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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
 
of
demonstration of T. solium infection in the laboratory 


parasitology at the UPCH which has processed over 1.500 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 NIH 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 cysticeriosis 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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anticean 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 in
 
combination with an immunoblot assay gave superior
 
sensitivity and specificity. We have therefore
 
elected to continue working with the CDC anigen. We
 
are one of the few laboratories outside of the CDC
 
that is routinely isolating the antigen 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 is less
 
sefisitive than either the ELISA or the Western blot
 
assay.
 

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 O.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.
 

WESTER2 BLOT 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 EPIDEMIOLOGICAL STUDIES -

We have instituted a series of studies involving
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the use of the Western Blot P<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. In
 
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 i989.
 

MANUSCRIPTS Published -

The following five manuscripts were published as part
 
of this study.
 

Gonzalez A.E., v.Cama, R.H. Gilman' V. Tsang, et.al.
 
Prevalence and Comparison 3f Serologic Assays,
 
Necropsy, and Tongue Examination 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
 
cystice:'osis in endemic regions. Lancet. 1 9 9 1
 
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 of the immunoblot assay for 
cysticercosis in pigs and m o d u 1 a t e d 
expression of distinct IgM/IgG activitics to Taenia 
solium antigens in experimental i n f e c t i o n s . 
Veterinary . Inmunology and Immunopathology. 1991. 29 
: 69-78.
 

Diaz F., Verastegui 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. Pmerican 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
 
sefa from confirmed positive and negative cases are
 
not easily available.
 

Our data dnd 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. In 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 possiole by
this grant. In addition multiple scientists were 
trained in the western blot technology. This training 
was so succe-,sful that Dr. Verastigue and others 
published their own findings 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 subject 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 ideals 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 less, but which had a far more
 
powerful and wealth- political constituency.
 

7. 'Project Activities/Outputs - Am J of Trop Med 
1987 
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 Ilyg. 43(2), 1990, pp. 194-199 (90-083)
 
Copynri, 0 1990 by The Amencan Snciety or Tropical Medicine ard Ilygicne
 

PREVALENCE AND COMPARISON OF SEROLOGIC ASSAYS,
 
NECROPSY, AND TONGUE EXAMINATION FOR THE
 
DIAGNOSIS OF PORCINE CYSTICERCOSIS IN PERU
 

ARMANDO E. GONZALEZ, VITALIANO CAMA, ROBERT H. G;LMAN,
 
VICTOR C. W. TSANG, JOY' B. PILCHER, ALFONSO CHAVERA,
 

MIGUEL CASTRO, TERESA MONTENEGRO, MANUELA VERASTEGUI,
 
ELBA MIRANDA, AND HECTOR BAZALAR
 

PRISMA. Lima. Peru; UniversidadPeruanaCayetano tferedia, Lima. Peru: Johns Hopkins 
Univeryity, 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 
solun life cycle, causes major economic 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 !evel. 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 immunoelectrotransfer blot assay (EITB), and with necropsy results. 
We examined II 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 tongue examination, being a test essentially without 
cost and 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 55% are illicitly slaughtered, 12 control mea
and other countries of Latin America. In a neu- sures to prevent human consumption of infected 
rology hospital in Mexico, over 9% ofall autop- meat are inadequate. In Latin America, pigs are 
sies were positive for cysticercosis.' In Peru, 10%- usually bought and sold in an informal farmers' 
15% of neurology ward beds are devoted to "he market. In some areas of the Peruvian sierra, 
care of cysticercosis patients (H. Garcia, Uni- villagers pay a small fcc i,, a :,cal examiner to 
versidad Peruani Cavetano Heredia. l.ima, Peru, detect cvsticcrtk. .. rvzue. Infected 
personal communication). This high rate ofneu- pigs are sold for .. -c C- uinfected pigs 
rocysticercosis may be due, indirectly, to the large and are either used for home consumption orare 
reservoir of porcine cysticercosis present in these sold and processed in the informal market. Local 
countries. Unless this reservoir is decreased, the farmers only send pigs with negative tongue tests 
rate of human taeniasis and neurocysticercosis ,:I. %lughterhouses, as these are most likely 
cannot be decreased. ;, !: spection. In slaughterhouses where con-

Future control and eradication programs will ;ril and confiscation are not practiced, rates of 
require accurate data about rates of infection in infection among pigs may be as high as 30%.'1 
pigs.2 Taeniasolium causes not only severe zoon- Thus, slaughterhouse statistics may underesti
otic disease, 3 but also great economic losses to mate the percentage of pigs infected with cysti
pig husbandry.4 In Peru, diagnosis of pig cysti- cercosis. 
cercosis is generally made upon meat inspection No standardized method to estimate the prey
during slaughter.- 7 At Peruvian slaughterhous- alence of porcine cysticercosis under field con
es, the prevalence of cysticercosis in pigs is I- ditions is available. A standardized field method 
9%9- 10 when assessed by veterinary inspection of permitting the easy sampling of living pigs could 
meat, and 12% when assessed by serologic test- provide unbiased, quantitative epidemiologic 
ing. Because 91% of the pigs are not registered data. To determine ifclinical examination of the 
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Sk, 

FiGtm I. Tongue of an infected pig. Arrows point to 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 ofthis me.-od 
with necropsy results. Concurrently, we also 
evaluated 2 recently developed serologic meth-
ods, the enzyme-linked immunosorbent assay 
(ELISA)4 - 8 and the enzyme-linked immunoe-
lectrotransfer blot assay (EIT13). 

MATERIALS AND ETHODS 

Animals 

Seventeen animals were obtained from a cys-
ticercosis-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/or 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 
to 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 positi,/e for cysticercosis if cyst-like 
nodules are either seen or felt. 

In (-7 t,r c'..1!:.j' , .'ljectivc. examiner-de
pcndunt .... .. miners, 2 experienced
and I trart.: .k:.y before the study, ex

amined 5" r' :. i. '!.wceda, a village with en
demic C tCCrCUS,, -\ii 3 examiners studied all 
pigs separately without knowledge of the others'
results. 

ELISA antigens 

T. solium cysts were carefully dissected from 
17 naturally infected v;gs and washed extensively 
at 40C in phosphate buffered saline (PBS; 0.01 
M sodium phosphate, 0.15 M NaCI, 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 I hr; 
the superp.,tant was collected, divided into small 
portions, and stored at - 70'C.21Protein content 
was determined by a protein-dye binding meth-
od.2 2 

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. 9 

After 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) to a concentration of 100 ng/ml. One 
hundred ul was added to each well and the plate 
incuhated overniehi at 40(- . Control wells re-

Futed 1:100 and 1:5 %ithPBS i,lh 0.05Q lween 
20. Following 3 washes at 5 min each with PBS-
Tween, 100 MI of each 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 pl of diluted peroxidase-
conjugated goat swine antibody (Kirkegaard arid 
Perry, Gaithersburg, MD) was added to each well 
and the plates were incubated for 2 hr at room 
temperature. The plates were then washed 3 times 
and 100 ,l of orthophenyldiamine (Sigma) per-
oxidase substrate was added to each well. After 
15 min, 100 ,l of 0.1 M sulfuric acid was added 
to stop the reaction. Optical density was deter-
mined by ELISA reader (Flow-Minitech, Mc-
Lean, VA).2' 
EITB 

The EITB was performed in Lima and Atlanta 
as previously described.'9 This assay used puri-

fled glycoprotein antigens (LL-GP) in an EITB 
format to detect infection-specific antibodies in 
serum. Peroxidase-labeled goat swine antibody 
(Kirkegaard and Perry) was used at 1:2. Bound 
antibodies were visualized using an HO,/DAB 
substrate system. 2 '. A positive test was indi
cated by areaction to any of 7glycoprotei . bands 
(GP50, GP42-39, GP24, GP21, GP18, GPI4, 
and GPi 3). 

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
coneus, 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 necr,')psy-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
suilts of sernl(opv were _onpared with those of 

it. spccilncitx. p;Cd.t'.C \ andu 1ciclcy 
were calculated as previously described.'9 

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 variation 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
tivity, 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 

II
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TABLE I 
Test and examination results of all pigs (n - 119) 

Humncayo (endemic) Lima (oco-endemic) 
a-77 n-42 

Teat reults* No. Percent No. Percent 

Necropsy/+ 24 31.2 0 0 

Necropsy/- 53 68.8 42 100 

Tongue/4 18 23.4 0 0 

Tongue/- 59 76.6 42 100 

EITB/+ 40 51.9 0 0
EITB/- 37 48.1I 42 100 

ELISA/+ 29 37.7 10 23.8 
ELISA/- 48 62.3 32 76.2 

* Necropsy - parasitologic examination for T. solium cysts in various 
tiasues tongue - tongue examination; ETB - immunoblot assaywith
lectin purified antigen; ELISA - standard immunoauay with crudean-

tig-ni 


not have been adequate for the selection of un-
infected animals from an endemic zone. Even 
with exhaustive searches duri.ng 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 of66 reference pigs. All 
calculations of test efficacies were against this 
population, 

Table 2 shows the test efficacies of the ELISA, 
tongue examination, and EITB as calculated from 
these 66 pigs. In Table 3, lest results were further 
partitioned according to nectopsy data and geo-
graph-ical 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 
of4 pigs infected with T. hydatigena, I of7 pigs 
infected with Echinococcusgranulosus,and 2 of 
9 pigs infected with Fasciolahepatfca. 

DISCLYSSK)N 

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 easily 
learned and the inter-observer variation was low. 
When corroborated by necropsy, results ob-

TAmE 2 
Comparative test effzcacies calculated with respect to the

"'refererncstandard"population ofnecropsy-positive 
and -negative pigs (n - 66)0 

Tests 

Tongue ELISA ErrB 
Sensitivity 70.8% 79.2% 100% 
Specificity 100% 76.2% 100% 
Predictive value (+) 100% 65.5% 100% 
Predictive value (-) 85.7% 86.5% 100%
Test efficiency 89.4% 77.3% 100% 

. "Referrence standard" population consisted or 42 neaom-negative
pits from non-endemic Lima,herein defined as uninfected, and 24 nec
ropsy-positive pigsfrom endemic Huancayo.defined asinfected animals. 

