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I. RESUMEN 
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El trabajo reportado en esta tesis identifica como factores 

criticas en 

su hospedero 

la instalacion y desarrollo del parasito 

(ratonj a factores sexuales, genéticos, 

(cisticerco} en 

iruriunologicos y a 

los asociados al compartimento en que el parasito se desarrolla. Estos 

estud_ios_· __ se han realizado utilizando el modelo experimental de 

cisticercosis murina por Taenia crassiceps. Este modelo ha permitido 

explorar sisternaticarnente la complicada red de eventos que se suceden 

en el fenómeno de_ la infeccion parasitaria que termina en una relacion 

de cierta convivialidad entre l.a especie parásita y la especie 

hospedera. 

Las observaciones y resultados reportados en esta tesis 

consolidan la propuesta de considerar a '.!'.;__ crassiceps corno un modelo 

de cisticercosis por Taenia sol.ium. A pesar de l.as limitaciones 

propias de un modelo experimental. de infección y la diferencia entre 

ambos cestodos, el modelo de cisticercosis por '.!'.;__ crassiceps ofrece la 

esperanza de generar caminos propicios en el. estudio de la relacion 

entre el. cisticerco de l.a Taenia sol.iurn y sus hospederos natural.es. 

Ademas, en esta tesis se reportan l.os estudios que demuestra una 

extensa antigenicidad e inmunogenicidad cruzadas entre '.!'.;__ crassiceps y 

'.!'.;__ sol.iurn, lo que ofrece la posibilidad de utilizar los cisticercos de 

Taenia crassiceps corno una fuente alternativa de antigenos en el 

diagnostico y la prevencion de l.a cisticercosis humana y porcina. 
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Este trabajo intenta contribuir al. conocimiento de l.a rel.acion 

hospedero-parásito en la cisticercosis, tanto en el. inmunodiagnostico 

epidemiológico e individual. como _en la fenÓmenol.ogia molecular y 

cel.ul.ar que subyace en-esta forma de. convivencia.biol.ógica entre _dos 

organismos. 
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II. INT.RODUCCION 
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CICLO DE VIDA 
TAENIA SOLIUM 

./- HOH8'E 

hueveci11os 0°0~0 medio ambiente 
a«> o 

HOMBRE 

cisticerco 

Figura 1. Cic1o de vida de 1a Taenia so1ium. 
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La cisticercosis causada por Taenia sol.ium es una enfermedad 

parasitaria que afecta principal.mente al. hombre y al. cerdo. Cuando 

individuos de al.guna de estas dos especies se infectan con huevecil.l.os 

de Taenia so:LiUm--, l.os huevecil.l.os se diferencian a metacéstodos 

(cisticercos) en al.gñn compartimento del. hospedero. El. cicio· del. 

parásito se compl.eta cuando el. hombre come carne de cerdo parasitada 

con cisticerco.s estos 11.egan al. intestino del.gado, y aLLt se 

desarrol.l.an y <d.an '' iúgar a l.a forma. adul.ta de1 ·Por 
_.- ,:; 

reproducc:ton: :séxuada el. parasito adul.to produce mi.iiones de 
• .,_ .. "·;.:';e'· 

huevecil.1.osf'fcJ.:os :·· que son. expulsados al. medio ambienté .en. i:as heces 

fecal.es c:iE;i,ho~p;,,de~o (Figura 1). 
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FRECUENCIAS DE LOCALIZACION DE CISTICERCOS EN 

2188 CASOS EN LATINOAMERICA 

TABLE VII. Location of thc Parasirc in 2.188 Cases o/ Cysriccrcosis in Larln Am~ricaª 

Locationh 

Enceplialon 
Spinal cord 
Eyc and annc.xcs 
Subcutancous ri$SUe 
/olusclc 
Hc.art 
Othcr 
Gencrali=cd 

Number 

1719 
7' 

368 
159 

79 
31 

124 
23 

a Data raken from Rcfs. 2, 8, 16-19, 21-23, 27, 29, 32-34, 38, 42, 46, 52-63. 
b Sorne paricnts liad larvac in more tiran onc /ocarion. 

Tab1a I. Schenone et a1, 1982. 

º'º 
78.6 
3.3 

16.8 
7.3 
3.6 
1.4 
S.7 
1.1 

~ 
¡ 

'1 

r ¡ 

• t 

' ' 
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La cisticercosis humana y porcina constituyen un serio probl.ema 

socioeconOmico en pai.ses_ de Asia, A:frica y Latinoamérica. -

Las --conseé::uenci'as _patol.Ogicas de l.a cisticercosis dependen 

principal.mente. -: del. sitio de al.ajamiento del.·:óisticerco, 

parasitaria y de i·a reacciOn del. hospedero a-1.:-:.~<;lra·sito •. 

de l.a carga 

En el. humano l.a :forma mas grave y aparentemente mas :frecuente de 

en:f ermedad es l.a neurocisticercosis (Tabl.a I), _l.a que se establ.ece 

cuando l.a l.arva se al.aja en el. sistema nervioso central.. La 

neurocisticercosis es un probl.ema de sal.ud :frecuente_ . _e_n · México con 

grandes impl.icaciones social.es y econOmicas. El. impá:cto -·· economice 
,. .·.·- ; 

causado por l.a tenias is-cisticercosis se extiende a ··::i~",, pc:Í:t°:::icul.tura 

donde genera grandes pérdidas por decomiso de carne ·para.'s'itada. 
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Los estudios de transmisiOn de esta enfermedad. se han 

concentrado al analisis de :factores·s6cial.es, econ6micos y cultural.es 

- que tienen evidentemente un rol :fundamental. en l.a persistencia de su 

ciclo - pero se han descuidado biol.Ogicos que afectan su 

transmisión. 

·. ·_"·, - ·-· _,_ 

Debido a que. ia. cisticerccisis :por .'.!'...:... sol.ium afecta al hombre y al. 

cerdo, analisis sistematice de los 

:factores biol.Ogicc)s' ~~: pal:'ticlpa~ en la susceptibilidad del. hospedero 

al parasito. 
. ·-<· 

En este sentido···nas<-::i-ia; in.t,"eres~do conocer las estrategias 

que se E;~f~l:;'i~~.;,;;;~tre dos organismos cornpl.ejos, y convivencia 

fenomenos 

condiciones 

biol.ógic¿s .t~e: ·.~u~y~cen 
mas pr~f:.:i-c.t;.'s y las mas 

en l.a determinación de 

adversas para conviVir-. 

de 

los 

l.as 

El. 

conocimiento de Ínt~idad de esta rel.acion podri.a ofrecer . ' ·' . -

al.ternativas para rnodifiéar.l.a exacervando aquel.l.os fenómenos asociados 

a la resistencia. 

10 



24 hrs 

LARVAS EVAGINADAS DE Taenia solium A DISTINTOS 

TIEMPOS DE CULTIVO (ASPECTO Y TA.MANO) 

_,,, .. 
~"'"' :X: 
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~ 27 
w 
..J 21 
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Figura 2. Moral.es, E. and Canedo, L-, 1982 
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Existen muchas estrategias para abordar el estudio experimental 

de la cisticercosis, las que varian en las fases de la infección que 

reproduceri y el tipo de información que generan. Entre las 

técnicas de cultivo de.parásitos "in vitre" permiten estudiar efectos 

de intervenciones,experimentales directamente sobre el parásito,. pero 

aislan a l~s ~istici.;rcos de su nicho ecológico. Por otra, part.;~ ·las 

estrategias "in vivo" adolecen de falta de detalle moiecuiar 

complejidad de las redes interactuantes de un organi'sm'e>';··:·• si.· bien el 

significado biológico de estos experimentos parecer1a'mas ':re:léoyante. 

Como ejemplo de la pérdida de contexto biológico en los 

experimentos ºin vitro", consideremos el fenómeno de evaginación que 

ocurre en la mayoria de los cisticercos después de 3 o 4 d1as de 

separados de su hospedero. Solo un pequeno porcentaje de los 

cisticercos permanece como tal en el cultivo, mientras la mayoria de 

ellos evagina (Laclette, comunicación personal) y la larva evaginada 

crece hasta alcanzar un máximo de 3 o 4 cm (Figura 2). Mientras tanto 

si los cisticercos hubieran permanecido en su hospedero intermediario, 

la gran mayoria ~e ellos hubiera permanecido como tal indefinidamente 

hasta ser ingeridos por el humano y diferenciarse al estado de tenia. 

Estas observaciones permiten suponer que el cambio de ambiente de los 

cisticercos dispara senales de diferenciación que modifican el destino 

natural de estos parásitos. Asi, el mantenimiento de los cisticercos 

en cu1tivo, resulta más atractivo como modelo de diferenciación que 

como modelo para el estudio del parásito en la fase de cisticerco. 

11 



MODELO EXPERIMENTAL DE TENIASIS 

POR Taenia soiium EN HAMSTERS 

(Diferencias en eficiencias de infección con distintos 
tratamientos inmunosupresores dei hospedero) 

TABLE 4 Comparativc susccptibility of m3:1c.and fcmalc hamstcrs to infcstation with T. solium 

Fema les 

Trcatmcnt 

l No. infestcd. l No. positivc 
(%) 

1 

s 

1 

20.0 s 40.0 
29 89.7 
JO 40.0 s 40.0 

1 S4 1 64,8 

lmuran .................... ............... . 
lmuran ................................... . 
ALS ....;... Ocpo-Mcdrol ....................... . 
ALS-:- Bctncsol .... ....................... . 
AL..S + lmuran ............................ . 

Total ......................... . 

Tabia II. Vester, A., i974 
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Respecto a la instalación de Taenia solium (cisticerco y/o tenia) 

en animales de laboratorio; los resultados mas alentadores distan a~n 

de establecer a estos métodos como las formas mas apropiadas 

reproducir el desarro11o completo del parasito, segl!ln ocurre en 

para 

las 

condiciones naturai:es de transmisión. 

Uno de los modelos experimentales de Taenia solium consiste en la 

instalación del parasito adulto en hamsters inmunodepr.imidós. Los 

primeros intentos exitosos fueron realizados por Verster (1971, 

en hamsters dorados previamente inmunosuprimidos qu.i.micamente 

1974) 

(Tabla 

:r :r ) o por irradiación. Después de 10 dias de infectados por via ora1 

se recuperan tenias con proglótidos estériles del intestino delgado 

del hamster. En la Tabla :r:r se ilustra la eficiencia de infección 

utilizando diferentes drogas inmunosupresoras en distintas dosis y 

combinaciones para suprimir al hospedero y facilitar la instalación de 

la tenia. Este modelo permite estudiar una fase critica en la 

diferenciación del parasito, como es la transformación del cisticerco 

en tenia aunque las reglas que rigen esta relación son probablemente 

diferentes a las 

hospedero (distinta 

hospedero) . 

que rigen la relacion entre el 

fase del parasito, distinto 

12 

cisticerco y 

compartimento 

el 

del 



PROTECCION POR VACUNACION FRENTE AL DESAFIO DE RATONES 

CON ONCOSFERAS DE Taenia solium 

Table 1 Nwnbcr of Cystiocrci (larva o( Taeni.o aolium.) ln lung and UYtt &am tnic:e b:n: 
tnu..nbed with oncospbei-al anti.gens and ch..Uen~ with 736 T~ aolium oncospben:s 
by i.a.trave:nou.s rout.e. 

No. o} 
cyrtic<'<Ci 

DoriJ 
(ug) Lung Lion- Totol X 
Control 2.4 1 25 4.16 
15 (0) o o o o.o 
25 (0) o o o o.o 
15 (OB) o 2 2 0.33 
15 {S) 2 1 3 0.5 
25 (5) 2 o 2 0.33 

AU resWts bad • hlxh s:t.atl.Stical signl.hc.a.nce P < 0.005. 
O - AntigcnJ from \Solated o~pberei 
OS • Al'\'::1gens frorn ~ oncoq:ihen:$ and bloclu. frac:t:ion 

Pa~o.riti::.ed 
m~ 

Rong~ 1'o'o.n'ota:Z ~ 

2-9 €:16 100 
0-0 016 o 
0-0 016 o 
0-2 116 17 
0-2 216 33 
o.!? 116 17 

S - Al!.tigeiu h-otn the sordimHlt traction (cont-.J.nJ.ng. eornplete ~· se&n:oi!' oncgcphe~ and blocb ) 

Tabl.a :r:r:r. Mol.inari et al. (l.988) 



Entre l.os intentos de instalar al. parasito .'!'..!,. sol.ium en el. estado 

l.arvario de 

recientemente 

des afian 

cisticerco'· ·cabe' destacar a ún modelo murino publicado 

por ~oli.~ari }y..; CoJ:.'. . <'ei.9:. gran interés. Los ' autores 

Taenia soiium, proc:edentes~1d.E.;iteriias;;rE;c\1p~rél_dé>.s de pacientes 'tr~t~dos 
con nicl.osamida. 

oncosferas de un mes los son por 

sacrificados. La 

·y 
;: ' :: ·: . :· ~:;: :· ~; 

carga parasitaria es cuantifi·cada macr.cs(:o:Pj_'cB,mente· 

por recuento del rinmero de l.arvas impl.antadas en los distiri~;:,;;:-~;;'¿~-:ri.Cio'~ 
(Tabl.a III). La implantacion de los parasitos 

excl.usivamente en pul.mon en un promedio de 6 1arvas_.P<=>,:r .:r;.ito~-~'·' -~i bien 

l.as l.arvas no alcanzan a desarrol.l.arse compl.etament"", c~rn;;''s"'' obs.erva 

en su hospedero intermediario natura1., el. 100% ·de· 1os ratones 

infectados presentan impl.antacion de l.arvas en un promedio de 4 

ratOn y esta impl.ementación es susceptibl.e a modificarse a través 

inmunización previa del. hospedero con antigenos del. parasito como 

por 

de 

se 

observa ·en la Tabla III. El. empl.eo de este model.o se encuentra 

l. imitado a l.a disponibil.idad de las oncosferas de Taenia sol.ium, l.o 

que imp1ica un al.to grado de dificul.tad y riesgo en su utilización, 

pero sin duda es de sumo interés buscar las condiciones que lo 

optimicen. 
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Figura 3. La Cisticercosis Experimental Murina causada por Taenia 
crassiceps. 



Intentando avanzar en el. conocimiento de l.os factores biolOgicos 

mas prominentes en la relaciOn cisticerco-hospedero, y ante las 

limitaciones para instalar la cisticercosis por Taenia ·· solium 

experimentalmente decidimos estudiar otro cestodo (Taenia crassiceps) 

parasito natural del ratOn (Fig~ ·3}. se'3ün . lo •.. reportado en la 
- . -. .- - . ,-· - ~ 

bibliografia, esta cisticercos1s .>:Inui:-i:D.8. · ---·presenta>>. caracteri.sticas 

atractivas para ser considerado experimental, 

comenzando por su en raton~s, · especie muy 

estudiada .optimamente en peritoneo, 

compartimento muy ·accesibÍe ·a estudiar y a ser modificado. En la 

úi.ist':r~··· ·. 
.. 

figura 3 se el aspecto de un raton infectado 

intraperitonealmente con Cist:Lcercos de Taenia crassiceps y puede 

observarse la enorme capacidad para alojar parasitos de este 

compartimento. En principio este trabajo se concentro en estudiar 

el crecimiento de los cisticercos en ratones y en recopilar la 

in:formaciOn necesaria para establ.ecer las similitudes y diferencias 

entre ambos parasitos asi como entre la cisticercosis por Taenia 

crassiceps y la cisticercosis por Taenia solium. 
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Figura 

Figura 
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n~ero 

de 
parasitos 

2000 ~u 
ºo 10 20 30 

4a. 

1000 

40 80 120 
dias de infección 

l60 

La grafica ilustra el crecimiento de la carga parasi
taria (n~mero de parasitos recuperados en peritonéo) 
después de distintos tiempos de infección de ratones 
BALB/c hembras (o) y machos (.)infectados con 10 
cisticercos por ratón. Cada punto resulta del 
promedio del n~ero de cisticercos obtenido en 10 
ratones. 

a 

volumen 

de 
parásitos 

.. 
a 

o 
a 

o 

4b. 

ce a 
a D a D 

3 a CDD a a 
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D 13ª a 
a {jD a D 

Dq, 

2 
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o á' a 

o 
o 

nó..rnero de parásitos 

Correlación entre dos parametros utilizados en la 
cuantificación de la carga parasitaria (datos no 
publicados obtenidos en el laboratorio del Dr. 
Larralde). 
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Respecto a su crecimiento, el cisticerco de Taenia crassiceps se 

divide de manera sexuada y asexuada por gemación m~1tip1e. Infectando 

intraperitonea1mente e1 rat6n con a1gUnos parasitos podemos recuperar 

cientos de cisticercos en unas cuantas semanas. 

En 1a Figura 4a vemos coma, después de 1a inocu1aci6n de 10 

cisticercos de crassiceps en 1a cavidad peritonea1 de1 raton 

obtenemos cientos de cisticercos en unas cuantas semanas. Ademas, 1os 

cisticercos son faci1mente cuantificables macroscOpicarnente por conteo 

individual de 1os mismos o por medición del volumen que ocupan. Estas 

variables 

utilizadas 

presentan un alto indice de corre1aci6n, y pueden ser 

indistintamente 

parasitarias. En 1a Figura 

cuando se trata de medir 

4b se observa la re1aci6n 

altas 

entre 

parametros utilizando cientos de valores experimentales que 

obtenido en e1 1aboratorio. 

El principal atractivo de este modelo radica en que es el 

cargas 

estos 

hemos 

rat6n 

una de 1as especies hospederas naturales de '.!:.=.. crassiceps y su 

fisio1ogia, asi como su genética es 1a mas conocida de 1os mamiferos. 

Existe ademas disponibilidad de cepas singénicas, congénicas y 

recornbinantes en porciones del genoma de gran interés inrnuno16gico, 

como es el Complejo Mayor de Histocompatibi1idad (H-2) y la posibi1i-

dad de modificar su genoma creando ratones transgénicos. 
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Figura 

ZORRO 

medio ambiente 

cisticerco 

reproducciOn 
por gemaciOn in vivo o in ~ 

Figura 5. Ciclo de vida de Taenia crassiceps 

6. Imagen de ia forma gemante de un cisticerco de Taenia 
crassiceps (ORF) en microscopio esteroscOpico (corte
sía de ia Dra. Teresa Rabieia). 



Comparando l.os cicl.os de .vida de :!'...:_ crassiceps con sol.ium 

(Fig. 1 y·S) ¡;)ociemos observar que en l.a fase sexuada de reproducción 

ambos requieren'de un hospedero intermediario (porcinos o roedores) y 

.un hosped«i;>ro_definitivo (hu'rnanos o canidos y felinos). Los cisticercos 

y tenias de ambas especies se parecen en su estructura rnacroscOpica, 

si bien tanto ios cisticercos corno l.a tenia de Taenia crassiceps son 

mas pequenos. Una diferencia notabl.e pero muy ventajosa 

experimental.mente es que, ademas de l.a forma sexuada de reproducción, 

l.os cisticercos de Taenia crassiceps tienen l.a capacidad de dividirse 

por gemación pal.ar mal.tiple como se ilustra en l.a Figura 6. Asj_, un 

cisticerco emite gemas que crecen (Fig. 6) y se separan del. cuerpo 

gemante dando l.ugar a una población muy numerosa de cisticercos en 

poco tiempo. Esta forma de división permite mantener tanto in vivo 

(Freeman, 1962) como in vitro (Tayl.or, l.963; Siebert and Good, l.979) 

a l.os cisticercos. los cisticercos crecen y se mul.tipl.ican 

óptimamente en l.a cavidad peritoneal. de ratones, l.o que permite un 

facil. acceso experimental. a la relación hospedero-parasito. 

si bien su crecimiento es mucho mas lento, pueden también mantenerse 

durante un par de meses en los medios de cultivos convencional.es. 
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ANTIGENOS DE FLUIDO VESICULAR DE CISTICERCO 
DE Taenia crassiceps 

.. i 

'í~ -.: ....... 
di 

suero de 
ratones 
cisticercosos 
(:!'...:_ crassiceps) 

~ .. .... 
~ ~ 

~ ~-
.... . , .... 

... i .... 
~ 

1 

Suero de 
humanos 
neurocisticercosos 
(:!'...:_ sol.ium) 

i \ 

Suero de 
humanos 
normal.es 

Figura 7. Datos obtenidos en el. l.aboratorio del. Dr. Larral.de por 
Rosa Ma. Montoya. 



En e1 intento de identificar simi1itudes y diferencias entre 

ambos céstodos estudiamos e1 repertorio de ant~genos reconocidos por 

sueros.human~s de neurocisticercosos <:L. sol.ium) confirmados y sueros 

de ciSticercosos 
;e:.·.:.'', -

ratones'· (T. crassiceps) uti1izando como fuente de 

arit~genós ' ·'ei 1~quido vesicu1ar del. cisticerco de crassiceps e 

identi:E1ci!l.~dol.os por inmunoel.ectroransferencias. En l.a Figura 7 puede 

constatarse l.a gran reactividad cruzada entre 1os ant~genos de ambos 

pari!l.sitos. 

l. 7 



Peso Total. 
de ratones 
parasitados 

Peso 
de ratones 

(grs) 

Peso 
de l.a masa 
parasitaria 

Tabl.a 

(grs) 

51 
44.6 
48.5 
47.2 
46.4 
55.4 
49.3 
51..7 

IV. 

Figura 8. 

23.5 
23.5 
21.9 
23.4 
23.7 
25.l. 
23.8 
22.6 

(grs) 

27.5 
21.2 
26.7 
23.8 
22.7 
30.3 
25.5 
29.l. 

Registro de pesos de ratones Bal.b/c hembras después de 300 
d~as de ser inocul.adas por via intraperitoneal. con 10 
cisticercos por ratón. 

Aspecto de ratones BALB/c hembras después de 300 d~as 
de infectados con 10 cisticercos de Taenia crassiceps. 
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Esta inmunoreactividad cruzada perinitio considerar a l.os 

cisticercos de Taenia crassiceps como al.ternativa para 

provisión de antigenos, l.o que seria de~una .-:,no:i:me '."y~~-t:;aja teniendo en 

cuenta l.a al.ta carga parasitaria c;iu,;;;·e~!~~';9:.P?-~ 3-:,'.d.e~ al.ajarse en 

cavidad peritoneal. de l.os raton<cs i.ri:fE.8f;id~sT~ ;'.'i~5 '.'4u:k puede superar l.a 
- .· '~-; ,~;', :e-~:-• <;¡' ~?,:,.~ . . '. - , 

l.a 

::::ge:::po::]. e:e:~::::i::Y~i;I~!!.~i~:t!2(~i::~·ce~:o:::l.i::a:: estos 

forma 

parte del. contenido de esta tesis'~: 

El. anteceaente.· de l..;,_. ·gran. inmunoreactividad cruzada ·entre ambos 

cestodos ·sumado a l.a rapidez en l.a instal.aciOn de ia. cisticercosis 

murina ofrece condiciones optimas para l.a eval.uacion de· antigenos 

interesantes para vacunación .. Para el.l.o util.izamos como anti.genes 

extractos provenientes de :L._ crassiceps y de :L._ sol.ium para inducir 

protección inmunol.ógica a l.os ratones frente al. desafio con 

cisticercos de crassiceps. Estos experimentos de eval.uacion 

experimental. de una vacuna contra l.a cisticercosis se detal.l.an en el. 

contenido de esta tesis y fundamentan nuestra esperanza de inducir 

inmunoproteccion 

:L._ crassiceps • 

en cerdos vacunandol.os con antigenos provenientes de 

18 
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III. DESCRIPCION DE LAS TECNICAS Y LA METODOLOGIA UTILIZADA 
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Esta sección constituye una descripción detallada de las técnicas 

utilizadas. Si bien ya se encuentran, aunque mas 

descriptas en los articulas que constituyen esta tesis, 

de metodologias intenta favorecer su reproducción. 

MANTENCION DE LOS PARASITOS 

sintéticamente 

este apéndice 

Los cisticercos de Taenia crassiceps empleados son de la cepa ORF 

y los de la 

mantenida en 

cepa HYG. La cepa ORF fue la primera 

el laboratorio desde 1952. En 1972 se 

aislada y 

reportar~rí 

es 

las 

primeras anomalias en la constitución de su escolex y en la actualidad 

esta estructura se ha perdido completamente. La cepa HYG, mi eh tras 

tanto, mantiene sus caracteristicas estructurales normales y su 

capacidad de completar el ciclo sexuado de división. 

