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Executive Summary-

Cysticercosis - New Opportunities for Targeting Detection and
Treatment Using ELISA Technology

This project enabled Peru to determine the burden cf
cysticercosis disease., The study demonstrated that 10% of acute
care beds were occupied by patients infected with T. solium. The
study also demonstrated that over 40% of pigs and 10% of
individuals living in an endemic area were infected by T. solium.

The study established a testing service for the serologic
demonstration of T. solium infection in the lakoratory of
parasitology at the UPCH which has processed over 1500 specimens.
This laboratory is self financing and stable.

The project has also emphasized the importance of control of
cysticercosis in Latin America. Control projects are now being
undertaken in the sierra of Peru under the sponsership of the NIH
of the USA.

Subsequent to this grant further projects on cysticercosis
were ‘obtained from the IDRC of Canada, the NIK of USA and from
private industry from Smith Kline Beecham and Syntex.
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In the study on cysticercosis our objectives were
the following:

a) To isolate and define antigens of Taenia solium
using serum free, in vitro cultures of T. solium
worms.

b) To use these antigens to prepare diagnostic
reagents for the detection of cerebral cysticercosis.

c) To determine using Elisa assay the sensitivity
and specificity of these reagents for the detection of
verified cases of cerebral cysticercosis and compare
them with whole worm antigens currently in use.

d) To compare a new latex bead assay the
Centrifugation - Augmented Solid Phase Immunoassay (
CASPIA ) with the standard ELISA method for the
diagnosis of cerebral cysticercosis.

We divided the project into the initial
exploratory phase and the second productive phase.
While working on the ELISA and CASPIA assay for the
detection of cerebral cysticercosis we were introduced
to the enzyme linked immune transfer technique or
Western blot developed by Dr. Victor Tsang at the CDC.
Dr. Tsang agreed to collaborate with us in this
project and sent Joy Pilcher to the Universidad
Peruana Cayetano Heredia to train five individuals in
the laboratory of parasitology to enable them to
perform the western blot for cysticercosis.

This test was then used for all subsequent
studies because of its high sensitivity and
specificity (92% and 98% found in 38 patients with
confirmed disease).

We have considerably extended the role of serology in
cysticercosis through the use of a new Western blot
assay developed by the CDC. This assay was used in
Peru to aid in the diagnosis of <clinical
cysticercosis, to help define the epidemiology of the
disease and to determine the proteins excreted as
exoantigens.

EXOANTIGEN IN THE ELISA ASSAY

Our original objective to assay the use of an
exoantigen in the ELISA assay for use as a diagnostic
test was completed. The antigen was assayed for
sensitivity and specificity in comparison with a crude
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antican preparation. The use of an exoantigen
improves both the sensitivity and specificity of the
ELISA assay but requires a great deal of time and
effort to produce relatively small lots of antigen.
We compared the use of this antigen with that of

another antigen made at CDC. The CDC antigen 1in
combination with an immunoblot assay gave superior
sensitivity and specificity. We have therefore

elected to continue working with the CDC an.igen. We
are one of the few laboratories outside of the CDC
that is routinely isolating the artigen and performing
the Western blot assay for the diagnosis of
cysticercosis.

CASPIA TEST -

We have also worked extensively with the CASPIA
assay. This assay appears to be slightly more
sensitive than latex agglutination but 1is less
sensitive than either the ELISA or the Western blot
assay. S

STANDARDIZATION OF THE ELISA FOR CYSTICERCOSIS -

Because of wide variations in results of the
ELISA assay obtained between different laboratories
we have developed a method for standardizing the
ELISA assay using corrected 0.D. This method permits
different laboratories to use the assay when a
standard antigen and antisera are available. The use
of sensitivity, specificity response curves permits us
to obtain cut off points in the ELISA assay that
permit an enhancement of sensitivity and specificity
compared to values obtained when standard methods for
determining cutoff points are utilized.

WESTERN BLCT ASSAY FOR CYSTICERCOSIS -

This assay uses a purified preparation of
glycoproteins as the source of antigen. It is still
not pure enough to use as a diagnostic reagent in the
ELISA but is highly reliable in the Western blot
assay. The Western blot assay is over 92% sensitive
and 98% specific when tested against confirmed
negatives and positive patients. We have therefore
directed most of our recent efforts to use this test
as a gold standard for the diagnosis of cysticercosis.

CLINICAL AND EPIDEMICLOGICAIL STUDIES -
We have instituted a series of studies involving
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the use of the Western Blot ~ssay in order to better
define the epidemiolcgy and clinical significance of
cysticercosis in a developing country like Peru.

These studies demonstrate the importance of T.
solium infection in Peru. All details are contained
in the appended publications at the end of this
report.

INFORMATION DISSEMINATION -

We have utilized the information obtained by Western
blot to aid in a recent Pan American Health
Organization publication on Zoological diseases. 1In
addition we have presented our data on cysticercosis
at local meetings of parasitology and microbiology.
Three of our abstracts were presented in the Am.
Meeting of Tropical Medicine in December 1989.