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

The EITB is a highly sensitive and specific test 
for human cysticercosis' 9 and for pigs experi
mentally infected with cysticercosis.20 This test 
appeared 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 ofslices at necropsy.- .26 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%i)tiimr:,lar 1o that found in human 

-. :c-cent ofnecropsy-neg
ati%e pigs satzinpcd .:: , Lima slaughte:house had 
a positive reaction by ELISA. In contrast, a study 
of the serology of porcine cysticercosis in India 
found higher levels ofsensitivity (91%) and spec
ificity (92%) when either a fractionated cyst or 
scolex antigen was used.2 This study disregarded 

TAB.L 3 
Breakdown oftest results with respect to necropsy data 

(n = 119) 

Test poytie Nectopayneptive 
results HRuCYO Lima 1uanczyo Urna 

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 

http:necropsy.-.26
http:cysticercosis.20
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ser. from pigs infected with other parasites there-
29 

.3by increasing the specificity of their assay. 

Cross-reactions with T. hydatigena larvae and 
other cestodes, including Echinococcus species, 
may be responsible for the high rate of false pos-

9 3 0 . With better purified an-itives in the ELISA.
 

tigens, the specificity of the assay may be in-


creased. 
Some of the pigs used in this study, as in a 

previous study,2 ' 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 
positive2 serologic tests used and resulted in a 

predictive value of 100% and a negative predic-

tive value uf85.7%. Where porcine cysticercosis 

is endemic, the tongue test may be a useful and 

practical survey tool for estimating the preva-

of porcine cysticercosis.lene oColegio 
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The test poprulatior cors-sts of 45 pigs With parasitclogicsllv or.m7d L-,eysticerccsis, 47 with heter
ologous infections, 45 SPF or concreteraised control animals. With this group of 137 animals the testperformance was 100% sensitive and 100%s-ecific. 

The antigen-specific responses ofimmunoglobulin A (IgA), IgG and 1gM in four pigs infected with
Taeniasolium eggs derived from a human were quantified by immunobloL Antigen-specific activities
wereobseved as eary as 'week The frst antigen-specific isotypic response was lgMepostinfection.
antibo"ies directed ap'iistgil coprotein at97 KD;(GP97), This activity genaly.d be

respons ocu m people wth cystiercoss identfyin8gli~fieisotYle activity ni help to distinguish new infection from old. 
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ABBREVIATIONS 

CSF,cerebrospinal fluid; DAB, 3.3'-diaminobenzidine; EITB enzyme-linked immunoclectrotrans.fer blot, immunoblot or "Western blot"; LL-GP, lentil-lectn purified glycoprotein antigens; POD,horseradish peroxidase (d.nor H20 2 oxidoreductase, EC 1.11.1 . 7 ); SDS-PAGEsodiumdecyl. 
- I'fate-' i - "I nlctrophoresis. 

INTRODUCTION 

Human cysticercosis, the potentially fatal invasion ofvarious tissues by thelarval stage of Taenia solium, has increased dramatically as a medical problem in the U.S.A. since 1977 (Richards et al., 1985). A strong impetus toimprove the diagnostics ofcysticercosis was the development of praziquantelas an effective chemotherapeutic agent for the disease (Nash and Neva, 1984;Soltelo et al., 1985). Moreover, increased travel and immigration from Mexico and Central America where the disease is higly endemic, made recognition and treatment of cysticercosis irnperative.Recently we reported the development ofan immunologic assay for humancysticericosis (Tsang et a., 1989) with 100% specificity and 98% sensitivity(based on a test population of 578 persons). This test is based on the EITB(Western blot or immunoblot) and depends on the recognition of any one ofseven gilycoprotein bands by Patients' antibodies. Our data show'that mostcysticercosis patients recognize more than one ofthese antigens. We did not*know if this test couldditinguish between old and new infections. Weaisodid not know ifthe test would perform in the pig system. It is highly desirableto have a specific and sensitive assay for pigs for epidemiologic surveys of areas where the disease is endemic.We report here the appl.calion ofthe EITB Pz.r ", yhed
cercosjs
in Ptg~s and tb apzent te~xion o: e 110,1 -nd 1-G respoz.,:c, teo diffierent.giycoprotejn antigens during the course of experimental infection. 

MATERIALS AND METHODS 

Serumsamples in studypopulation 
, cysticercosss m es withithc p those from te' ...cx.cniexnjauy hnf t.animals were oi 

.fohftp--in n-"Na
anen-u-,. -wre":-.*nso i ftzTi ....f se "weii,- -6 _iri. dybnmte presence ofcysts at nero... Ai nial with heterologous infections ofAscaris,Trichinellaand Trichuriswere from experimentally infected animails. Natural infectioinsofhydatidosis and facioliasis were from Peruvian pigs and confirmed at necropsy. Uninfected control animalts were of U.S. origin and were either SPF 
or concrete raised. 

'4,
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Experimentalinfection in pegs 
Four pigs (2 months old, weighing 10-15 kg) were dosed orally with 

10 000-20 000 eggs (20% viable) from human-derived T. solium proglottids, 
1987). The infections were mainas previousy'described (Rhoads et al., 

tained for 13-15 weeks when the animals were killed and systematically ex

amined for cysts. All four animals were lightly infected; the number of cysts 

found per pig ranged from 12 to 74 (Rhoads et al., 1987). 

EITB 
The EITB assay for antibodies specific for T. solium was performed as pre

viously described (Tsang et al., 1989). Briefly, the assay utilizes a group of 
in an immunoblot forlentil-lectin purified glycoprote*n antigens (LL-GP) 

mat to detect infection-specific antibodies in serum and/or CSF samples. The 

assay is performed in the AccutranTM system (Schleicher & Schuell, Inc., 

Keene, NH). There are seven major diagnostic antigens in LL-GP: GP50, 

GP42-39, GP24, GP2 1, GP 18, GP 14 and GP 13. 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 H20 2/DAB substrate system (Tsang et al., 1983, 1986). All 
, AnnEITB bands were quantified with the Visage 110 system (Bio Image' 

Arbor, MI). Quantitation was based on whole-band analysis with background 

subtraction. 

Immunologic reagents 
Immunoaffinity purified goat anti-pig IgG (heavy- and light-chain activ

ity) labelled with POD was prepared in our laboratory; the ratio of IgG: POD 

(Tsang et al., 1984). POD-labelled goat anti-pigwas approximately 1:2.5 
con t:cs) were purisotype-specific reagents (i.e. anti-TgM, IgG and IgA 

Antibody assays with pigserum .sa,'n;' 
were dih'. . " withAll pigs were bled weekly. Serum ;. 

M NaCi, j.0 MPBS/Tween/milk (phosphate buflfel:, saline (0.10 

Na2HPO 4/NaH 2 PO4 , pH 7.20) containing 0.3% vol/vol Tween-20 and 5% 

.wt/vol nonfat dried milk). Immunoblot strips containing all of the resolved 

LL-Q]3. antigens. were exposed.*tothe diluted serum samples for 2: AftI-. 
e
.r' li with'PBS/Tween to remove unbound serum - e.J 

probed with l-,-specific (H & L) or isotype-specific, POD-labelled conju

gates. Bound POD activities were visualized with H 20 2/DAB substrate 

(Tsang et al., 1989). 

i7
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RESULTS 

Test performanceofthe 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 
(100% specific and 98%confirms the results of our earlier human trials 

sensitive). 

GeneralIg reactions(H&L) 
were found to be infected when killed 13-15All four experimental pigs 

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. I ). 

The antibody reactions shown in Fig. I were derived from a heavy- and light

chain specific 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 

I and 2 produced anti-GP97 antibodies as early as 1 week postinfection. Anti-

GP97 activity rapidly disappeared between Weeks 6 and 9. In contrast, anti

body activities against the lower molecular weight glycoproteins (e.g. GP50, 
of the

GP42-39 etc.) appeared later but were sustained until the end 

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 I 

EITb resuits li e£,crrspa.mp!es 

Infections' Immunoblot results 

Positives Negatives 

Cysticercosis (T.solium)' 45 0 

T rii ..sis ;..- .... 0 . 12" 
' 

Trichinosis T •1 . , . .. 

Hydatidosis (E. gradosus) 
Fasioliasis (F.hepatica) 

0 
0 

7 
10 

,' .... 

Uninfected control2 0 45 

infections (n=47 ); healthy controls (n=45); total 
'Cysticercosis infetion (n-45); heterologous 

samples tested (n= 137). All infections were confumed by the presence of organisms at necropsy.
 
2From healthy U.S. animals (SPF or concrete raised).
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Fig. 1. Total immunoglobutin response (all isotypes) to LL.GP antigens from T solium cysts. 
Total antigen (protcin) load, 20 ng/mm ofstrip width, each strip, 3 mm. Serum concentration, 
1:10 in PBS/Tween/mil diluted serum Volume,,0.5 ml; serum incubation time, 2 h. Second 
antibody ojugate, goat anti-pigig (fieav and light chain), activity us incid all 
isotypes. Wecek numbers equal weeks postinfection. Ball point pen lines on each strip are posi
tion references for use during scanning. 

orvit,. ee 
appeared 2 perinfecti g and se:e ein K u. .. .. ., .. , 
ated with GP97. 1gM activity was transient; by Week,8~ uC : ~> t 
became undete cable, except for thiai, f Pig 2 (Fe, 2B). Tw ~ecks Iac.Pig 
2 also stopped producing anti-GP97 1gM.' 

reactions into specific isotypes(Fig. 2A-2D). 0gM anct f> a 

IgG reactions 
With the disappearance of gM anti-GP97 activity, we observed a concom

itant rise.oflgG and anti-GPSQand IgGat;GQatvt.Fr is. n
4,IGactivity was flowea-1 thq AiiiG4 ciiypFrPg n appearance of IgO antiboie(Ufi3d
aginstLLGPs of even, iallifer molecular weight, (see Fig. 1). Uilke %M 

activity however, the IgG activity against GP5O, GP42 and lower molecular 
weight LL-GPs persisted throughout the experiment. 