Estas dos cepas de parasitos estan siendo mantenidas en ratones 

Balb/c hembras. Los ratones se infectan inoculando 

intraperitoneal 10 cisticercos de un tamano de aproximado 

por 

de 2 

via 

mm 

suspendidos en 0.5 ml de PBS con jeringas de insulina con aguja de 25 

x 16 mm. Previo a la inoculación, los cisticercos se lavan con PBS, en 

relacion 1 volumen de parasitos en 20 vol de PBS. A partir del mes de 

infección 

generados 

y 

en 

en 

la 

experimentación. 

infecciones mas 

los siguientes 4 meses se utilizan 

cavidad peritoneal de estos ratones 

los 

para 

para sitos 

toda la 

En nuestra experiencia los parasitos provenientes de 

prolongadas tienen alteraciones en su capacidad de 

reproducción por lo que no recomendarnos su uso. 
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OBTENCION DE ANTIGENOS DE CISTICERCOS 

Para l.a- obtencion --de antigenos se parte de l.os cisticercos 

l.avados con sol.ucio_n :fisiol.Ogica. y mantenidos en hiel.o para reducir 

posibl.es actividade;,": prot.;.ol.iticas. As'i tratados, l.os util.izamos en l.a 

obtenciOn de tres preparac:i.?n~s-antigénicas 

1. Extracto ~ 

Se re suspenden l.os cisticercos en PBS :frio adicionado con 

inhibidores enzimaticos (EDTA 2.5 rnM(0.93 g por l.itro de PBS), PCMB 

0.04% (0.4g disuel.tos en 10 ml. de H20 destil.ada adicionada con 4 gotas 

de NaOH 5 M), 

propano!.), en 

PMSF 0.006% (0.006 g disuel.tos en 4 ml. de etanoi o 2-

una rel.acion de 2 vol.umenes de sol.uciOn por vol.umen de 

cisticercos. En estas condiciones se hornogeinizan l.os parasitos en un 

Pol.ytron (Brikmann Instruments) manteniendo durante 1.0 segundos el. 

émbol.o en l.a mezcl.a y repitiendo l.O veces esta operacion. Se determina 

l.a concentraciOn proteica del. extracto por el. método de Lowry y se 
o 

congel.a a -70 hasta su uso en al.icuotas. 

2. Fl.uido Vesicul.ar 

Los cisticercos obtenidos y l.avados con PBS mantenidos en baao de 

hiel.o. Se col.ocan sobre un papel. de :fil.tro para quitar el. exceso de 

PBS, se pasan uno por uno a un tubo de centri:fuga. Se centri:fugan a 

1.0.000 rpm durante 60 min. El. l.iquido vesicul.ar mas componentes del. 

parasito sol.ubil.izados en el. sobrenadante se separan del. paquete 

cel.ul.ar, se determina su concentraciOn proteica y se congel.a en 
o 

al.icuotas a - 70 hasta ser util.izado. 
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3. Extracto antigénico enriquecido antigenos 

superficie 

Los cisticercos obtenidos mantenidos· en'hielo se lavan 3: veces en 

PBS adicionado con inhibidores enzi.Ín~ti.;C>s'. en' una . relac:ión 1 de 

cisticercos --.ªª 
resuspenden en la misma relación de vol.fun~h' ·y{e'.i;:·· ia ~{·~ma:, solución· de 

con 20 

lavado y se dejan en agitación suave. ciU:J;aD:-ifi'',ia horas a 
o 

4 Se 
,, ·,·-·...:-' 

centrifugan a 1s.ooo rpm durante 60 min; · ''se·'separá la capa de lipidos 

que queda como una pelicula en la parte ·supe,:Í::".i:.:,:í::- ~del sObrenadante. El 

sobrenadan te se ultracentrifuga una hor.a':.a.:so.ooo rpm, 

sobrenadante obtenido se determina su· .';'concentración 

se separa 

protéica, 

el 

se 
o 

preparan alicuotas y se mantienen en: congeiacion a - 70 hasta su uso. 

CUANTIFICACION DE ANTICUERPOS POR ELISA 

Se utilizan placas de fondo en U de 96 pozos tipo immulon I 

(Dynatech) como soporte de reacción. Se sensibilizan con 100 ul por 

pozo de una ... soiución de 10 ug/ml de proteinas totales del fluido 

vesicular en Tris-ClH 0.01 M, pH=7.S incubando durante 2 horas a 37 

grados y toda la noche a 4 grados. La placa se sella herméticamente o 

se mantiene en carnara hümeda durante los tiempos de incubación. Las 

placas se lavan 5 veces con 200-250 ul de PBS-Tween al 0.05% y se 

bloquea con 100 ul por pozo de una solución de albúmina sérica bovina 

al 1% en PBS durante 60 min a temperatura ambiente. Se repiten los 

lavados de la manera descrita. Se adicionan 100 ul. por pozo de 1os 

sueros dil.uidos 1 200 en PBS -Tween 0.01 % incubando a temperatura 

ambiente durante 90 min. La pl.aca vuel.ve a lavarse y l.os anticuerpos 

anti-ratón fijados se revelan util.izando inmunoglobulinas de suero 
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biotinilado (100 u1 por pozo de la dilución recomendada durante 60 rnin 

a temperatura ambiente) y avidina peroxidasa (100 u1 por pozo de la 

dilución recomendada durante 60 mina temperatura ambiente). La placa 

se lava y la actividad de peroxidasa se revela agregando corno·. sustrato 

o-phenilendiamine {O. 04% en bu:f:fer citrato-:fos:fato (acido c.1.trico -o. lM 

/ P04HNa2 0.2M, pH=S).- Sedetiene la reacción a los 30 min. con 100 

ul de S04H2 4 N, leyendo se en el lector de ELJ:SA a ·oo49Snm 

inmediatamente. Toda _reacción debe incluir ademas de los sueros en 

estudios, sueros de animal.es no infectados·{ controles 

negativos) y sueros~ ~'rb..::en'.i.;;.ntes de animales infectados {control.es 

positivos) indicadores de l.a reproducibil.idad de los val.ores 

obtenidos. 

INMUNOELECTROTRANSFERENCJ:AS 

Para el. desarroll.o de esta técnica empl.eamos gel.es de 

pol.iacril.amida medianos (1.5 mm) al 7% con sos {28 ml.) y un gel. 

concentrador al 3% (3 ml.). Se util.iza 3 mg/ml. de proteina por gel si 

se usa el gel. sin peine y 300 ug de proteinas por pozo si se usa el 

peine de. 10 pozas, pudiendo tratarse de cualquiera de l.as tres 

preparaciones antigenicas mencionadas. La muestra se mezcla con un 

volumen igual de coctail para electroforesis, se tapa perfectamente el 

tubo donde se preparo y se hierve a bano maria durante 5 minutos. La 

muestra as.!. tratada se coloca sobre el gel superior cuidando .de que no 

se remueva con el buffer de corrida, y se real.iza la electroforesis a 

corriente cons_tante (20 rnA por gel. de 1.5 mm para el .gel.-'- concentrador 

una vez que l.a ·muestra entra en el. gel. de corrida:)> ~l. tiempo total de 

corrida varia entre 4 y 6 horas y s7 util..i.~a:'- como indicador para 

:final.izar l.a corrida que el. :frente del. coiorante este a 1 cm del :final 
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del. gel. 

Concluida l.a electroforesis, se desmontan los gel.es_-_ y se les 

corta una tira para tenir con azul. de Coomasie y_ el. resto se .col.oca en 

200 ml. de amortiguador de transferencia durante ·15 -min. 

Para real.izar la transferencia se utiliza pap«;;i -de; -ni.tróceiul.osa 

(13 x 13 cms) al. que se l.e marcan los segmentos que ~-e ut¡l.i~aran - de 

manera individual. con la punta de una aguja (3 mm) en los dos extremos 

de l.a hoja. Todo el. procedimiento se real.iza con los papel.es de 

protección de las hojas y con guantes. Se col.oca el. papel. de 

nitrocelulosa, el. de filtro y las fibras scoth con amortiguador de 

transferencia. Se prepara el sistema de transferencia y se corre a 25 

volts durante 60 min, cuidando de que la corriente no pase de 1 A. 

Después de l.a transferencia se corta una tirita se lava con PBS-Tween 

al 0.3% y se tine con tinta india al. 0.1% en PBS-Tween durante toda 

la noche. El. resto del papel. se deja bloqueando con BSA al. 3% en PBS-

Tween toda l.a noche a 4 grados. Se lava s veces con cantidad 

suficiente de PBS-Tween al. 0.3% S min. cada lavado y se pone a secar 

sobre un papel. absorbente con l.a cara donde estan las proteinas hacia 

abajo. Una vez seco se cortan las tiritas de 3 mm. y se enumeran una 

por una en el. extremo inferior. Cada tirita se moja en PBS-Tween y se 

coloca sobre un vidrio en una camara hmneda, sobre cada una de las 

tiritas se colocan 100 ul. de una dilución de 1/10 a 1/20 de los sueros 

y se mantienen en incubación durante~S horas a temperatura problemas 

ambiente. Terminada l.a incubación se lavan ·1as\tiritas y se incuban 

con un anti-ratón biotinal.ado en la dilución ".;:;,o.;;ercial 

a_ lavarse l.~~ :.tiri1:a:s y durante 90 min., vuelven se 
' • •, •• >o-• 

avidina-peroxidasa en la dil.uciónrec6~"'i.id~d~ durante 

25 

recomendada 

incuban con 

1 hora en 



agitación constante, 

peroxidasa durante 30 

después de lavadas se incuban con sustrato para 

min. protegiéndolas de la luz, la incubación se 

termina lavando exhaustivamente con agua corriente y se procede 

al análisis de resultados. 
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SOLUCIONES Y REACTIVOS UTILIZADOS 

Amortiguador de Tris-HCl. O.Ol.M, pH=7.5 

Trisma - HC1 anhidro 
Trisma base anhidro 
H20 destilada para 
Ajustar el pH=7.5 

PBS - pH =7. 2 (+O. 2) 

Na2HP04 anhidro 
NaH2P04.H20 
NaCl 
H20 destilada para 

1.27 g 
0.236 g 
1.00 l. 

2.044 g 
0.772 g 

14.80 g 
2.00 l 

PBS-Tween 0.03% - pH=7.2 (+0.2) 

PBS 
Tween 20 

Composicion de Geles 

1.00 l. 
0.3 rol. 

Gel. Separador Gel. Concentrador 
7 % 3 % 

Acrilamida-Bis ( 1) 14.0 rnl 2.0 
Amortiguador (2) is.o rol. 
Amortiguador (3) s.o 
sos l0% ( 4) 0.6 rnl 0.2 
H20 destilada 30.1 rol. 12.86 
Persul:fato de amonio (5)300 ul 100 

Desgasi:ficar con vacio y agitaciOn 1 minuto. 

Temed 40 ul. 20 

Desgasi:Eicar con vacío y agitaciOn 1 minuto. 

(l.) Acrilamida monomerica(30% T, 2.7% c bis) 

Acril.amida 
Bisacril.amida 
H20 destilada para 

29.2 g 
o.a g 

100.0 rol. 

Al.macenar a 4 grados cubierta de la luz 

ml. 

ml. 
rnl. 
ml. 
ul. 

ul. 

La acril.amida es neurotOxica y debe manejarse con 
se recomienda usar cubreboca y guantes. 
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(2) Amortiguador para gel separador 4x 
(Tris-el. 1..5 M, pH=B.8) 

Tris base 
H20 destil.ada para 

36 g 
200 -ml. 

Se ajusta a pH=B.8 con Cl.H concentrado antes de aforar. 

(3) Amortiguador par<!;( el.''gel.- concentrador 4 x 
(Tris -el. o.5 M, pH=6.8) 

Tris base 
H20 destilada para 

3 g 
so.o ml. 

Se ajusta el. pH=6.S con el.H concentrado antes de aforar. 

(4) SDS al. l.0% (Oodecil. sul.fato de sodio) 

SDS 
H20 destilada para 

5 g 
50 ml. 

(5) Persul.fato de amonio al. l.0% 

Persul.fato de amonio 
H20 destil.ada 

100 mg 
1 ml. 

Se prepara inmediatamente antes de usarse 

Amortiguador para guardar el. gel. separador 

(Tris-el. 0.375 M pH=S.8 0.1% de SOS) 

Tris-el. 1..5 M pH=S.S 
sos al. 10% 
H20 destil.ada para 

2. 5 ml. 
O. 1 ml. 

10.0 ml. 

Coctel. para el. tratamiento de l.a muestra, 2x 

(Tris-Cl. 0.125 M pH=6.8, SOS 2%, gl.icerol. 20%, 2-
mercaptoetanol. 10%, EOTA 0.074%) 

Tris-Cl. O.SM, pH=6.B 
sos al. 10% 
Gl.icerol. 
EOTA 
Pironina (1%) 
2- mercaptoetanol. 
H20 destilada para 

2.5 
2 
2 
7.4 

20 
0.1 

10 

ml. 
ml. 
ml. 
mg 
ul. 
ml. 
ml. 

El. 2-mercaptoetanol. se agrega al. descongel.ar cada al.icuota 
(10 ug/ml.) 
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Amortiguador de corrida 

(Tris 0.025 M pH=S.3, g1icina 0.192 M, SDS 0.1%) 

Tris base 
G1icina 
SDS 
H20 desti1ada para 

15 
72 

5 
5 

g 
g 
g 

1t. 

So1ucion para tenir 1os ge1es 

(Azu1 de Coomasie R-250 0.06%, metano1 30%, acido acético 
10%) 

Azu1 de Coomasie R-250 
Metano1 
Acido acético g1acia1 
H20 destilada para 
Se filtra antes de usar 

300 
150 

50 m1 
500 

mg 
ml. 

ml. 

So1ucion para destenir ge1es 

(Acido acético a1 10%) 

Acido acético ga1cia1 
H20 para 

100 m1 
1 1. 

Sustrato para peroxidasa (en irununoe1ectrotransferencia) 

(O-c1oronafto1 0.05 mg/m1, H202 0.03%) 

o-c1oronaftol. 
metano1 
PBS 
H202 al. 30% 

30 mg 
10 m1 
50 m1 
50 u1 

El O-c1oronafto1 primero se disuelve en el. metano1, 
mezc1a con e1 Pbs e inmediatamente antes de usar1o se 
agrega e1 H202. 

Sustrato para peroxidasa (en ELISA) 

(O-pheni1endiarnina 0.04, citrato 0.1 M fosfato 0.2M, pH=5) 
o-pheni1endiarnina 40 mg amortiguador 
Amortiguador necesario para 1.00 rol. 

se prepara en e1 momento de usar 
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IV. ARTICULOS PUBLICADOS 
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From: CELL FUNCTION ANO DISEASE 
Edited by L. E. Canedo, L. E. Todd, L. f'allli¡ar 

and J. Jaz 
(Plenum Publishing Corporation, l.989) 

BIOLOGICAL DETERMI~A!'\TS OF HOST-PARASITE RELATIO~SHIP IS ~10L'SE CYSTICER
COSIS CAUSED BY Taenia crassiceps: ISFLUESCE OF SEX. ~tAJOR HISTOCO~fPATIBI

LITY COMPLEX A!'D V.•CCI,.ATIO"* 

Larralde, C.+. Sciutto, E.+. Grun, J.º .. Diaz, M.L.+, Gove
zensky, T.+, and ~ontoya, R.M.+ 

+Instituto de Investigaciones Biomédicas, Universidad !'\acio
nal Autónoma de !1éxico, AP 70-228. :-1éxico, D. F. 04510, 0Dept. Biochemistry, Th. Jefferson V., Philadelphia, PA. USA 

The metacestode of Taenia solium is frequent cause of serious 
neurological illness of~s~xico and other countries of Latin Ameri
ce. Asia and Africa. ~tan is the only carrier of the adul t worm and sol e 
responsible of transmission to pigs and et.her humans via inadequace 
disposal of faeces. Recent years ha ve see advancemenc in therap y ( 1. 2) 
diagnosis (3-5) and pathology of human and porcine disease (o.7). Copious 
account.s of recent development.s in cysticercosis are co11ect.ed in (8), (9) 
is an exhaustive review of all 1it.erature on t.aeniasis/cvsticercosis, 
while (10) is the rnost authorative and cornprchensive acc~unt. of human 
cysticercosis. 

Fact.ors deterrnining the risk of humans contracting cysticercosis are 
thought to be mainly related to magnit.ude and frequcncy of exposure to eggs 
of T. solium. Evidence implicating biological factors in susccptibility is 
tenOOu~ irnpressive association of human cysticercosis \o:ith 
histocompatibility antigens was found in a doubtfully representative study 
perforrned rccently (11). nor do the few t.erminal cases studicd makc a strong 
case far immunosupression det.err.iining human disease ( 12). Ho .. oever. 
inklings of biological factors being involved are present in a recent 
repo1·t of wor.ien showi.ng more frequent.ly t.han r.m.les scvere inflamrnat.ion 
in neurocysticcrcosis (131. Also suspicious of biological mediation is the 
lack of correlation bctween po~~t.ive serology and social factors 
conventionally associated to hibh risk of infectious disease, such as low 
incornc and scholarity and dcfective personal hygiene (14). Further. the 
very het.erogeneous clinical pictures and forms of evolut.ion of the disease, 
sorne curing spont.aneously while others progress relentlessy to fatal 
out.comes or live on essentially asympt.omatic (10). together with the 
parasites'sensit.ivicy to drugs. sorne resistant. to praziquantel and others 
to albendazol (15), all arguc far a complicated network of factors and 
events belonging to parasite (16), host and environment, concurring in the 
pathogenesis of cysticercosis. 

3fhis work was supported in part by Consejo Nacional de Ciencia y 
Tecnología de Mexico and Química Hoechst de Hexico. 
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Systematic exp1oration of the ro1e of biologica1 factors in 
susceptibi1ity to cysticercosis i.s hardly possible studying man. and most 
1aborious and costly i.n pi.gs. However. there are other tapeworms 

- .I.:.. crassiceps and I.:_.taeniformis - whose rnetacestodes affect mice. 
that are most suitable for experimentation and have already provided with 
some evide"nce ºfor the genetic background of the host influencing the 
outcome of inf_ection with ~ taeniaformis (17) and of immunity 
affecting installat.íoñ of h crassiceps (18). ~hce harbar the 
cysticerci of T.crassiceps in their peritoneal cav~:ies as a chronic 
infection causing sorne inflamrnation in serose intestinal surfaces at late 

Figure l. L e r;issi cr>ps e;.· st icercos-i!-' l n t.hl' ?•-·r 1- t.ont:,i l .::,1...- it.. y of 
ciouse infect.cd six rnonths befo re ··•it.h t i·-·c- l ::..VL' ..:y .... ~'.~-·~-~:.. :~P 

