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Abstract. The pig is the natural intermediate host of Taenia solium, a parasite causing significant burden of disease in
both humans and pigs. Porcine cysticercosis is traditionally detected via tongue palpation and slaughterhouse meat
inspection, both with limited sensitivity. Serum antibody detection has a better performance; however, it does not
discriminate past from present infection. Serum antigen detection can demonstrate viable infection and gives a good
estimate of parasitic load. This study evaluated a sandwich antigen-detection ELISA using monoclonal antibodies
(MoAbs) 158C11 and 60H8 for the diagnosis of viable cysticercosis in pigs. Serum samples were used from 35 naturally
T. solium cysticerci-infected pigs, 31 cysticercosis-negative pigs, and 22 pigs with Taenia hydatigena infection (to assess
cross-reactions). Positive cysticercosis samples were subcategorized at necropsy according to parasitic burden as mild
(1-10viable cysts, n = 10), moderate (11-100 cysts, n = 5), or severe infection (more than 100 cysts, n = 20). This Ag-ELISA
showed a sensitivity of 82.9% and a specificity of 96.8% when not considering cross-reactions with T. hydatigena.
Hundred percentage of severely infected, 80% of moderately infected, and 50% of mildly T. solium-infected pigs tested
positive. Twenty of 22 pigs with only T. hydatigena infections were positive, with 13 reaching saturating levels in the ELISA.
The Ag-ELISA revealed the presence of live cysts and is, thus, a fairly reliable test to monitor experimental infection,
response to treatment, and follow-up in animal models of cysticercosis. It should, however, be carefully interpreted when

used in regions where T. hydatigena is endemic in pigs.

INTRODUCTION

Cysticercosis, an infection caused by the larval stage of
Taenia solium, is a challenging public health problem affecting
human and porcine populations in endemic areas.’? This
parasite frequently infects the human central nervous system,
causing neurocysticercosis (NCC), the most prominent cause
of acquired epilepsy in developing countries.>* In addition,
NCC is an increasing problem in developed countries due to
migrant carriers from endemic areas.®>”’

Pigs are intermediate hosts of this parasite, and in en-
demic areas, the diagnosis of porcine cysticercosis is mainly
performed by postmortem inspection of carcasses at the
slaughterhouse or via tongue palpation at the point of sale.
Meat inspection examines selected parts of the carcasses,
and mild infections can, therefore, go undetected. The re-
ported sensitivity of pork inspection to detect infected pigs is
less than 40%.8'° Premortem diagnosis by tongue exami-
nation, a diagnostic method consisting of palpation or visual
inspection of the tongue for nodules, is only sensitive in highly
infected pigs.® "2 Serum antibody detection in pigs has
similar restrictions as in humans, whereby the presence of
antibodies does not imply patency or active infection.

Antigen-detection tests, mainly ELISA (Ag-ELISA), can
demonstrate active infection and antigen levels that are as-
sociated with parasite burden.’®'® Harrison et al.'® initially
developed an ELISA based on the monoclonal antibody HP10
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to detect parasite glycoproteins secreted by and present on
the surface of Taenia saginata cysticerci. Following this,
Brandt et al."® produced IgM monoclonal antibodies (MoAbs
12G5/2H8) against excretory and secretory (ES) products of
T. saginata cysticerci and applied these MoAbs in a double
antibody sandwich ELISA. The performance of this ELISA was
improved by Van Kerckhoven,'” who produced IgG isotypes
(158C11/60H8) and pretreated the sera by heating. This pre-
treatment of sera was further optimized by Dorny et al. This
double sandwich ELISA can efficiently detect circulating
T. saginata cysticercus antigen in cattle and T. solium cysti-
cercus antigen in humans and pigs. 31820

Diagnosis of porcine cysticercosis is needed to assess the
effect of interventions for controlling transmission.?" Currently,
no studies have been conducted on diagnostic sandwich Ag-
ELISA testing on pigs in a controlled, experimental condition.
Many diagnostic studies of porcine cysticercosis to date have
been performed in rural community settings where anecdotal
evidence has suggested the presence of cysticercosis, but
without a confirmation of cysts observed in pig carcass dis-
section,?? or without enzyme-linked immunoelectrotransfer blot
(EITB) antibody assessments.2® In Latin America, there has been
no prior in-depth study testing B158/B60 Ag-ELISA. Therefore,
the aim of the present study was to assess the sensitivity,
specificity, and Taenia hydatigena cross-reactivity of the B158/
B60 Ag-ELISA diagnostic test in pigs in a controlled environ-
ment by using MoAb IgG (158C11/60H8) to capture ES antigens
in well-defined porcine serum samples.