Pigs I and,3 also exhibited transient IgG activity against GP97 (Fig. 2A,C). 
The IgG anti-GP97 activityIfor Pig I (Fig. 2A) appeared to peak 1Iweek 
(Week 5) after that ofthe 1gM; which peked between Week 3.5 and 4. 
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Fig. 2. Isotype resp fected pigs to LL.GI .mtigcns from T;solium cysts. All conditions are the same as for Fig. I. except for the secondantibody conjugate. 

and bands quantifie 

pecific conjugates w.rc used to detect specific reaction of various isotypes. All strips were scanned by reflectance
 
optical density) and t 

Ple band analysis. Sprt [lc antibody level (plotted on the Y axis) is an integrated function of band intensity (inInd area (area under pc.ak). Numbers indicate weeks postinfection, Week 0 is the pre-infection samp!e. 
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IgA
The reactions

IgA reactivity for all three pigs was not remarkable, aidexcept for Pig3, what little I&A reaction there was seemed to be limited to anti-GP97. Pig 3produced an additional low level of anti-GP50. 

DISCUSSION 

Our EITB assay for human cysticercosis is based on the recognition of anyone of seven LL-GPs by infection associated antibodies (Tsang et al., 1989).Our previous data show that most parasitologically confirmed cysticercosispatients have antibodies against at least one of these glycoproteins, but nosingle antigen is recognized by all patients. We concluded that reaction to anyone of the seven LL-GP bands constitutes a positive indication for cysticer.cosis, and that our assay is 100% specific and 98% sensitive. The EITh assayfor huian cysticercosis vastly improves diagnosis ofthe disease. Ifthis assaycould be proven successfully in the pig system, we would have an additionaluseful tool for monitoring the disease. In cysticercosis endemic areas, the domestic pig is considered an important reservoir for this parasite. A sensitiveand specific assay for cysticercosis in Pig populations will inevitably affect theepidemiology of and control efforts for this disease.In evaluating the test performance of the EITB assay in pigs, we have purposefully adopted stringent criteria in the selection of serum samples. Onlyanimals with parasitologicaly confirmed cysticercosis were included. We arealso mindful of the fact that necropsy with visual examination is a crude meansofestablishing infection. While the presence of a single cyst is proof positivefor cysticercosis, the absence of cyst even after an exhaustive search of a carcass, may not necessarily mean the animal is uninfected. For this reason, wehave included only necropsy positive pigs from endemic areas. Uninfected
control animals were all of U.S. origin, and raised on concrete or under SPF
conditions. We detected antibodies specific for T. solium as early as I week
postinfection even in lightly infected animals. Although our data are for only
four pigs, the similarity in responses for all of them indicates that this assay
may well be useful for monitoring cysticercosis infection in pigs.
For our initial EITB assay for human cysticercosis, GP97 was not considereda diagnostic antigen (Tsang et al., 1989). Although we observed anti-OCP97 activity in serum specimens of several individuals, it was not a common occurrence. Retrospectively and in view of the transient nature of thisantibody activity, at least in the pig, this is to be expected. IgM antibodies areknown to be associated with early phases of infection. The most studied example of this phenomenon is probably that which occurs with toxoplasmosis(Naot et al 1982; Sharma et al., 1983; Partn e 84; Potasman et al.,1986; Brooks et al., 1987; Decoster et al., 1988)..In patients With toxoplasroosis, lgM, IgG and IgA isotypes have both unique and shared target anti
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gens, with shared specificity for target antigens being most common (Naot et 
al. 1982;Sharmaetal;,1983; Paanen et-al., 1984;Potasman et al.;1986;r-- -........ 

Brooks et al., 1987; Decoster et al., 1988). With toxoplasmosis, there are also 
indications that IgG activity can severely block that of IgM. Furthermore, the 
early rise in lgMaictivity generally persists for more than 6 months after ini
tial infection. One study (Sharma et al., 1983) showed that in 20% of cases 
there was demonstrable, specific IjM activity more than 12 months after the 
onset of lymphadenopathy. 

The specific IgM activity for T.solium antigens in pigs appears to be much 
more transient. With the exception of Pig 2 (Fig. 2B), IgM activity became 
undetectable after 9 weeks. In Pig 2 IgM activity persisted until Week 11 be
fore disappearing. Another unique feature of the T.solum system is that IgM 
a'civity appears to be directed almost entirely againsi GP97. One basic as
sumption of antibody blockade is that both IgG and IgM antibodies must 
share specificity. In Pigs I and 3 (Fig. 2AB), GP97 was recognized byIgG 
and IgM simultaneously during the early stages of infection. The EITB strips 
in all of our experiments are quantitatively and qualitatively identical in terms 
ofantigen load. They were exposed to the same amounts and concentrations 
ofwhole serum. Isotypic differentials were provided solely by the specific en
zyme-conjgaited probes (second antibodies). The fact that both IgG and IgM 
were.detected simultaneously indicates that, at least by EITB, neither isotype 
was present in sufficient concentration or high.enough:affinity to overwhelm 
the other. This same logic applies to the specific antibody activities directed 
against GP50, GP42, and the lower molecular weight LL-GPs. However, with 
these LL-GPs, IgG rather than IgM dominates and appears to persist through
out the infection. 

For cysticerco-is in pigs, :ransien lgM anti-GP97 z.zt.ivity : :o be 
associated with early infection. Persisting IgG activity anti-GP-0.::- :-GP42, 
and anti-lower-molecular-weight LL-GPs is associated with lat, ". of in-' 
fection. The transient antibody activity against GP97 invites , cc i:,' , .about 
its biological function in T. soliun larval infections. Would anti-GP97 activ
ity, if made to persist, be detrimental to the survival of this parasite? Does 
IgM anti-GP97 activity in human serum samples indicate6ealy infections? 

, These and other que6stions ca4iony be answered with exp"erments based on_ 
A i lage pouain of th6Z MB 4.K :.Wbqrmance th ortest popula-' 


)tion suggests that this test may well prove useful for screening pigs i epide- 

miological settings.
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Epidemiology of Taeniasis and Cysticercosis in a Peruvian
 
Village
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To determine the prevalence of cysticercosis in a rural area where the disease is 
endemic, the authors studied the seroepidemlology of human and porcine cysticercosis 
in a Peruvian jungle community (Maceda, Peru) in .1988 using an enzymelinked
immunoelectrotransfer blot (EITB) assay. Of the 371 sampled inhabitants, 30 (8%) were 
seropositive, most of whom were asymptomatic. After niclosamide therapy, four Taen/a
specieg worms were identified in the seropositive group, compared with one in the 
control group (p = 0.06). Pigs were frequently infected: 44 of 133 (33%) were found 
positive for Taenla by tongue examination and 57 of 133 (43%) were positive by EITB. 
In 69% of the sampled households that had pigs, there was at least one seropositive
pig. The number of pigs diagnosed positive by the tongue examination was significantly 
greater In households that had latrines than in those that did not. Cysticercosis is a 
common but usually asymptomatic infection that affects both humans and pigs IInthe 
high jungle areas of Peru. Am J Epldemiol 1992;135:875-82. 

cysticercosis; environmental monitoring; immunoblotting; swine; Taenla; toilet facilities; 
tran ifer blot 

Cysticercosis is a disease endemic in most through contaminated food or water. The 
developing countries where pigs are raised eggs mature into larvae, which invade the
 
(1). In both Mexico and Peru, more than 10 intestinal wall, muscle, brain, and other tis
percent of neurologic patients receiving sues. Pigs also . The
acquire cystcercos" !, 
acute care have serologic evidence of Taenia same manner. Humans develop twiniasis 
solium infection (2, 3). Humans acquire cys- after ingesting raw or poorly cooked pork or 
ticercosis by ingesting T. solium eggs from beef that contains the larval form of T. so
human feces either directly or indirectly, 1im or Taenia saginata.Larvae invaginate 
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the small intestine of humans and develop 
into adult tapeworms. The tapeworm,pro-
duces eggs after 3 months and may survive 
for years, thus spreading cysticercosis in both 
humans and pigs (4, pages 609-25). 

Rational programs to control cysticercosis 
cannot be developed until'the epidemiology 
of the disease is better understood. The true 
incidence of cysticercosis in both human. 
and pig populations is unknown. The prev-
alence of porcine infection, based on meat 
iispections in Mexican s!1ughterhouses, has, 
been estimated at 0.005-10 percent (5). 
However, many infected pigs are raised by 
small farmers, who often sell their pigs in 
informal markets where meat inspection is 
no: performed. pi;."3ovcrnental and in-
ternational agencies base their statistics for 
porcine cysticercosis on slaughterhouse sta-
tistics (6, 7), clandestine sale of meat results 
in a considerable underestimation ofthe true 
prevalence rates of porcine cysticercosis. For 
example, in Huancayo, a city of 500,000 
inhabitants in the highlands of Peru, no pigs 
were registered as infected with cysticercosis 
(8), yet field surveys revealed that more than 
30 percent of the pigs were infected with T. 
solium (9). 

A reliable serologic test to determine the 
true prevalence of infection in both humans 
and pigs was lacking until the enzyme-linked 
immunoelectrotransfer blot assay (EITB) 
was developed for the detection of antibod-
ies to T.solium in sera (10, 11, 12). We used 
this highly sensitive (98 percent) and specific 
(100 percent) assay (11) to study the epide
miology of human and porcine cysticercosis 
in a community in the high jingle of Peru 
where the disease is endemic. We also con-
pared seropositive inhabitants with an age-
and sex-matched group of seronegative sub-
jects to determine whether seropositivity was 
associated with an increased risk of neuro-
logic symptoms. 

MATERIALS AND METHODS 

Study site 

Case reports from the hospital and slaugh-
terhouse of the city of Tarapoto in the divi-
sion of San Martin in the Peruvian jungle 

have shown that cysticercosis is endemic in 
this area (13). The nearby (20 kin) rural 
village of Maceda (population, 421) was se
lected for this study because ofits accessibil
ity by an all-weather road and its convenient 
size. Maceda is typical of villages populated
by descendents of the Chanca tribes, who 

until recently spoke only Quechua. Most of 
the Chanca vilages'are located along tribu
taries ofthe Huallaga river, such as the Mayo 
river where Maceda is located. Maceda, 
based on its size, agricultural economy, and 
riverside location, is a representative village 
of the high jungle area. Temperatures in the 
zone vary from 23 to 27*C, and the rainy 
season extends from November through 
Nlay. "1-.ed. c;rln,ns simple adobe houses 
built on hillsides along the river. Pigs and 
other animals wander freely in the houses, 
which all have dirt floors. There are three 
natural geographic strata in the village: near 
the river basin, on the slope of the hills, and 
at the top of the hillside near the road. 