disease's accesibility to c~periracnt~t.10n 3nrl rne3sur0~ent of parasite 
load is l.r:i..-:ted:i.ately apparent.. 

~~~~~=e~f 0~ 1 ~:~~eF~~~~~r~~;~.t~~~t..~~~~~1i~~ ~hc~~~~~~ei;a~:~~~e resembles 
that of T. soliur.i.. although .sono;_• .... ·h...i.t: smaller, ~"l.nd shares the sccm:ingly 
convivialb~r uf t.he human parasite, not caus:ing majar dumagc to 
neighboring structures of the host. oLher than space occupat.ion and scant 
inflammation. ns evidenccd by conventional light microscopy and ~'M.R 
imaging (19). In nature rnice contract the disease ingesting eggs present in 
the environment contaminated w:ith faeces frorn small carnivores -1.ike 
foxes. cats. and perhaps others (20)- bearing the adul.t worm in their 
intestine. 
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Experimenta1 infection is siop1y attained by injecting metacestodes in the 
peritonea1 cavity of mice, where they reproduce by budding, presumab1y 
a·sexua11y. In normal conditions one ciay harvest them by the hundreds a 
coup1e of months after infection (21). lf truly asexual, .I.:... crassiceps 
capability to multiply by budding. allows for control and uniformity of 
the parasite's genecic characceristics. !'1ost con ... ·eniently. cysticerci of ..I.:.. 
crassiceos fare ~ell for ~eeks in convencional cissue culcure conditions 
and for days in ~ini~al ~edia. 

In here ,_.e present. p:-elJ..:7.inary observat.ions in ~ice 1nfected ,_.ich L... 

~:=~=~~~~~!~~ii~~t~~~~~~=~c~~ol~!!~~~sf;~~~~st~r~h!n=~~~i~~~~~~ed in hose 
participat.iC.'t: o:- :l:-:"-"'.":L-"nolo~:.cal. er1droc:-i:iolo;.ica1 a;id ~en-e~ical 
decerrninancs on the rate of parasite growch and replication inside the 
hose. open1n~ very exciting possibilit.ies of s~udying che int.eraccion of 
these three pro~inent. orFan1c syscems upan che host-parasite relacionship. 
a unique biolosical phenor::enc::-: seer:iingly heec!less of simple rules of thumb 
concerning i=:::unology. h::.st.oco::;pat.ibilit.y and causat.ion of disease (21) • 

...... 
~~ 

' --~ 

. . 
~ - i== 
r 

Figure 2. ~est.ern blots of prot.ein antigens from che vesicular 
fluid of L crass~ceps cyst.icerci reacc.ing wit.h sera of 
neurocyst.1cercot.1c pat1encs (le!t.) and of healthy donors (right). 

1) Immunological Determinant.s 
.r\ntigenic crossreaccivicy bet.ween che human and the mouse parasite 

vas definitively established by \.."estern Blots (Figure 2). for a number 
of proteins differing in nolecular weight. Furthermore. Tables I and 
II show that vaccinat.ion of susceptible mice with ancigen extracts of 
I..:.. solium cysticerci reduces the parasite load developed from a cha11ange 
with ~ crassiceps. 
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TABLE I 

EFFECTS OF VACCINATION WITH Taenia so1ium ANT:IGENS 
UPON PARASITE LOAD OF MICE CHALLEN'GEi)""'WITH Taenia crassiceps 

Relat:i.ve dose of vaccine 
Parasit:.e load 
ul.. º·ºº O.Ol. 0.10 1.00 

Individual 
Mouse ~ººº 1000 1500 o 

1500 400 o 600 
2000 400 200 o 
1000 2000 2000 so 
1000 2000 2500 1000 

Mean 1500 1160 850 300 

Decrer:tent of .I..:_ crassiceps paras"ite load ... ·ith increasing vaccine 
dose in female (SJL X Balb,c) nice. challanged five months after 
vaccination with five live cysc1cerci implanted intraperitoneally. 
Vaccine was a sterile 50~ ar..r.:ionium sulphate protein extract (3X 
precipitated) of a single .I,;_ solium cysticercus dissected from 
the skeletal muscle of a parasitized pig; ten fold dilutions of the 
extract were prepared to generate widely different vaccination protocols. 
Parasite load was mcasured as volur.i.e of harvested parasites one r:ionth 
after challenge. 
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T . .\BLE 11 

EFFECTS OF VACCI~ATION \.:ITH Taenia solium A~TIGENS 
FR0:-1 DIFFEREST SOURCES ~ARASITE LOAD 
OF MICE CHALLE~GED \..'ITH ~ crassiceps 

Saline 
Anti.gens From 

Vesicular Fluid 
Anti gens From 

Complete Parasite 

Parasite loads 
per animal. in 
ul. 

100 
1000 
1000 
1000 
2000 

o 
600 

1000 
900 
600 
600 
300 

200 
600 
400 
500 

o 
10 
o 

Decrement of T. crass1ceps parasite load dueto vaccination in 
femal.e Balb/c~ice. \"accine ( l ng total protein of T. sol.ium 
cysticerci/mouse) was administered t~o months before~hal.1ange 
with five cysticerci of ~ crassiceps imp1anted 
intraperitonea11y. Parasite load was measured one month after 
cha11enge. 



These resu1ts estab1ish the sharing of antigens betveen the murine and the 
human parasites, as we11 as the effective inf1uence of vaccination in 
reducing parasite 1oad. These findings are of interest in that 
T. crassiceps in mice c1ose1y resemb1es T. so1ium in antigenic 
COnstitution, va1idating it's use as a dTSease mode1 and asan a1ternative 
source f or antigens to be used in immunodiagnosis of neurocysticercosis 
Likewise, crossimmunity from .!.:_~to T.crassiceps a11ows some 
optimism about the inverse also holding, at 1east in pigs. Reducing the 
parasite load in pigs, via an effective vacci.ne, could 1ower the endemia 
of adult T. solium tapeworm infection and the number of eggs in the 
environmeñ"C,--as-cc;-nsequence. 

TABLE III 

SEXUAL AND HISTOCOMPATIBILITY DIFFERENCES IN SUSCEPTIBILITY 
OF MICE TO ~ crassiceps AS MEASURED BY TOTAL PARASITE COUNT 

Strain H Hap1otype Ma1es Fema1es Fem/Ma1e 
2 

Ba1b/c d 200 640 3.2 

C57B1 b 116 750 6.5 

C3A k 130 860 6.6 

S1.'R
0 

q 290 3.1 

DBA q 600 2.1 

SJL 200 540 2.7 

Greater female susceptibility to .!,;_ crassiceps is here shown in five 
strains of mice differing in H2haplotypes. Parasite loads are given 
as the mean number of parasites collected from each of ten animals. 
three weeks after challange with fivc cysticcrci i.n the peritoneal 
cavity. Stati.stical analysis (T~o ~ay ANOVA) indicated to 
significant variation bctween sexes and aroong strains. 

2) Sexual histocompatibi1ity Determinants 

Mouse females' greater susceptibility to I.:_ crassiceps is demostrated 
in Table III: in al1 strains of mice tried. the ratios of parasite loads in 
ten cha11anged females. as measured thirty days after injecting five 
cysticerci in the peritoneal cavity of each animal, vas alvays greater than 
twice that of the respective males. Statistical analysis of results in Table 
III indicated to significant variation due to strains. thus pointing to the 
importance of genetic background. presumably the Major Histocompatibility 
Complex. in susceptibility of mice to ~ crassiceps. Experimental design 
does not a11ow definitive conclusions on the role of histocompatibility 
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because the st.rains used. although differing in their H2 hap1otypes. also 
differ, and to unknovn extent, in cheir genctic comp1ement. Carefu1 
selection of mouse straíns is required to e1ueidate this point~ Ho~ever~ 
there is no statistícal doubt that the susceptibi1i.ty associated to sex 
varied in the different straíns used. This we consider an important f~nding. 
A1though the l:lterature is not lackin& in reports of sex associ.ated 
differences i.n suscept:lbi.l.íty to experimental. i.nfec:.tions. rarely do they 
point to females being more susceptible or to histocompatíbility assoc~at:lon 
( 21 • 28-33) and the consequent impl.i.cat.i.ons f or 'i.t!lmune reac tivi.ty ( 33). 
Thus, ~e have great hopes in .!..:... crassiceps cysticercosis as a po~ent mode1 
for studín& the signi.fi.cance of 11 i.mrnunoneuroendocrine int.eractions" i.n a 
ma.croscopic evcnt such as infect:.i.on. ins't.ead of microscopic: phenomena i.n 
si.tnp1i.f i.ed syst.ems su ch as i.solated cell.s. subc.e1lular pa. r t.¡ el e~ and t:.he li.ke 
(revi.e~ed in 22-27). 

In closi.ng, it \JOuld be adv1·'lturous t:.o clai.m those results are al.ready 
reievant to our undcrstandíng and dealings ~ith human disease ín ~er~s 
other than the most general: parasitic disease ~nstalls anct prosresses as 
the net result. of a complicated and del.i.cate net.·work of intcract.ions among 
the organic constit:.utents of both host. and parnsit.e. That sex - presumably 
hormones - makc such a great difference in host-parasite relat1onshi.p 
involving helminths ~as indeed surpri.sing. Di.lucidatíon of the rnechanisms 
involved in ~he se~ual differences in susceptibilit.y is yet to be done; 
direct hormonal influence on the paras'i.te or through i.mmunological med~ation 
are t:.he most. pror:ü.nent. - non-di.sjuncti.ve - possi.bi.ll.ties. 
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The metacestode of Taenia so1ium is f requent cause of serious 

neuro1ogica1 i11ness of humans in Mexico. and other countries of 

Latinamerica. Asia and Africa. Man is the on1y carrier of the 

adult worm and sole responsible of tz:ansmission .to pigs an-d :other 

h umans v_ ia_ inadequate disposa1 of Sé en 

advancément in therapy ( 1. 2) diagn()~is (3-5) _and 
':--.-~·:=,·;-.~-y-~~ .. ;.: 

p~tho1.ogy o,f 
. "···· .... " 

human and porcine diseases (6,7). _c·o P.~·ou_s ._a·c~.o~n-t s :: ;;;-·f. __ ~?~:¿"~·-~ t' 
deveiopm~nts in cy~ticercosis are 

.. . -... -,,-·:- -,_,· . 
exhauSti.ve reviev of a11 1iter~t-~r~-'~ on ta e rÍ ia sis'/ ~~-~-~·i. ¿ ~ r-~-0 s·i..s ~· 

whi1e (10) is the .most :¿Omp~'.~·hen~~:V:~'.··; ~-~·~01iri~ of human 
. . 

cyst_ice~rc_osis. · 

' . - _,. · .. >'. ;·>· 
Factors de'te;;;,ini~i th~··· 

e yst ic ere os·{~~-·-~_·;'~:~:: ~lj~~~h·,~--- t'.~ ·b·~- · mainl y 

of ·humans contract{ng 

related to magnitude and 
' .. .-· ". ~. -.-

f re que n c y of e'xposu:r:e··:o·;eggs of L. solium. Evidence implicating 

bio1ogica1 facto.r's ··j_·n ·tiu.;,a~ susceptibi1ity is tenuous. No 

impressive associatiori of human cysticercosis with 

histocompatibi1ity antigens was found in a doubtfu11y 

representative study performed recently (11), nor do the few 

terminal cases studied make a strong case for immunosupression 

determining human di sea se ( 12). Hove ver, i.nk1i.ng·s_-.;f · bio1ogica1 

factors being invo1ved are present in a r,ecent. report of women 

showing more frequent1y than ma1es. severe:'-'inf1ammation in 

neurocysticercosis ( 13). A1so su.s¡:>.ic,:L_ous of bio1og:L.ca1 mediation 

is the 1ack of corre1ation betw~en positive sero1ogy and socia1 

factors conventiona11y associated to high risk of infectious 

disease, such as 1o~~ncom~ and scho1arity and defective personal 

hygiene (14). Further, the very heterogeneous c1inica1 pictures 



and forms of evo1ution of the disease, some curing spontaneous1y 

whi1e others progress re1ent1essy to fa~a1 out~omes or 1ive-on 

essentia11y asympiomatic (10), together with th~ 
-· .. : ', -. . . ~ ' ' .. :· ' . " . ' -. . . . . : ~- . _. : ·. -; 

_par as _i'_t_~-7--~----~--~-~:~~:.-~i~~=~Y;~~~~i-~~:~=~: ,-~~~f=o~:~--~-~~:;~:~~-~~~~~ ~r-=-~o-~-i ~-_;:_~~-;~ -~~- ~E-~'-~--~ q ':la~ te 1 

and o Úi ers~ii:.6))/úi,Íld~zo1;·'tl.s). a 11 :-,r.s~_e)f c>,r a c_ompl ica te d 

netwo~k ~i"·/~~-¡~;:f~t~)~~ i~·\~~i·:~ .. ii~i,~~~j_il'~~X {~ ~~~~~ite 06). host 

and en vi ro"ri,;,ID~~~T0 ~;~,~;~;.t~.~~0s.f.~,n:{},~5 pa~,"e~8.en;;,s~·;s __ /lf -~·:r,s~ice:r~osis. 
(:_~¡_ ~- ;_~,:· :;;,, ;. )'. ;:'·5::- L~.-~'- -. -;_:.:: :-,:.;,,.' :~<.1t ·;};·~:··.- ·¡ i ,'_ .· ,. ;_;/" -.··-'~~:~·) . __ -:, , .--,~·-. \:·L;· 

- -.;:'.~_:--: ';.F.- ~:-:·>: :·n.".> .e"· :·----· - (~;:-' -"·-·· ·.:~·?. ·.:~i": .,_, - ·:;:_·: -
Systemat:ic, exp1o,r,';',"cion ;c:>f>th,e ~o1e of bi_,;1ogica1'•:factors, in 

suscepti b :i1:ity to. cyst'i.cex'C:o~i~ ·~'s hard1 y .. poss.il>~~:!~t1;1dying man; 

and most 1abori~u~~: ~·rid ·:~~,~·~:·~:·i·:-~ ~~~~ :.:~~·~.-~ ." ~H6~~-,;-e~);-·"(:-\:~-·h:~i\t·/~~--e ··~ther 
tap eworms ~ era ssi cep s a nd ~ t.a.en,if._or~',{~·~-~--:~·-\;-~-~~~::~:2 
metacestodes affect mice. that are most suita:ble·.,::fi:ir 

. ,;: 

experimentation and have already provided with~ ~._-sa·i:ne ·evidence for 

the genetic background of the host inf1uencin:s' .. ·1:'J.;E>.•: oútcome of 

infection with I...:_ taeniaformis ( 17) and of i_mm·-;.-11·~-tY. affecting 

insta1lation of I...:_ crassiceps ( 18). The 1at.te-~:.·¡·;.;· besi suited as 

,, model of human disease. Hice harbar the cy~iicei¿~ of 

T.crassiceps free in their peritoneal caviiti_e~·-·a~_.a· ch-ronic 
"··. ,'•' ,, - . : 

infection causing some i nf 1 a mm a t ion in ·s~-~~~~o~:~~-/~·~'i:esttinal surf a ces 

basa1 meninges of 

.. -: ·:,-.':_::.'. .. - -.-:-'·, :. 
disease, quite 1ike thS..t·,::cau.se·d ._by ·.:!:.:_ so1ium in 

man. Furthermore, a~ ... t·~~~:~ai1'1', the murine 

at 1ate stages of 
1 -~ 

parasite resemb1es that of .:!:.:_ so1ium,:.: ait:'hou¡{h somewhat Sl!IS11er, 
;·. ---- . : ''/ ~ - :,_','.', . '·' -:\ - -

and shares the sociab1e behavior of t~e hu~~~ parasite, not 

causing major damage to neighboring structures of the host, other 

than space occupation and scant inf1ammation, as evidenced by 

conventiona1 1ight microscopy and NHR imaging (19). The 

bio1ogica1 cyc1e is a1so simi1ar, in nature mice contract the 



disease by ingesting eggs present in the environment c:ontaminated 

with faec:es from sma11 c:arnivores -1ike foxe~. c:atSi and perhaps 

others (20)- bearing the adu1t worm in their~i~t~st~ne. 

Ex peri menta 1 i nf ec t ion is simpl y atta ine:d_l"JJ·Y,;;~ii.n:j.-_~c:i:. i __ n·g_ 

metacestodes in the- peritoneal cavity. ·o'.f-;'°';_~-;i:Ce;:.,~--;~h~~e -they 
C'·.'_f.,•" '¡ ·' 

reproduce by buddins. presumab1y asexü:~}::>_jf'lE:X:~~r·:i:;;,ents yieid 

::i::m::: ::::::::t:º:::~ 1 ::n::~:ª-f2ii~!.Iit~~t!:~rm:r::: ········ 
'.- ~' ·-->""~ "l-·<~ :.'.\,./-·,.,:. 

thousands, of months after If tru1y 

for contro1 and uniformity of the 

to ,;;~i;~i\~:i'-Y'ih>'Y, 'budding. 

Par ª5:~~:e;~ff)~;?~ ~.i t ic 

a11ows asexual, cr·Bssiceps' c:apabi1ity 

cha rae terist ics. To top i t a 11, e ystiCer·c:_;j_·;_<~_:,f'KT--~·-· :e r9ssi.ceps f are 

"We11 for weeks in conventional tissue cu·Í:·t,,u:~~-~:-b~nditions and for 
,--- -,:· ,': 

days in minima1 media, fac:ilitating ev~~~ati6~ cif fac:tors in 

simp1ified systems. 

Thus, using experimenta1 murine cysticercosis caused by~ 

crass1ceps. we undertook ~h~ systematic exp1oration of factors 

invo1ved in the host's susc:eptibi1ity and the parasite's 

¡1 pathogenic:ity. Here we brief1y inform of our oajor .findings, as 
\]i 

they stand today. 

Parasite reprod~c:tion in ihe peritonea1 c:avity of mice 

experimenta1Íy infec:ted with c:ystic:erc:i of .'!:.:. c:rassic:eps (ORF 

strain) is under c:ontro1 of H2 1ocus, of gonads and of the 

immune system. ac:ting as single factora as we11 as interacting 

systems: 



a) H2d haplotype is more susceptible than H2b and H2k; 

b) females are more susceptible than males; 

c) vaccination induces pro~ective immunity, seemingly 

independent of antibody; 

d) sexual differ'ences :-.. v~ry -·trom strain to strain, and immune 

protecti·on. is'_:- ~6·-¡.~;: ~~d'.t'~:b_ie;~ i.n m~1e mi-ce, and•,:.~n r es:i stant 
.-·.-:.~·--.. ~:}~J,:_L!_ . .,_ ... -_-_,_,__.-:"··-- ··-~ _ .-- _ _,--:-""'-. ';·:.-"·:,__.:<·:·::··:,::· . 

strains thari" "i'n>fe_males;.and: susceptibl_e;· s"trá.ins.' '-whi.le 

anti bod y p rod .;:ctioiiU::i.s ,~..._u.,.iitl\,:,'ti"'~1'i\:~~ci~qti~i1tati ve i y 
-·-· ,--,.,;·>- .. ~!.'~;., .:-I'.(,:· .. : .. ·.:;.·.--;:·- ~--'i'::" "!';(',.-.-.-~~---·- -.· ~"- ·:~,~-·-:,,:.,..., .. , __ 

independent.·:· ~-f~.'.'.~~~~:¿:~~-:-ri\f' strai·n ·'..~"~-;~-~·f;i:\:;'·ri·:-~--.-.;;.~~i.::·; · 

the parasite' s JYG<~~~J::>~r;~~Yi~~~j~li~~~':}:~Jj than ORF but 

is e qua 11 y sen si t ¡~:~-~:;~·~::~:~:- :;.Í: ~;~ -.-:}:i·6~.,~- •r::~;s- . ~:;i·~~i ~ ~:~- ~:~ t ; 
':.-,-;·-~- .. _ ::.»>- ;.,;,-., -

;~:~?. 

e) 

f) either strain of the· pá.rasit'é:',:;;vh .. en'.',located 

subcutaneously are 
.. ·' .- ' :. ··.·-- ..... ·.,;: <._.... :· -

seemingly h'ee.dless of the host's 

histocompatibi1ity, sex~al and immune influences. 

In v iev of these findi.ngs ~ c.rassiceps cystic.ercosis 

appears as a host-parasite r~lá~ionship controlled by a delicate 

net-work of factors from both parasite and host origin that. 

however, responds so drastical1y to experimental intervention, it 

may contribute to unfold the rules of conviviality between two 

biological entities in intimate contact. So far. the elements 

involved are sexual hormones, H2d histocompatibility antigens and 

-by exclusion immune cells but not antibodies. 
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SUMMARY 

Vaccination o:f mice with an antigen extract :from Taenia solium 

cysticerci induced protection against challenge with crassiceos 

cysticerci as successfully as did antigen extracts from ~ crassiceos. 

Vaccination was more e:f:fective in male than in :female mice and in the 

resistant strain {BALB/B) more so than in the susceptible strain 

{BALB/c). While only the resistant strain was completely protected by 

vaccination, the parasite load o:f the susceptible strain was 

signi:ficantly reduced by vaccination. 

Cross immunity between the human and murine parasites establishes 

murine ~ crassiceps cysticercosis as a convenient laboratory model in 

which to test promising solium antigens aimed a-e vaccine 

development against ~ solium cysticercosis. 

Further, results point to strong interactions of the immune 

·-· system with sexual and histocompatibility :factors in the host's 

dealing with cysticercosis. 
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INTRODUCTION 

The metacestode of '.!'...:.. solcium is a frequent cause of serious 

neurological. il.l.ness of humans in Mexico and other countries of 

Latinoamerica, Asia and Africa (Gemmel.l et al., 1.985). Man is the onl.y 

carrier of the adul.t tapeworm and sol.el.y responsibl.e far transmission 

to pigs and other humans via inadequate disposal. of faeces. Recent 

years have seen advancement in therapy (Del. Brutto and Sotel.o, 1.988; 

Escobedo et al.., l.987), diagnosis (Gonzal.ez et al.., l.987 and Fl.isser 

et al.., l.988), immunol.ogy (Flisser and Larral.de, l.986) and pathol.ogy 

of human and porcine diseases (Rabiela, 1.985). Control of transmission 

of T.:_ solium cysticercosis in endemic areas has been less successful 

(Gemmell et al., 1.985; Al u ja, 1982). An effective vaccine in 

rustically reared pigs would decrease infection pressure for man and 

pigs by reducing the number of new tapeworm carriers while al.lowing 

continuation 

porcicult:.ure 

come. 

That 

of rustic porcine rearing, which is the onl.y 

economically accesible in endemic areas far a 

vaccination induces immunological. protection 

form 

time 

of 

to 

against 

rnetacestode infections is very well. documented in a variety of species 

of host and parasite, most effectivel.y if vaccines comprise 

oncospheral. antigens (Larral.de, Flisser and Pérez-Montfort, 1.982; Good 

et al.., 1.982; Rajasekariah, Rickard and Donnel.l., l.985). The l.iterature 

on irnrnunol.ogical protection to 1:...:. sol.iurn al.though encouraging is 

scanty and deals rnainl.y with experimental chal.l.enges of a few pigs 

with eggs; a design of questionabl.e real.isrn on account of doubts about 

viabil.ity of eggs, effective dese and nurnber of chall.enges, and 

3 
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background immune state of the experimental. host (Nascirniento et al.., 

1.967; Mol.inari, et al.., 1983, 1.986). Optirnism prevail.s, however, 

because 

natural. 

of the extensive sirnil.arity among cestode in:fect~ons in 

history, pathol.ogy and, most convincingl.y, in antigenic 

composition. 

Experirnentation 1.eading to a vaccine against porcine 

cysticercosis is hampered by the high costs, genetic variabil.ity and 

sl.ow data retrieval. invol.ved in testing pigs. Experimental. rnurine 

cysticercosis, caused by T. crassiceos (Freeman, 1.962; Smith, Esch and 

Kuhn, 1.972; Larral.de et al., 1.990), coul.d be a useful. laboratory rnodel. 

in which to test prornising antigens, provided sorne degree of cross-

imrnunity between the 

dernonstrated. 

crossreacting 

(Larral.de et 

Because a 

antigens in 

al.., 1989), 

pig and the mouse parasites could be 

o:f most recent account informs of dozens 

.S.:. granulosus, 

an evaluation 

T_:_ solium and ~ crassiceos 

of cross protective inununity 

between ~ soiium and ~ crassiceps was most per=inent. 

4 



MATERIAL AND METHODS 

1. Parasites 

Larval .'.!'...:_ crassiceps utilized in this study come from a stock of 

the ORF strain kindly supplied by Dr. B. Enders (Behringwerke, 

Marburg, West .Germany) in 1984. The parasites were maintained by 

serial intraperitoneal inoculation in young female BALB/c rnice ever 

since. The parasites used to challenge control and vaccinated mi ce 

were obtained from donar mice - also BALB/c females - infected with 10 

small (less than 2 mm) non-budding larvae, and allowed to reproduce 

for 1 to 4 months inside the donar host befare harvesting. 

2. ~ 

Mal e and female BALB/c (susceptible) and BALB/B (resistant) mice 

(Larralde et al., 1990) 4 to 6 weeks old, were used to test the 

effects of vaccination upan susceptibility to experimental infection. 

3. Antigen Preparation 

A total extract of the cysticerci was selected as vaccine, 

instead of purified fractions, there not being any information as to 

the specific antigens potentially useful ·in protecting against 

experimental metacestode infection in mice. Murine crassiceps 

cysticerci and porcine so1ium cysticerci were collected as 

described in detail elsewhere (Larralde, et al., 1986) and placed in 

cold .01 M phosphate buffered saline, pH 7.2 (PBS). The metacestodes 

were repeatedly washed in ice cold PBS, and then homogenized in a 

Polytron (Brinkmann Instruments); the final protein concentration was 

adjusted to 9 mg/ml in PBS, as estimated by the method of Lowry, 
o 

the preparations stored at -70 e until used. 
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4. Vaccirlation 

Groups of 8-10 ma1e and fema1e mice each were vaccinated by 

injecting intraperitonea11y or subcutaneous1y 100, 200 or to 500 ug of 

vaccine protein per mouse, suspended in a1uminum hydroxide (30 mg 

protein/1 mg of a1um), once ar twice, 4 weeks apart. Ten male and ten 

fema1e non-vaccinated mice were injected with 10 ug of a1um a1one, as 

contro1s: a dose approaching the average dose of adjuvant received by 

the vaccinated mice. The experiments were designad so that rnany of the 

experimenta1 groups were cha11enged simu1taneous1y with the same 

harvest of parasites. Consequent1y, the sarne group of non-vaccinated 

mi ce are cohort controls of several experiments, and thus appear as 

ref erence of expected parasil:.e loads in more than one tab1e of 

results. 

5. Cha11enoe and measurement of pa~asite 1oad 

vaccinated and non-vaccinaL.ed mi ce were ea ch infectad 

intraperitonea11y (using a 26X16 need1e on a disposab1e syringe), with 

10 small (2-3 mm iong), unbudding cysts, 30 or 60 days af ter 

vaccination. Mice were ki11ed 30 ar 60 days after infection. Parasite 

1oad was measured in each mouse after etherization, bleeding and 

kil1ing by cervical dis1ocation. The 1arvae recovered in the 

peritoneai cavity from each mouse were placed in separate Petri dishes 

and counted ene by ene. 

6 



RESULTS 

Table I shows the expected parasite load in non-vaccinated 

control mice (dose = O) after 30 days of infection and thosé obtained 

in susceptible BALB/c mice vaccinated with- dif:fering 0cdoses -'- o:f -'---total 

antigen. Vaccination resulted in a slight increase -·in the· nuniber o:f 

totally protected mi ce - most clearly in males - as wel.l as in a 

notable decrease in parasite l.oad in those a:f:fected. Signif icant 

ef f ects of vaccine dese were appreciated: the dese of 100 ug/mouse 

consistently induced higher levels of protection than larger doses. 

Very clearly, both vaccines, from ~ crassiceps and from ~ solium, 

induced significant levels of resistance to infection in vaccinated 