MANUSCRIPTS Published -
The following five manuscripts were published as part
of this s*udy.

Gonzalez A.E., Y.Cama’ R.H. Gilman' V. Tsang, et.al.
Prevalence and Comparison of Serologic Assays,
Necropsy, and Tongue Examinaticn for the Diagnosis of
Porcine Cysticercosis in Peru. Am. J. of Trop Med and
Hygiena. 1990. 43: 194-199.

Garcia H., Martinez M. Gilman R. et. al. Diagnosis of
cysticercosis in endemic regions. Lancet. 1991.
338: 549-551.

Tsang V., Pilcher J., Zhou W., Boyer A., Kamango E.,

Rhoads M., Murrell K. W. Schantz P. M., and R. H.
Gilman . Efficacy c¢f the immunoblot assay for
cysticercosis in pigs and modulated

expression of distinct IgM/IgG activitics to Taernia
solium antigens in experimental infections.
Veterinary . Immunology and Immunopathology. 1991. 29
: 69-78.

Diaz F., Verastequi M., Gilman R., Tsang V., Pilcher
J. Gallo C., Garcia H., Torres P.,

Montenegro T., Miranda E. and the Cysticercosis
Working Group in Peru(CWG)

Immunodiagnosis of Human Cysticercosis (Taenia
Solium): A Field Comparison of an Antibody Enzyme -
Linked Immunosorbent Assay (ELISA) An Antigen -ELISA
and an Enzyme Linked Immunoelectrotransfer Blot
(EITB) Assay in Peru. American J. of Tropical Medicine
and Hygiene. 1992. Vol 46 ,pg 610 -615.
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Diaz F., Garcia H.H., Gilman R. H., Gonzales A.E.,

Castro M. Tsang V.C., Pilcher J. B., Vasquez
L.E., Lescano M., Carcamo C., Madico G., Miranda E.
and the Cysticercosis Working Group in Peru.

Epidemiology of Taeniasis and Cysticercosis in a
Peruvian Village. American J. of Epidemiology. 1992,
135: 875-882.

DEVELOPMENT OF CYSTICERCOSIS WORKING GROUP IN PERU -

In order to obtain cooperation from a wide
variety of ho pitals and groups we organized a
Working Group f >r the study of cysticercosis. This was
highly successful and we were able to obtain access to
patients from nearly all major hospitals in Lima. The
patients that were tissue confirmed cases were
utilized to form a serum bank both at the CDC and in
Peru. This is especially important since banks of
sera from confirmed positive and negative cases are
not easily available.

Our data and subsequent publications demonstrate
that 30% of adult onset epilepsy in individuals born
outside of Lima were associated with serological
evidence of infection.

Methods and Results - See appended articles.

The results presented in these articles
demonstrate that cysticercosis is highly prevalent in
Peru and further programs to control this important
disease need to be started.

Impact, Relevance and Technology Transfer - We have
now set up the western blot as a methodology in the
UPCH laboratory of parasitology. This facility

obtains specimens from all surrounding hospitals. In
addition we have demonstrated that a large portion of
pigs in endemic areas are infected and that 10% of a
rural population is infected with T. solium. 1In the
process of this study Dr. Victor Tsang of the CDC
transferred the western blot technology to Peru and
began a collaboration that is still ongoing. Further
grants from the IDRC and the NIH were made possiple by
this grant. In addition multiple scientists were
trained in the western blot technology. This training
was so successful that Dr. Verastigue and others
published their own tindings on the Western blot for
hydatidosis in the J. Clin Micro. Dr. E. Gonzalez and
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H Garcia were both incorporated into the cysticercosis
team and now are experts in tleir own right. Dra.
Verastigue went to the CDC as part of this project and
trained at the CDC for a two month period in antigen
purification.

The Cysticercosis Working Group in Peru has over
15 papers on this sulject either published or in
press. This group was initiated as part of the PSTC
grant. The group is internationally known and various
members have been invited to speak at meetings which
include those of international agencies such as PAHO.

We think this PSTC grant embodies the jdeals that
were envisoned when this grant program was initiated.
It was obviously a failure of both USAID and the 'S
government that the PSTC program was cast aside in
favor of other programs that were far more costly,
accomplished far 1less, but which had a far more
powerful and wealth, political constituency.

7. Project Activities/Outputs - Am J of Trop Med =~
1987 Co

2. J. Pilcher - Peru training

3. M. Verastigue - USA training

4. Publications - listed above.

8. Proiect Productivity - The goal of being able to
target effectively using serological methodologies was
accomplished in spades.