Like other villages in the zone, Maceda 
does not have electricity or piped water. 
Water is obtained from the river. A number 
of the residences have borehole latrines in 
the backyard; other households use the fields 
for defecation. Pigs eat human feces depos
ited i, the fields and at the sides of the 
latrines. Pigs are rarely corralled, and the 
majority are permitted to feed freely 
throughout the village. Most pigs are raised 
for sale in Tarapoto, but some are consumed 
by villagers on festival days. 

Study design 

The study\vas performed in two stages. 
First, we conducted an epidemriologic survey 
to determine prevalence rates and clustering 
in humans and pigs. A study was then con
ducted to compare the prevalence of neu
rologic disease in seropositive versus sero
negative individuals. Studies were approved 
by the Committee on Human Volunteers 
and the Animal Experimentation Commit
tee of the Universidad Peruana Cayetano 
Heredia and the Johns Hopkins University, 
and by the village council of Maceda. In
formed consent was obtained from all par
ticipants. 



. .. . .Epidemiology 

Epidemiologic survey 
- " were held to explain the 

purpose of the, study. After constructing a 
map"of the village, we visited each house
hold, counted the number of humans and 
pigs, and noted the presence of latrines. Two 
teams performed the survey. The first team 
collected stool and serum samples from vii-
lagers. A second team of veterinarians cap-
tured pigs and. examined their tongues' for 
cysts, and obtained blood from their jugular 
veins for the EITB test. Pigs under 4 months . 
ofage were excluded from the ;:..:dr, in or.!vr 
to exclude the presence o-'...-, unibd 7 
and because of ditticulh. ,-...... ,.. . 

Village meetings w 

Examination of stool s:-.:irnens 

Stool specimens were collected, and a 
sample was. examined for the presence of 
parasites by microscopy, both directly and 
after formalin ether concentration and sedi-
mentation (4, pages 1124-79). Stool exami
nation detects less.than 20 percent of in-
fected individuals (14). 

Soil samples 

A core of soil was taken from five areas 
considered most likely to be contaminated 
with T. solium eggs. These included the sides 
of dirty latrines or boreholes as well as open 
household areas used for open-air defeca-
tion. Soil was transported to the laboratory 
and processed as follows: Soil samples were 
diluted and strained through gauze; after 20 
minutes, the sediment in the filtrate was 

ofTaeniasis and Cysticercosis 877 

of Taenia species eggs. This method has 
been used primarily for the recovery of 
oocysts of cryptosporidium (16). 

EITB analysis 
Antibodies to T. solium species in blood 

samples from humans and pigs were exam
ined using the method developed by Tsang 
et al. (11, 12). Briefly, the assay uses purified 
glycoprotein antigens (LL-GP) in an 'im
munoblot format to detect infection-specific 

i',lis. Peroxidase-labeled goat anti
.:...'i"Ddy (KPL, Gaithersburg, MD) 

. . 'imolar ratio of 1:2 (immuno
!.-. 'eroxidas) diluted at 1/100. 

. ,::.l :: ": ....- r ,,isuali- ',d using a 
h;rogC- p7..-. " ;. , 

hydrochloride substrate system. The sensi
tivity of this assay varied from 94 to 98 
percent, and the specificity was 100 percent 
(11, 12). 

Diagnostic criteria 
There are seven glycoprotein bands com

monly recognized by antibodies from serum 
of human cases of cysticercosis (9). These 
bands are GP50, GP42-39, GP24, GP21, 
GPI8, GP14, and GPI3. Quality control of 
the EITB assay was performed in collabo
ration with the laboratory at the Centers for 
Disease Control, Atlanta, Georgia. 

Cross-slactional comparison of the 
prevalence of neurologic disease 

The s - ....... .. 
examined by microscope for the presence ofsecon stuy was ate monseggs.Wen toexastooe I theo presec-oj after the initial survey. Using the censusl 
eggs. Whenused to examine stoolspei-
mens, this 'method is tenfold more sensitive 
than direct microscopic examination (15). 

Water studies . 

Five samples of river water obtained at 
different points were pumped through a 
0.1 0-m nylon filter. The quantity of water 
sampled ranged from 50 to 100 gallons, 
depending on the amount of sediment pres-
ent in the water. Filters were placed in a 
small amount of 10 percent formalin and 
backwashed with pressurized nitrogen, and 
the sediment was examined for the presence 

data, each individual whose EITB test was 
pstv n=3)wsmthdb g n 
sex with(i seronegative individual. A neu

rologist who was unaware of the partici
pants' serologic status examined each pair 
and took detailed clinical histories, including 
the history of seizures, headaches, and sub
cutaneous nodules. In addition, all individ
uals were given niclosamide (2 g, by mouth) 
followed by a magnesium sulfate purge. 
Stools were collected and examined for the 
presence of Taenia species eggs. Villagers 
found to be infected with other helminths 
were treated whenever possible. 
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Data analysis 

Either the chi-square or the McNemar test 
was used to test categorical variables. Cus-

tering was measured using Smith and Pike's 
test (17). This test waiperformed to deter-
mine whether there was an increased rate of 
seropositivity among individuals living in 
the same house, in households located 
within 15 meters of each other, and in dif-
ferent topographic locations,.nete 

RESULTS 


EITB results in human3 
At the Time of',ur sur,,'ev. Mzceda had 

421 inhi:' ..... ."..... . 

holds iic:: fl2i .. ' .v.atwn (SD). 5.7, 
_2). Serum was obtained from 371 villagers 
(88 percent) (table I)and stool specin:,s 
were obtained from 305 (72 percent). Chil-
dren aged less than 1year were significantly 
(p < 0.05) underrepresented in our sam-
pling. Many parents would not allow us to 
take blood from their small children. Thirty 
inhabitants (8 percent)-l8 females and 12 
males-were seropositive. None of the 62 
children younger than 6 years of age were 
seropositive. Children 6-15 years of age had 
significantly lower rates of seropositivity in 
comparison with older individuals (table. 1). 

In two houses, more than one inhabitant 
was seropositive. The rate of human sero-

TABLE 1. Age-stratifled rates of seropositivity for 
antibodies to Taenla sollurn detected by the 
enzyme-linked Immunoelectrotransfer blot (EITB): 
Maceda, Pemu, 1988I 

Age
(years) 

<1 
1-5 
6-1Or* 


Total 
no of

subjects 

Sm 
subjects

No. % 

Seftive 
subjects

No. % 

18 10 55 0 0 
72 62 86 0 0 

11-15 = 58 56 97 3 5 

16-30 79 66 84 7 11 
31-40 45 39 87 5 13 
41-50 29 26 90 2 8 
>50 53 48 91 9 19-/-

Total 421 371 88 30 8 

There were signllcantly fewer seropositive results among
chadren aged 6-15 years than among older villagers (7/120 vs. 
23/179; p< 0.05 by the chi-square test).r 


67 64 6
6-10 4679696 44 6examinatlonht 

positivity was not increased by the presence 
of another infected household member, 
proximity to a household with an infected 
individual, or the topographic location of 
the house. The presence of a latrine and the 
size ofthe family also were not significantly 
associated with a positive EITB result. Fa
ilies owning infected pigs did not have a 
higher risk of seropositivity than families 
who either did not own pigs or owned non

isinflicted pigs. 

Only one of the stool samples (0.3 percent)
from the 305 individuals who were exam
ined before being treated with niclosamide 
contained Taenia species eggs. Serum from 
thi. inhaian: was EITB positive. 

Results from tongue and EITB tests in 
pigs 

Nearly 90 percent (64/73) of the Maceda 
households owned pigs (mean number of 
pigs per household, 3.7 ± 3.7 (SD); range,
1-11 per household). Morethan 80 percent 
of the pigs aged 4 months or more (133/ 
151) were sampled; 43 percent (57/133) 
were seropositive for Taenia by the EITB, 
and 33 percent (44/133) were found positive 
by the tongue examination (table 2). We 
examined pigs at 52 of the 64 households 
(81 percent) that hid pigs. Ofthese 52 house
holds, 36 (69 percent) had at least one sero
positive pig, and 28 (54 percent) had a pig 
positive by the tongue examination. Of the 
houses with latrines, 76 percent had at least 
one pig positive by the tongue examination, 

by the
 

TABLE 2. Comparssn orus o ym 
Immunoelectrotransfer blot (EITB) tongue 
examination for Taenla sollum Infectio
Maceda, Peru, 1988 

Results of tests for 
T.sollum No. of 

(EITB/tongue pigs 

+/+ 
-/+ 

37 
7 

+l- 20 
69 

Total 133 

Inpigs*: 

%
 

28 
5 

15 
52 

100 

* McNemar's test shows asignicant (p < 0.01) difference 
between the results of the ErTB and the tongue examination. 

+ positive for T.sot/urn; -, negative forT. so/lum. 
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TABLE 3. Assoclatlon between household latrine status and detection of Taenla sollum in pigs by two 
methods*: Maceda, Peru, 1988 

Households with pigs positive for T. 
/. sollumNo. of 

Household No. of households -By tngue
latrine status households with pigs EBexamination 

No. % No. % 

Wlti latrine 31 25 20 80 19t 76
 
Without latrine 42 27 16 59 9 33
 

Total 73 52 36 69 28 54 

Enzyme-linked immunoelectrotransfer blot (EITB) and tongue examination, both performed by veterinarians.
 
t Significantty associated with latrnes, p -0.05 by the chl-square test.
 

as compared with 33 percent of the houses TABLE 4. Compa, son 'i neurologic symptoms in 

I e was - villagers seropositive for antibodies to TaeniaWithout latrines. This dif
ticv zi ::i3,carv.t,' 0. "',: , - saltum by the en.jme-linkod 

number of pigs found positive for I.eiia b, t988
 
each method in households with latrines and Seropositive Seronegative
villagers vilagers rp
those without latrines: Of the 76 pigs tested sympt (n- 28) (n= 2) u 

from households with latrines, 27 were _ ____ 

found positive by tongue examination and No. % No. % 

29 were found positive by the EITB; of the Headache 16 57 12 41 >0.05 
0 0* 1 3 >0.0556 pigs tested from households without Ia. SeizLres 

trifnes, 16 were found positive by tongue Hyporeflexia or 
areflexla 2 7 0 0 >0.05 

examination and 27 were found positive by Hypesthesla 1 4 1 3 >0.05 
the EITB. (Note: The household status of Paresthesla 2 7 1 3 >0.05 
one of the 133 pigs examined could not be *one patient inthe seropositive group hada history of 
identified.) episodes of ls of consciousness. 