rnice. Subcutaneous and intraperitoneal routes of vaccine 

administration produced similar levels of protection. Comparison of 

the results in Table I with those obtained in mice challenged 60 days 

after vaccination (Table II) indicated that protection declined as 

time elapsed between vaccination and challenge, more rapidly in 

fema les than in mal.es. However, signif icant dif ferences between 

vaccinated and control mice were also appreciable here, specially in 

mal e mice vaccinated with ~ soliurn. Sexual dif ferences in innate 

susceptibility, favoring males over females, were confirmed in these 
i í 

experiments / in ratios similar to those reported elsewhere (Larral.de 

et al.., l.990). 

Statistical anal.ysis of the results of the complete factorial 

design shown in Tables I and II requires careful consideration, there 

being many zeroes in individual parasite load and variances being so 

l.arge and not normal.l.y distributed. These characteristics render 
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simple comparisons of means and standard errors in groups of doubtful 

meaning. We applied analysis of variance (ANOVA) to take advantage of 

the multifactorial design (Factors and Levels: dose o:f vaccine (o, 

100, 200, 500 ug/mouse); source of vaccine ('.!'.._,_ solium, '.!'.._,_ crassiceos); 

sex (M,F); 

challenge 

treatment 

route of vaccine aclministration {SC, IP); interval between 

and vaccination (30, 60 days) replicates mostly 10 per 

cornbination with very few missing values. Thus, a 

measurement of the variation due to error and due to each factor and 

combination o:f factors was obtained. Because the model u sed (SAS, 

i985) requires normal distribution of the response variable, severa l. 

trans:formations of the individual parasite load were tried unti1 

4 ./ ( Parasite load in each mouse + l) was found to meet satisfactorily 

with the restriction of normality. Thus, we statistically confirmed 

that.the single factors that most significantly affected parasite load 

were sex, vaccine/challenge time interval, source of antigen, and dese 

of antigens. A very significant interaction of source of an"tigen with 

dos e indicated to signi.f.icani::. dose dif f erences far ea ch antigen 

preparation, and thát of sex and time interval to different evolution 

of the disease according to sex. No signif icant differences in route 

of administration of vaccine could be documented. The rest of the 

double and higher arder interactions, although many were statistically 

significant, were of smaller magnitude ar of obscure meaning. 

'I'he protective ef fect of vaccination is again discernible in 

Table III. Although protection is clearer in early infections (30 days 

vs 60 days) it is still discernible after 60 days of 

specially in mal.es, some fema les in long standing 

approaching the parasite loads of non-vaccinated animals. 

B 

infection, 

irif ections 

Table IV 



also shows that secondary imrnunization 30 days after the first vaccine 

inoculation paradoxically resulted in a diminution of protestion, more 

so in females and in longstanding infections than ·in ·males''.anéi early 

infections. Anal.ysis of variance of results shown ·in: .Table IV, by the 

same procedure discussed above, indicated to highly signif icant 

differences between vaccinated and controls in all. cases except the 

twice vaccinated femal.es after 60 days of infection. 

The results in Table IV refer to the role of MHC and vaccination 

in immune protection measured 30 days after infection. Results again 

show the signif icant protec~ive effects of vaccination in dupl.i..cate 

experiments per~ormed sirnultaneously by different coworkers .. Also, 

Table IV indicates that complete inununity was induced in all animals 

only in the resistant BALB/B (H-2b) mouse strain (Larralde et al, 

1990), in both males and ~emales, while the congenie strain BALB/c, 

(H-2d), showed only reduced parasite load and occassional st.eril.e 

immunity in males only. 
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DISCUSSION 

Results support that vaccination with either T.:. crassiceps.or ~ 

solium antigens protects mi ce against experimental cysticercosis 

caused by T.:. crassiceps cysticerci placed in the peritonea1 cavity. 

Cross-reacting immunity between the cestodes affecting human and 

por cine hosts with that of mice offers an expeditious and econornic 

laboratory model of cysticercosis on which to test promising antigens 

in the development of a vaccine against '.E_,_ so1ium cysticercosis. It 

al so strengthens optimism about the eventual immunological protection 

of rustically reared pigs by similar procedures. In addition, murine 

cysticercosis by crassiceps would be capable of support.ing the 

immediate industrial production of vaccine - instead of the 

unmanageable porcine source of antigens - while DNA recombinant or 

peptide synthesis technology develop alternative vaccines and they 

become accesible in endemic areas. 

our results also tell of the intricacies of the host-parasite 

relationship when hosts deal with as complex a_.parasite as cysticerci. 

Not only do the host's gender and histocompatibility genetic factors 
: ;':f influence innate susceptibility (Larral.deccet al.., 1990) but they also 

seem to regulate immunity, -as the protection induced .. by vaccination 

was al.ways greater in males than in females of either susceptible 
l-.j 

(BALB/c, H-2d) ar resistant (BALB/B, H-2b) mouse strains. In fact, 

complete sterile immunity was obtained only in the resistant 

strain .. Although sex-linked and histocompatibility-l.inked 

susceptibil.ity to parasite infection have been recognized in a number 

of other parasitic diseaes (Blair and Campbel.1, 1976; Mitchell., 

10 



Rajasekariah and Rickard, l980) no general pattern is recognizable. 

Sorne report females as more resistant than males and others indica te 

that haplotypes other than H-2d are related to suscept:ibili ty. It 

would seern that each species of parasite finds or sets it•s own unique 

set of rules far convivial relationship with each host. We know of no 

formal report relating suceptibility with race in porcine soliurn 

cysticercosis, but the introduction of genetically resistant pigs in 

endernic areas would certainly be an important contribution to control 

of transrnission. 

Other interesting points on parasite immunology emerge from our 

experiments. That the differences in parasite load between vaccinated 

and control mice minimized as the infection was allowed to proceed 

would indica te that inununity operates most effectively at the early 

stages of diesease. However, it could also be a nurnerical artifact 

since, if ex.ponential, the rate of gro~th of the parasite would only 

be stunted the low parasite loads characteristic of early 

infections. 

at 

The above possibilities are not disjunctive, of course, 

and there is still no good reason to favor either. That high doses of 

antigen in the vaccine, as well as boosting, induce lesser levels of 

protection than low doses and single inoculation, is consistent with a 

nurnber of 

antibodies, 

possibilities: 

among other. 

frorn immunological paralysis to blocking 

The alleged endurance of cysticerci to 

immunological attack by the host was shown here to be conditioned by a 

nurnber of factors age of di seas e, as well as 

and immunological factors of the host histocornpatibility 

only due to a unique property of the developrnental stage 

11 
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parasite. ' Finally, the notable variation in parasite load within 

experimental 

experiments 

groups deserves at least the comment that preliminary 

indica te it comes from parasite diversification with 

respect to rate of growth in the challenge inoculum and not frorn 

uncontrolled breeding methods of the mice. 
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LEGENDS OF TABLES 

Table I. Immunization of susceptible BALB/c mice with dif ferent 

doses of crassiceps and ~ solium antigens resulted in a 

considerable diminution of the individual parasite load and in 

sorne totally protected mice, after experimental challenge with 10 

cysts placed intraperitoneally 30 days a~~er vaccination and 

recounted 30 days after infection. Protective efrects were most 

notable in males than in females and at the dese of 100 ug/mouse 

than in higher doses. 

Table II. Immunization of susceptible mice with different doses 

of crassiceps and ~ soiium antigens, 60 days prior to 

challenge, al so resulted in diminution of parasite load arid in 

sorne totally protected animals, although the level of protection 

was not as high as that obtained when the interval between 

vaccination and challenge was of only 30 days (Table I). All mice 

were challenged with 10 cysts placed intraperitoneally in ea ch 

mouse, and then recounted 30 days after infection. Protective 

e:ffects were most notable in males than in f emales and at the 

dose of 100 ug/mouse than in higher doses. 

Table III- Immunization of susceptible BALB/c mice with 100 
< :.-·.- ___ • 

ug/mouse o:f ~ crassiceps ar ~ solium antigens once or t~ice, 30 
_-, · .. ~; .. -

days bef ore chal.1enge. Control and experimental anima 1.s ::.were 

sacrificed and their parasites counted 30 and 60 ·'ctays a:f ter 

infection with 10 cysts per mouse placed intraperi toneai:l;. In 

al.1 but one case (females twice vaccinated with .'.!'...:..· crassiceps 
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antigens) vaccination resulted in a considerable and significant 

diminution of parasite load as well as in a notable increment in 

the number of totally protected mi ce (NTP). The protective 

effects of vaccination were rnost notable in early (30 days) than 

in late (60 days) infections and slightly more so with antigens 

frorn .'E.:. soliurn than from .'L. crassiceps. 

Table IV. Vaccination with 100 ug/mouse of crassiceps 

antigens of congenie BALB mice differing only in H-2 haplotype 

resulted in signif icant diminution of parasite load in both 

strains, as meas u red 30 days af ter infection. However, 

vaccination resulted in complete sterile imrnunity of both sexes 

and of all animals only in the resistant BALB/B (H-2b) strain. 

! ! 

'"' 

18 



SaJRCE 
OF 

VAcx::INE 

TABLE I 

EARLY PhUIECIIVE Il'l'll.JNTIY AGAINSf MURlNE .L._ m'5Siceps CYSl'Icm:DSIS 

BY VAo:::INAT.ION WTIH .L._ c.m.ssiceps AND .L._ solium ANl'IGENS 

1X6E OF PRCJTEIN AfITIGENS TN VACCINE ~ug/1TOUSe) 
SEX 

o 100 200 
(CXNIROL) IP se IP sc IP 

50) 

F'B'IALE *138 ± 13 l4 ± 6" 30 ± 6" 68 ± 10" 43 ± 5" 89 ± 20'' 
T. crassiceps o(O) (2) (O) (O) (O) 

MALE 19 ± 5 o± O" 2 ± l" 3± O" 12 ± 3• 
(O) (10) (4) (O) (O) 

FB-IALE 46 ± 10" 12 ± 5" 48 ± 1211 15 ± 4 11 

(3) (4) (O) (1) 
As above 

~!ALE 1 ± l" O ± O" 1 ± O" 4 ± 2" 
(8) (10) (G) (3) 

* t-~ ± Standard Error of individual pan1siLe load in nroups o[ Len mic..:.c c.ach 
Sig,nific...'1.Ilt diííerence \·riLh l.:.OnLrol. vnlucs nL 95% con.fide:11ce levc..·l 
Si..gniíicant dilference wit:.h conLrol valuc::; at CjC.JX, c..:onfidence level 

o Nunber of tot.nlly protected mi.ce bearing zero cysLS 

(0) 

12 ± 4' 
(1) 

82 ± 13' 
(O) 

22 ± 6" 
(O) 

se 

58 ± 10" 
(O) 

23 ± 5 
(O) 

15 ± 3" 
(0) 

5± 2" 
(1) 



SOJRCE 
OF 

VAcx::rNE 

T. c.rassiceps 

TABI.E II 

1.A'IE PROia:::r.IVE ll'MJNTIY AGAINST MURINE L_ cra.ssiceps CYSITCERCDSIS 

BY VAcx::rNATION WTIH L_ cra.ssiceps AND L_ solium ANTI:GEN5 

IXlSE OF PR01EIN ANTIGE!>S IN VACCINE (ug/muse) 
SEX 

o 100 200 
( CD'ITROL) IP se IP se IP 

FE-1ALE *138 ± 13 10 ± 4" 51 ± 5" 81 ± 8" 94 ± 10' 134 ± 
o(l) (3) (O) (O) (O) (O) 

MAL.E 19 ± 5 4 ± 2" 10 ± 1'' 19 ± 3 19 ± 3 30 ± 
(O) (3) (0) (O) (O) (O) 

5(X) 

se 

7 136 ± 
(O) 

2 25 ± 
(O) 

FB-w...E 120 ± 23 112 ± 27 68 ± 21" 43 ± 8" 22 ± 13" 12 ± 
(O) (O) (3) (1) 

As above 
MAL.E 1 ± l" 24 ± 2 7 ± 2' 21 ± 2 

(7) (O) (3) (0) 

* ~ean ± Standard Error of individual para.si.te load in groups of ten míe.e eacll 
Signi.ficant differenc.e with control value.s at 95% con.fidenc.e level 
Signific.ant di.fference with control valucs at. 9S1% c.onfideuce lcvel 

o Nurrber of tot.ally pl·otcctc<l mice hear:ing zero cysLS 

(3) (1) 

2± 1" 4± 
(7) (3) 

9 
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None 

Erl'H::r OF IU:Bl"ING J\ND 8::JURCE OF AN11.Gl:.i"'S U!U'l PIDIECITVE ll'l'lJNTIY 

AGAINsr MURINE T. c.ras.siceps C'iSITCERO.EIS IN EARLY AND LATE INFECI'IONS 

NlNBER OF 
VAa::INATICXllS 

( 100 ug/rrouse) 

o F 
M 

30 DA''i:S OF INFECrION 

*X± SE 'N'lP 

138 ± l 0/10 
19 ± 5 0/10 

L: N'fP 0/20 

oF < 

60 DAYS OF INFB::ITCN 

;;x ±SE NIP 

658 ± 117 1/10 
306 ± 42 0/10 

L: NIP 1/20 

P< 

L: N1P 

1/40 = .025 

I.:_ cra.ssiceps 1 F 13 ± (, .Ol 2/10 255 ± 46 .01 1/10 

o . 

M O± o .01 10/10 1 ± 1 

2 F CX1 ± 25 .20 0/10 648 ± 40 
M 3± 2 .05 2/10 168 ± 46 

L: mP = 14/40 L: N'lP 

1 F 46 ± 18 .05 3/10 287 ± 89 
M 1 ± 1 .01 9/10 103 ± 34 

2 F 12 ± 8 .01 5/10 48 ± 21 
M 2± 2 .01 7/10 24 ± 6 

¿; lffi' = 24/40 L: N1P 

L: 1'<'1P 38/8.l .li75 

t-han and standard error of intlivi..<luaJ \l.é:u:a.siLC la<u\ ü1 gtuups of Len mi.ce each 
Probability o( \.he null hypoLhcsis of expcrúrcntal group bc1-ng equal to control 

.01 9/10 

.20 0/10 

.01 2/10 
12/40 'lb/00 - .325 

.01 5/10 
.01 4/10 

.01 2/10 

.01 5/10 
16/40 u::J/f!IJ - • 500 

28/00 .350 

Nl'P Nunher of tot.ally proLecLcd micc bc<u·lng zci:o cy:,ts cl1 v1<lcd by lhe mmber of mi.ce in the group 

-



GROUPS 

CPITTROIS 

VACCINATED 

TABLE IV 

EFFE'.:I' OF VACCINATION wrm .L.. cra.ssiceps ANITGENS AGAINsr MURINE 

T. crassiceps CYSTICERO:GIS IN BALB MICE DIFFERThG IN 112 HAPUJI'YPE 

RESISTANr SUSC:Eí'ITBLE 
(BALB/B, H-2b) (BALB/c. l!-2d) 

*X± SE 'lltTP ~;x ± SE lltTP 

F 6 ± 1 0/10 78 ± 18 0/8 
M 2 ± 1 5/10 21 ± 6 0/8 

E lltrP = 5/20 E l'trP 0/16 

o p p 

F(l) 0±0 .01 10/10 6 ± 1 .01 0/10 
F(2) 0±0 .01 10/10 6 ± 1 .01 1/10 

(100 ug/rrouse) 
M(l) 0±0 .05 10/10 2 ± .01 4/10 
M(2) 0±0 .05 10/10 5 ± .01 2/10 

E ITTP = 40/40 E N'll' 7/40 

E NTP 

5/'!b 

47/00 

-4~ flo'ban ancl st.andard error· of individual. parn.s:i.Le load in group.s of Len mice each 
Nunt>er of total.ly protec.ted m.ic.:e bcaring zero cysts divided by tJ1c nunbe.r of an..ina.l.s in the group 

o ProbabiliLy of the null hypothesis of experi.rrental group being cqual t.o control 
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ABSTRACT 

Several inbred strains of rnice were inf ected by 

intraperitoneal injection of ten Taenia crassiceps cysts per 

rnouse. Genes linked with the majar histocompatibility córnplex 

(H- 2) were_ found to greatly influence parasite growth-, as 

dernostrated by the different parasite l.oads of H-2 congenie mice 

with BALB background: BALB/c (H-2d) rnice were the most 

susceptible while BALB/k (H-2k} and BALB/b (H-2b) were 

cornparatively resistant. Non-H-2 genes had no significant effect 

on susceptibility in H-2d strains, as reflected by the similar 

parasite loads in BALB/c, DBA/2, and ([BALB/cxDBA/2]F1) mice. 

Using the H-2b (BALB/b, C57BL/6J) and H-2k (C3H/HeJ, BALB/k, and 

C3HeB/FeJ) strains, non-H-2 background genes were found to cause 

a srnall, but significant influence on parasite load. A 

recombinant 

indicating that s or/and D regions of the H-2d cornplex are 

probably involved in the control. of resistance to murine 

cysticercosis. Female mice of al.l strains were more susceptible 

than male mice. The same effecta of H-2 genes were observed with 

two strains of T. crassiceps differing in rate of growth. 
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INTRODUCTION 

Genetic differences in the immune response of mice to 

various parasitic infections are well documented (Vadas 1980; 

Wakelin 1978, 1985) and variation in their innate susceptibility 

has been found with most of the parasites tested. However, 

linkage of susceptibility with the majar histocompatibi1ity 

comp1ex (MHC) has been successfu11y documented in only a few 

cases. Genes within H-2 have been shown to play an important 

role in resistance to Trichineiia spiraiis in mice (Wakelin and 

Donachie, 1983) as well as genes outside the MHC (Wasson, Brooks 

and Cypess, 1983); to Trichuris muris (Else and Wake1in, 1988); 

to Schistosoma mansoni (Class and Deeleder, 1979) and to 

Piasmodium chabaudi (Wunderlich et ai, 1988). Also, differences 

in long-term inunune response is contro11ed by MHC genes in the 

systemic forro of murine leishmaniasis caused by Leishmania 

donovani (B1ackwe11, Freeman and Brad1ey, 1980). Fina11y, the 

immune response to secreted antigens of Ascaris suum is 

controlled as the level of H-2 in mice (Kennedy, Gordon, 

Tomlinson and Qureshi, 1986). Such corre1ations cou1d have 

profound implications fer diagnosis, treatment and control of 

human helminth infections (Parkhouse and Harrison, 1989). 

Preliminary studies in experimental murine Taenia crassiceps 

cysticercosis pointed to significant genetic differences between 

mouse strains with variable levels of innate susceptibility 
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(Larralde et ai, 1989). In these experirnents the genetic basis of 

variable susceptibility was not mapped. Another hint of H-2 

involvement comes from protection experiments, where vaccination 

with T.· érassir:;e_ps ·was· found to be more effective in H-2b than 
•.,. '. -' .. , . :: 

H-2d mice. (Sciut~~ e~ ai, 1990). 

We now present a more comprehensive study which strongly 

suggests that differences in susceptibility of mice to T. 

crassiceps are largely controlled by gene(s) within or closely 

adjacent to the major histocompatibility complex. (H-:-2) ~ In 

addition, female mice are signi:ficantly more susceptible to T. 

crassiceps in:fection than males, demonstrating an as yet 

unexplained role of gender in this host-parasite relationship. 
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MATERIAL AND METHODS 

Parasites 

The fast-growing ORF strain of T. crassiceps (Freeman, 1962) 

was supplied by Dr ... B .. Enders (Behringwerke. Marburg, West 

Germany), and the s1ow~growing HYG strain by Dr. J. Grun (Dept. of 

Biochemistry, Jefferson Medical College, Phi1ade1phia) and were 

kept by serial passage in BALB/c femaie mice for five years 

(Sa11y, Chau and Freeman, 1976). 

Parasites used in this study were harvested from the 

peritoneal cavity of the donor mice after one to four months of 

infection. 

All male and female mice used were 5-7-week-old at the start 

of the experiments. They were bred in our animal facilities by 

the "single 1ine breeding system" during 20 generations, starting 

with original stock from Jackson Labs in 1982 and fed Purina.• s 

Diet 5015 ad iibitum. The strains of mice used in these studies 

were chosen because they either possesed common genetic 

backgrounds but different a11e1es at genes within the major 

histocompatibility complex (MHC} (BALB/c (H-2d), BALB/b {H-2b), 

BALB/k (H-2k}}, or shared common MHC genes but differed in 

genetic backgrounds BALB/c AnN, DBA/2, BALB/c DBA/2 Fl (H-2d}; 
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C57BL/6J, BALB/b (H- 2b); C3H/HeJ, C3HeB/FeJ AND BALB/k (H-2k). 

This allowed independent evaluation of the influence of MHC or 

non-MHC genes on susceptibility to cysticercosis. 

Infections 

Metacestodes used in challenge infections were removed from 

BALB/c female mice carrying T. crassiceps ORF or HYG str~in of 

cysticercus. Ten small (aprox 2 mm diameter) non-budding larvae 

were suspended in 0.5 ml of PBS (0.15 M NaCl, 0.01 M sodium 

phosphate buffer, pH 7-2) and injected intraperitoneally into 

each mouse using .25 gauge needle. The infected mice were 

sacrificed and the cysts found inside the peritonea1 cavity were 

counted. In this form of disease the parasites never migrate to 

another location in the host. In ene experiment, where the 

kinetics of parasite growth in BALB/c as compared with BALB/b was 

of interest, mice were sacrificed at several times after 

infection, during an 150 days time period. 

Statistical Analysis 

The statistical significance of the effects of the 

experimental variables (H-2 genes, genetic background, sex of 

mice and strain of parasite) upon parasite load was analyzed by 

multifactorial analysis of variance (ANOVA) (SAS Institute Inc., 

1985). Because individual parasite load, as measured by total 

number of parasites in each mouse, was not found to be normally 

distributed and the variances among the different groups were 
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not homogeneous, the response variable (parasite load = number 

of parasites in each mouse) required algebraic transformation to 

perform proper comparisions between groups. The transformed 

parasite load that successfu11y met with the requirements of 

normal distribution and homogeneous variances among groups was 

the fourth root of the number of parasites in each mouse plus 

ene (4~mber parasites + 1]). This transformation does not 

imp1y significant numeric changes in parasite load. Transforming 

response variables seeks to reduce variances and norma1ize 

distributions, while the addition of unity e1iminates troublesome 

zeroes without greatly altering numeric seores. However, in 

keeping with the usual 1ack of concern with the restrictions of 

statistical ana1ysis, the results were also analyzed without any 

transformation. Identical conc1usions were reached with both 

procedures. 
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RESULTS 

Mice of nine strains (BALB/c ··AnN, DBA/2, BALB/c X DBA/2 F1, 

BALB/b, C57BL/6J, C3H/HeJ~· C3He. B/FeJ, .A/J) were infectad intra

peri toneaJ..ly· with ·-ten Taenia --crassiceps ORF cysticerci per mouse, 

sacrificad. 30 days after infection and the parasite load in each 

mouse was counted. The mean number of larvae established in each 

strain is given in Table I. Strains of the H-2d haplotype carried 

the most numerous cysticerci, while parasite loads in H-2b and H-

2k haplotypes were comparatively smaller. No significant 

differences were recorded among the three H-2d susceptible 

strains tested. However, among female mice carrying the resistant 

haplotypes (H-2b, H-2k) there were significant differences 

associated to each strain, but not so in males. The A/J natural 

recombinant strain H-2a haplotype carrying the Kk Ak Ek Dd sd 

alleles harbored parasite loads essentially identical to the 

other H-2d strains. 

Table I includes three H-2 congenie mice with a BALB genetic 

background in which two phenotype classes could be distinguished: 

the susceptible H-2d carrying large parasite loads and the 

resistant H-2b and H-2k carrying smaller parasite loada. The 

influence of H-2 complex was furthered studied infecting these 

three H-2 BALB congenie strains with cysticerci from Taenia 

crassiceps of HYG strain in addition to the ORF strain, and the 

parasite loads obtained in the different haplotypes are shown in 

Table II. The same pattern of susceptibility was observed 
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a1though the HYG strain grew siower than ORF. Parasite ioads in 

mice with H-2d were significant1y higher than those in H-2k ar 

H-2b hap1otypes, which carried essentia11y the same iow number 

of parasites. 

Femaie mi ce were" more:.·susceptib1e to intraperi tonea·i 

cysticercosis than .. má.i<O',;;·/;(Thi.s strong association between the 

host • s sex and pai::asite';grc:ÍWth was observed in aii the. strains of 
,_.'· 

mice (Tab1e I); aitl::Íoughto:different extents, and with thetwo 

strains of pará.sit~~·={{±'~bi~ II). 

Tab1e III. 'Elhc:í'.~'s';:the rate of growth of Taenia crassiceps ORF 