MATERIALS AND METHODS

Study facilities and serum samples. This study was per-
formed at the School of Veterinary Medicine at the National
University of San Marcos in Lima, Peru. Defined serum
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samples were obtained from infected and noninfected
pigs, centrifuged, and stored at —20°C. Positive samples
were obtained from 35 well-documented naturally T. solium
cysticercus—infected pigs. These pigs were acquired from a
highly endemic area in Peru (Huancayo, Junin) and trans-
ported to the veterinary facilities in Lima. All pigs were positive
on tongue palpation and EITB.2* Their burden of infection was
subsequently determined from a detailed necropsy?®® during
which the entire carcass was dissected and carefully sliced'?
to determine the presence of cysticerci. The veterinary team
examined all tissues, including the brain, heart, and tongue,
and determined the burden of cysticercosis by the number
and stage of cysts. Only the number of viable cysts was reg-
istered for this analysis; degenerating and calcified cysts were
not considered because they are unlikely to release antigens
to the circulation.?® Lungs, liver, and the gastrointestinal tract
were also examined to rule out coinfection with other para-
sites. Negative samples were obtained from 62 pigs raised on
an industrial farm in Lima, shown to be negative for cysticer-
cosis by necropsy and EITB test, including 31 pigs negative to
other helminths and 31 with other helminthic infections. We
chose not to include a field pig control group because of the
uncertainty related to exposure or infection with other en-
demic cestodes that could result in specific cross-reactions
that we would not be aware of.

Antigen detection by sandwich ELISA. A monoclonal
antibody (158C11/60H8)-based sandwich Ag-ELISA was
performed using polystyrene ELISA plates Nunc-Immuno™
Modules Loose (469949) F8 MaxiSorp. Two IgG MoAbs
against ES products of T. saginata cysts, B158C11A10 and
biotinylated B60H8A4, were developed at the Institute of
Tropical Medicine in Antwerp, Belgium, and were provided to
be tested in this study.'® Serum samples were pretreated with
5% trichloroacetic acid (5% TCA) to separate immune com-
plexes and improve assay sensitivity as described by De
Jonge et al.?” in 1987 and Draelants et al.?® in 1995. Sera and
5% TCA were combined at the same volume in vials for 20
minutes at room temperature and then centrifuged at
12,000 rpm for 9 minutes, after which the supernatant was
neutralized using sodium bicarbonate/bicarbonate buffer
(PH = 9.6, 60 mM v/v).

Polystyrene ELISA plates were sensitized with 100 yL of
the MoAb B158C11A10 (5 pg/mL in carbonate (CO3) buffer,
pH = 9.6 M 0.06) and then incubated in a shaker for 30 minutes
at room temperature. The plates were washed once with
phosphate-buffered saline 0.05% Tween 20 (PBS-T20),
blocked with 100 pL of PBS-T20 plus 1% newborn calf serum
(PBS-T20/NCBS), and incubated under gentle shaking for 15
minutes at 37°C. After this incubation, the blocking solution
was removed (without washing) and 100 L of serum samples,
pretreated with 5% TCA as described previously, was added
to each well, and the plates were incubated at 37°C for 15
minutes. After washing (five times), 100 pL of the biotinylated
MoAb B60H8A4 (0.66 mg/mL diluted in PBS-T20/NCBS) was
added as detector antibody and incubated for 15 minutes
at 37°C on a shaker. After another washing (five times), 100 uL
of horseradish peroxidase streptavidin (Jackson Immuno-
research Lucron Bioproducts 016-030-084) diluted in block-
ing solution (0.1 yg/mL in PBS-T20/NCBS) was added and
incubated for 15 minutes at 37°C with gentle shaking. The
plates were washed again five times, the substrate/chromogen
solution of 100 pL of ortho-phenylenediamine dihydrochloride

(DAKO #S2045 at 4°C) and H,0, diluted in citrate buffer was
added, and the plates incubated in the dark for another 15
minutes at room temperature. Finally, 50 uL of H,SO,4 (4N) was
added to end the reaction. The plates were read at 490 nm and
650 nm with a Bio-Rad 3550 microplate reader.