9. Future - Yes, We are currently involved in control
programs for cysticercosis with funds provided by the
NIH.

10) Literature cited- See above list.
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Am. J Trop Med tyg.. 43(2), 1990, pp. 194-199 (90-08))
Copynghkt © 1990 by The American Sacicty of Tropical Medicine and Hygiene

PREVALENCE AND COMPARISON OF 3EROLOGIC ASSAYS,
NECROPSY, AND TONGUE EXAMINATION FOR THE
DIAGNCSIS OF PORCINE CYSTICERCOSIS IN PERU

ARMANDO E. GONZALEZ, VITALIANO CAMA, ROBERT H. GiLMAN,
VICTOR C. W. TSANG, JOY B. PILCHER, ALFONSO CHAVERA,
MIGUEL CASTRO, TERESA MONTENEGRO, MANUELA VERASTEGUI,
ELBA MIRANDA, ano HECTOR BAZALAR
PRISMA. Lima, Peru; Universidad Peruana Cayetano Heredia, Lima, Peru; Johns Hopkins
University, Baltimore, Maryland,; Centers for Disease Control, Atlar.:a, Georgia: Universidad
Nacional Mayor de San Marcos, Lima, Peru

Abstract. Swine cysticercosis, a severe zoonotic disease which is part of the Taenia
solium life cycle, causes major cconomic losses in pig husbandry. Throughout South Amer-
ica, farmers diagnose cysticercosis by examining the tongues of their pigs for cysticercus
nodules. Farmers do not bring pigs believed to be infected to the slaughterhouse for fear
of confiscation. Therefore, reliable statistics on porcine cysticercosis can only be acquired
at the household level. We examined the utility of the tongue test as a diagnostic tool for
porcine cysticercosis. The results of the tongue test was compared with 2 serologic methods
for the detection of cysticercosis, the enzyme-linked immunosorbent assay (ELISA) and
the enzyme-linked immunoclectrotransfer blot assay (EITB), and with necropsy results.
We examined 1! animals from an endemic area (Huancayo) and 42 animals from an area
free of cysticercosis (Lima). The tongue test has a sensitivity of 70% and a specificity of
100%, the EITB a sensitivity and specificity of 100%, and the ELISA a sensitivity of 79%
and a specificity of 75%. Thus, the tonguc examination, being a test essentially without
costand having fair sensitivity and high specificity, can be useful in epidemiological surveys.
Prevalence for porcine cysticercosis in Huancayo is 23.4% by tongue examination, 31.2%

by necropsy, 37.7% by ELISA, and 51.9% by EITB.

Cysticercosis is an important disease in Peru
and other coun.ries of Latin America. In a neu-
rology hospital in Mexico, over 9% of all autop-
sies were positive for cysticercosis.' In Peru, 10%—
15% of ncurology ward beds are devoted to ‘he
care of cysticercosis patients (H. Garcia, Uni-
versidad Peruana Cayetano Heredia, Lima, Peru,
personal communication). This high rate of neu-
rocysticercosis may be due, indirectly, to the large
reservoir of porcine cysticercosis present in these
countries. Unless this reservoir is decreased, the
rate of human tacniasis and neurocysticercosis
cannot be decreased. .

Future control and eradication programs will
require accurate data about rates of infection in
pigs.? Taenia solium causes not only severe zoon-
otic disease,® but also great economic losses to
pig husbandry.* In Peru, diagnosis of pig cysti-
cercosis is gencrally made upon meat inspection
during slaughter.>” At Peruvian slaughterhous-
es, the prevalence of cysticercosis in pigs is -
9%3-1° when assessed by veterinary inspection of
meat, and 12% when assessed by serologic test-
ing."* Because 91% of the pigs are not registered

and 55% are illicitly slaughtered,'? control mea-
sures to prevent human consumption of infected
meat are inadequate. In Latin America, pigs are
usually bought and sold in an informal farmers’
market. In some areas of the Peruvian sierra,
villagers pay a small fee 10 4 local examiner to
detect cysticercus mow - +ongue. Infected
pigs are sold fus * == .5 ~i¢ ot uninfected pigs
and are either used for home consumption or are
sold and processed in the informal market. Local
farmers only send pigs with negative tongue tests
i e shaughterhouses, as these are most likely
1opasinspection. In slaughterhouses where con-
irol und confiscation are not practiced, rates of
infection among pigs may be as high as 30%."
Thus, slaughterhouse statistics may underesti-
mate the percentage of pigs infected with cysti-
cercosis.

No standardized method to estimate the prev-
alence of porcine cysticercosis under field con-
ditions is available. A standardized field method
permitting the easy sampling of living pigs could
provide unbiased, quantitative epidemiologic
data. To determine if clinical examination of the
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PERUVIAN PORCINE CYSTICERCOSIS
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FIGURE . Tongue of an infected pig. Arrows point 1o clusters of T. solium in cysts on the ventral surface.

pig's tongue, the diagnostic method used by Pe-
ruvian peasants, is a suitable field surveillance
method, we compared the results of this me-.o0d
with necropsy results. Concurrently, we also
evaluated 2 recently developed serologic meth-
ods, the enzyme-linked immunosorbent assay
(ELISA)'“'# and the enzyme-linked immunoe-
lectrotransfer blot assav (EITR). ™ ™

MATERIALS AND METHODS
Animals

Seventeen animals were obtained from a cys-
licercosis-endemic area in the Peruvian high-
lands (Coto-Coto Fair, Huancayo) and 42 from
a cysticercosis-free zone on the coast (Lima). An-
imals were randomly selected.