in the peritoneai cavity of congenie BALB/c (susceptib1e, H-2d) 

and BALB/b (resistant, H-2b) maie and femaie mice. In the first 

ten days after infection, no macroscopic parasites cou1d be 

recovered from infected BALB/b mice whi1e a different pattern of 

growth occurred on resistant maie BALB/c mice, in which 

parasites cou1d be recovered as soon as one day after 

infection. 
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DISCUSSION 

In the present study several. i'nbred strains of mice were 

infected with cysticercus from two 'Strains of Taenia crassiceps 

(ORF, fast, and HYG, sl.ow). Mice with the H-2d hapl.otype were the 

most susceptibl.e whereas H-2b or H-2k strains were comparativel.y 

resistant. A gene(s) within or cl.osel.y adjacent to H-2 must 

therefore control. innate mechanisms responsibl.e for 

susceptibil.ity versus resistance to this form of infection. That 

the natural. recombinant (k/d) A/J strain retained the susceptibl.e 

phenotype indicates that MHC mechanisms affecting parasite growth 

are 1.ocated in the S and /or D region of H-2 genome, since this 

strain is Kk, Ik, Sd, Dd (Kl.ein, 1.986). 

The non-H-2 genetic background of the mouse strains tested 

had considerabl.y 1.ess inf 1.uence on parasite growth, with smal.1. 

dif ferences in susceptibil.ity onl.y in the context of H-2b ar H-2k 

in femal.e mice. Thus non-H-2 determined factora onl.y come into 

effe~t in mice carrying the H-2 hapl.otypes conferring resistance. 

The rel.ation between susceptibi1ity and the majar 

histocompatibi1ity comp1ex has been studied in a variety of 

experimental. mouse infections (Wakel.in, 1978, 1985; Vadas, 1980) 

However, H-2 invo1vement has been definitel.y establ.ished or 

excl.uded in comparativel.y few cases. H-2 1.inked 9enes infl.uence 

the response of mice to infection with T. spiraiis (Wakel.in and 
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Donachie, 1983; Wasson, Krco and David, 1987), the response of 

mice to vaccination against schistosome infection (Sher, Hieny 

and James, 1984) and the 1ong-term response in systemic 

1eishmaniasis caused by Leishmania donovani (B1ackwe11,, Freeman 

and Brad1ey, 1980). In a11 of these infections genes mapping 

outside the MHC are a1so of importance. 

In murine cestode infections there is prev.ious evidence for 

genetic invo1vement in innate susceptibi1ity to .Taenia 

taeniaformis (Mitche11, 1982), and T. crassiceps (Larra1de et 

al., 1.988). In these studies, we have now ·shownthat. innate 

susceptibil.ity may be contro11.ed at the 1.evei ·Óf the H-2 whi1e 

non-H~2 backgr~und genes contribute a smaii or 

of controi. 

neg1igib1e 1eve1 

The mechanisms invo1ved in innate and/or acquired 

susceptibi1ity have yet to be determined but H-2 associated 

differences in antigen presentation woul.d be the most immediate 

area to explore. Neverthe1ess, antigen recognition by T cel.1.s in 

the context of I-E is unl.ike1y invo1ved considering that H-2b 

mice, that fai1 in I-E expression, are as resistant as H-2k 

mice, in which I-E mo1ecul.es express norma11.y (Wasson, Krco and 

David, 1987). Considering the susceptibi1ity of A/J strain, 

antigen presentation in the context of c1ass I antigens can not 

be rul.ed out. Nor the activation of cytotoxic 1ymphocytes 
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neither the role of complement are discarded as phenomena 

critical.ly involved in.sU.sceptibil.ity,.since·the S region of 

H-2 is al.so probabl.y invo1'ied.~.· ~Clther: pos,;.i.bility would be the 
·;-- .:·!·-, '°''. 

presence of H-2d epi topes ~n .: T. •:e:r_assipeps •. from adsorption of 

host-epitopes from thE. B~i:lJc:s~;~cJ:.;;{.':,~~in which the parasites 
' - - - -=·-=;o-e· ~""~;07:-0.·::'7?--=;fo-'""---o;;;'O.-•'= --;;.io~;;;.::--~'-':~'=-=o~-;;.c,~;·_,oc··-

The differfanc~~ /:i:n.i;;.U.~é::eptibility between mal.e and femal.e 

mice rnerit · cornment'"' It. appears that these differences occur only 

in the peritoneal experimental infection with cysticerci whil.e 

there were no sex dif ferences are detected in oral egg chal.lenge 

of common vol.es and other rodents (Del.val.le, 1989). If these sex 

associated differences vary because of dif ferential parasite 

stage susceptibility or tisular location is open to question. Sex 

associated differences in susceptibil.ity consistently exist in 

all the strains of mice used, although to varying extents 

depending of the H-2 genome of the host. A possible interaction 

between H-2 functions and endocrine enviroment is envisaged 

(Besedovsky, Del Rey, Soskin, 1986; Blalock et al., 1985)·. 

As judged by parasite growth curves, the H-2 dependent 

control of parasite growth appears to occur in the first thirty 

days of infection or not at all., since no macroscopic parasites 

coul.d be recovered from H-2b mice earl.y in the infection. In 
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contrast-, -in- the sex- associated control. - of- parasite -growth 

different 'mechanisms are probabl.y invol._ved considering that 

parasites couid,be reicovered as sean as- one''ctay,é!.fter '.i.nfe!ction. 

Thus, resi.;tance determined by H-2 gen~s Illé!.y::'~-.,,~end in different 

mechanisms than ·resistance attributabl.'.,; t~- g~nd~:C-: 

Cl.earl.y, HYG strain grew sl.ower than_O~ in al.1. H-2 strains 

of mice and in both sexes. This differénce .i.n rates of growth, 

intrinsic to the parasite, coul.d wel.1. be the outcome of sel.ective 

pressure coming from experimentation: ORF having been kept in the 

1.aboratory far many more generations than HYG._So 1.ong in fact 

that it is thought to have 1.ost it's abirity to transform in a 

tapeworm and to reproduce sexual.1.y (Smith, Esch and Kuhn, 1.972) 

Final.1.y, the finding of MHC rel.ated resistance to murine 

cysticercosis encourage ef forts to find ar devel.op and sel.ect pig 

strains resistant to cysticercosis as ways of control.1.ing 

transmission of T. soiium cysticercosis in endemic countries. 
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LEGENDS OF TABLES 

Table I. Mean and standard error of the number of parasites 

recovered from theperitoneal cavities·o::E mice 30 days after 

infectic:ín with 10 ·cyst Ó3RF)- per mous';,,_ 

Tabl.e Ir~- Mean·o-f -the ·number of parasit.es·-c·recovered-.from 

peritoneal - ca-vity. of ten males and felna.l.es congenie BALB mice 

30 days after infection with 10 cyst (ORF or::HYG) per -mouse~ 

Tabl.e I II. Mean parasi te loads in resistant · and sÚs.ceptible 

mice infected with ten cysts per :mouse and sacrificed ::Erom 1 

to 150 days after infection. 
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TABLE I 

SUSCEPTIBILITY TO Taenia crassiceps (ORF) CYSTICERCOSIS OF MICE WITH 
d,b, AND k H 2 HAPLOTYPES ON DIFFERENT BACKGROUNDS 

H-2 
HAPLOTYPE 

d 

a(k/d) 

b 

k 

STRAIN 

BALB/c 

DBA/2 

(BALB/c x DBA/2)Fl. 

A/J 

BALB/b 

C57 BL/6J 

BALB/k 

C3H/HeJ 

C3HeB/FeJ 

* Standard error of the mean 
n number of mice tested 

FEMALE 
AVERAGE PARASITE 
LOAD ± *SE (n) 

110.3 

83.2 

123.6 

115. 3 

18.1 

4.8 

33.1 

21.8 

6.0 

± 

± 

4.6 

9.6 

± 17.3 

± 

± 

± 

± 

± 

± 

5.4 

2.3 

1.9 

8.0 

5.3 

2.2 

a 
(70) 

a 
9) 

a 
( 7) 

a 
(47) 

b 
(18) 

e 
(28) 

b 
(15) 

b 
(15) 

e 
(10) 

a,b,c and d different l.iteral.s with P< 0.010 

MALE 
AVERAGE PARASITE 
LOAD ± SE (n) 

25.8 

34.0 

30 

0.9 

0.4 

o 

± 

± 

± 

l.. 9 

N.D. 

b 
(SO) 

.: ':: b 
4.'2 >..(16). 

,:·: b·' 
2~ 5 •, '(45) 

, ,. . . . . d •'e 
± · o'.4 ··.(20) 

·d·, e 
± :0;2 (20)· 

d 
(15) 

d,c 
3.7 ± 

2.7 ± 

l.. 7 

l.. 5 

( 15) 
d,c 

( 21) 

Statistics labeled with the same literal are not significant1y different from each other 
whil.e those l.abeled with different l.iteral.s are significantl.y different. 
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TABtE II 

ROLE CF H--2 GENES IN 1HE CDNIROL OF ~ cra.ssiceps (ORF AND HYG) 

C'iSTICERCI Gl\OIDi lN 'IHE P!'Ril'l'.Mll't OF INFECil'D Bt\U3 MICE 

SIRAIN OF PARASrIE 

ORF HYG 
SlRAIN H-2 AVFRNJF. PARASTI'E AVFP.IGE PARASTIE 
OF MICE HAPUJIYPE SEX I.DAD ±*SE LOAD ±SE 

BALB/c d F 138.3 ± 13.0 29.4 ± 9.5 
M 18.8 ± 4.6 2.4 ± 0.9 

BALB/b b F 52.1 ± 17.8 4.0 ± 1.2 
M o.o ± o.o o.o ± o.o 

BALB/k k F 54.2 ± 23.3 3.0 ± 0.6 
M 1.7 ± 0.9 o.o ± o.o 

.... Standard error of the UE0I1 



DAYS OF 
INFEI:ITON: 

BllLB/c F 
M 

BALB/b F 
M 

T A B L E III 

GRa.JIH OF ~ =assiéeps (ORF) IN RESISTAN!' AND SUSCEPI'IJLE MICE 

1 3 5 7 10 20 3) 60 

"'0.8 1.2 0.1 3.6 7.1 7.4 136.7 577.0 
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SUMMAR.Y 

The specific antibody response of mice to experimental. 

infection with T. crassíceps cysticerci was studied in naive and 
' -. '\· - ' ~ ·' 

vaccinated mal.e and femal.e rnice, frorn two ·a-·2 congenie strains 
. . 

that dif:fer in their rel.ative resistance to 1nfection with this 
:: ;·_._',,'_»,. ·.':· 

parasite. The more sUsceptibl.e condit:_~~ns had higher antibody 

1.evel.s than the resistant conditions·atequival.ent parasite 

1.oads: H-2d (BALB/c) > H-2b (BALB/b); :fernal.es > mal.es; naive> 

vaccinated. Passive transfer o:f whol.e irnrnune sera or total. 

immunogl.obul.ins from resistant and susceptibl.e strains did not 

transfer protection to this parasite. In :fact, whol.e sera :frorn 

susceptibl.e femal.e rnice increased susceptibil.ity o:f naive :fernal.es 

o:f the susceptibl.e strain. Western Bl.ot anal.ysis of antigen 

recognition by circul.ating antibodies reveal.ed extensive 

simil.arity between strains, sexes and irnrnune status. 

However,resistance is cl.earl.y associated with the host•s 

antibody response to three very conspicuous antigen bands, 

rnigrating between 80 - 93 Kd. Mal.es o:f BALB/c susceptibl.e strain 

rnounted strong antibody responses to these antigens onl.y i:f 

vaccinated prior to chal.1.enge, whil.e mal.es :from BALB/b resistant 

strain did so in response to infection without need of previous 

vaccination. Femal.es from either strains were very poorl.y 

reactive to the same antigens, even if vaccinated, al.though quite 

responsive to many others. In practica1 terms these :findings 

point to metacestodes obtained by experimental. murine T. 

crassíceps cysticercosis as a very abundant and manageabl.e source 

o:f antigens potentia11y use:fu1 in a design of a vaccine. 
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INTRODUCTION 

Taenia crassiceps is a 1arval_cestode parasite of rnice and 

rats that has preven usefu1 as a 1aboratory mode1 for T. soiium 

cysticercosis in the deve1opment of potential vaccines and diag

nostic reagents. (Sciutto et ai 1990; Larra1de et ai, 1989, 

1990; Prokopic, Kudrna and vanova, 1988). In addition, rnurine 

cysticercosis is quite arnenable far scientific inquiries dea1ing 

with the bio1ogica1 factora invo1ved in the re1ationship between 

host and rnetacestodes (Rickard and Wi1liarns. 1982; Mitchell, 

1989). In fact, we have recent1y shown that MHC, sex and 

irnmuno1ogica1 state of the host are factors that, acting 

individua11y and interactively, strongly inf1uence the rate of 

parasite growth and alter the chances of cysticercus ever taking 

up residence in the experirnenta11y infected mouse (Sciutto et ai, 

1990). 

The dominant role p1ayed by serurn antibodies in host 

protection against many rodent 1arva1 cestode infections is wel1 

known. In Taenia taeniaeformis cysticercosis, the evidence is 

cornpe11ing that antiparasite antibodies are necessary far 

expression of resistance (Mitchell et ai, 1982; Sou1sby and 

L1oyd, 1982). A1so, an association between the differing 

abi1ities of individuals to cope with other parasitic infections 

and their hurnora1 irnmune response is we1l docurnented (Gibbens, 

Harrison and Parkhouse, 1986; James and Cheveer, 1985; Else and 
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Wakelin, 1989). In T. saginata, T. crassiceps and T. soiiUJll 

cysticercosis, however, research in this area had established the 

notion that fully developed metacestodes are unharmed by 

antibodies, while early larvae are very susceptible (Rickard and 

Coman, 1977; Siebert and Good, 1980; Harrison and Parkhouse, 

1985) However in view of the notorious antibody response of 

cysticercotic individuals -mice and humans- we felt this had to 

be reassessed through the use of immunochemical techniques and 

methods of analysis, in hope of identifying antigens involved in 

resistance and collect clues for the proper design of a vaccine. 

In this study the humoral response to infection and 

vaccination with T. crassíceps of two congenie strains of mice of 

both sexes, (representing the extremes of resistance (BALB/b) and 

susceptibility (BALB/c) to primary infection) was asessed by use 

of quantitative enzyme linked immunosorbent assay (ELISA), 

Western Blotting and by passive transfer of whole inunune serurn ar 

immunoglobulins to determine whether the quantitative antibody 

response and/or the specificity of the antibody response is 

associated with natural or acquired resistance to infection. 

4 
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MATERIAL ANO METHODS 

Mice, Parasites 'and Sera 

Mal.es'.' arid femal.es BALB/ e and BALB/b rnice aged s to 7 weeks, 

were u sed :,,in these exper iments. Each individual. mouse was infect

ed with ten T. crassiceps (ORF strain) cysticerci injected 
- - . -·-~ . . . . 

intrape'ritoneal.l.y in O. 3 ml. of PBS. The infection was al.l.owed to 

proceed from l. to 150 days befare mice were sacrificed by 

bl.eeding. Their sera were stored al.iquoted at -2oºc and the 

number of cysts recovered from each mouse was recordad. The ORF 

strain of Taenia crassiceps was suppl.ied by Dr. B. Enders 

(Behringwerke, Germany) in l.984. The l.arvae were kept in our 

animal. facil.ities by serial. passaging (IP) in femal.e BALB/c mice 

every 2 to 4 months. Cysticerci for experimental. use were col.

l.ected from the donar mice by rinsing their peritoneal. cavity 

with PBS in steril.e conditions. Al.l. cysticerci used in these 

experiments were 2.0 nun or less in diameter and had no visibl.e 

buds on their surface. Inunune mouse serum was obtained from 

vaccinated BALB/c and BALB/b mice, of both sexes, vaccinated 30 

days befare chal.l.enge with a total. antigen extract of T. crassi-

ceps cysticerci (l.00 µg/rnice) and sacrificed by bl.eeding 30 

days after intraperitoneal. chal.l.enge with ten cysts per mouse as 

described el.sewhere (Sciutto et aL, l.990) 
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ADtib9dies Purification 

Pooled sera.from infected mice (immune sera) were 

precipitated at 50 and 33 percent of (NH
4

)
2
S0

4
, the residual 

ammonium sulfate_was eliminated by exahustive dialysis and pro

tein concentration were determined using a method modified frorn 

Lowry et ai (1951). 

Preparation of Parasite Antigen Used in Vaccination ELISA and 
Western Blots 

Cysticerci to be used in the vaccination experirnents were 

collected from the peritoneal cavity of the BALB/c female mice 

used for serial passage, washed in four changes of cold PBS (9 

volurnes of solution to 1 volume of parasite). then 

ultracentrifuged at 100,000 x g fer 60 min at 4°C. The protein 

content of the supernatant was adjusted to 3 mg/rnl and stored 

aliquoted at -70°C until use. Total protein concentrations were 

determined using a rnethod modified frorn Lowry et ai (1951). 

Enzyme-Linked-Imrnunosorbent ~ CELISA) 

Sera were processed in ELISA as previously reported 

(Larralde et ai·, l.986). Three repl.icates of each serum were 

al.ways anal.yzed. Briefl.y, the pl.ates were coated with l.00 ~l. of a 
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io µg/rni of Taenia crassicceps, antigens the mouse sera were 

diiuted 1:200 in PBS-Tween (.Oi%), and A.b-Ag reactions were 

deveioped with biotinyiated sheep antimouse IgG (Arnersham). A 

soiution of o-pheniiendiarnine (.04% in citrate phosphate buffer, 

pH 5) (Sigma) was used as the substrate. 

Western Biotting 

Eiectrophoresis and imrnunobiottfngcof ant:igenswere 

performed as described elsewhere (Burnette, l9Bi; Larraide 

et a.l, i9B6). Optirnai resuits were obtained -incÚ.bat.i'.ng- each strip 

of paper containing the transfered ant.igens with ioo µl of the 

serurn to be tested, diiuted i:io in PBS-Tween (.Oi%) for 4 hrs 

at room temperature. Biotin conjugated polyclonal antimouse 

tot.ai Igs and Peroxidase - streptavidin (Arnersham), dilut.ed 

1:400 were used to develop the paper st.rips. The substrate used 

was o-cioronaft.ol (0.05 mg/ml, H
2

0
2 

0.03%). 

Passive Transfer Qi;_ Humorai Inununity 

Whole immune serurn and purified immunogiobuiins transfer 

experiments were designed to explore the role of the buik of 

antibodies. BALB/c mice were used as the recipients of 

Sera coliected from BALB/b, BALB/c, males and fema.les, 

sera. 

previously infected or vaccinat.ed with T. crassiceps, were used 

as donors of sera. 
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Males and females BALB/c mice were challenged 

intraperitoneally with 10 cysticerci per mouse, and a single 

intraperitoneal injection {0.5 ml per mouse) of control or 

immune sera or total Igs (2 mg per mouse) from BALB/c mice (15 

days vaccinated ar 30 days infected) or BALB/b rnice (30 days 

infected) of both sexes was given intraperitoneally at the sarne 

time. Cysticerci were recovered 30 days after the challenge 

infection and counted in each mouse. Ten mice were included in 

each experimental group. The Student•s t-test was used to analyze 

the statistical significance of differences between the means 

transfered and control groups. P values equal to o.os or smaller 

were considered significant. 
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RESULTS 

Total antibody 1eve1s ::!;.Q. vesicular fluid antigens .in BALB/c gng 
BALB/b mice .QX both sexes. 

Al.l. ELISA tests were performed using individual. sera from 

each mouse, and were done in tripl.icate. The va1ues from each 

mouse were graphed against the individual. parasite l.oad. (n) pl.us 

one, to avoid zero val.ues. (Figure 1). C1earl.y, sera fromthe 

infected BALB/c mice (susceptibl.e) had higher antibody l.evel.s 

than sera from the infected BALB/b mice (resistant). Al.so, in 

BALB/c mice the number of parasites correl.ates possitivel.y with 

the l.evel. of antibodies, more c1earl.y so than an BALB/b mice. 

Mal.e and f emal.e of both strains did not show signif icant dif fer

ences in antibody l.evel.s at the same l.evel. of parasite l.oad. 

Passive Transfer of Humoral. Immunity 

The data shown in Tabl.e II indicate that no protection was 

transfered by sera nor by immunogl.obu1ins (data not shown). 

Contrary to expectations, transfer of sera from vaccinated femal.e 

BALB/c mice to fema1e BALB/c mice, rather than inhibit, favored 

the devel.opment of the parasites in the transfered host. 

Antigen discrimination .in Western ~ ~ antibodies ~ BALB/c 
.s.ru;! BALB/B ~ QÍ both sexes .sru;! ~ ~ .sru;! vaccinated ~ 
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The Western Blots of·· Taenia crassiceps antigen reacting with 

sera from females and males BALB/c and BALB/b mice, infected 

vaccinated and rion-vaccinated¡ as well as with sera from intact 

non-infected mice are shown in Figure 2. Antigen preparation 

share many antigens (as determined from the ink stained strips, 

at the left margin in Figure 2) most of which were similary 

recognized by susceptible and resistant mice. But, the most 

relevant finding is that resistance is clearly associated to 

three antigen bands migrating between 80-93 kd males of·. BALB/c 

susceptible strain mounted strong antibodies responses to· 'these 

antigens only if vaccinated prior to challenge, while m~ies ... from 

BALB/b resistant strain did so in response to infection \nith~ut 
need of previous vaccination. Females poorly reactive·to.t:he' same 

antigens, even if vaccinated, although quite responsive to many 

others. 
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DISCUSSION 

The ro1e p1ayed by antibodies in susceptibi1ity or 

resistance to experimenta1 murine cysticercosis was 

quantitative1y and qua1itative1y studied in three conditions 

differing in susceptibi1ity: MHC differences (BALB/b, H-2b 

[(resistant); BALB/c, H-2d (susceptibi1ity)], gender differences 

[fema1es (susceptib1e) and ma1es (resistant)] and differences in 

immune status [vaccinated (resistant) and naive (susceptib1e)]. 

Our resu1ts indicate that the greatest bu1k of of antibody 

inducing antigens, are not c1ear1y associated with resistance or 

susceptibi1ity to experimenta1 cysticercosis. This is we11 in 

keeping with most 1iterature on cysticercé:.,;is, es.tab1ished cysts 

being heed1ess of antibody and comp1ement possib1et·Itlediated by 

the anticomp1ementary activity of the cysti6erc:i..) . .irici· ear1y 

1arvae being the most susceptib1e (Mitche11, 1989; Pond, Wassom 

and Hayes, 1988; Gansmu11er et ai, 1987; Harrison and Parkhouse, 

1985). Because the form of experimenta1 cysticercosis studied 

herein was produced DY the injection of in the peritonea1 cavity 

of recipient mice it's no wonder that antibody response in 

genera1 was found irre1evant for parasite growth. In fact, "the 

bu1k of circu1ating antibody did not on1y fai1 to transfer 

protection from vaccinated mice to naive recipients but managed 

to favor parasite growth in BALB/c (susceptib1e) fema1es in a 

manner reminiscent of a variety of antibody mediated forros of 

immune evasion (Gibbens, Harrison and Parkhouse, 1986;· Grzych 

et ai, 1984, Mitche11, 1989) 
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As our resulta shown the molecular rnechanisrns of the imrnune 

response to this parasite would be an intricate network of 

interactions that could involverate sexes, vaccination and H-2 

dependent events as it has been reported far other parasitic 

infections (Wunderlich et ai, 1988; Reiner and McMaster, 1987). 

However, with the aid of Western Blots a set of three 

antigens migrates between 80-93 kd was found to be associated 

with resistance. 

Antigens associated <''7ith s,usceptib.ility or resistance ·could 

be only a serological markers:·a:s ··i~! the é:as·e· of Sj26 (antigen 

associated at resi~t.im::~ '.:iri'~i'd~ t~ ''Séili:;,t~soma japonicum but is 

inefective in inducing',h.igh~~i'ev,ei,;.;:f' f~~ist~nce in vaccination, 

Srnith et: ai, 1986; Wakelin, "1985) or a critical responsible in 

the response to the infection. 

Whether imrnune responses to these antigens are involved in 

sarne way in expression of resistance to T. crassiceps infection 

rernains to be deterrnined but the identif ication of these antigens 

rnay have considerable relevance to the developrnent of effective 

vaccines via natural ar synthetic procedures as well as rneans of 

probing deeper in the molecular events regulating host parasite 

transactions. 
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Fina11y, the most important finding in this report is the 

identification of a set of indivlciuaJ.--:~nt.ig~ns associated with 

resistance, that are cons-istel.y -presel1t--:_in_a-_ma_nageabl.e source of 

antigens such as those - ób-tcÍ-in~d' -from _T; -c_crassiceps cysticerci and 
- -~; -

are potential.l.y useful.J. in a vaccine desigri~-
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FIGURES AND LEGENDS 

Figure l.. 

Serum ant_ibody response (as measured by ELISA OD 492 va:J.ues 

to vesic;:uiar.• i:iuid antigens of BALB/c and BALB/b mice befare 

(o •) and"·"'-f~e~·i-irl.ú.ction (i'.) _with 10 cysts per mouse, mice 

were s;;:c~;:(k[~c~W~td~y<l., 3, s, 7, 10, 20, 30, 60 and 1.50 in 

