 7aenia hydatigena vesicular fluid Ag

( =), Echinococcus granulosus vesicular fluid Ag ( =), Fasciola hepatica excretion/
secretion Ag ( =), and 7aenia saginatawhole Ag ( =), expressed as OD at 650 nm.
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Figure 3. Immunolocalization of target Ags on histological sections of T. solium cysts by IFA
Antigen recognition on 7. solium cyst neck (A-E), cyst wall (F-J) and vesicular fluid (K-

0). Positive control: post immunization mouse serum (A, F, K); negative control: pre-
immune serum (not shown). Four main reactivity patterns observed on: vesicular space alone
(B,G,L), neck and cyst wall (C,H,M), neck and vesicular space (D,l,N) and neck, cyst wall
and vesicular space (E,J,0). Scale bar = 50 ym
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Figure 4. Antigen detection in human NCC sera
7. solium Ags were detected in pools of NCC negative and NCC positive human sera, in

duplicate, with a capture ELISA using purified TsmAbs as capture antibodies and polyclonal
rabbit anti- 7. so/ium WA antibody for detection. Results are expressed as a ratio: OD test
sera/OD negative control at 650 nm.
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Figure 5. Antigen detection in human urine from NCC patients
7. solium Ags were detected in pools of negative and positive human urine, in duplicate,

through capture ELISA as in Figure 3. Results are expressed as a ratio: OD positive
control/OD negative control at 650 nm.
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