Tongue examination

The tongue test consists of palpation of nod-
ules and/cr visual identification of cysticercus
cysts. The pig is placed on its side, held by the
neck behind the occipital protuberances with its

forelimb pulled above its shoulder, and firmly
restrained. A hard rubber or wooden rod is used
1o keep the mouth open. A veterinarian using a
cloth gently pulls the tongue, examines, and pal-
pates it throughout the base (Fig. 1). The pig is
considered positive for cysticercosis if cyst-like
nodules are either seen or felt.

<t hjective. examiner-de-
-v.nuners, 2 experienced
and I trainct oni. L cay before the study, ex-
amined 3 pigs oL Niaceda, a village with en-
demic cyshicercusis, A 3 examiners studied all
pigs separately without knowledge of the others’
results,

In order to e adeg

pendent v

ELISA antigens

T. solium cysts were carefully dissected from
17 naturally infected .igs and washed extensively
at 4°C in phosphate buffered saline (PBS; 0.01
M sodium phosphate, 0.15 M NaCl, pH 7.4)
containing protease inhibitor (2 mM phenyl-
methylsulfonylfluoride [PMSF], Sigma Chemi-
cal Co., St. Louis, MO). The excised larvae were
homogenized in PBS/PMSF at 4°C using a glass
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tissue homogenizer and sonicated on ice 6 times
for 3 min at 20 kHz. The sonicated larvae were
then centrifuged at 25,000 x g at 4°C for | hr;
the supern.itant was collected, divided into small
portions, and stored at —70°C.?' Protein content
was determined by a protein-dye binding meth-
od.*?

EITB antigens

T. solium cysts were dissected as described
above. The cysts were immediately placed in 5
volumes (1/5 w/v) of sucrose/HEPES/PMSF
buffer (0.05 M HEPES/NaOH, 0.25 M sucrose,
2.0 mM EDTA, 5 mM PMSF, pH 7.20) at 4°C,
drained, blotted dry, and stored frozen at —70°C
until used. The cysts were then shipped to the
Centers for Disease Control (CDC), Atlanta, GA
where the glycoprotein antigens were prepared.*?
Afiter homogenization, the membrane fraction of
the cysts was solubilized in 8 M urea. The lipids
were extracted with Freon and the solution was
desalted and passed through a lectin column. a-D-
methyl-mannoside was used to elute lentil lectin-
bound glycoprotein from the column. The pur-
ified glycoprotein antigens were stored in the
presence of 77% glycerol at —70°C.

ELISA

ELISA antigens were diluted in carbonate buff-
er (pH 9.8) 1o a concentration of 100 ng/ml. One
hundred gl was added 1o each well and the plate
incubated overnight at 4°C. Control wells re-
cuar o ey ooy e
luted 1:1J0 and 1:3 with PBS with 0.03% Tween
20. Following 3 washes at 5 min cach with PBS-
Tween, 100 ul of cach serum dilution was added
to antigen-coated and control wells. The plates
were then incubated at room temperature for 2
hr. After 3 washes, 100 ul of diluted peroxidase-
conjugated goat swine antibody (Kirkegaard and
Perry, Gaithersburg, MD) was added to ecach well
and the plates were incubated for 2 hr at room
temperature. The plates were then washed 3 times
and 100 ul of orthophenyldiamine (Sigma) per-
oxidase substrate was added 1o each well. After
15 min, 100 ul of 0.1 M sulfuric acid was added
1o stop the reaction. Optical density was deter-
mined by ELISA reader (Flow-Minitech, Mc-
Lean, VA).2!

whiiier b s rumwos G

EITB

The EITB was performed in Lima and Atlanta
as previously described.'® This assay used puri-

GONZALEZ AND OTHERS

fied glycoprotein antigens (LL-GP) in an EITB
format 1o detect infection-specific antibodies in
serum. Peroxidasc-labeled goat swine antibody
(Kirkegaard and Perry) was used at 1:2. Bound
antibodies were visualized using an H,0,/DAB
substrate system.*'?* A positive test was indi-
cated by areaction to any of 7 glycoprotei~ bands
(GP50, GP42-39, GP24, GP21, GP18, GP14,
and GP13).

Necropsy

T. solium larvae were sought in the brain, vis-
cera, and muscle in infected pigs. The following
muscles were examined using at least 2 cuts per
muscle: neck musculature, masseter, psoas, an-
concus, frontal, dorsal, serratus, and gluteus. We
also recorded diagnosis of hydatid disease, fas-
cioliasis, and T. hydatigena infections.

Data analysis

For the purpose of test comparison, 66 pigs
were selected: 24 necrnpsy-positive pigs (dis-
eased animals) from Huancayo and 42 necropsy-
negative pigs (animals without disease) from
Lima. No necropsy-negative pigs from the en-
demic zone of Huancayo were included in this
reference population because of a reasonable de-
gree of uncertainty regarding the sensitivity of
necropsy to detect low-level infections. The re-
sults of serolopy were compared with those of

TSy Gt Tl el tin.
1y, specticnty. predictice vaiaes, and cihciencey
were calculated as previously described.'?