groups oi ·t·~~1}~~i- ~ai::~ s:E>x ánd their antibody responses 

graphed ~gainstthe- l.oga:Í::itÍn of the parasite J.oad (n) pl.us l. 

(J.og n + l.) to discard zero val.ues. Both susceptibl.e and 

resistant strains of mice mounted antibody synthesis in 

response to infection by T. crassiceps; however BALB/c 

antibodies increased with parasite l.oad whereas BALB/b 

remained constant. Antibody responses by ma:J._es-.and 'femaie·s 

p:J.otted random:J.y in the graph. 

Figure 2. 

Western b:J.ots showing the antigen/antibody reactions 

detected in vesicul.ar f:J.uid, overl.aid with sera from 

vaccinated and non vaccinated mice and deve:J.oped with anti-

mouse-Ig. Each strip correspond to serum from individua). 

mice b:J.ed 30 days after infection. 

1.7 



Table I. 

"Mean ± standard error of the nwnber of parasite recovered 

from lO female BALB/c (susceptible) recipient mice 

transfered with 0.5 ml of immune sera from female or male 

BALB/b (resistant), or BALB/c (susceptible). 

days infected mice (ten parasites per mice). 

ºserum from 30 

•serum from 30 

days vaccinated mice (lOO µg per mice) Passive transfer of 

immune sera from donors mice did not transfer resistance to 

BALB/c mice.Transfered sera from vaccinated female donor 

mice significantly increased the susceptibility of females 

recipients. 
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Wl t.hout. serum t.ransC'ered 

TABLE J: 

SERUH TRA.HSF"ER FROK RESISTAH'T OR SUSCEPTIBLE 

KICE DOES NOT INDUCE HOST PROTECTION 

RECEPTORS OF" SERUM 

(BALB/cl 

Fema.le KAla 

150 ± 79 25 ± 22 

W 1 t.h serum t.ransf'"ered f'"rom: 

~ALB/c rema.le 

•lnC'ect.ed 

vacclnact.ed 

~ALB/c male 

•lniect.ed 

vacclnat.ed 

ºBALB/b lnCcct.ed C'emale 

0
SALB/b lnf'"ect.ed male 

ª211 

•311 

156 
116 

101 

245 

± 
± 

± 
± 

± 

± 

106 N.O. 
106 34 ± 15 

94 29 ± 23 

108 20 ± 13 

49 N.O. 

113 40 ± 30 
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Abstraer. 1':ew Jcvcls. of reproducibiht:- and scnsitivity havc bccn achicved in thc dc
tection of anticysticcrcus. antibodic!-> in hun1an '-'>era by using cys.ticcrcus vesicular fluid as 
the source of antigens for both EL1SA and hcmag,glutination assays. Reproducibihty both 
between tests on a scrum and betv•cc:n '-'>Ímilar <>era ,...-as s1gnificantly improvcd over typical 
result'-'> using antig.cns from whok para!>ite 1..·xtracts. Sera collcctcd from uninfectcd indi
viduals in cndemic arcas g.avc sorne'' hat ck'" atl.'"d valuc'-'>O'- cr thosc col\ectcd in nonendemic 
arcas. This ncccs'-'>Ítatcd thc u~c of a highcr threshold in endcmic arcas to avoid false 
positives. '\.'\.'ith thc thrcshold appropnatc fur ::i. nonendcm1c arca. both ELISA and hem
agglutination wcre scns1ti ... ·c cnoug.h to dch:ct infrction in 95º0 afeases. ""'ith the threshold 
value for sera from an cndcm1c arca. thcs-c "-'>ensitivitics ....,,·ere rcduccd to SO~u-900:-0 .. ...-... 
prominent 103-Kd protcin of vc.,.icular fluid. not rclatcd to antig!.!n B. clicitcd the strongest 
antibody response 10 ncurocy'-'>tcrcotic paucnts. 

Cysticcrcosis causcd b~ thc metaccstodcs of 
Taenia sollZon is a scrious hcalth thn:at and c:co
nomic burden in Latin Arncrica .. -\.sia and . .!\fnca. 
A numbcr of rcccnt publications dcaling '" ith th1..~ 
parasitc and thc dis.ca!-.C. including facto~ that pro
pitiatc tran'-'>miss1on. t<:stif~ to t.hc g.TO'-v1ng conccm 
for th1s. parasitos1s of human~ and pigs. •-' 

Epidcmiolog.ical survcillance of human e: st1-
ccrcosis is probably only fcasiblc h: way of dc
tecl.ing circulating ant1cysticercus ant1bvd1c~. dut..': 
to numcrous asymptomatic cases that would 
elude rout.inc clinical cxamination. Thc cost of 
CT sean climinate:s this powcrful tcchnology from 
l.he screening of populations. Likc'-'•:ise. lumbar 
tapping to idcntify soluble antigcns in the CSF 
of ncurocyst.icercoctic paticnts would probably 
meet v.-i.th considerable resistancc from thc pop
ulation under study_ •. '.\ 

Numerous l.echniques ha ve been tried in search 
of anticysticercus antibodics but nene has prov
cn entirely satisfactory_ Problems include poor 
reproducibility. cross-reactivity v.;th other ces-

Acccpted 7 April 1986. 

todcs and a largc fraction of false ncgativc sera 
or qucstionablc scnsitivity bccausc of inappro
priatt: contra~t v.·ith normal scra:- 10 

To dc ... ·clop a scrological test for the epidc
miol0g1cal survcillancc oí human cysticercosis 
wc startcd b!- recvaluating all compan.ments of 
the parasitc as sourccs of antigcn. \\.'e obtained 
rchablc '-'>Crological rcsults by cmploying soluble 
anl.1gcns from thc vesicular fluid instcad of thc 
u~ual ,,·hale parasitc extracts. Furthcr. by com
paring paired hcmagglutination and ELISA 
mcthod· on cach serum. wc show thcm to be 
roughly equal in scnsitivity and specificity for 
ncurocysticercosis. The unprcccdented repro
ducibilíl.y of results is attributed to physical and 
chemical st.ability ofl.hc vesicular fluid antigens. 

MATERlALS ANO !'.iETHODS 

Antigens 

Vesicular fluid from the cysticerci of T. so/ium 
was used as the only source of antigcns. The 
cysticcrci were dissected from skclctal muscle of 
pigs and collected in icc-chilled phosphatc buff-

965 
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ered satine (PBS. pH 7.4). Immediately after
wards, thc cysts were ruptured v.;th scissors and 
vesicular fluid was collected. Calcium was re
moved by adding 50 µ.l of ammonium oxalate 
(0.3 M) and 25 µ.l ofammonia (1:3. v/v. in wa
ter) to each ml of vesicular fluid. cen trifuging 
(2,000 x g. 4 min. at 2Q°C). and discarding all 
precipitatcd material. The supematant. which 
contained all the initial proteins, was then col
lected and aliquoted in 100 µ1 samples and stored 
in liquid nitrogen. ?\.1inimizing the time bctween 
pig slaughter, fluid collection. and elimination of 
ex.ccss calcium. v.·as critical for reproducible rc
sults. Final protcin concentrations in thc pro
ccsscd fluid varicd somewhat between parasit
ized pigs. rang.ing from 3 to 6 mg/ml. but thc1r 
qualitative protcin compositions werc quite con
stant. 

Sera 

Test sera wcrc obtatncd through conv\...·ntiona.l 
proccdurcs and grou~d according to the likch
hood ofconta.1n1ng antiC)~ticercus antibodic~ in 
thc follow1ng group~: negativc l 10 ~era from 
healthy pcoplc living in a noncndcrn1c arca.
Federal RepublH.: uf Gcrrnany. prov1dcd b) Dr. 
Enders. Behringwcrkc. ~1arburg. FRG): unlikcly 
( l ~sera fron1 hcalth) pcoplc ln:ing in a.n cndcrn1c 
arca-:'\.lcx1col: ~u~p1.:1uu~ ( l l ~era CnJn1 n1..·urc"
logic patients in a hcalth 1nstitut1un of '.\.tc:-..1co): 
probable (t..+ sera from ncurolog1cal patJt.:nt~ '-'-lth 
clinical and rad10\og.1cal ptcturc-~ ~ugge~t1vc of 
cys1iccrcosis-al1 '.\.kxican): and cunlirmed (7 ~l.!'ra 

from pat1cnt~ from .... ·ho~c ci:ntra.1 ni.;r..·ous sy~tem 
a T. soliunz cysticc-rcus had becn surg.ica.11) re
moved-ali ~lexican). 

Scro/ogical tests 

Sera wcrc proccsscd in 2 tELlSA) ar 3 (hem
agg.lutination) scssions: ca.ch SC'.'>sion was pcr
formcd thc samc da.y with thc samc hatchcs of 
vesicular fluid and ELISA n:agcnt~ :.ind includcd 
3 replica.tes afea.ch scrurn. with somt: c:-..ccption~ 
duc to shortagc of scrurn. 

Optimal results 1n ELIS . ..\. wcrc obtaincd with 
lmmulon (O)natech) llat-botton-i plalcs. ~cnsi
tized with antigcn by incubatmg lhcrn with 100 
µ.l ofvesicular fluid. cont.aining 10 µg ofprotcins. 
for 5 hr at 37ºC and ovcrnight at ..tºC. Aftcr wash
ing nonadhercnt pl'Otcins wilh PBS containing 
0.05% Tween (PBS-T). platcs wcS"c incubatcd with 

100 µl ofeach scrum dilutcd 1:15 in PBS for 3 
hr at 37ºC. The 1:15 serum dilution was estab
líshed as the optimurn by a set of preliminar)· 
cxperiments (not shown) which tested scveral di
lutions for ability of the assay to distinguish be
tween normal and cysticercotic human sera. The 
presencc of anticysticercus antibodics attached 
to ea.ch we11 was dctected by adding 100 µl of l: 
..+00 biotinylatcd protein A (.~rnersham) in PBS-T 
for l hr at 37ºC. fo11owed by 100 µl of 1:400 
biotinylated streptavidin-pcroxidasc (Amer
sham) in PBS-T far 30 min at 37ºC. Aftcl' wash
ing. cn.r.: l': e was detectcd on the platc by rcaction 
with l 00 µl of o...+ rng/ml orthophenylenedi
aminc (Sigma) and 0.031~0 H:O; tn cnl'ate phos
phatc buffer <0.1 ~1. pH 5) for 30 min at 37ºC. 
Platcs wcrc v1gorousl) ""'ª~hcd 5 times after cach 
reactton stcp. wac;hcs. lasung S n11n bcforl! tlush
ing. Thc orthoph\...·n) lc:ncd1aminc rcaction was 
stoppcd w1th 50 .ul of 4 '-1 sulfuric acid. Optic;::il 
dcnstty rc;:idings at ..;02 nm "'•ere done in a Bch
nng. auton1atic ELlSA proccs~or. 

Hcma.gglut1nat1on rt:action~ -.. .. ere pcrformcd 
in v-shapcd hcmagglut1nation platcs using shccp 
red btood cdls ISRBC) ~cns1ti.r.cd ,,.,..ith vc~icular 
!luid ant1gcns. coupkd v1a glutaraldc:hydc 
bndgcs.'' SRBC wt:rc firs.t .... ashcd scvcral times 
1n PBS and bruughl to a 50"o suspcnsion. To 
cach 1 ml ofthc SR13C s.u~pc..·nsions tht: following 
v..crc addcd: L5 ml ol 25''" glutaraJ....ich:de prt:
._·1ou~b ncutrall/cd wnh 1 O"o sodium carbonate:. 
5 ml ofsa\mc l0.15 '-1 :--.=aC\) and 1 ml ofsodium 
biphosphate t0.015 :'\.1. pH ::->¡. Thr.: mi:-..turc- was 
stirrcd b) rotation at 4ºC for ::..i hr. Aftcrv.·ards. 
SRBC w..:rc "'-ashcd 4 times with 30 times thcir 
volumc of PBS Jnd brought to a tinal lO~·o sus
pcnsion in PBS. To cach l ml of thl~ g.lutaral
dchydc trcatcd SRBC suspcn~ion. 5 n1l wcre 
addcd of l: l 3 dilution ofthCc)Sticc..'rcus vesicular 
!luid in 0. l '.\.1 acet;:itt: buffer (pH 5). Thc: mixture 
""ªs gentl:'.1- sttrrt:d and thc rcaction allowed to 
proct.:cd for about 16 hr at room tcmpcrature. 
SRBC v..crc thcn ""'ª">hcd 4 umc~ in abundant 
PBS and separated by scd1mentatiun or by gcntlc 
ccntrifugat1on and thc..'n resu'.'.pcndt:.J. in O. l !\.t 
gl)c1nc..· 1n PBS tu block thc rc:n1a1ning free al
dc:h:dc gruups. 

Standardi:ration of thc hcmagglutination rc
action with hypcrirnmunc rabbit scrum against 
T. solium antigcns indicatcd thc critica} impor
tance of the scrum diluent being PBS with l % 
bovinc scrum albumin (BSA) in minimizing 
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nonspecific agglutinal.ion. Thus. all human sera 
were diluted v.ith 1% BSA in PBS in a :?.-fold 
serial fashion starting from a l: 10 dilution ofthc 
init.ial serum to rcach 1::?.0.480. Each 50 µl ofthc 
final serum dilution was incubated wlth :!5 µ\ of 
3% sensitized SRBC. stirrcd b-.. rotation for 1 O 
min and left to !:.cdirncnt for about : hr at room 
temperature bcforc scoring for agg.lutmation. Thc 
serum titer was taken to be thc 1nvcrsc of thc 
maximal dilution unm1stakc-nl~ scorcd a!:. posi
tive. 

bound antibod.ics stained black 5-10 min after 
immersion. contrasting ....,.;th those not binding 
a.ntibodies or binding a fcw nonspecifi.c immu
nog.lobulins. which stained light g.ray or not at 
all. 

E/ectrophores1s and 11n1nunob/ort1ng 

Polyacrylamidc gel electrophorcsi!:. lPAGE} of 
the vesicular fluid contcnts. with sodium dodc
cylsulfate (SDS) and mcrcaptocthanol. "'••as pcr
fonned following thc protoco1 of Lar.:mmli u~ing 
a Protcan CBioRad 1 gel format at l oec. '.:.0-40 
mA. far 3-4 hr. ,; T he- stack1ng gel""'~!:. rn~dr.: "'"nh 
3~·o ac~ la mide and 0.06~0 o SOS. and mca!'>urcd 
1.5 cm in lcngth. 1.3 cm 1n w1dth and o.-:-5 cm 
in thickncss. Thr.:- sc-paraung gel cont.31ncd """ºu or 
lO~o a.crylamidc:. O. 1 o,, SDS and was 13 cm lonc. 
13 cm ..... ·idc a.nd O. 7 5 mm thick. "\\."hcn rcquircd_ 
Staining offt ...... c-d gcls "'-"::lS performcd "l.\."ith 0.25nn 
Coomassic brilhant blut.: R-250 in --l5ºo mr.:tha
nol. 10°0 acctic acid 1n "'-~ltr.:r ("'- "l for: hr. lni
munoblotting onto n11roccllulo!->C papcr "'-~1" car
ricd out by ckctrophorr.:t1c tr::insfrr at l .--l A for 
60 rnin in Tns-g.l:cine buffc:r CpH S.351. \...c1..·p1ng 
thc tcmpcraturr.: br.:lo"'- :;-ce ' Thc- papcr <.."nn
taining thr.: tran!:.fcrr1..·d anugr.:n~ ""'ª .... thcn ~o::i\...ed 
ovcrnig.ht in 3°0 BSA in PBS-T and thr.:n cut 1nh~ 
scvcra1 0.5-cm ~tnp.,, p~1ralkl tu thc ::l"'-1" of ni1-
gration. Each ~trip v.a!-o thc:n 1ncubatcd w11h 1 n1\ 
of thc ~crurn to be tcstr.:d.. dilutr.:d l: 15 1n PBS-T 
far 6 hr at room tcmpcraturc v. h1k ~11rring .. -'\.f
tcrv.·ards. the stnps wcrc -.. .. ·a!:.ht:d b: rcpcatcd 1m
mcrsions in 50 ml of PBS-T. 

Binding of antibodics to thc transfcrrcd papcr 
strips was visualizcd by 1n1mcr!:>ing r.:;ich of thc 
strips in a l :400 dilution (in PBS) of thc com
mercial prcparation ofbiotinylatcd protcin A for 
l hr at room t.emperature. followcd bv another 
immersion in a 1 :400 dilution in PBS ~fbiotinv
lated streptavidin-peroxidasc far 30 min. E~
zyme activity on thc paper was dcvelopcd by 
immersing the strips in a solution containing 30 
mg of o-chloronaphthol (Sigma). 1 O ml of meth
anol. 50 ml of PBS and 50 µ.l of H~O~ added 
immediatcly prior to use. Protein ba~d; having 

RE.SL"Li~ 

ELISA 

Table 1 shows thc rcsults obt;iincd with ELlSA 
ín 53 sera processcd simultancoush· in l scssion. 
grouped according to thc likehhood ofthc scrum 
sample coming from a donor having had prc
vious exposure to thc parasitc. Entrics for indi
vidual sera are the mean absorbancc of 3 indc
pcndcnt incubation mixtures fotlowcd b...- thc 
standard dcviation tSD). cxccpt m 7 cases .;..hcrc 
single dctcnninations wcrc ~rfom1l.'"d duc to 1ack 
of samplc material. For r.:ach of the likclihood 
groups. thi..· v;iluc~ for thr.: indi" 1dual sera ''""ere 
;i-.. 1..·ragcd and th..: mean and SD ;irc g.ivcn. as ..... ·ell 
as thc cocff1c1cnt of vanauon (n11..·an SD). 

A s1gnitlcant incrc::isc in ant1bod ... conccnt.ra.
tions. in going from tht: population ·..,,_.ith a small 
•.:h¡\ncc of infcction to tho~c 1n a contlrmed c...-s
ticcrcotic statc. wa~ clcarh shown b-.. :i ~0-f.;ld 
incrca!'.c- 10 mean -..aluc!-> of-;ib~orbanc~. Thc vari
auuns "'"·1th1n mr.:-asurc:tnc-nt~ on ;i ~i .. cn scrum 
and bct-..>.t.:en sera in c;ich group in.;n:-a!:>r.:-d evcn 
n1orc rapidly th;in did the mt:an. This is ind1ca1cd 
by thc dccn:as1ng cor.:-ff1c1cnt of-..ariation ofr.:-ach 
group 

.~n importan\ paramctcr 1n scrological diag
nosis 1!:. thc thrcshuld valuc ofth1..· ri..·!:.pon!:.c ...-ari
ablc that. v.hcn r.:xcc-cdcd by ~n 1ndh 1du;il dc
tr.:rrnin;ition on a samplc. rc~ults 1n thc donar 
bóng cla!:>sitlcd as sc:ro1ogjca11: pos1ti...-c. Tht.:sc 
thrcshold valucs havc becn calculatcd scparatcly 
using thc nonendcmic (ncgativc) group and thc 
cndcmic (unhkcly) group as thc ncgativcs. with 
95~ confidcncc in c-ach case. As shov.·n in Ta.ble 
1. thesc va\uc5. (thc mean + 2 SD) .....,ere 0.043 
absorbancc units for thc noncndemic (negative) 
group and 0.085 for t.he endcmic (unlikcly) group. 

He1nagglutination 

Hemagglutination ofSRBC coatcd with vesic
ular fluid antigcns produced rcsults very similar 
to those ofthc ELlSA. Table 2 shows the rcsults 
from a reprcsentative single session. The first. 



968 1.AR.R.ALDE ET AL 

TABLE t 
Jt.rean absorbance ::: standard dn·iation by ELISA. 

Nesau ... c ttcalth:r Unh\i.cl)' hcahh) Su•;>aoou• Probable 
noncndcm1c cndcmu: ncuroloe.o=I ¡».ncnt• ncurnlogocal pa11cn11 

Confinncd. 
n~1.•CCT1"o••• 

p&UC'11ts 

1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 

0.030 0.037 = 0.005 0.061 = 0.007 0.894 = 0.187 >2.200 = 0.000 
0.637 0.027 0.075 = 0.019 2.140 = 0.085 0.171 0.041 

0.038 = 0.014 o.oso 0.070 = 0.017 0.028 = 0.001 1.242 = 0.251 
o.oso ::::- 0.002 
0.074 = 0.024 
0.411 = 0.012 
0 . .286 = 0.099 

0.027 = 0.003 0.077 = 0.010 0.071 = 0.00:::!. 0.555 = 0.180 
0.031 = 0.001 0.054 1.-lDS = 0.267 1.253 = 0.293 
0.025 = 0.001 0.037 = 0.016 0.305 ::= 0.111 1.197 0.355 
0.027 = 0.002 0.030 0.018 = 0.001 0.395 = 0.100 
0.025 = 0.004 0.028 = 0.004 0.035 = 0.001 1.425 = 0.44 l 
0.025 0.003 0.042 0.010 0.149 = 0.038 0.::!31 = 0.118 
0.028 = 0.007 0.036 = 0.014 0.562 = 0.::!.32 0.52.l 

0.031 0.001 0.081 = 0.016 
0.026 = 0.004 1.397 = O.:!:!S 

1.170 = 0 . .218 
0.778 = 0.:!53 

Mean 
Cocfficient of 

variation 
Thrcshold 

0.029 = 0.007 0.043 = O.O::!l 0.48:! = 0.695 0.748 = 0.550 0.746 = 0.760 

4.41 :!.04 0.69 1.36 0.98 
0.043 0.085 

<Well in each serial dilution containcd a l: 10 di
lution of cach test scrum. so that the numbcrs 
givcn in the t.abk rcprc<:.cnt thc lag: of one-f1fth 
the effective titer. As bcforc. thc mean and SD 
are given far 3 indcpcndcnt rcphc~nc measurc
ments of each scrurn. and the rni.:an. SD and 
cocff1cient of vanance are al<>o givcn for cach 
scrum group. 

In thc 5 g.roups. both thc mean t1tcrs and thc 
dcgrcc of vari.ation bctwccn <:.arnpks within a 
group grcw with incrc:asing likclihood of prc
vious contact with thc cysticcrcus antigcns. Thc 
95% thrcshold valucs far thc noncndcmic (ncg
ative) group and thc cndcrnic (unlikcly) group 
are shown in Table ::!. along with the corrcctcd 
threshold values. wh1ch are the sarnc roundcd 
up to thc next intcger. As with thc ELISA. thc 
threshold values using <:.era of donors from non
endemic areas wcrc about half thosc which "'•ere 
found by using comparablr.: <:.era from endcmic 
arcas. 

Sensun:itJ· 

The sensitivities of both assays resulted frorn 
a combination of 2 factors: the strength of the 
mean detectable response to sample antibodies 
and thc reproducibility ofthe assays. Both meth
ods were sensitive cnoug.h to detect a diffcrencc 

bctwecn panels of samples from apparently un
infccted individua1s in noncndcmic and endemic 
arcas. This rcsu1tcd in a highcr threshold bcing 
rcquircd to avoid false positivcs in cndcrnic arcas. 
Thc number of false ncgatives which would rc
sult from use ofcither threshold can be cstimated 
from the fraction of thc sarnplcs in thc probable 
and confirmcd groups which 1ic bc-lov. each 
thrcshold ,,,·aJuc. False posih,,,cs wou1d rc<:.ult frorn 
thc use of thc lo" er thn:shold. in assays of sarn
plcs from cndcmic arc::i.s. 

Thcsc fmdings are sumni.ari.1cd in Table 3. Both 
thc ELISA and thc hcmaggJutination assay re
portcd posltivc rcsuh~ for 9SC!u of thc probable 
and conflrmc-d ~mplc~ whc:n comparcd v.-ith 
noncndcmic control s. Thc rc~ults v..·ith rcspcct to 
the thrcshold for an cndcni.1c arca droppcd to 
91 ~-O far thc hcmag,g.lutination and 80<?0 far thc 
ELISA. Lookmgonl~ at thc suspiciousg.roupand 
using thc cndcmic area thrcshuld. thc hcmagg.lu
tination ;is<:.ay suppuncd thc diagnosis oí neu
rocysticcrcosis in 70~o or thc cascs and ELlSA 
supportcd it in 50"o. 

Reproduc1bility 

A majar differencc bctwecn our serological re
sults and those using other proccdures is the high 
dcgree ofrcproducibility which "'"ªs found within 
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4 
5 
6 
7 
8 
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10 
\\ 
12 
\3 
\4 
\5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

!'l.1can 
Standard 

dcviation 
Coefficient of 

variaüo:n 
Threshotd 
Corrcctcd 

thrcshold 
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TA&LE. 2 

.\rean titer :::. standard dn·iation by indirect hemaggluunacíon 

Nepli"'c hC"•ltht 
roancrodcm1<: 

1.0 =o.o 
\.O-:= O.O 
l.3 = 0.4 
1.0 =o.o 
1.0 =o.o 
l.O: O.O 
l.O:::: O.O 
1.0 =o.o 
t.O :=: O.O 

\.O 

0.1 

9.S 
\.:! 

~-O<t::O) 

Uf'hkc-1'!- hcatllh't 
.:ndccnoc 

L3 =. 0-4 
1.0 =O.O 
5.0 =. O.S 
2.0 :=:: 0.8 
t.O: O.O 
\.O:. O.O 
\.O:= O.O 
:'!..O::: 0.8 
1.0 =o.o 
1.0 =o.o 
l.O ::!: O.O 
1.0 =o.o 
1.5 = 0.5 
LO::!::" O.O 
1.0 =o.o 
l.O: O.O 
LO-=. O.O 
1.0 =o.o 
1.0 =o.o 
l.0 ==:o.o 
t.3 = 0.4 
1.3 = 0..4 
1.0 =o.o 
1.0 ~o.o 
J.3 = 0.4 
1.6 = 0.4 
\.3 

0.7 

\.6 
:!.9 

3.0 (1:40) 

SU1'P>L"lDU1' 
ncurolaj.•C~l ""'\'ct\1" 

:.6 = 0.4 
1:.0::: o.o 

5.6 :::. 0.4 
3.0 ::=: 0.8 

11.0 ::=:\A 
7.3 =:: 0.4 
l.6 =:: 0.9 
'.!.O::::: O.O 
6.6 :;::: l.:! 
7.6 = l.2 

5.9 

3.4 

1.7 

ProNt>lc 
f'IC"urolo¡pc:al pa,ucnu. 

10.0:::::: o.o 
6.0:::::: 0.8 
2.6:::: 0.4 

10.5 = 0.5 
Q.~::: 0.9 
9.3 = 0.4 
9.0::: 1.4 

10.6 = 0.4 
l0.3 = 0.4 
10.0:::: o.o 

7.0 =o.o 
1 l.3::::. 0.9 
10.3 = 2.3 

8.3 = 0.9 
1.0::::: o.o 

8.3 

2.9 

2.8 
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Canfirm~ 
nc-u~t•C"Cf'C"'OSts 

~uc-nt .. 

12.0 =o.o 
10.6::: 0.4 

5.0 =o.o 
7.0::: o.s 
7.0 = 0.8 
9.0::: 1.6 
9.0" 1.6 

12.0:::. o.o 

8.9 

2.5 

3.5 

rncasurements on each scrum samp1e and bc
twecn sera in each group. F<::>r cxamp)c_ ín the 
ELISA. the mean for a givcn scrum was g:reatcr 
than twice the SD in aU but l case. Similaf'ly. ln 

the hcmagglutination assay. only 1.4% ofthe sera 
showed SD excccding half ol the mean for tha.t 
scrum. Spearman·s rank-order eorre:lation cocf
ficient (r.) betwccn thc ELlSA and hcmagglutin-

ELlSA 
Noncndemic (0.043) 
Endemic (0.85) 

Hcmagg1utination 
Nonc:ndcmic (1:20) 
'Endcmic ( l :40) 

TAnLE 3 
EJ}"ec:1 of cho1t:t:' ~rthrc.shold on fractton of sera above threshold 

Fracuon .:>bo"c ÜuC"'lohold 
tlJ>""'C>Í><;H)'"l 

0110 {1.0) 
O!lO (1.0) 

01\0 (1.0) 
0/10(1.0) 

4/12(0.7) 
0/12 (1.0) 

3126 (0.88) 
l/26 (0.96} 

f'Acúon •bc:J"e lb~ha\d 
(1'C"nSIU\'1t}'•) 

20/21 (0.95) 
17/21 (0.80) 

22123 (0.95) 
21123 (0.91) 
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Fesicular fluid anligcns ofT. soliuni.. 

Figure \shows the similarity ofvesi.cular f\uid 
SDS-PAGE chramatogrnms for proteins and 
pepüd<:s extracted from different cysticerci. stored 
for different periods. frozen and thawcd once or 
tv..-1.ce. or dis.sected immediately after dcath of"the 
pig or l day \ater. Figure 2 sho'Ws the dcnsi.tomc
try of a representative SDS-PAGE. There are 
about \ 5 disünct protcin bands. wi.th molecular 
weights rang.ing. from ~46 to 26 Kd nnd a cloud 
of assortcd pcptidcs in a broad rcgion between 
\O a.nd 1 7 Kd. The most prominent are those 
\ocatcd~t :!.4.6. 149. 103.65.47 and 40 Kd~ which 
wiH be rcfcrrcd to as P~4&. P\49, P\03. etc. 

FtGL.RE t. SDS-PAGE of prot.e1ns and pcpttdC'S rn 
.-,.o\uuon in thc ...-c~i.cular íl.u1d of 6 díffi:n.~n\ c0Hcct1ons. 

The immunoblots of thc SDS-PAGE chro
rnatograms wtth sera fron'\ cysüccrcotic paücnt~ 
(Fig. 3) showcd antibody response i.n \he natu
ra.By infcctcd host to a numbcr of 1.he vesicular 
fluid protcins. Thc most d\stinct anügcn band 
corrcsponds to P 103, which is also thc onc most 
frcquent\~· rccog.ni.tcd by thc immunc sera. Con
~idcrab\c antibody activity is a\so directcd to thc 
\ower n'\okcu\ar ,.,·c1ght protdns and to thc c\oud 
of a~soncd pcptides but in a manncr more vari
able bctwccn sorne. P\03 did not rcact ... vith con~ 
.... cntional or monoc\ona\ antibod\c~ a.g.ainst an
ti.gen B (data not sho'"'-'n). 1 .a- 111 Funhcr. antigen B 
could not be found in significant. conccntrations 

of T ~nlmrn c·ysticcn:í, s.torcd fot di.ffcrcnt unics in 
hquid ni.trogcn. frozcn and thawcd onct.' nr \""' \cC. and 
dic¡,'5.cctcd 1mmi:d1atdy ahcr thc p1g~: <lc.::nh or l <la~ 
af\crv.ard!.. ~taJOt bands. \ocatcd b..:-tv.,cl!n mo\ccub.r 
"'ci.ghh 100-38 Kd are quite cons.tunt frt.)m co\1ccuon 
to colkcticn and sccm t.o v.·\ths.tan<l pro\ongcd s.torag.c. 
frccnng and thaw1ng, and s.ornc dela: 1n hanc .. üng. 
01ffcn:nccs. betv..ccn col1ccüons. \ocahrc in mokcular 
we1g.hts. ·o. )0.000 or · 130.000 d. ~1okcu\ar ""cight 
s.t.andard (far left) \ndudes pho5ophor: \as.e B (9~.SOO d}, 
oo .... ·inc s.erum atbumin t68.000 d). ovalburni.n (43.000 
dl carbonic anhydras.c (31,000 d). "'º':b<.:an t~p~1n tn
hibitor (:. \ .500 Ü) and c~·tochromc e { \ ~.4.ú0). 

ation mean scorc~ o\ \he 51 "><.:ra that v.crc pro
ces.sed with both proccdurc~ !'>ho-. .. 1.!<.J. a .._ery c:\o!-.c 
association(r, = 0.9. t = 1~.4. P < 0.000\). Rank 

in thc -..·csic:u\ar fiu\d (Figs. \ and ::!.). ln addition, 
it al~o ~hould be mcnüoncd that wc cou\d not 

corrc\ation was prcfcrrcd ovcr \i.n~~r corn:laüon dctcct any host or host-\íkc protcins in unadu\-
becaus.c thc hcn"lagglutinatton ,.-arlabk is no1 a tcra1cd ,,.csícular fluid ,.,·hcn thc immunoblots 
truly contínuou~ variable. wcrc rcactcd with mousc anü-pig scrum. 

' ) 