Environmental samples the 30 subjects seropositive for Taenia by 
the EITB and from 22 of the 29 seronegative 

No Taenia eggs were found in either the controls were examined for Taenia species 
five 'water or the five soil samples. eggs after niclosamide treatment. Taenia 

species eggs were observed in stools from 4 
Cross-sectional comparison of the of21 infected persons (19 percent) and from 
prevalence of neurologic disease 1 of the 22 controls (5 percent) (p = 0.06). 

We c dWe were unable to distinguish the eggs of T. 
We compared signs and symptoms of neu- solium from those of T. saginata.T. sagin

rologic disease in 28 of the seropositive er- alat infection occurs in Peru, but the finding 
sons and 29 of the seronegativec onro for cysticercosis by the EITB in individuals 
Two of the seropositive subjects and one of infected with this cestode is negative (12). 
the controls were not available for the neu- The eggs observed in the stool of the single 
rologic examination. No difference was control person are probably from a beef tape 
found between the two groups (table 4). worm. 
Headaches were common in both groups, 
and except for one seronegative patient with DISCUSSION 
seizures, neurologic symptoms were limited 
to signs of peripheral neuropathy (table 4). The EITB, test utilizes glycoprotein anti-

As part of the study of the prevalence of gens purified by ,ectin affinity chromatog
neurologic disease, 21 stool samples from raphy. This testis highly sensitive (98 per
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caibsve re9. some weomsa othse'cfd det6 (9;,t2c)
hsOum. glgtnfectond 

grh o m 2 eeninberos zation.dNol ifferencein ti occrhe aril 

ingc b e- less s .... T.'sm'musb btetediof getone9 oitvt'i 	 rp seooitv'nda pstveb tnu'cx 	 ohhuman' n ' hoe iatedThe discepy:arL ow rtes -ur inigthi at pres 
t i n  

havio 
inetin in hm" ras as sonoht 	 ""6092)a ps be 	 a 

(1).. 	 ioin g c("te 
an association between atines,and

' "-	 ,.o..
......
The high.....alence pig.... of 
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occupying lesions such as cysticercosis (3). 
The high rate of asymptomatic infection 

is consistent with previous reports ofpa-
lence rates of 0.2 percent found in autopsies
of presumably asympto atic individuals 
killed by. trauma (24). The, percentage of 
asymptonatic seropositive individuals who 
will eventually develop symwp~maticdiseaseis unkniown.. me Briti ioide"ltAl on'ed 
in India fs developed 'symptoms'uO years 
after returning home (25). ' 

Stbol examination was not an efficient 
method for diagnosing T. solium infection. 
Only one of six individuals with taeniasis 
was detected when a routine single stool 
examination was performed. This poor re-silt is consistent with that of another study,'.... 


. 

in which routine microscopy examination 
of stool detected less than 20 percent of

infected individuals.(14). While the EITB 
test is a useful marker for exposure to T. 
solium dntigen, it cannot distinguish be-... .. o ady sasf.tw.en the tapeworm and cyst stages-of 
solium. 

Serologic studies in humans and pigs are
sef,,l for,. etc nin:_ar.s ..here_ the

usefl fo 1) 	 teeterinin ares whre
disease is endemic, 2) defining and targeting
high-risk families by T.solium antigen con-
tact, and 3)monitoring the success of control 
programs by determining the incidence of 
new cysticercosis infections. Needed how-
ever are assayS for the. detection of carriersStae or tcysticercosis/taeniasis.
of tapeworm and detailed local studies con-
cerning the consumption and sale ofpork in 
zones.where the di isendem. 
In-ad-

dition; studies examining the effect of spe-
cific interventions on infections in pigs and 
humans are requir'ed. Such stdies will assistn 	 a
in the construction of a rational control 
program for tli prevention of T. solium
infection. 

We have shown the EITB to be a useful 
tool for defining the epidemiology of cysti-
cercosis in both hUmans and pigs. In areaswerei in othumno s ndmicItarawhere T.solium infection isedemic,itis
present in 5-10 percent of individuals, mostof whom are usually asyniptonatic T.so-
hum infection was also seen in 10.percent
of Peruvian neurologic patients (3) What is 

.. "- .not n ofknown is the proport.o in-;" divid will' 
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toms. Even 'hei this proportion is lower 
than [-percent, the number of cases of neu

~ooi disea 'a ~hg bcue6 h
 
high prevalence'of Tsolium infection in the
 
population. Cysticercosis, is a significant

public hi-th problem that will require in
tervention programs that are culturally ac
ceptable, and within the economic. rajofthird world coun-es; : 

" , ,. . 
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Abstract. We compared results ofan enzynhe-linked immunosorbent assay (ELISA) and 
an enzyme-linked immmunoelectrotransfer blot (EITB) assay for the 'diagnosis of cysti
cercosis in sera and cerebrospinal fluid (CSF). Sera from 34 patients with confirmed cys
ticercosis were tested by bothELISA and EITB assays. Cerebiospinal fluid from some of 
thes patients was also tested by ELISA for the presence ofantibody (AB-ELISA)(n - 21) 
and-antigen (AG-ELISA) (n - 15). Specificity in sera was examined bytestinaSi serum 
samples from Bangladesh, where cysticercosis is not endemic.rCross-reactivity was eval
tUatted in sera from patients with Echiknococcs granuloss (hydatid) and Hymenolepis nana 
infections. Sensitivity in detecting cysticercosis in sera was 94% by EITB and 65%by AB-
ELISA (P < 0.01). Sensitivities in the CSF tested by EITB, AB-ELISA, and AG-ELISA 
'ere 86%. 62%. and 67%;, respectively. The specificity of the EITB was 100%, while that 
of AB'ELISA-was 63% (P <0).,Cross-rctions occurred in the APB-EllSA :with 11% 
and'20% otsr cra fitorn hydat id and H. nana-patients, res l0cctivCiy. Our results Idemonstrate 
that the EITB is the best assay available for the diagnosis of cysticercosis in both sera and 
CSF. 

Cysticercosis, the disease produced by the lar- donesia, Africa, Mexico, Peru, and other South 
val s age of Taenia solium. is present worldwide. American countries."- In both Peru and Mexico, 
High rates of infection are found in India, In- cysticercosis accounts for over 10%ofneurologic 

hospi..t adrnissionS.3 

~ r~tq.* ~Cysticercosis is frequuitly misdiagnosed be~ ..;a 

0'f~thiiiy5 ~ * s rcause of its highly. ablepresntition.-Com-
Group in ?&uae R.CaitilIo, M.Alvarez. A. Guev . puted tomography'scm and magnetic resonance 
C. Carcam. G Hrrera (Universidad Peruana Caye- imaging can be helpfu rin diagnosing neurocys
iano Heredia) C. Evans (StL.Thmas's University. UK); tiercosis. but their use in developing countre 

irueith e oping counties;.isis.E. Gonzales. M. CastroI(A.. Psma); A. Citave, 
i limited because o their high cost and limitedCampos, A. Delgado. A., Chavez .H.Baalr (Univ 

* ersidad Nacioial Mayor de San Marcosm M. Martinez availability.; ,..: 
.,M.-Porrau. Ms Alvarado; E. Ornillo., L PalomitnS..S. Three new serologic techniques have been re-

EEscalante, G. Alban. L Trelles. N. Rios-Saavida M- . ported to be useful'in the diagnosis of cysticer-
Velarde. J. Cuba M. Soto (Instituto Nicional de Cien. costs: anenzyeinkedimmunosor 
cias Neurologicas);'j. Cabrera. P. Camipo (Hospi ta...a.e.ye.i.e.im .oretassay 
Cayetano Heredia): E. Herrera, E. MaIms (Instituto (ELISA) using a crude antigen for the detection 
Naciono dediOflalmolia): F.Yalan (Institt( Na. ofantibodies to T. sollum (AB-ELISA) in serum 
cional de Salud dcl Nino); J. Alfaro,"D. Momie (Hos- or cerebrospinal fluid (CSF),' an antigen-detec
pitAl Edardo Reb"•ati); U..Roca (Hospital Guiller" lion ELISA limited to the CSF (AG-ELISA).',~~~m0Almenr);M. Castaneda.,M. Ayala (Hospital Doe -.... -...•.... ............ '
 

- ayo)u M. san L E, Aise. N. o6:. L and an enzyme-linked immunoclectrotransfer"de Mliy0Y M.Ac'i; o L I-V*no .Ri 

samainego, J.Matsuoka (Instituto de Medicine Trop- blot (EITB) assay used to detect antibodies in the 
ical de San Martin). serum or CSF.• 
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EITB VERSUS ELISA IN THE DIAGNOSIS 0: CYSTICERI'(C SIS 

compare their diagnostic sensitivityL and speci-
ficity. Sera and CSF samples were obtained from 
both tissue-confirmed cases ofneurocysticercosis 
and from individuzals who were infected with 7. 

a We conducted a prospective study to provide and the supematant was used directly as the crude-araitcfield trial for these three assays and to'~nle reaain 

solium or T. saginaw tapeworms., We also de-
termined the rates of cross-reactivity with sera 
rrom patients with Echinococcus granulosus and 
Hymenolepis nana infection. 

MATERIALS AND METHODS 

Human sera and CSF 

Serum and CSF specimens were obtained from 
tissue-confirmed cases ofneurocysticercosis. All 
specimens were coded and tested in a blinded 
fashion. Duplicate specimens from'a portion of 
the patients were sent to the Parasitic Diseases 
Branch (PDB) of the Centers for Disease Control 
(CDC) for quality control testing, 

Clinical "classfcation 

The following definitions were used forclinical
classification of the study participants: I  con-
firmed cysticercosis, patients in whom cysticer-
cosis was confirmed by means of a biopsy, sur-
gery, or presence of ocular cysticercus (n -34);
2 - negative ;cvro?.r-n: fir.m *'-i 


where cysticci-6: *is ' 

(n - II from the Unitcd States and 
 . from 
Bangladesh); and 3 - taeniasis patients, persons
who eliminated a tapeworrn or Iroslottides iden
tifed as T. saginaza (n - 4), T. solium (n -14), 

or Dlphyiloboghrlum species (n 2).-

Antibody detection by ELISA (ABELISA) 
.j:a.. z, wc'. r .Whole 1.. .olum excised fromwysticerciwee 


... . m .
 Y pigs.Ten 

grams of the larvae were washed in 30 ml of 
phosphate-buffered saine (PBS) (0.137 M NaCI,
1.47-mMK1p-,4 10.9mM Na.HPO.,27mM 
KCI, pH 7.4) containing 0.25 M phenylmethyl-
sulonylfluride asiprote 
inhibitor.Thelar-

vae were homogenized in this solution at 4.C in 
a glass tissue homogenizer. The homogenate was 

•sonicated 	 three times (3 min/pulse at 20 kHz) 
on ice with 60-sec cooling intervals. The sonicate 
was centz.fuge at 25,000 g in a SA-600 rotor 

(Dupont, Wilmington, 
 DE) for 30 min a 4"C, 

. 