RESULTS

Results of all tests are listed in Table 1. Ac-
curacy of the tongue examination was verified
by the fact that there was no significant differ-
ences among the readings of the 3 observers, in-
cluding the newly-trained observer, in the tongue
test examiner vanation trial (P < 0.05). The EITB
data generated in Lima was compared to that
generated at CDC with < 1% discrepancy.

To calculate and compare the relative sensi-
uvity, specificity, and efficiency of different di-
agnostic tests, a definitive disease state must first
be defined and the test population divided into
infected and uninfected groups. In this study of
119 pigs, necropsy-positive animals were clearly
infected. Negative necropsy results, however, may

[
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TABLE |
Test and examination results of all pigs (n= 119)
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TARLE 2

Comparative test efficacies calculated with respect to the
“referencc standard’’ population of necropsy-positive

Huancayo (7u7:dcmic) Lima (ncnﬁtdmic) and -negative pigs (n = 66)*
LI o=
Test results® No. Pervent No. Pervent Tests
Necropsy/+ 24 31.2 0 0 Tongue ELISA EITB
Necropsy/— 53 6838 4z 100 Sensitivity 70.8% 79.2%  100%
Tongue/+ 18 234 0 0 Specificity 100% 76.2%  100%
Tongue/— 59 76.6 42 100 Predictive value (+) 100% 65.5% 100%
Predictive value (=) 85.7% 86.5% 100%
EITB/+ 40 51.9 0 0 :
EITB/— 37 481 42 100 Tcs:lcrﬂicxcncydmd : 89.4%wd 'rl;l;]% 100%
.- ta) " i nsis . i
ELISA/+ 29 377 10 238 pigs from non-cndemic Lim, herein defned as uninfocucs, wod 34 ae:
ELISA/— 48 62.3 32 76.2 ropsy-positive pigs from endemic Huancayo, defined as infected animals,

® Necropsy = parasitologic examination for 7. solium cysts in various
lissues: tonguc = longue cxamination; EXTB = immunoblot assay with
lectin purified antigens; ELISA = standard immunoassay with crude an-
tigens.

not have been adequatie for the selection of un-
infected animals from an endemic zone. Even
with exhaustive searches during necropsy, there
is still a possibility of missing low-level infec-
tions. For the true negative, therefore, we only
counted those animals from a non-endemic area
{Lima) with negative necropsy results. Our con-
straint for reference selection left us with 24 dis-
eased animals from Huancayo and 42 uninfected
ones from Lima, a total of 66 reference pigs. All
calculations of test efficacies were against this
population.

Table 2 shows the test cfficacies of the ELISA,
tongue examination, and EITB as calculated from
these 66 pigs. In Table 3, test results were further
partitioned according 1o neciopsy data and geo-
graphical locations.

There was a high rate of false-positive reac-
tions in the ELISA when pigs were infected with
other helminths. In pigs negative by both ne-
cropsy and EITB, the ELISA was positive in 1
of 4 pigs infected with T hydatigena, 1 of 7 pigs
infected with Echinococcus granulesus, and 2 of
9 pigs infected with Fasciola hepatica.

DISCUSSION

In an endemic area of Peru (Huancayo), the
prevalence for porcine cysticercosis ranged from
51.9% (EITB; to 31.2% (necropsy). Clinical ex-
amination of the tongue, a traditional Peruvian
method for evaluating cysticercosis, was rela-
tively sensitive and highly specific for detecting
T. solium-infected animals. The test was casily
learned and the inter-observer variation was low.
When corroborated by necropsy, results ob-

tained by this method compared favorably with
those obtained by EITB.

The EITB is a highly sensitive and specific test
for human cysticercosis'® and for pigs experi-
mentally infected with cysticercosis.?® This test
appcared to detect antibodies in a large number
of necropsy-negative animals, but only from the
endemic area of Huancayo. It is possible that the
pigs had immature or occult cysts that were not
easily visible at necropsy bu: were still able to
produce a humoral response. In T. saginata in-
fections, detection was augmented by increasing
the number of slices at necropsy.?*2¢ Cross-reac-
tivity with other parasitic infections in this assay
has not been observed since its invention almost
3 years ago.

The ELISA was not as sensitive or as specific
as the EITB test. The sensitivity of the ELISA
in pigs (79.2%3 1< siimilar 10 that found in human
. percent of necropsy-neg-
ative pigs sanpsed @@ o Lima slaughteshouse had
a positive reaction by ELISA. In contrast, a study
of the serology of porcine cysticercosis in India
found higher levels of sensitivity (91%) and spec-
ificity (92%) when cither a fractionated cyst or
scolex antigen was used.?® This study disregarded

cruc e T T
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Breakdown of test results with respect to necropsy data
(n=119)

T Necropsy positive Necropsy negative
t
n:cu‘lu Huanaryo  Lima Huancayo Lima
Tongue + 17 0 1 0
Tongue — 7 0 52 42
EITB/+ 24 0 16 0
EITB/— 0 0 37 42
ELISA/+ 19 0 10 10
ELISA/— 5 0 43 32

>
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sers from pigs infected with other parasites there-
vy increasing the specificity of their assay.??:3¢
Cross-reactions with T. hydatigena larvae and
other cestodes, including Echinococcus species,
may be responsible for the high rate of false pos-
itives in the ELISA.2%3° With better purified an-
tigens, the specificity of the assay may be in-
creased.