~~~ ~ ~ 'G ~ ~ ~ ~ ;¡ ~ :;; te 

~~ 
MILLIMETERS 

FIGURE 2. SDS-PA.GE chromatogram and den5.itometry aftcr staining ........-i.th 0.25 Coomassicl'Btuc R-250 to 
bcttct i\\us.u-atc thc ptot.cin and pcptidc composition of thc vesicular fluid of the eystieet:eus of T. solíunt. Most 
notable: protcin ba.nd.s \oca\izc at 246. \49, 103. 65. 41, 40. 33, 31 and ~6 Kd- Thc las.t. 3 bands. are: usually vcry 
faint. A c:::loud of st.aln. poss.ibly indlcating an asscrt.cd peptidc mixture. is a common fmding. 
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FtGL"RE 3. lmmunoblots. (b1ot1n~ lated protc1n A. biotin;.-lated strcptavidin-pcroxid.ase. o--chloronaphthol) 
aftcr SDS-PAGE clc.::1roph0n.•'>l'> of thc antlgt..•n'> 1n thc vc..•s1cular ftu1d of T. s0Juu11 cysticcrcus as. dctcctcd by 
the sera of lb d1ffcn:-nt m:uroc~sucercot1c patlcnts (fust lb strips from left to right) and of 15 diffcrcnt healthy 
donar"> rc ... 1d1ng. 1n !\.\c,ico. Th.: n:a ... -uon r,attcms '>Ccn\ to d1ffcr somcY.hat bct.,,.,cen paticnts. :'.:: not reacting at 
ali. but most havc ant1l:'>od1c..·., tu thc -.cr:- .:on ... p1cuou.-. protc1n band locatcd at 103 Kd <Pl03). Thcrc is abo quite 
an act1-.c 1mmun1...· r1...•spon<,,.: 1n thc pau<:nt.., a¡;_.un'>t ant1gcn~ \ocatcd at mokcular we1g.hts < 50 Kd but the rc:action 
hcrc h d1ffusc and do.::-. not rc">ol-.c 1n c\c;:ir-cut hand">. ~ <..·oupk- of thc hcalth:o- donors ha-.c anubod1cs ag.ainst 
protc1ns locatcd bo:tY.ccn <.,10-t>Ci Kd but non<." rc::i.i.:t Y. tth P \ 03. Bccau">c of shon.::i.gc of sera. Y.C could not pcrform 
a comp\ctc dc">1gn match1ng cacb '>cíUm rcportc..·d in Tahlc"> 1 and :: .,,.,¡th an 1mmunoblot pattcrn. onl~ somc 
Y.ere po'>!.1blc. Ho...._c-.cr. v.c ar<: undcr thc..· 1mprc">~hlO that th.:: mo'>t rcproduc1blc n::<.ult 1n 1mmunoblott1ng 1s 
thc rcacuon uf n1o'>t of thc pat1t.·nt·., "'-'r~1. \'-llh Plfl?. and wtth thc cloud of pcptldc'> at lo._.. molecular Y.C1¡;.hts. 
thc rc'>t of thc band'> bch.:i.v1ng ~om.._.,.., hat 1.:apn..:-1ou'>I:-. In facl. 1n our c~pcn..:ncc. 1mmunoblott1ng provcd to be 
so ">U'>Ccpublc \O -.anauon th.n \>.C ~tn<.! 1t u..,cful 1n .J.ctcct1ng 1nt.:rc">t1ng anugcn'> but of httlc rchab1ltt~ 3'> a 
diag_nosuc too\. 

DtSCt_ '!->SIO:-.; 

Two differcnt immunoassay proccdurcs. hcm
agg.lutination and ELISA_ havc bccn uscd with 
antigens from cysticcrcus vesicular fluid to dctect 
serum antibodics in infcctcd donors. The assuys 
wcrc striking in thcir rcproducibility and pcr
forrned vcry similar\y whcn tcstC"d against 5 pancls 
of sera in 3 diffcrcnt scssions. Both assays wcrc 
sensitivc enoug.h to dctcct diffcrcnccs betwccn 
sera from hcalthy donors in arcas whcre cysti
cercosis is endemic and noncndemic. Thc abilíty 
to detcct infection scrologically is not limited by 
thc inhercnt sensitivity of thc assay. but only by 
thc highcr basclinc of detectable antibody in nor-

mal .,,amplcs from arcas v.·hcrc cysticcrcosis is 
cndcmic. This ditTcrcncc prcsumably ariscs from 
prcvious exposurc to parasitcs which sharc an
tigcns with thosc of thc ass.ny. 1"· =0 

Both ELISA and hcmagglutination assays dc
tcctcd antibodics in sa.mplcs from infcctcd in
dividuals .. ~.;th approx.imatcly 95% sensitivity in 
a noncndcmic arca. and 80~90º~ in an cndcmic 
arca. Thcsc pcrccntagcs wcrc cstimatcd by taking 
rcsults from individuals who wcrc known to be. 
or who wcrc very likcly to be. infecte d. and com
paring with thrcshold valucs drav.-n from thc ap
propriatc panel of uninfectcd cont.rols. 

Thc pcñorrnance of the hcmagglutination as
say may be particularly hclpful in thc epidemi-
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ological surveillance of t.aeniasis/cysticercosis 
since that technique is well suited for numerous 
samples al modest cost per sample. Likewise. it 
may well be the method of choice in medical 
institutions lacking access to the most sophisti
cated diagnostic procedures. Diffcrences between 
hemagglutination and ELISA wcre minimal. al
though we noted that the formcr supported the 
diagnosis ofneurocysticercosis in 70% ofthe sus
picious sample group while ELISA supported it 
in only 50%. Evaluation of thc significance of 
this finding must await the collection of more 
clinical. surgical or anatomical data from this 
group with which to compare thcsc rc~ults. 

'\Ve attributc: thc reproducibility of rcsults to 
the use: of vc~1cular !luid as a ~ourcc of stablc 
antigcn instcad of thc usual homogcnatcs of cys
t.iccrcal tissucs. 1t is in rnarkcd contrast ~·ith prc
vious work us1ng homogcnatcs or partially puri
ficd hornogcnatcs of wholc para~itc in doublc 
imrnunodiffusion. irn munockctrophorcsis. 
complcment fixation and ELISA assays. 1 ..__ 1 "'· 1"'-:: 

Possible explanations for the stability of vesic
ular fluid antigcns ovcr thosc from homogcnatcs 
includc thc prcscncc of intraccllular cn:ryrncs in 
homogcnatcs and thc natural tcndcncy of rna
tcrials extracted by acid and or strong salt so
lutions to aggrcgatc ,,..hcn placed in neutral iso
tonic media. Even purificd ar partially purifü:d 
molcculcs. hkc antigcn B. fram thc <.,al id parts of 
thc parasitc havc bccn 4uitc un'->tabk in '>Olution. 
tending to gclat1ni..r.c ar prcc1p1tatl.!' fornling fi.
brils.1" 

Immunablots of vesicular tluid SDS-PAGE 
pattcms cantirmcd thc hctcrogcncity of thc irn
munc response by humans to this parasite. as 
detccted ,,·ith lcss scnsitivc tcchniques. 1

"· 
1
'· :o Onc 

antigen in particular. P l 03. was strongly favorcd. 
Since P l 03 did not sharc antigcnic dctcrrninants 
with antigcn B from crudc c:xtracts, it is antici
pated that thc cffcctivcncss ofimrnunoassays can 
be further improvcd if a controllcd and stablc 
mixture of Pl03 and antigcn B can be dcviscd. 

This projcct was partially supportcd by Qui m
ica Hoechst de !\.1cxico and by Consejo Nacional 
de Ciencia y Tecnologia de Mex.ico. The authors 
wish to thank Kate Coleman for the preparation 
of the manuscript. 
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DECIPHERING WESTERN BLOTS OF TAPEWORM ANTIGENS 
(TAENIA SOLIUM. ECHINOCOCCUS GRANULOSUS, AND 

TAENIA CRASSICEPS) REACTING WITH SERA FROM 
NEUROCYSTICERCOSIS AND HYDA TID 

DISEASE P A TIENTS 

C. LARRA.LOE. R .. M. ~10:-.:TOYA. E. SCIUTTO. ~1. L. OIAz.... 
T. GOVEZENSKY • ...._-.:o E. COLTORTI 

Deparraniento dt.~ /1n1nuno/og1a. Jnstuuto de /nn:-sugaciones Bionredicas. Uni\'ersidad 
,Vacional .4uzonoma de .\fcxico, and Ct.•ntro Pananrericano de Zoonosis. 

Buenos Aires. Argcnzina 

Abstraer. Comptex antigcn mixtures displayed in V\.i'estern blots may be imrnediately 
and quantitat.ivcly categorizcd with respcct to speciflcity and immunogenicity by immu
noplotting. This involves plotting thc frequcncy with which cach antigcn band reacts with 
a set of imr:nunc sera against the frcquency of thc same band when reactcd with another 
set of immune sera. lmmunoplotting has pro,•en to be a powcñul mcthod of analyzing 
Western blots ofreactions bctwccn vesicular fluids from the mctaccstodcs of Taenia soliun1. 
E. granu/osus. and T. crassiceps. and sera from human cases of ncurocysticercosis and 
hydatid diseasc. lmmunoplotting n.:adily sorts out thosc antigens uscful for discriminative 
immunodiag.nosis from thc muhitudc of bands in thc sera of sick and healthy pcople. lt 
aids in as~essing the antigcnic :!>imilarity bctwccn the human parasitcs and the murine 
parasite T. crassiccps, validating thc lattcr asan altcrnative sourcc of antigens for immu
nodiagnosi~ of cysticcrcosis and hydatid discase. 

Western blotting is of great value in thc anal
ysis ofantigen mixtures bccausc it combines thc 
fine resolution ofpolyacrylamidc gel clcctropho
rcsis with the high scnsitivity ofantibodies cou
pled to traccrs. cnzymcs. or radionuclidcs. 1 How
evcr. in case~ oí complcx antigcn mixtures. 
cspccially whcn contrasts "·ith othcr cqually 
complcx mixtures are pcrformcd. unaidcd visual 
inspcction of thc blots usually misses thc details 
of the antigcn profllc. Thus. to fully rcalizc its 
potcntial. V..'c:!>tcrn blutting rcquircs a systcmatic 
yet opera ti ve proccdurc of analysis commcnsur
ate with iCs biochcmical vinucs. 

To t.his end. we have dcvclopcd thc immu
noplot. This simple graphic proccdure of con
t.rasting blots was dcvelopcd whilc studying thc 
antigen composition of somc ccstodes causing 
serious human disease. Tacnia soliurn and 
Echinococcus granulosus. and a rclatcd rnurine 
parasite. Tacnia crassiceps. 

We expccted these parasites would pose a chal
lenge to antigen analysis because of t.he varicty 
ofspecific and shared antigens.2 and because of 
Western blotting•s great sensitivity. Immunolog
ical diagnosis of neurocysticercosis and hydatid 

discasc requircs a thorough analysis of antigen 
composition ofinvolvcd parasitcs. Antigen iden
tification would ccrtainly help imrnunodiagnosis 
in places where CT and NMR imaging are 
unavailable'-"' and aid in recognizing risk arcas 
and factors involvc:d in transmission. Further
morc. carcful antigcn discrimination could ad
vance our undcrstanding ofthc para.siles causing 
chronic discasc. and why sorne produce severe 
and cvcn fatal darnagc whilc othcr progrcss be
nig.nly or go unnoticcd."' T. crassiceps 'V.'aS in
dudcd bccausc it was hopcd cxtcnsivc antigcn 
sirnilarity in this murinc parasitc would provide 
a lcss variable sourcc of antigen than usual the 
sources. which are T. solium antigens from cys
ticcrcotic pigs7 and E. granulosus antigens from 
parasitized ovincs. bovines. hurnans. and cam
cls.8 

MA.TER.J.Al.. ANO METHOOS 

Jmmunoplot 

The simplest immunoplot is the plot of the 
frequcncy with which each individual antigen 

282 
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FREQLJE"'-'CY OF BAND REACTION 
WITH PATIENTS SERA. f(BI) :::,sE4.SE 

BOl\.Cl5 HIG-ILY 
9='EOFC CF 
ANTl-I SERA 

1 

1

1 S.CJ\OS H>GK..Y 
SF>ECFC OF 
ANTl-ll SERA 

f{BI) OOSE.r:>.SE ¡:-1'(91) NO~ ..... AL 

FIGURE 1. Plotting thc frcqucnc) of rcacuon of cach antigcn band in the set of sera from a given discase 
condition (ffii) against that found in nonnal sera (A) ar against that found in thc sera of a different discase 
condition aftcr subtract1ng background rcacu" it) ( B) places each antigcn band in rcgions ofthc plot with distinct 
imrnunological meaning. 

band in a \\'cstcrn blot rcacts with a set of sera 
co11ected from paticnts ofa ccn.ain discasc ag.ainst 
the frcqucncy of that same antigcn band ,,,.hcn 
rcactcd with sera from normal donors. This im
munoplot ofsimplc frcqucncics (F1g. 1 ...\.) allo""'S 
imrnc-diatc idcntification of troublc~omc anti
gens reacting v.:ith normal sera bccausc thcy plot 
in thc planc bctwccn thc a:\.CS. whilc thosc rc
acting. only y,.·ith paticnts' sera plot on thc cor
rcsponding axis at lcvcls rclatcd with thc frc
qucncy of rcaction. 

A more claboratc but mo~t inforn1ativc im
rnunoplot rcsults from incrcasing contrast •.vith 
background by subtracting thc frcqucnc). of c=:i.ch 
band obtaincd with normal sera from th.::it in 
infcctcd sera. Thus. plotting thcsc frcquc: ·:y c...11f
ferenccs in sera from paticnts with a ccrt.ain dis
casc against those in sera from paticnts with a 
contrasting discasc defines a planc whcrcin thc 
position ofcach antigcn band has an in1mcdiatc 
irnmunological mcaning <Fig. l Bl. Any band 
having zero or ncg.ative frcqucncy valucs is of 
doubtíul intercst for thc immunology of the dis
cases in volved. Any band having a low frcqucncy 
value in 1 axis but a high frcqucncy valuc in t.hc 
other is a candidate far discriminating immu
nodiagnosis. Any band having high frcquency 
values in both axes is favorable for nondiscri
minating diagnosis and is oítcntativc intercst. in 

cross-rcacting irnmunity. The sprcad in the clus
ter indicatcs hetcrogcncity in immunogenicity 
among thc antigcns in thc mixture. Lincarity of 
thc cluster points to antlgcns of rclatcd immu
nogcnicity in both antigcn cxtracts. thcir ordcr
ing frorn low to high frcqucncy valucs rcflccting 
their incrcasing immunogcnicity. Thc linear s1ope 
of thc plot. if any. wouid point to thc o..-erall 
tcndcncy ofthc antigcn mixture to ra..-or spccific 
rcaction with 1 or thc othcr catcgory oís.era (slope 
ncar un1ty meaning cqual tcndcncics). 

Collccling thc frcqucncy valucs for cach band 
is done by first constructing a \\.'cstern blot mas
ter pattcrn that includcs ali ditrcrcnt bands in thc 
antigcn mixture (that is, ali bands appcaring at 
lca~t once in thc blots whcn rcactcd ""-'Íth ali sera) 
ordcrcd by molecular wcight. and then scoring 
for cach band"s prcscncc or abscncc in cach sc
rum. Thc frcqucncy ·valuc ofcach indh.-"idual band 
is thc sum ofalJ sera in the catcgory that reactcd 
with that band dividcd by thc total number of 
sera in thc catcgory. 

Thc dccision of ""'hcthcr a givcn serum reacts 
or not with a certain band is crucial. Scoring is 
not a majar problcm when thc blots are excep
tionally clean. but this is scldom thc case with 
"INhole parasitc cxtracts reacting with many dif
ferent sera in a single session. Funhennore. as 
therc is quite a range in rcactions. scoring may 
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be uncen.ain in the case oftcnuous bands located 
in blurred sectors of the blots. We have found 
that band detection by ... ;sual inspection per
fonned by an experienced technician is as reli
able as the currently available computer tech
nology in decisions on peak detection in 
densitograms. There is no question as to the need 
to improve this phase of the procedure. Mean
while, it is safe to work only v.;th clearly visible 
bands. or to categorizc them according to con
spicuousness befare attaching much meaning to 
conclusions derived from their obscrvcd posi
tions in thc immunoplot. 

Antigen.s and an1isera 

The antigcns oí a11 parasitcs -....ere thosc in so
lution in thc vesicular fluid ofthe n:sp..:cti"..: mc
tacestodcs. Thcsc antigcns wcrc selccted bccause 
they provide the most rcliabk scrological rc
suhs."'· 10 T. soliurn C)sticcrci '-'Crc dissccted from 
skclctal musclc olnaturally infectcd pigs slaugh
tcred in Mexico Cny·~ abbatoirc Ferri:ria. Thc 
vesicular fluid was collcctcd by slicing thc cy~t 
walls and lctting thc fluid drain 1nto stcnk ...-es
seis immcrscd in crushcd ice. ~1ctaccstodcs of T. 
crassiccps wcrc collcctcd from thc peri tonca! cav
ity ofBALB.'c micc infectcd cxpcrirncntally with 
strain ORF of T. cra_,_\iccps as describcd by 
Kuhn. 11 and thcir vesicular fluid obtaincd aftcr 
rupturing the cy~ts by ccntrifug.alion 05.000 x 

g) and collccting thc supcrnatant. lmmcdiately 
aftcr cotlcction. tht! vesicular !luid'.'> -....-en .. • tn.:atL·d 
to removc calcium by adding 50 µl ofammonium 
ox.alatc (0.3 ro.-1) and 25 µl of arnmonia { l :3 v: v 
in water) to cach rnl of vesicular fluid. This was 
then ccntrifugcd at 100,000 x g for 60 min at 
4°C to discard particulatcd material. Thc supcr
natant was then dividcd into 100 µ1 aliquots and 
stored in liquid nitrogen unlil use. Final protcin 
concentrations in thc proccsscd íluids varicd 
somewhat bctwecn parasiti.1'.cd pigs and micc (3-
6 mg./rnl). but thcir quahW.ttvc- protcin cornpo
sitions v.·crc quite constant. Vesicular fluid "'"ª'.'> 
collected frorn hydatid cysts found in thc livcr 
olintccted shcep and thcn lyophilizcd: latcr. just 
befare use. it was rcsuspendcd in PDS and its 
conccntration adjustcd to 3 mg. mi total protcin 

(PBS donated by Centro Panamericano de Zoo
nosis. Buenos Aires. Argentina). 

Sera were obtained through conventional pro
cedures from donors v.tith different parasitic con
ditions: 30 sera carne from asymptomatic adult 
pat.ients living in Mex.ico; 2 1 cysticercotic sera 
were collected frorn paticnt.s v.;th confirrned neu
rocysticcrcosis hospitalized in different health in
stitutions in Mex.ico (Instituto 1'.1exicano del Se
guro Social, Instituto de Salubridad y Seguridad 
Social de Trabajadores del Estado and Instituto 
Nacional de Neurolog.ia y Neurocirug.ia): and 27 
sera from patients '-'ith hydatid disease wcre do
nated by E. Ziegelmeyer (Behringv.rerke. Mar
burg, FRG). P. Schantz (Cornrnunicable Disease 
Ccntcr. Atlanta. GA) and by Centro Panameri
cano de Zoonosis. Buenos Aires. Argentina. 

B ·cstt:rn blotting 

Elcctrophoresis and irnmunoblotting of the 
vesicular fluid of ali parasitcs was pcríormed as 
described etsc'-'·hcrc." 1= 

RESL'LTS 

U ·cstcrn blots 

lllustrative '\.Vcstcrn blots ofthe 3 parasite an
tigcns rcacting with sera from ncurocysticcrcosis 
and hydatid disease patients as welt as with sera 
from normal donors are shown in Figure 2. Al
though thc photogrnphs show lcss detait than the 
original papcr strips. scvcral things are imrnc
diately apparent. To bcgin 'vith. therc are nu
rncrous antigcn bands in the 3 diffcrcnt antigcn 
cxtracts with molecular weights of > 30~-20 
kDa. Also. the sera of neurocysticcrcosis pa
ticnts. as wcll as those ofhydatid discasc paticnts .. 
rcact -....,·ith antigcns from T. sn/rtan. E. granulo
sus. and T. crassiccps. Furthcrrnore. normal sera 
havc- lcss intense rcactions than infccted sera. but 
they do n:act with scvcr::il antigcns in all 3 cx
tr::icts. Thc use of T. crass1ceps antigcns rcsult in 
more '"cll-dcfincd rcaction pattcrns than thosc 
with thc othcr parasitcs· vesicular tluids. Finallv. 
in spitc of thc grc-at sirnilarity bctv.cen patient-s' 
blots .. thcrc are also differcnccs. sorne outstand-

FtGURE :!. lllustrative '\Vestern blots ofsera from neurocysticercotic and hydatid discasc patients and normal 
donors rcacting "-lth vesicular fluid antigens of T. solluni. E. granulosus. and T. cra.ssiceps. The V.'cstcrn blot 
master pattern of cach antigen pn:paration is sho""ll on the lcft marg.in of each panel of blots. 
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TABLEl 
Listing of al/ different antigen bands found in the .. ·esicular fluid ofT. solium, E. granulosus. and T. crassiceps 

by molecular weight ranking arder (inner co/umns). by molecular weight estimares (leflmost column). and by 
a\.'erage k.Da used in immunop/ots (rightmost colunzn) 

kD inierval 
or t-nd location T. :solrurn 

311-315 
306-310 
301-305 
296-300 
291-295 
286-290 2 
281-285 
276-280 3 
271-275 
266-270 4 
261-265 5 
256-260 6 
251-255 7 
246-:?SO 8 
241-245 
236-240 9 
231-235 10 
226-230 
221-2:?.5 11 
216--::?20 12 
211-215 
:?06-210 13 
201-205 
196-200 14 
191-195 
186-190 15. 16 
176-180 17 
171-175 
166--170 18 
161-165 19 
156-160 :?O 
151-155 :?t 
146-150 
141-145 22 
136--140 23 
131-135 24 
126-130 25 
121-125 26 
116-120 27 
111-115 28 
106-110 29 
101-105 30 
96-100 
91-95 31. 32 
86-90 33 
81-85 34 
76-80 35 
71-75 36. 37 
66-70 38 
61-65 39 
56-60 40,41 
51-55 42 
46-50 43,44 
41~5 

36-40 
31-35 45 
26-30 46 
21-25 47.48 
16-20 

1 
2 

3 
4 

5 
6 
7 
8 

9 
10 

11 

12 
13. 14 
15 
16 
17. 18 

19 
20 
21 
22 

23.24 

25 
26 
27 
28 
29 
30. 31 

32. 33 
34 
35 
36 
37. 38 
39 
40 
41 
42.43 
44.4S 
46. 47. 48 
49 

2 

3 
4 

5 
6 
7 

8 
9 

10 
11 

12 
13 
14 

15 

16 
17 
18 
19 

20 
21 
22 
23 

24.25 
26. 27 
28, 29 

30. 31 
32 

33 
34,35 
36. 37, 38 
39,40 
41 
42,43 
44.45 
46.47 
48. 49. so 
51 

Band idcnU6cat1on 
by rnc:an k.D 

313 
308 
303 

288 
283 
278 

268 
263 
258 
253 
248 
243 
235 
233 
228 
223 
218 
213 
208 
203 
198 
193 
188. 188' 
178 
173 
168. 168' 
163 
158 
153. 153' 
148 
143 
138 
133 
128 
123, 123' 
118, 118' 
113 
108 
103 
98, 98' 
93. 93' 
88, 88' 
83, 83' 
78, 78' 
73, 73' 
68, 68' 
63 
58. 58' 
53. 53', 53· 
48,48' 
43 
38, 38' 
33, 33' 
28, 28' 
23. 23'. 23· 
18 
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ing and others subtle. which shall be dealt v.-i.th 
latcr on in the text. 