The antigen obtaincd Was diluted in carbonate 
buffer (pH 9.6) to a concentration of I tag/im.
The wells of microtitcr plates (immulon I Dy.
natech, Alexandria, VA) were coated with anti
gen by overnight i.ncubation at 40C The plates 
were blocked with 5% nonfat milk in PBS with 
1%Twen-20, and incubated at 37C r I hr. 
Serum was diluted 1:2,500 with PBS containing 
0.05%Tween 20 (PBS-Tween). flfer the samples 
were washed five times with PBS-Tween, serum 
was added to all wells, and the plates were incubated at room temperature for 2 hr. The plates 
were then washed five times, I00 p1 ofra 1:2.000 
dilution of peroxidase-conjugated goat anti-hu
man antibody (Kirkergaard and Perry, Gaith
ersburg, MD) was added to each well, and the 
plates were incubated for I1hr at room temper
ature. The plates were then washed five times,
and 100 pl of o-phenylenediamine peroxidase 
substrate (Sigma, St. Louis, MO) was added to 
each well. After a 15-min incubation, 100 ul of 
0.1 M sulfuric acid was added to each well tostop the reaction. Optical density (OD) values at
492 nm were determined with a Multiscan (Flow
Laboratories, McLean, VA) ELISA reader. Cut
off values were determined by calculating the mean and the standard deviation of the OD of 
four determinatiog !rom the nc-ative control 

-r.i :.'. , . ..mple was considered 
..... * w~m a,.c:r.e'.cazcrthan.. t. thecontrol 

;r..t.n plur t-w',st./-:rd deviations. The same 
control pool 4as ie. all determinations.' 

Antigen detection by ELISA (AG-ELISA 

Cerebrospinal fluid was diluted 1:160 in bi
carbonate buffer, and 100 Ad was placed in du
plicate wells of microtiter plates (ImmulonJ).
The plates were incubated ovetnighzat 4C and 
washed five times with PBS-Twee. Rabbit anti. 
sera tocysticercosis(lOOl)ata 1:5,000 dilution 
in PBS-Tween was incubated in the wells ror I 
hr at 77!C. Te plates were then washed. five 
times with PBS-Tween and 100 0lofperoxidas 
conjugated goat anti-rabbit lG (l:l000dilu
tion) was added. The plates were incubated for 
Ihr at 37C, washed five times with PBS-Tween, 
and IOO-ul volumes of freshly prepared substrate 
(0.4 mg of o-phenylenediamine/ml plus 0.06% 
H10 2 in citrate-phosphate bulTer, pH 5) were 
added. The reaction 'wasallowed to proceed for 
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TABI.E I
 
Sensiltittviqfthe enyme-llnked immunoelectrotransferblot (EITB) and the enzyme-linked immunosorbent assay 

(ELISA).nith serum andcerebrospinal fluid (CS1F of Peruvianpatients with confirmed cysticrc s's . 

AGSEUISM
EITH 	 All-EUSA 

No. pahitive/ao.
No. poustiveimo. teowe(%) No. positiveina. tested (%) tsted (%) 

N'tiewt desetipioa (lakal srougm Serum 

Subcutaneous cysts 	 12/14
(88) 

Ocular cysts 3/3 
(100) 

Subcutaneous and ocular cysts 2/2 
(100) 

Cysts at other locations IS/IS 
(lO0) 

All confirmed cases 32/34 
(94)s 

*A.ELISA - antibody EUSA: AG*EUSA - antigen EUS& NA 
t Only CSF cambe saed in the AG.ELISA. 
l P- 0.05 versus AS-EUSA ro seum. by chi-qua'teMt.
I P 3o0.0 vesus AG-EUSA ro CSF. by chi-sumlest. 

5 min at room temperature, and was stopped by 
the addition of 25 pl of I M sulfuric acid. The 
OD was measured at 492 nm in a photometer. 
A sample was considered positive when its OD 
was & ter than the mean of the negative control 
plus two standard deviations. 

Antibody detection by immunoblot (EITB) 

Glycoprotein antigens were prepared as pre-
viously described.7 Cvsts were diss-.ed and 
wa-lcd a2 ecrcribcd above, dr t, . Uotted 
dry. They were suspended in 20 rn! (two times 
the weight of the cysts) of S M urea in Tris HCI 
buffer (0.05 M Tris HO, 0.1 M NaC1, pH 8.0). 
homogenized, and sonicated as described above. 
Fifty percent freon was added, and the material 

CSF * serum COF CS? 

7/8 12/IS 6/8 2/5 
(89) (80) (78) (40) 
II 2/3 0/I 0/1 

(tO0) (67) (0) (0) 
IlA 2/2 I/I 0/0 

(100) 	 (100) (00) NA 
9/11 6/14 6/11 8/9 
(82) (43) (55) (89) 

18/21 22/34 13/21 10/1S 
(86)1 (65) (62) (67) 

"I&Mvlle. 

was centrifuged for 30 rin at 15,000 rpm (SA
600 Rotor) at 4"C. The supernatant was collect
ed,centrifuged at 250,000 g for 2 hr, desalted 
with Sephadex G-25, and passed through a lentil
lectin Sepharose 4B column at room tempera
ture. Lentl-lectin-bound glycoproteins were 
eluted from the column with 0.2 M a-methyl. 
mannoside in Tris HCO buffer. After the protein 
concentration was determined, the glycoprotein 
antigens were stored in glycerol. 

Lentil-lectin-pur'fictd glycoprotcin antigens 
were tn c-: " :-.:r-;'oolobt format to detect 

n-: aninf- n serum and CSF,C'c artibodies 
as Pviously described.' Perxida.-abclcd goat 
amn-human antibody was uxd Ma ,1:1.000 di. 
lution. Bound antibodie wre 'isualized using 
the H 202/DAB substrac sysc m.' Scn glyco
protein bands are commonly rmcogized by an

b 

S-c(fi-ty-theunz 
jidblo -(EM, 

.htibodics from serum of cysticercosis patients.'
'": : ': ,:.. . These glycoprotein banidshave molcla ase"" 

sof O.42-39, 24, 21,- 18, 14pand13eW ree """rotrier 
w andbody enzynvIlnked'int- 1,1pectisely.Quality control atialyussiotthe EITD 

munaornt assay(ABELISA)forani~odytoTae, 
niasoliuminserumsamplesofnegatl controbfrom 
Bangladesh and e United States 

.A&ELA..St.s cc 
" au 'Th. a... as '" 

Bangladesh. . 51/SI (100) 32/51(63) 
United States 11/11(100) 10/11(91) 

The A.EUSA issigficaty,mor spedk (P < 0.05 by chi.squhu, 
an wihs r temples hme.he n s. £., ,th, r 

assay was performed in collaboration with the 
PDB laboratory at CDC. 

Data analysis 

sensitivity and specificity of ihi ELISA 

and EITB with sera and CSF were calculated. 
Only confirmed cysticercosis cases and negative 
controls were used in the calculation ofspecificity
and sensitivity. The chi-square test was used for 

http:diss-.ed
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T~anz 3 
~Sensitvityandspecifaity of the enzyvme-linked immunodlecirctransfer blot (EI7*B) and (he enzyme-linked irn 

munosorbent assay (ELISA)for antibody to Taeii soliui Ini i.iiryiiid celebrospinaifluid(CSF) ofpatienu. 

AO.ELISAt 
EMD AELISA 

ted SW 
P&mhoimllY COfiffOdd6 t seum CSF Scmn CST CSIF 

No. positiw/.a. lfued M%) No. puailiv'eino. W%) M% 

4/4 3/3 4/4 2/3 1/3T. solium with neurologi= symptoms 
(100) (100) (100) (67) (33) 

T. solium without neurologic symptoms 10/10 I/I 4/6 0/I 0/I 
(100) (100) (67) (0) (0) 

Total T. solium 14/14 4/4 SilO 2/4 1/4 
(100) (100) X) (SO) (25) 

T. sgna~a 0/4 '0/1 2/4 0/1 0/I 
(0) (0) (50) (0) (0)
 

Echinococcusgranulosus 0/18 - 2/18 -

(0) (II)
 
Hymenolepes nana /59 - 12/59 
 -

(2) (20)
 
Diphyllobothrium sp. 0/2 - 0/2 
 -

(0) (0) 
SA.-EUSA - antibody E1IUA AG.L - a
 

t All ptkat elwr pieda sorms of had tl die.
uanmie 

t Omy CSF ca be mud in the AO-LISA.
 

comparison ofdata sets. Pvalues less than 0.05 Peruvian patients with H. nana infections were 
were considered significant.' tested (Table 3). Two(l1%) hydatid and 12 (20%) 

H. nana-positive serum samples reacted in-the 
RESULTS AB-ELISA. In contrast, when these sers were 

Sensitivit a -f , .. .. tested by EITB, none of the patients with hy-
Sensitivity and specbfcitJ •datids and Only I with a H. niana infection had 

The EiTE was he most sensitive test with ei- a positive result, which consisted of'three bands 
J'hc- - -:--.. r C I .- :...... ic icr c,:ic:-si (GPSO, GP42-.9. and 
stivity wt.. . cht... . - 0larF(4'. '.3 i:s reside in an
EISAvh t- forer AzvcI area,

SA~andAG-ELISA st. Sur p, ,' c:::tc is endemic, the cne with 

with hydrocephalus. tcndcd to have more false- H. nrasnmay zi.o e infected with cysticercosis. 
negative results in the AB-ELiSA assay than did 
patients with other clinical presentations (Table *t .. t '" 