Some of the pigs used in this study, as in a
previous study,? were heavily parasitized with
F. hepatica, E. granulosus, and Cysticercus ten-
uicolis (Hydatigena taeniformis). Cross-reacting
antibodies to these parasites were not found by
the EITB, since T. solium-specific bands are used
for the diagnosis of cysticercosis.

The tongue test for the diagnosis of swine
cysticercosis was highly correlated with necrop-
sy. The tongue test was also comparable to the
2 serologic tests used and resulted in a positive
predictive value of 100% and a negative predic-
tive value of 85.7%. Where porcine cysticercosis
is endemic, the tongue test may be a useful and
practical survey tool for estimating the preva-
lence of porcine cysticercosis.

Acknowledgments: We thank Raul Yarinsueca and
Alejandro Morales of the Colonial Slaughterhouse and
K. Campos, J. B. Phuy, and D. Sara.

Financial support: Fundeagro, AID-PSTC-7208, IDRC-
UPCH Neurocysticercosis, Concytec, Intermap, Pe-
ruvian Porcine Association, and the RG-ER Fund.

Authors’ addresses: Armando E. Gonzalez and Vital-
iapn Camal. PRISMA. Lima. Peru. Armando E. Gon-
zales, a2l Fobern H. Giiman, Teress
Montenegro, Manuela Verastegui, and Elba Miranda,
Universidad Peruana Cayetano Heredia, Lima, Peru.
Robert H. Gilman, Department of International Health,
Johns Hopkins University, Baltimore, MD. Victor C.W.
Tsang and Joy B. Pilcher, Parasitic Diseases Branch,
Division of Parasitic Discases, Center for Infectious
Diseases, Centers for Discase Control, Atlanta, GA.
Alfonso Chavera and Hector Bazalar, Universidad Na-
cional Mayor de San Marcos, Lima, Peru.

Vitgiune O

Reprint requests: Victor C. W. Tsang, PDB/DPD/CID,
Building 23, Reom 1003, Mail Stop F-13, Centers for
Disease Control, Atlanta, GA 30333.

REFERENCES

1. Shenoe H, Ramirez R, Rojas A, 1973. Aspectos
epidemiologicos de la neurocisticercosis en
America Latina. Bol Chile Paras 28: 61-72.

2. Acha PN, Szyfres B, 1986. Zoonoses and com-
municable diseases common to man and ani-

GONZALEZ AND -«

13.

‘THERS

mals. Scientific publication no. 354. Washing-
ton: Pan American Health Organization, 763
774. (ui) 8007037

. Wiederholt WC, Grisolia JS, 1982. Cysticercosis.

An old scourge revisited. Arch Neurol 39: 533.
file m80; (ui) 82283422

. Acevedo-Hernamdez A, 1982. Economic impact

of porcine cysticercosis. Flisser A, Wilims K,
Laclette P, Larralde C, eds. Cysticercosts, present
state of knowledge and perspectives. New York:
Academic Press, 53-62. (ui) 8304133

. Schnaas G, 1972. [Sanitary control of cysticer-

cosis). Gac Med Mex 103: 246-249. file m72;
(ui) 72203350

. Benson AJ, 1983. El control de las enfermedades

transmisibles. OPS ed. Publicacion Scientifica,
442,

. Matyas Z, Pawlowski Z, Soulsby EJ, Nelson GS,

Larralde C, Rosick, 1983. Guidelines for sur-
veillance, prevention, and control of taeniasis
and cysticercosis. WHO/VPH 83: 207.

. Escalante S, 1977. [Epidemiology of cysticercosis

in Peru]. Rev Neuropsiquiatr 40: 29-39. file m77;
(ui) 79013872

. Inope L, Rojas M, Bullon F, 1977. [Cysticercosis

in Peru. Various statistical aspects]. Rev Neu-
ropsiquiatr 40: 40-52. file m77, (ui) 79013874

. Rojas M, 1983. Cysticercosis, una Imponderada

Zoonosis en el Peru. Boletin Informativo del
Colegio Medico-Veterinario del Peru 18: 19-23

. Montenegro T, Gonzalez AE, Torres P, and others,

1988. Monitoreo serologico de la cisticercosis
porcina en camales de chiclayo y Cajamarca por
el metodo de ELISA. Anales del XI Congreso
Panamericano de Ciencias Veterinarias. Lima:
Asociacion de Medicos Veterinarios del Peru.

. Ministerio de Agricultura, 1986. Unidad de ser-

vicio pecuario. Peru: Ministerio de Agricultura.