Data analysis. The cutoff value for a positive ELISA result
was calculated using a serum pool composed of samples of
well-defined negative pigs and set as the mean OD value plus
three standard deviations. Sensitivity and specificity were
calculated comparing the OD result with confirmatory nec-
ropsy as definitive diagnosis of active cysticercosis. In addi-
tion, ROC analysis was performed to evaluate alternative
cutoff values. Mean OD values categorized by parasite burden
in cysticercotic pigs and pigs with T. hydatigena were ana-
lyzed using a linear regression model. Pigs with parasitic
infections other than T. solium were evaluated for cross-
reactions. The calculations and graphics were performed us-
ing Stata software (StataCorp, College Station, TX).

RESULTS

Thirty-five positive pigs (defined by positive serology on
EITB, positive tongue examination, and detailed necropsy)
were identified and subcategorized as highly infected (n = 20
with more than 100 viable cysts), moderately infected (n = 5
pigs with 11-100 viable cysts), and mildly infected (n = 10 pigs
with 1-10 viable cysts). No other helminths were identified at
macroscopic examination in these 35 pigs. Thirty-one of 62
pigs that were seronegative for cysticercosis on EITB and had
no evidence of cysticercosis or other helminthic infections in
detailed necropsy were used as negative controls. In addition,
samples from 26 cysticercosis-negative pigs infected with
only one helminth (22 with T. hydatigena, two with Echino-
coccus granulosus, and two with Fasciola hepatica) and five
pigs infected with more than one helminth (four with both
T. hydatigena and E. granulosus, one with T. hydatigena and
F. hepatica) were used to assess potential cross-reactions.

Test sensitivity and specificity. The analysis was per-
formed using serum samples from positive pigs without
coinfections and negative pigs at necropsy; thus, 35 positive
and 31 negative serum samples were considered. Samples
from pigs with concomitant parasitic infections were not an-
alyzed here but included in a separate analysis for cross-
reactions. With the calculated cutoff OD value of 0.422, this
Ag-ELISA had a sensitivity of 82.9% (29/35, 95% CI:
69.7-96.0) and a specificity of 96.8% (30/31, 95% CI:
90.2-100.0) (Table 1). The ideal cutoff as defined by ROC
analysis was 0.393, where 90.9% of the results were correctly
classified, and the sensitivity and specificity were 85.7% and
96.8%, respectively. The area under the ROC curve obtained
with these 66 observations was 0.93 (95% CI: 0.87-0.99).

Six samples of infected pigs were not identified by B158/
B60 Ag-ELISA; these six pigs had mild (5/10) and moderate
(1/5) infections. All highly infected pigs (20/20) were positive
with saturating levels of antigen (OD 4.0) (Figure 1).

Pigs with moderate or severe infections had higher OD
values than pigs with mild or negative infections. The mean OD
value for mild infection was 1.96, and for moderate and heavy
infections, considered as a composite group, the mean OD
was 3.84 (P < 0.01).

Twenty samples from 22 pigs (90.9%) with larval T. hydatigena
mono-infection had positive results in the Ag-ELISA, and 13
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Ficure 1. Circulating antigen levels in well-defined pig serum samples.

(59.1%) had saturating levels of circulating antigens (OD 4.0)
(Figure 1). The mean OD value for these 22 T. hydatigena—
infected pigs was 2.84, significantly higher than that for non-
infected pigs (0.08, P < 0.01). One of two pigs with F. hepatica
mono-infection and one of two pigs with hydatid cysts mono-
infection had positive OD values but with low values (0.85 and
0.98, respectively).

DISCUSSION

The assessed B158/B60 Ag-ELISA was more than 80%
sensitive in detecting ES T. solium products in necropsy-
confirmed, naturally infected cysticercotic pigs, and almost
97% specific in pigs with no helminth infections at necropsy.
The detection capacity of this assay increased in relation to the
cyst burden of the pig, from 50.0% in pigs with 10 cysts orless,
to reach 100.0% (20/20) in pigs infected with more than 100
cysts. A large proportion of positive pigs (29/35) had saturat-
ing levels of antigens, including all moderately and highly in-
fected pigs, as well as four of the five antigen-positive pigs
with mild infections. This supports a previous study which also
used the B158/B60 Ag-ELISA, where obviously infected pigs
had an OD to cutoff ratio of greater than 10.2° As expected, this
assay cross-reacted with T. hydatigena. Cross-reaction with
T. hydatigena has been previously described by Dorny et al.>°
and demonstrated in assays with HP10 Ag-ELISA®" and B158/
B60 Ag-ELISA.?® The present study confirms the cross-
reactivity, with 20 of the 22 T. hydatigena-infected pigs
(90.9%) testing positive in 158C11/60H8 Ag-ELISA, 13 of
which had saturating OD results (59.1%).