1). with Intestinal taenlasis-Patients 

.. The EITB assay was also highly specific (Table 
e2)cln contrast, the.AB-ELISA-.ve, relatively All serum samples from the four patients with 
-no eic: ,especially. th Bangladeshi neurolo symptoms who had passed proglottid 
T~drrri C ,Wth -the. serim.-timples from . sd~tfe~sT -slulimOstv 

. p
the United State the AB-ELISA showed a high- :'by 6ih ArE SA-iAdErTB &ibI3),iti- r
er specificity (Table 2), but its sp"ficity ws still.sons with T. solium worms wer neurologically 
not comparable to that of the EITB. The spect- asymptomatic. Serum samples from these pa
flcity ofthe AG-ELISA, which reqires CSF, was tients. .were all .positive. by EITB, but onlysix 
not studied because CSF s mplesifroii hetiiol- (po sitivebyA ELISA. Serum sam

.ogous infections were not available. " pes m our patients, who had passed . sa
inata 1ootids were *negativeby the EITB test, 

Cross-reactivity but two reacted positively on the AB-ELISA test. 
Neither~of the seruni samples from the two pa-

Eighteen Peruvian patients with tissue-con- tients who had passed Diphyllobothriuinsp. was 
firmed E. granulo=(hydatid) infections and 59 positive by EITB or AB-ELISA (Table 3). 
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* Reproducibuiliqy -that-shows cross-reactivity. This 'phenomenon.
occurs even with the lentil-lectin-purifled anti

Twenty-one serum and CSF samples were sent gens used for the EITB assay, however, in this 
to CDC ror analysis by EITB. All positive Sam- test, irrelevant bands are easily distinguished from 
pies were also positive at CDC (100% concor- those of the specific antigens by the diferences 
dance). Concordance of the bands in confirmed in their molecula r mass. In the ELISA. specific 

-
patients was 91%. All'sera were retested by AB rctions cannot be differentiated from cross-re-
ELISA by an independent observer. No signifi- actions. 
cant difference was observed in the two sets of Sera from patients infected with H. nana, a 
results. common helminthic infection, frequently cross

react in the AB-ELISA.1" In areas where this par-
Test costs asite is endemic, high rates of ralse-positive re

sults will occur. In contrast, the EITB test for 
We estimated the cost per 100 tests to be S53 cysticercosis does not show cross-reactivity with 

or.the BIT. and SIfor the two ELISAs. We H. nana or any other helminthic infections in 
excluded the cost of labor, shipping, deprecia- patients from areas without endemic cysticer
tion, and equipment. The EITB tet uses over cosis. The single patient with an H. nana infec
ten times more conjugate than does the ELISA. tion whose serum reacted in the EITB was a 
This difference represents the major cost differ- resident of Peru, an area where cysticercosis is 
ence between the two tests. Other significant costs endemic. Although the patient has no direct ev
in the EITB test are the nitrocellulose paper and idence of this disease, we cannot rule out an oc
the pudfied antigen. The power source and cult coinfection by . solium in this individual. 
chambers for the EITB cost about the same as The selet0ion ofpopulations to study test spec
the cheapest ELISA reader on the market, ificity is a critical issue in tropical diseases. Our 

selection of the Bangladeshi negative controls, 
DISCUSSION . who are also from a tropical developing country 

and ar similar to our Peruvian patients in terms
All reagents for each assay were individually of io omic back und bUt do not have 

assayed for both sensitivity and specificity. Our any risk for cysticerosis, is anattempt to achieve 
results demons.r,-ae t.hatthe EITB is the best .e dealneatiVecorr'1.Sinct!-edvelopment 
av 1"[ T ,z - "': ...:ic.C....- .r .

'va Ic7'... :. . 5f. •.... ' 'e EITB c'..-oki c,,:: 1..X00 assays 
infection.The .. , , 'I;;. d,a :':. . false-pos
ificiny for antb_-._Y suohum i7 b h icw.rut ii e case has been do ::;ne'.-.,:'.n T.: 100% spec

or CSF specimens. Since thc EITB detects arti- ificity of r%.is can c. properly onlyassay be 
body with equl tcFicacy i-,both scrum and CSF, withcfury s5clected negativc cor.zrois from the 
it can be used with nonhospitalized patients and developing world. 
is highly applicable for epidemiologic studies. Our laboratory in Peru can perform 300-500 

Neither the AB-ELISA. using a crude T. EITB Wst per week. If conjugates are prepared 
lium antigen, nor the AG-ELISA w ne rly u in-house, the cos of the BITB is similar to that 
sensitive as the EITB test. Inaddition, the AB- of ELUSA. The EIT asy is the best current 
ELISA was not very specific. Previous studies on immunodiagnotic test ror cysticercosis and/or 
porcine cysticercosis inPeru also demonurated taeniasis. The next task isto develop inexpensive 
that the EITB is a more sensitive and specific immunologic tests that can be performed in the 
test than the ELISA710 Several previous studies field or in minimally equipped laboratories, while 
have reported a high sensitivity for the AG- retaining the high sensitivity and specificity of 
ELISA. However, these studies may be biased the EITB. 
because they selected as their positive controls 
cysticercosistectdpatientstst.6'11Acknowiedgment:byanoterwho had had antibody de- Akwdmt W. ... . Ph aWe thank J.B. Phu, DDSeand 
tected by another test.. .. Dr.T. Rodriguez for assistance. 

Cross-reactive components in antigen prepa
rations are the most important obstacles to over- Financial support: This work was supported in part by 
come in producing a reliable test. The current the AID-PSTC 7208, IDRC, CONCYTEC, and the 
ELISA uses a crude or slightly purified antigen RG-ER Fund. 
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Diagnosis of cysticercosis in endemic eigions 
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AND THE CYSTICERCOSIS WORKING GROUP IN PERU
 

Taenia solium cysticercosis is a frequent cause of Intaction of thee facto produces a spectrum of 
neurological disease in developing. countries. neulcymPt1' " 
Specific diagnosis 6f cysticercosis is difficult. We C T o cdysi 13ispMImportanit imo t 
obtained serum and/or CSF samples from 204 p respond to eaneit with Wbmda or 
consecutive patients admitted to a n oogical przdiqaneL.However, diao h diffi . The diseae Is 

wardin-eru .Um,- nd loke fo aniboies usually diagnosed on. ft bas of dillnkal symposwar i .Ura. loke fr ntiodes e csoapeon ofsubcutin-w nodules,Peuan ininufg
specific for T so//urn with the enzyme-linked anby computd tomograph (CM~ or wides
immunoelectrotransfer blot (ElTB) assay. 21 (12%) Maimaging (MIU) bu CT and AM ame
of 173 serum samples from these patients were rarely i l ii m Until recently serooi 
EITB-positivei in1 contrast only 2 (1.5%) of 135 tests, indiig the elnzym-lnkd limunosorbenit assay
patients attending a public endoscopy clinic and 1 (ELISA), 6rnotcLadveand spcdficenoughI ocoim 
(1%) of 88 patients attending a private endoscopy the diagnosis, epecia'!y in ar= where other cesode 
clinic were seropositiv. 1 (1%) of 98 pregnant -- . a . . . 
women iing ina Uma shanty town was EITB- . Dve.. of .t, x ... Meinkei. m.o
positive 15 (58%) of 26 neurology patients clec usr bk ( ) smay," has provaprec 
diagnosed clinically as having cysticercosis were mcido ignn oo dci 
seronegative. Routine screening by EITB of an to d a t in patiem admitted to an
patients, with nuoIca sImptoms from areas of naooiawrdnJmaPe. 
endemic W er6bis would avoid misdiagnosis of 

S this a - d. Patients and methods 
~~Lte I991: 33& 54-61. ~ed 

AllnewPatients( -231)odade he ma nelakalwd
Introduction at the JInsdt m Namid de Oe Nedgi (DNQI) im 

The life cycle of the cestode Taiasoi.. nvolves..an i... et,wen Spambir, ,,19, id June, 1969, wer 
inrez~ae ormllythe q*~ redu ad. is dhe neamdogicd alard,hst for di fim him&th The, INC

intemmecre hot, of cent Fo vhagawhuMe n"linrtnaly te pi, r ..Vim dm senlo.. of
thprast ad dfniiehn nnamin, fr hadu the pbipu~aWz Scrl-i kEM am WM xfMuaweform or sapeywotrn However, persona infected pation= amd. ad wAen AM (CSF) vraby Ieempa

Tsoliwn ewcnas serve as hosts for the cystic formi, _____________ 

whichd frequenitly attmdis the central nervous sysm Cysts ADODRESSES. Univoroldad Pomaonacytno.Hwdia. Urno. 
may also be fbund in the subcutaneous tissue, muscle, and Peru (H.H.Garcia; MD, G.Harra. Mo. F.0hz mo. M.verestegul. M,
eye,' and, more rarely, inother parts ofdie body.3" Tsown C.Gani, Instittoi Nactol doMsJ. Naro. MM. .Mbandi. MSU). 

cysticercosis is cominon in countries where free-ranging AcioncissD) ohut'gicaa. 
 UnM.Mrt. 'Paa. USA M.Lpigs are raised.-? Gilman,.Mo): ind Divili of Parasitic Diseases. Cntifor 

Many factors affect the clinical manifestations of the Infectiois Diseiisi. Centorsfor Disease ControL 100 Ctlfton 
diseincludingthenumber,se, lotimgandfomofthe' Road Atlsnta. Goorgia 30333. USA (V. M W. TmXrig. ' O. 
parasites, and the immnune response of the host. The J. B. lr Ms). Co dmnotoDrV. C. W. Tang. 

http:Gilman,.Mo


40 

.. 	 , .... ._ 
+

.. . . ._- . .. .+ _" , __,_,_,:________,_. _.____, __. 

TABLE I-COMPARISON OF SEROPOSITIVE AND SERONE GATIVE TABLE II-ESULTS OF EITS INPATIENTS WHO HAD A 
PATIENTS WITH NEUROLOGICALSMPTOMS CEREBRALCTSCAN . 