Llontop R, Nolte C, Urbina R, and others, 1980.
Cysticercosis en cerdos beneficiados en el camal
frivorifico No. 37 de Terapoi Publicacion del
Minister:o do Aaren o Al oasion RA
X1, Latorterie cr sariand nin G v Zoonosis
Tarapoto.

. Diwan AR, Coker-Vann M, Brown P, Subianto

DB, Yolken R, Desowitz R, Escobar A, Gibbs
CJ Jr, Gajdusck DC, 1982. Enzyme-linked im-
munosorbent assay (ELISA) for the detection of
antibody to cysticerci of Taenia solium. Am J
Trop Med Hyg 31: 364-369. file m80; (ui)
82179875

. Tellez Giron E, Ramos MC, Dufour L, Montante

M, 1984. [Usc of the ELISA mecthod in the
diagnosis of cysticercosis]. Bol Of Sanit Panam
97: 8-13. file m83; (ui) 85000040

. Mohammad IN, Heiner DC, Miller BL, Goldberg

MA, Kagan IG, 1984. Enzyme-linked immu-
nosorbent assay for the diagnosis of cerebral cys-
ticercosis. J Clin Microbiol 20: 775=179. file
m83; (ui) 85030969

. Espinoza B, Ruiz-Palacios G, Tovar A, Sandoval

MA, Plancarte A, Flisser A, 1986. Character-
ization by cnzyme-linked immunosorbent assay
of the humoral immune response in patients with
neurocysticercosis and its application in im-

15



18.

19.

20.

21.

22,

23.

24,

PERUVIAN PORCINE CYSTICERCOSIS

munodiagnosis. J Clin Microbiol 24: 536-541.
file m86; (ui) 87034185

Rosas N, Sotelo J, Nieto D, 1986. ELISA in the
diagnosis of neurocysticercosis. Arch Neurol 43:
353-356. file m86; (ui) 86158416

Tsang VC, Brand JA, Beyer AE, 1989. An en-
zyme-linked immunoclectrotransfer blot assay
and glycoprotein antigens for diagnosing human
cysticercosis (Taenia solium). J Infect Dis 159;
50~59. file med: (ui) 89080354

Tsang VC, Brand JA, Zhou W, and others, 1990.
Efficacy of the immunoblot assay for cysticer-
cosis in pigs and modulated expression of dis-
tinct IgM/IgG activities to Taenia solium anti-
gens in experimental infections. Vet Immunol
Immunopathol: (in press).

Estrada JJ, Kuhn RE, 1985. Immunochemical
detection of antigens of larval Taenia solium and
anti-larval antibodies in the cercbrospinal fluid
of patients with neurocysticercosis. J Neurol Sci
71:39-48. file m83; (ui) 8614094

Bradford MM, 1976. A rapid and sensitive meth-
od for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye
binding. Anal Biochern 72: 248-254. file m72;
(ui) 76250790

Tsang VC, Peralta JM, Simons AR, 1983. En-
zyme-linked immunoelectrotransfer blot tech-
niques (EITB) for swudying the specificities of
antigens and antibodies separated by gel elec-
trophoresis. Methods Enzymol 92: 377-391. file
m83; (ui) 83218475

Tsang VC, Hancock K, Wilson M, and others,

25.

26.

27.

28.

29.

30.

199

1986. Enzyme-linked immunoelectrotransfer
blot techniqus (western blot) for human t-lym-
photropic virus type 111/lymphadenopathy-as-
sociated virus (HTLV-II1/LAV) antibodies.
Monograph: Immunology Series No. 15, Pro-
cedural Guide. Atlanta: USDHHS, PHS, CDC.

Walter M, 1980. Taenia saginata cysticercosis: a
comparison of routine nieat inspection and car-
cass disssction results in czlves. Vet Rec 106:
401-402.

Smyth JD, 1984. Epidemiology and ccnrol of
cysticercosis. An Trop Med Parastiol 3: 262-
263.

Pammenter MD, Rosscuw EJ, Epstein SR, 1987.
Diagriosis of neurccysticercosis by enzyme-linked
immunosorbent assay. S Afr Med J 71: 512-
514, file m86; (ui) 87178533

Kumar D, Gaur SN, 1987. Serodiagnosis of por-
cine cysticercosis by enzyme-linked immuno-
sorbent assay (ELISA) using fractionated anti-
gens. Vet Parasitol 24: 195-292. file m§6; (ui)
87293737

Gottstein B, Tsang VC, Schantz PM, 1986. Dem-
onstration of species-specific and cross-reactive
components of Taeaia solium metacestode an-
tigens. Am J Trop Med Hyg 35: 308-313. file
m86; (ui) 86156462

Gottstein B, Zini D, Schantz PM, 1987. Specics-
specific immunodiagnosis of Tasnia solium cys-
ticercosis by ELISA and immunoblotting. Trop
Med Parasitol 38: 299-303. file m86; (ui)
88159079





http:0165-2427/91/$03.50




by

IMMUNOBLOT ASSAY FOR CYSTICERCOSIS IN PIGS 71

Experimental infection in p°gs

Four pigs (2 months old, weighing 10-15 kg) were dosed orally with
10 00020 000 eggs (20% viable) from human-derived T. solium proglottids,
as previously described (Rhoads et al., 1987). The infections were main-
tained for 13-15 weeks when the animals were killed and systematically ex-
amined for cysts. All four animals were lightly infected; the nurnber of cysts
found per pig ranged from 12 to 74 (Rhoads et al.,, 1987).