The low sensitivity of the Ag-ELISA in detecting low-burden
cysticercosis infection, as demonstrated in this study, has
been described before. The minimum number of cysts re-
ported by Brandt et al.'® for detecting viable T. saginata

cysticerci in cattle was 88, and Van Kerckhoven et al.’ re-
ported that only six of 47 cattle with less than 50 viable
T. saginata cysts were detected. An optimized version of this
assay has been shown to have a very high analytical sensi-
tivity in pigs, detecting antigen concentrations as low as
3.9 ng/mL,"* and may have better diagnostic sensitivity. Re-
cently, a study documented that this Ag-ELISA has 67%
specificity and 68% sensitivity to detect T. solium-infected
pigs, with the sensitivity increasing to 91% when detecting
pigs with one or more viable cysts, and to 100% in pigs with
more than 10 viable cysts.2® The suboptimal sensitivity in pigs
with mild cyst burden reported in these studies limits its use as
a general screening tool for individual pig diagnosis or for
control purposes. It may also affect its use in human di-
agnosis, where individuals with one or a few intraparenchymal
brain cysts are frequently antigen negative.3? Leaving half of
the population of mildly infected pigs untreated will likely
sustain the endemicity of taeniasis and cysticercosis. Similar
limitations have also been pointed out for antigen-detection
ELISAs using the MoAb HP10.1®

All but one of the pigs negative to other cestode infections
(30/31) were antigen negative. However, the assay did cross-
react with T. hydatigena, which causes cysticercosis in rumi-
nants and pigs (Cysticercus tenuicollis), which was also to be
expected because the MoAbs used in the assay were raised
against T. saginata antigens. Most pigs harboring T. hydatigena
cysts were antigen positive (20/22, 90.9%), and more than half
had high levels of circulating antigen to the point of saturating
the test response. This crossed response has previously been
described in this'® and other assays.>*° This series confirms
the cross-reaction and provides important data on the antigen
levels detected by the test in these animals.

In this series, we found apparent cross-reactions in one pig
with F. hepatica and one pig with E. granulosus, both with low



4 BUSTOS, NINAQUISPE, AND OTHERS

antigen levels, quite close to the cutoff point. However, we
cannot rule out mild T. hydatigena infections missed at nec-
ropsy in these pigs, and the low numbers of animals tested
preclude further assessment. In humans, the test did not show
cross-reactions with sera from patients with confirmed in-
fection with Schistosoma, hydatid cysts, Ascaris, Trichuris,
filaria, Entamoeba, Plasmodium, or Trypanosoma.'®

Our study tends to overestimate the positive predictive
value by making it unlikely that the control animals test positive
because of less exposure to potentially cross-reactive infec-
tions in field conditions. Besides T. hydatigena, pigs could be
exposed to other cestode parasites that could potentially
cross-react with the used MoAbs. This drawback mostly af-
fects cross-reactions more than the test’s true specificity and
does not undermine the high degree of cross-reactivity with
T. hydatigena described in our results.

Diagnosis of porcine cysticercosis has major limitations in
that tongue examination and meat inspection grossly un-
derestimate the actual prevalence of the parasitic infection in
animals. The sensitivity of tongue examination, the most
practical method to detect infected pigs in rural areas, is poor
(43-70%, compared with detailed carcass inspection). It pri-
marily detects heavily infected pigs'22®%” and very rarely
detects pigs with fewer than 100 viable cysts.'® Antibody-
detecting assays have also demonstrated poor sensitivity and
specificity. 238

This Ag-ELISA assay has been used to assess burden of
infection in epidemiological studies of porcine cysticercosis. %%
Our results show that the assessed B158-B60 MoAb-based
Ag-ELISA has reasonable sensitivity and specificity values for
the diagnosis of porcine cysticercosis; however, its use as a
screening tool or primary diagnosis in slaughterhouses or epi-
demiological interventions in pigs should take into account
its suboptimal sensitivity in pigs with low parasitic burdens, or
a possible overdiagnosis due to cross-reaction in areas en-
demic for T. hydatigena. Nevertheless, its capacity to detect
the presence of living cysts makes this Ag-ELISA a unique
test in animal models. It shows promise in monitoring experi-
mental infection or response to treatment.®® In humans, its use
as a monitoring tool in patients who receive antiparasitic
treatment has shown promising results in chronic and re-
fractory types of NCC, such as subarachnoid or ventricular
NCC. In addition, its use as a complementary test could be
critical in endemic areas where neuroimaging evaluations are
often scarce and expensive.*°
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