Sea- S-tR 	 tITB.SIT8u 
PO" nfravo CT finding POOs negative 
(n - 21) (a-183) Significance Notwi(a!- 14) 1 13 

Mcan) or yr) 44(574) 42 m NS(sadeesitest) Qmdowk(u.14) 11 3 
McsD.hn-./Im I Vatidlense(a 14) 3 11 

, 16-8(4)45a 9 ) NS (Mi'n-Wh 7 teOht) N= 01016s(07) 0 7 
M*)~h h It=) 83(45) NS(XI ft) OdW b6WmA (isha-~5) 0 5 

~~(%)wI ~ 34(0 -~-ya 2)- - '-I~ 0(5) 4CM0 NSW(') h(- - -~ 
14s1A)w4& novr&"d 60) 82(05) HS'mUsff) Tc0stkmSE 16 

4(19) 34(19) NS(F~4.tent) 

i kde4yI fB inu 10(41) 60 M) _______ Results 

(88%) povided. serum (n -'173, 75%) andor spinal fluid 
* 	 obtained for clinical rema a sample was ae asi for assay. (n - 166.721Y)for tes il (12%) seumsamples and IS 

Informed omsent was obtained from all patienta. The itudy was (11%) CSFIsamples were EMT-p sitve. Matched, CSF 
approved by the etical review boards of die UnIversidad Penuan an Iseu imk obtained fromi 135 patients-19 
Cayetano Here", Lrns,. ad dhe Johns Hopkins Unhesity, (14%) Of ths sIrum plesI and 17(13%) CSF samples

admoi, USA. 
Clinical histor, and results a( ph weeETaoixew th Cl n 
rveediand, when avlabledsa obtained afterCT san when thei mratchiing serum ~sample was positive. No serum 

was r~reed. Cr scans are done infrequently in Peru because of sample was negative when'the matching CSF sample was 
their cost; M is t iiallable in Peru. After the initial clinical positive Thereweendifrcsinaeodnil 

di hoi reults were made available toad beenreorded, EIT characieris tics betiween EIT-positive and EITh-negative 
doctomanangn the paen. patients (table 1). Although the length of hospital stay was 

Painsmybe free of symptoms of cysticercosia but longer for serop'osidive paients than for seronegative
scropositive. To determine the propordmx ofaeropotitive patients Oains hi di~ffrr wasi not significaaL The mean [SDI 
wlto tnWloladeaewwdl coasayausaml age of the 27 painswodid, not: provide samiples was 

frw i rueo ptent tending endoscopy, clinicsfr 
grI* I trvolnzesdn sym t In wer.3 poor sills~i to"that of the 204 individuals who wer sampled (44

orL.....group iuhimoswere 135po (19] eas range, 19-79w 42 (18], rang 14688). 1owever,.... .	 .. . .... k. .	 . . . ... 1132 i ... iC mi 
*~ ~ 34mn 101 wommi mcai [SDI *g 42 (174]1 yeas, zang 18-9) t mspleaieshd aWsificantly shorte mean 

anmdwe. ower puv inr88 m1,le 6r uppaerass patienots SD] length of hospiltal sta (8 [8-8] days v4 31 [284]; 
atmdiapivaeeaiopydinc(48men,40womenaqe p<001Mann-Wblbie tet).

* 48 [131 Years, te 16-82) To6 fthwe of smptm- Ofde24ptet h rvded.sples for testing, 26 
* freecydodsind fdwlsbsnoringinLm uwvyed bgdainicAW-a1 aiocsicro~ and I11 )ote

the sera of g pregnantwi (momag 28[54811,; rasa 17-43) ja1(jjtqW178ptet1o 
from a sbuty ma.InLs given a clinical diagnosis yticerco0s Wer seooa 

EIB * (table i). Of the. 10 seropositive patients, ntinitiay
E/TBi~gnose as hpaving cysticercsis, I was a T solisn adult 

T'he BITE wusy for L z~~e -Asdccd= tAcil~vc for;c~cIkv sugercy c=rebal 
described previously.U B-"cY, xcrc L-" -; . pared TwE-7 ccc-s c~r'e is&.:r~rl his-ory), 3 

glcpati atgesae used in an iznuaooo to detct sPifi ha o~-: C7 scas showing multiple cystic images, 
antibodiessenf%or CSF AO.bd recin Igha a~ C ici .a~ an erpanding temporal proo=s, andm 

g Iyoprtenae viwsuld with H,,-x 
subrtean reo wOne OrMMe gyOPeCOCinamrconxsidered another Lae severe hydrocephalus with non-spedific 
a posiivreuL- Th asay uw repetd when results were pahymmcngins at neeropsy. The CF scans were done 

m*Iucs.wee dneatTst he abratayoPaaskilo o before rouldts of EITB asy were known. 7Ue 3 renialahsa 
di Wnvwrnjd P muri.Caycmao Heedi.and di Oak=ien wr admitted'for divers dnica sips: I ft 

speiri4eeseta alers.w for Disease Conrol, Ado-ts, crs 6t~ ~ --- bwWh9 30yo cii 

T.ntaeC ~ pmhm5su~ 4"' 	 sano ~ *' 	 " Ica~ldn amitod, to f 
CS" Aagneus-Th cliieddawAiosis ofcyatlccrwk us 11 E W a dwiliQa aam;ra C aei shown in 

not sunifsha bet rather grected wo the table Wv.The B1TBpodleptetwdanra CFT 
at i irigtst. 1i @enea, 'patients, adtiaed s die had an ocular- siecsada dl aeom 6of the 15 
ac loglawad whohad lived igiaresso( iencyosercosih aerone'tative, pant dinialy. dispnosed as having

*mad hod in "VaSeim or rsed ikntrnial passw weI cyxiccoal hadaccrelxhlC'Facm3sqw .wes awoet 

CT*.~ CFhidk~d ~ ' asshob~g yadcra~ss~esdfla~w su the oinly CF am 
dxoac or cfoaerlogca dhew Hwvr inPs o finding) I showed aznoplasik, and 2 sans were normal 

sihaois, 	 2(1-5%) ofthe 135p tsitazedna piblicendosoopyaora 
oii, d~medical mid-eaineoncriteria. Th lwn lncwr EnTE-posutve. 16f the patients was syniptoi

woe~~~~~~~~~ 

raj~nn.Imynortraof which was compatible withi a free and no histoqywas available foi eodier. 1(1 %) of 88 
diagnosis of neusocysticovos, were use&- mne or more cystic patients seen at the privae ecdooy dinic W2as EI"B
imgs- two or more calcifications, andor one or more nodules positive. This individual was without neurological 

http:Qmdowk(u.14


sympm andhad anormal CTscan. Only I(I%)ofthe 9prepant womien was BITE71-positive and she w=s also w *hoaneurologia Aln a rositiveasubjects Insymptom 

thecompisongrmups.were born i
 

Discussion 

~those Pedes n d 
spa iolglsuis such is CT urns,. are oftenavalle 1nly to 	 file oeferothe populawion n

Pen 1,Me"$o, and Emuil, cystkIcerJas s cMd during
6-7% Of nectopsles done at neuolog"a CMMMW42m&etrs" 

Patens s~cedof ccpy10-15%avngof the beds Inneurological wads (AM atnezj, per"nV
conmmlcation), Besides being common, hospitaladmissioin fr cysticercosls ctn be longer th= fo Mostoerneurological diseases." The combination of high
prevalence and prolonged hospital admision gives rise to
high health-care cots 

Cysticercosis Is frequently misdiagnosed clinically. TheE1713 techn"iueis a sensitive and specific assay for thedagno,sis,of c,ysticerc,osisthat isas sensitive inserum as it is
in CSF.ts We. detected Ishigh prevalence of cysticercosis(11I%) by EMT inpatients admitted to aneurological ward. 

Cyti~roiswa otr-&initial diagnosis inmost of thesepatients CT scan, although highly specific, was relatively
insensitive compared with EMT for diagnosing
cysticercosis. in addition1 most patients eiagnosed clinically 


as avng jstojnt avL
ysicrcoisdi no hveserolocal evidence of
this ifectioin. None of the 6seronegativepatients whohad a
cliica diagos of cystcosis ada C scan had any
radiologia" ~~eo act Ivet qrlcrcosis lesIons. 3 of 

iidl* wei,3~ 
ex thePdposblty that tese patients converted fium 

t '.~flaoaoyteIouI'n assay hias 5Y. sensitivity 

resltswih ptlats whoae inetdwith either theta om or the cysti form. Vi a region of endemic 
C~tcrO' I many serpositive individuals may be

symdptom-free -' !-~rt intrc=cd with ocuk, c-yrc orintestinal. az ,C) co-=-:4 for silen ini cILaamined patients from diflertn t social classes who cam c to 
hospital -for endosoopy. Pre-valence (positive EMT)W2
seven times higher in neurological patients tha _".thol;C
Coming for en~doscopy, sugst -UWsuWgi th
seropositivity and neurlogical symptom arm linked.
Additinal, only I of 14 neurolo* jpments ith normal 

tIt~llilj ; V FoBCMrcr answasBIT-poitie. t eastR ot stB T -lgu1s.C .dTnm, m.7-4aw557.	 Mqmmd1 ie ,M m3,OWi ,Kp LEs m. 

* ~sho"te hospita saY thn those w*od.'li~usml~ 
group M y-ve had lowe6 prMo1ioM 
ases. However, em if al 2--1m 
EIBnegaie and we ha icldte inthe analysis,theE-poitive rwoud g.b 

None ofotrpatiast with nmrooil aypoulad apositiv Msergia test forsyphilis or human 
imtmdflen7vfrus Althug less than 0-5% of 

* 	 ...- neurologia patients admitted to the INCN have positive
syphilis serology according to hospital records, syphilis
screening is done routinely. Cysticercosis Is 10--20 times 
more frequent than syphilis inPeru, but routine screening is 

nordone. We re=cend that inendemic sam all patients
with neurological symptoms be screened routinely f&rCy~ticercoals by ElTE to avoidmisdla ois ofthi treatable 

W& MWA*Vf ep&c&uam
A%SOm ~k A. &LWO X W&AW MSMixmk d d 

tkiedelogib 

Memufldm w"Cscai.O*ngomup i Pmna~cmamn . 
i m T hO tk , da

S~k=P UXG C.ms(SiliAsMM's miIied
K C==~ &.Ddgado, O. H. Bder OU~mWW Nad=WuMaeiS#AMwmLOrrlbo L P, a''MS.Hush. 0. Alum4 L 
Omsws N bId.Ckn I , d.N'.ICZ.M.S,*'O.~ Nadomi dciwHaetdZ acoks Cabr, P.d3UM" NkmdOhmb PYmh~~lnd~ad~mIAw DM'm" (0spi Edganl Rebeg11. U. Rom (Haq,ks Gullet.
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