EITB

The EITB assay for antibodies specific for 7. solium was performed as pre-
viously described (Tsang et al., 1989). Briefly, the assay utilizes a group of
lentil-lectin purified glycoprotein antigens (LL-GP) in an immunoblot for-
mat to detect infection-specific antibodies in serum and Jor CSF samples. The
assay is performed in the Accutran™ system (Schleicher & Schuell, Inc.,
Keene, NH). There are seven major diagnostic antigens in LL-GP: GP50,
GP42-39, GP24, GP21,GP18, GP14and GP13. The GP prefix indicates gly-
coprotein and the number is molecular weight as shown by SDS-PAGE. An-
tibody reactions against these glycoproteins in serum and/or CSF were visu-
alized with the H,0,/DAB substrate system (Tsang et al., 1983, 1986). All
EITB bands were quantified with the Visage 110 system (Bio Image®, Ann
Arbor, MI). Quantitation was based on whole-band analysis with background
subtraction.

. Immunologic reagents : -

ImmunoafTinity purified goat anti-pig IgG (heavy- and light-chain activ-
ity) labelled with POD was prepared in our laboratory; the ratio of [gG:POD
was approximately 1:2.5 (Tsang et al, 1984). POD-labelled goat anti-pig
isotvpe-specific reagents (i.e. anti-IgM, G and IgA conjugntes) were pur-

chaces fromy “irvonnard & Porr Doboret e e - oAD).

Antibody assays with pig serum scrl
All pigs were bled weekly. Serun -z =0 L were diluied 10 with
PBS/Tween/milk (phosphate burlered saine (0.10 M NaCi, ~.uZ M
Na,HPO,/NaH,PO,, pH 7.20) containing 0.3% vol/vol Tween-20 and 5%
~_wt/vol nonfat dried milk). Immunoblot strips containing all of the resolved
. T1-GP antigens were exposed to the diluted serum samples for z%.u’*ﬁ“ :
¥3*.washing with PBS/Tween to remove unbound serum proteins, the strips were ;
probed with Iz-specific (H & L) or isotype-specific, POD-labelled conju-
gates. Bound POD activities were visualized with H,0,/DAB substrate
~ (Tsang et al., 1989).
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RESULTS

Test performance of the EITB in pigs .

Table 1 contains the EITB results of all animals. In this control population
the test performance of the EITB is 100% specific and 100% sensitive. This
confirms the results of our earlier human trials (100% specific and 98%
sensitive).

General Ig reactions (H&L)

All four experimental pigs were found to be infected when killed 13-15
weeks postinfection. Although the number of cysts recovered corresponded
to eggs inoculated, the degree of calcification did not. All four pigs responded
to more than one glycoprotein antigen from T. solium larval stages (Fig. 1).
The antibody reactions shown in Fig. | were derived from a heavy- and light-
chain specifiz conjugate; thus, all isotypes were detected but not differen-
tiated. The most striking feature of the EITB reactions was the early appear-
ance and the subsequent disappearance of anti-GP97 activity in all four. Pigs
1 and 2 produced anti-GP97 antibodies as early as | week postinfection. Anti-
GP97 activity rapidly disappeared between Weeks 6 and 9. In contrast, anti-
body activities against the lower molecular weight glycoproteins (€.g. GP50,
GP42-39 etc.) appeared later but were sustained until the end of the
experiment. :

IgM reactions
Differential probing of EITB strips exposed to serum samples with isotype-
specific conjugate reagents resulted in the dissection of the general antibody

TABLE 1

EITE resuits of pip secum samples

Infections' Immunoblot results

Positives Negatives

Cysticercosis (7. solium)’ - 45 0

. Trichinosis® - 193W L Jawilor 0h. s 1R G iS RS TR
Trichuriasis - 16114 gainisinc 0zqhk tott6ey ry b ST SRR -
Hydatidosis ( E. granulasus) 0 R4 S v

Fasioliasis (. hepatica) 0 10

Uninfected control? 0 45

1Cysticercosis infection (n=45); heterologous infections (n=47); healthy controls (n=45); wotal
samples tested (n=137). All infections were confirmed by the presence of organisms at necropsy.
From healthy U.S. animals (SPF or concrete raised). 4
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and bands quantified

) blc band analysis. Specific antibody lével (plotted on the Y axis) is an integrated function of band intensity (in
optical density) and t

ol ¢ N . N . . . B
'gluzband area (area under pcak). Numbers indicate weeks postinfection, Week 0 is the pre-infection sample.
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