Figure 2 al so shows. on the left margin of ea.ch 
panel of blots. the '\Vestem blot master pattern 
of cach antigen cx.tract: that is, the collection of 
all bands in a mixture that wcrc dcvclopcd by at 
least 1 scrum. and thc molecular "'•cight of thc 
most conspicuou-s or intr..·rcsting tiands {vide 1n
fra). lntcndcd for scoring. thc ma-stcr pa•.tt:rns 
v.·cre dra·.~·•n ,.,..ithout attcmpting. to reproduce thc 
intcnsity or v.;dth ofthc bands. Fon:- -cig.ht band~ 
v.·cre found in T. so/nan. 49 in E. graftulc>sus. 
and 51 in T. crassiccps. A complete list of al\ 
bands found. as wcll as thc precise molecular 
wcig.ht of cach band. are g.ivcn in Table l. For 
furt.hcr data handling. bands wcrc labclcd with 
1.hc mean kDa of the molecular wcig.ht intcrva\ 
in which thcy occurred. as shov.-n in thc rig.ht
most column of Table 1. Be-cause molecular 
wcight asscssments had a :!.5 kDa standJ.rd dc
viation bct'-'ccn blot~ (data not shov•n). b.:::inds 
diffcring by < 5 kD.:::i wcrc not dccmcd a~ trul: 
diffcrcnt bands unlr..·s~ thc:- occurrcd 1n thc sarnc 
antigcn c,.._trnct in thc samc blot. in "vhich e.ase 
thcy were additionally labeh::d with quotation 
marks. Af1.cr this corrcction for variation among 
blots. thc total nurnbcr of di ffcrcnt bands dc
tccted by all sera on a11 antigcn prcparations wcrc 
onl~· 76. inste.ad ofthc 1 20 tha1. would rc~u\t from 
a simple summation ofa\1 bands ditTcring in mo
lecular wcight. howcvcr ncg.lig..ibl-:-. 

83. 118', and 143 wcre bcs1. fer discriminating 
between hydatid discase and background (Fig. 
3B). T. crassiceps had 1 antigcn. kDa 78, with 
ven· lov.· rcactivi1.v v.ith nonnal sera and vcrv 
high reactivity v.-i.th sera from both cysticercoti~ 
and hydatid patients (Fig. 3C). 

lmmunoplots using frcqucncy diffcrcnccs bcst 
org.anizcd thc data in ca.ch .:::intigcn cxtract. T. 
solnun's band kDa .:os ~cored hic.hcst for both 
discascs. whilc kDa 108 """ªs thc- most specific 
for c:sticcrcosis. ~tany more bands seemcd to 
be spcc1Ílc of h:datid discasc in E. granu/osus. 
but bands kDa 143 and 118' were bcst. Band 
kDa 88 of T. crassiccps was hig..hly spcciftc for 
cysticcrcosis. whik bands kDa :?3'. 38. 148. 198, 
.::?03. and othcrs favorcd hydatid disease. Bands 
kDa 11 S. 113. SS'. 78. and :?8 of T. crassiceps 
rcactcd frcqucntly with sera frorn both diseascs 
and rarc\) with normal sera. 

lrtununop/oo 

Figure 3 shov.s .:::ill 1mmunoplots. simple. and 
frcquency diffcrcnccs p\ots v.-ith 1.hc 3 sources of 
antigcn (T. sohunt. E. granu/osus. and T. cra.s
siccps) rcacting v.-ith thc 3 types of sera (cysti
cercotic. hydatid. and normal. Simple lmmu
noplots imrncdiatcly identifJ.ed troublesome 
bands frcqucntly reacting with normal sera. By 
arbitrarily sclccting thrcshold values in both a.-....es. 
one may define antigcns of intcrcst at precise 
levels of speciñcity (background rcac1.ivity v.ith 
normal sera) and scnsitivity (rcactivity with pa
tients" sera). For cx.arnplc. ifth~ho\d valucs werc 
X > O. 70 and Y < O. l. thcn onc would selcct in 
T. so/iu1n extrac1.s bands kDa 23, 23'. 93'. 128, 
188. and 208 as capablc of discriminaüng cys
ticcrcotic from normal sera and band kDa 208 
for hydatid diseasc (Fig. 3A). Whcn cmploying 
an1.igcns írom E. granu/osus. nonc sccmed uscfut 
in dct.ect.ing cyst.iccrcosis; howcvcr. bands kDa 

Linear corrcl.:::ition ofthc frcqucncy diffcrcnccs 
immunoplots rcvcalcd highly sig.niflcant corrc
lauon cocfficir.:nts in al\ 3 plots. All slopcs wcre 
smallcr than unity and only thc intcrccpt of thc 
plot using E. gra11u/os11s w:::is signiflcantly >O (see 
lcgcnd ofFig. 3 for numcrical valucs). Rcgrcssion 
cocflicicnts ofthc plots did not ditTcr signiñcantly 
from cach 01.hcr. thus pointing to csscntially sim
ilar dispcr~ion of thc dau abou1. thc rcg..rcssion 
lincs in thc 3 antigcn prcparations. 

D1SCt.JSSION 

Simple inspcction of "-'cstern blo1.s rcvcalcd 
many cross-rcacting antigcns in T. soliu1n and 
E .. í?ranulosus. which affcct humans. and in T. 
1.:rt.H.'>l1.:t•ps. which affccts rnice. This is an impor
tant. and not totally uncxpec1.cd, f1nding. Earlier 
rcpons point in this dircc1.ion; 1 ,._H, he-re wc doc
umcnt thc grcat cross-reactivity ar .. ong these 
parasites. including thc fraction of antigens lo
calizcd to 1.hc vesicular fluid. Wc havc found vast 
cross-rcactivity. v.·hich hints 1.hat it may ex1.cnd 
to othcr cc!:.todcs frcquently affec1.ing humans. 
livcstock. and domcstic animals. 17- 1

Q Such ex
tcnsivc antigcn sharing is ominous for immu
nodiagnostic technology based on whole or par
tially purified parasi1.c cx.tra.cts.::.Q. 10· 1 • cspecially 
if oricnted towards seroepidemiology. 

Thc sera of healthy individuals contains an
tibodies to many different bands in all antigcn 
prcparations. This may explain the higheroverall 
reactivity in ELISA of pcople living in endemic 
areasq and may rcflect highcr tcvels of endemia 
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FIGURE 3. Simple and frequency difTcrcnccs immunoplots ofneurQC"Ysticercosis and h)·datid disease sera as 
they reacted ""ith the vesicular fluid antigens of T. sohum. E. granulosus. and T. crassiceps. Correlation Statistics 
far frequency differences immunoplots wcre: for T. soliurn, r - 0.571. df- 46, slopc - 0.470 and intercept =-
0.141; for E. granulosus. r = 0.461, df= 47, slopc = 0.605 and intcrcept - 0.304; far T. crassiceps. r - 0.664. 
df- 49, slope - 0.717 and intercept = 0.151. 

or closer canta.et with tapeworms than usually 
conceded. The ostcnsivc prcscncc of many an
tigens ofhuman parasites in thc murinc parasitc 
supports T. crassiccps asan altcrnativc sourcc of 
antigcns for irnmunodi.agno!>.is and. po!>sibly. for 
thc dcsign of cross-n:acting v.accincs. 

lmmunoplotting. in particular that offrcqucn
cy ditrerences. grcatly simplifics thc task otsort
ing out pertincnt antigcns from complcx antigcn 
mixtures. Becausc the plot shows frequcncics of 
rcaction. one may arbitrarily set thc Hmits of 
discrirnination (sensitivity and specificity) to fil 
ditrerent problerns. As a first .approximation to-

wards idcntification oí likcly candidatcs for spe
cific imrnunodiagnosis of cysticercosis and hy
datid discasc. scnsitivity and spccificity ,.._.ere set 
at X > 0.5 and Y < 0.5 for c:,.sticcrcosis and X 
< 0.5 and Y > 0.5 for hydatid discasc in ali 3 
frcqucncy diffcrcnccs immunoplots (Fig. 3A-CJ. 
\Vi.thin thcse li.mits. T. sv/Juni contains 8. E. 
granu/osus nene, and T. crass1ceps 4 ditrercnt 
prornissory antigens for spcciflc immunodi
agnosis of cysticcrcosis. Of those. only T. so
/1un1's kDa 108 and T. crassiccps• k.Da 88 secm 
capa ble ofmorc stringent dcmands on sensitivity 
and specificity. Searching fer thesc 2 antigens in 

1 



1 

WESTERN BLOTS OF TAPEWORM A?-..'TIGEl'.'S 289 

their respective Western blots finds T. soliun1·s 
k.Da 108 to be rather inconspicuous. while T. 
cra.ssiceps• kDa 88 is clearcr. running very near 
kDa 88'. a band that cross-rcacts with hydatid 
sera and kDa 93 and 93'. bands that show hig.h 
rcactivit'' with normal sera. 

'\.Ve fo~nd 1 T. sn/uan antigcn favoring cysti
ccrcosis. kDa :!3'. insidc thc intcrval kDa = :!5 
= 5. whc-rc othcrs 1 ~ havc found rcactivity hig.hly 
spcciflc forcysticcrcosis. Howcvcr. if,••c are dcal
ing with thc sarnc: antigcn. ''e found a hig.hcr 
1cvcl of cross-rcactivitv v.-i.th hvdatid sera than 
prcviously reponed. T~ so/ium·~ kDa 103 band. 
which wc had prcviously idcntificd as potcntially 
useful in immunodiagnosis." was rcndcrcd 
wonhlcss by immunoplot bccausc of it's hig.h 
rcactivity vdth normal sera collectcd fron1 the 
endcmic arca. 

Spcciftc diagnosis of hydatid discasc looks a 
littlc more promising. a~ thcrc an.: n1any n1orc 
bands in that rcgion of thc immunoplots: 16 in 
E. granu/osus. 5 in T. soluan. and 10 in T. era_.,_ 
siceps. Of thc~c. nene are ver: conspicuou!> or 
isolatcd in E. ~ranulosus' nor in T. sn/i:an·':> ve
sicular fluids. Ho,,c..-cr. T. L-rass1cc.•ps" kDa 148. 
38. and .13' are casil::- identiftabk in thc corrc
sponding \.Vcstcrn blot and are not crov..dcd b' 
contaminants. \.Ve are not ccrtain ,..,.hich E. gran·
u/05us antigc-ns in our \.Ve~tcrn blots corrc!>pond 
to are 5. which is thc antigcn of choice in thc 
immunodiagnosis of hydatid di~easc with rc3c
tions invoh:ing pn:cipitating antigcn-ant1bnd' 
cornpk.,cs.= =' =' Tojudgc from the rcponc:d mo-
kcular ,,·cight in rcduccd conditions~'· :: and 11·~ 
allcgcd hig.h spcc11ic1ty. it could corn:~pond tu F 
granulosus· kDa 38 and T. cra.ss1et·p~· kDa 38. 
which scorc in the qu::idrant speciftc for h:datid 
di!'.casc. ahhough not at thc highcst lcvcl of!>pt..•c
iftcity. 

lt would scern th::it nondiscriminating immu
nodiag.nosis of cithcr cysticcrcosis or hydatid dis
ease can be tricd v.ith a numbcr ofantigcns prcs
ent in thc vesicular fluids of T. sallunJ and T. 
crassiceps. This is not uuc of E. granulosu.s, ....,hich 
has only :? antigcns in this sector of thc imrnu
noplot, and thcy are not vcry conspicuous in 
Western blot. Howcvcr. almost anv of thosc in 
T. so/iurn and cra.sszccps are promin~nt and fairly 
free ofother antigcns ofsimilar molecular wcig.ht. 
especially T. so/iurn's kDa 238 and kDa 23. as 
wcll as T. crassiceps' kDa 118. 1 13. and 78. An
tigen B. a promincnt antigcn in the diagnosis of 
cysticercosis"' known to cross-rcact w"ith antibod-

TABLE:? 
Antigen bands most likel)' UJeful in the immunodi

agnosis of h)-datid disease and C)'Sticercosis as sorted 
b.v immunop/01fron1 an1igensfound in n·estern b/ots 
of ,·esicular jluids of relared parasztes 

l<.D ... of ..... nu&.,n\ io u..:- '" ..:rulos~ of 
c~\11.:crcou' >1nd h~d;a11d d1...,.aw- llo.D:a! 

S..' u re"' of Son-i•""-'nm- C~ ~11~--cr-
;an11i'1"n\ 1n.otin1t H~~lodo"'" 

T. solwm ~38. ::?3 1 OS. 23" 
1;.- granu/osus 143, 148·. 38 
T. crassiccps 11 S. 113. 78 88 198. 38. 23'" 

ics against othcr tape ..... ·orms.=-3 is probably not. 
prcscnt in thc vesicular fluid of thcse parasites 
since no band of similar molecular wcight (kDa 
95 l~"" was found in thc quadrant ofhigh frequcncy 
cross-rcacting antigcns. 

In ~hort. afü.:r checking thc antigcns sortcd by 
irnni.unoplot far conspicuousncss and ncarbv 
contaminants in \.Vcstcrn blots. it appcars tha"'t 
T. so/iu1n"s kDA :?38 and :23. and T. cra.ssiccps .. 
kDa 1 18. l 13. and 78 wou1d be bcst far im
rnunodiagnosis not discriminating bctwccn cys
ticc-rcosis and hydatid discasc. Far spc-cific di
agnosis of hydatid discasc. only T. crass1ceps' 
kDa 198. 38. and 23' mcct thc stringcnt condi
tions ofconsp1cuou!'>ncss and high scnsitivity and 
..,¡:x-c1ficity. \\.'e found no antigcn promissary of 
~pc-cific immunodiagnosis of cysticcrcosis in thc 
'csicular fluid ofncithcr T. so/iurn. T. crassiccps. 
or E. granu/osus. thc closest oncs bcing T. SO· 

lttan's kDa 108 and 23' and T. crassiccps' kDa 
88 <Table 2). 

Beca use af s1n11lar di~pcrsion of the paints in 
thc frcqucncy difTc-rcnccs imrnunoplots. it would 
!>e-cm that immunc responses of hurnans to T. 
~olnan and E. granulosus are cqually hctcrcge
ncous. '\.'ariation is too 1argc to givc crcdcncc to 
thc s1ope obtaincd with T. crassiccps• antigcns; 
its bcing smallcr than unity would indicatc t.he 
rnurinc parasitc's grcatcr similarity with T. so
lzunJ than with E. granu/osiis. Howcvcr. becausc 
all 3 slopes wcrc smallcr than unity. wc believc 
t.hat sera ofneurocysticcrcotic paticnts react more 
frcqucntly with all bands. or show smallcr back
ground rcactivity. than sera from hydatid dise.ase 
patients. 
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Abst.ract. 

Antigens from :L.. crassiceps performed as we11 as antigens from :L.. 

~ in ELISA det.ect.ion of ant.icyst.icercus ant.ibodies in 96 CSF. 

samples f rom neurocysticercotic patients and 96 CSF f rom other varied 

neuro1ogica1 ai1ments. Likewise, both sources of cysticercus antigens 

gave essentia1ly similar resulLs with control positive and negative 

human sera in both ELISA and hemagg1utination tests. Thus, the very 

manageable murine model of expericental cysticercosis a11eviates the 

problem of antigen inaccesibility in performing im~unodiagnosis of 

cysticercosis fer both clinical and epidemiological applications, and 

hints to effective means of industrial production f or world 

distribution and standarization of diagnostic reagents far 

cysticercosis and possibly of other ces~ode human diseases. 
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Introduction 

Increased awareness of human neurocysticercosis as a severe. 

often fata1 disease, frequently seen in deve1oping count..ries and their 

migrating workers, has prompted oany requests of ~~·s antigens 

from research and diagnostic laboratories from a11 over t.he world. Sl-

3/ Unfortunately, most pet.itions nust go unrequited because the 

procurernent of cysticercotic pigs. the usual source of ~~·s 

antigens, is being increasingly difficu1t in the endemic areas by the 

very sane disease-awareness that rather than help to curb trans~ission 

has instead furthered clandestine slaughtering and marketing of 

parasitized pigs. ~orld dist.ribution of antigens is also hampercd by 

sanitary regulations in customs. The recent documentation of extensive 

sharing of ant..igens ar.iong ..I..:... crassiceps • .L. sol iurn and h s;?,ranulosus 

$4/ incit.ed a thorough evaluation of the possibility of subst.ituting 

.I..:... solium' s antigens wit.h those from the laboratory adapt.ed murine 

cestode, I.:._ crassiceps ORF strain $5-6/ in imrnunodiagnosis of 

neurocysticercosis in cerebrospinal fluid (CSF) and in 

seroepideraiological surveys. 

Material And Methods 

We studied the correlation in anticysticercus antibody reactivity 

of antigens obtained from .!..:_ ~ with those obtained from ~ 

crassiceps in sarnp1es - CSF or serum - from cysticercotic patients and 

controls. Immunological tests were performed blindly in two different 

but experienced laboratories (INNN and IIBM), each following their 

standard procedures upan each sample. $7,8/ Afterwards, the code was 

revealed and the results subjected to correlation ana1ysis; name1y. 

that between antigen source within each laboratory and that between 
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1aboratories within each antigen source. 

192 CSF samp1es ~ere chosen from the CSF bank of the Instituto 

Nacional de Neurología y Neurocirugia de Mexico (INNN). 96 CSF 

belonged to conf irmed cases of neurocysticercosis - as diagnosed by 

c1inica1 picture, positive ELISA and complement fixation tests in CSF. 

and CAT scans. and in sorne cases by surgery. CSF was co11ected upan 

the patients' first visits far consultation, prior to extensive 

treatment. In addition. 96 control CSF belonged to rough1y 

contemporaneous cases of other neuro1ogical patients in whorn the 

diagnosis of cysticercosis had been discarded. 

Sera were chosen from the Sera Bank of the Instituto de 

Investigaciones Biomedicas ~ U!\A.'t ( IIB;·l) • asser:'lbled over several years 

by serurn donations frorn diverse neurological and sanitary 

institutions. 24 positive sera -persistently and repeated1y positive 

over several months - and 12 negative sera were e~ployed in the study. 

CSF samples were processed by ELISA in the two 1aboratories, each 

fo1lowing their own established technical variants previously 

published elsewhere. $7,8/ The main divergence between laboratories 

being that one - INNN - utilizes an antigen extract from the salid 

1 ; portions of the cysticerci, runs their tests in dup1icate and detects 

""' both IgG and IgM antibodies, whi1e the other - IIBM - prefers the 

antigens in solution in the vesicular fluid, detects on1y IgG 

antibodies and assays each samp1e in triplicate. The majar technica1 

features of the ELISA protoco1s fo11o~ed by the two 1aboratories on 

the CSF saoples are: a) INNN used carbonated buffer (.U!, pH 9.6) in 

the sensitization of plaques by .I..:_ solium and I..:_ crassiceps antigens, 
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aL a t.otal protein concentration of .74 ug/"We11. 1:100 goat anti human 

IgG and IgM coup1ed to a1ka1ine phosphatase (Sigoa) as second 

antibody. and 1:30 di1ution of CSF in PBS-Tween .1% ; b) IIBM dea1t. 

with I..:_~ and .:!:..:._ crassiceps antigen sensitization of p1aques in 

different. buffers, Tris-HC1 (.OlM. pH 7.5) and phospate (.01M. pH 7.5) 

respective1y, it use a .1 uf of tota1 sensitizing protein per well. 

second antibody was 1:1000 goat anti human IgG coup1ed to phosphatase 

a1ka1ine (Boheringer). and CSF di1ution was 1:10 in PBS-Tween .05%. 

Serum sarnples were analyzed by IIBM only following procedures 

previous1y published SS/ but with sorae changes in ELISA and none in 

hemagglutinat.ion. namely: sensitizat.ion ant.igen concent.ration were .1 

ug/well and 1 ug/well. for I..:._ soliurn and 1....:... crassiceps respectively; 

second antibody was goat. antihunan 1gG coupled to alkaline phosphatase 

(Boehringer) diluted 1:4000 in PBS-Tween .05%; and serun di1ution was 

1:1000 in PBS-Tween .05%. 

Resu1ts 

In CSF samp1es the ELISA va1ues obtained using antigens from L._ 

solium and frcm .!..:_ crassiceps showed a high positive corre1ation 

(Figure 1). Correlations were essentia11y similar in both 

1aboratories; if anything. the one from INNN (Figure lA) was tighter 

than that from IIBM (Figure lB). which showed greater variation with 

1:,,:_ crassiceps at the high OD values of .!.=... soliurn. In both 1aboratories 

the s1opes of the fitted linear regressions were consistent1y. and 

significantly. sma11er than unity; thus pointing to higher OD values 

when using antigens froo ~~ than those obtained with I.:_ 

crassiceps. Correlations of resu1ts between both 1aboratories "Were 

striking1y high with both antigens (Figure 2A and 2B). 
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Tab1e 1 shows t..he degree of diagnostic concordance of resu1ts 

fro~ the two laboratories with the definitive medical diagnosis. each 

1aboratory using slightly different il!lr.tunological procedures and cut

off ELISA values to score the sariples as posit..ive ar negat..ive. 

However. in spite of differences in procedure. degrees of concordance 

were very high (93-97 ~) for both antigen preparations and far both 

laboratory techniques, al though. again. INNN did somewhat better than 

IIBM. 

The correlat..ions bet..ween ELISA and hernagglutination results 

obtained in sera wit..h ant..igens froCl .I..:... soliur:t and from ~ crassiceps 

were also very h~gh. (F~gure 3A and 3B). The degree of concordance of 

serological results ~it..h the original seru~ category (control posit..ive 

or control negat..ive) was 100~. for both tests and both ant..igen sources 

(Table 1). 

Discussion 

Results establish that antigens f rom I..:._ crassiceps may 

confidently substitute thosc from 1..:_ solium in immunodiagnosis of 

neurocysticercosis, as currently performed in CSF $7/ with minor 

modifications, as well as in serological analysis. $8/ Correlations 

between antigens and between laboratories were consistingly 

significant in both CSF and control positive and neeative sera. 

Likewise. the degree of concordance between immunodiagnosis and 

definitive c1inica1 diagnosis was very high in CSF and 100% in the 

case of immuno1ogica1 discrimination of control positive and negative 

sera. The rare inconsistencies encountered in CSF raay resu1t frora 

degradation of the samp1e after pro1ongued storage and/or fo11owing 
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repeated freezing and thawing. The consistently higher ELISA values 

associated to ..!..:.._ ~ antigens is probabl! only a question of 

technique standardization since these cestodes share tens of antigen 

bands in their vesicular fluids. and perhaps more in the solid parts 

of the parasit.e. S4/ In fact. t.he result.s report.ed here point. to 

crossreactivity bet.ween the two species of taenia extending further 

into the parasite's tissues than just their vesicular fluids. since 

INNN laborat.ory uses solid parts of the parasite to extract antigens 

while IIB:·l uses vesicular fluid, and yet. bot.h labs obtained 

essentially similar result.s. 

Subst.itution of ..I..:,_ soliurn antigens ""·it.h t.hose fro1:1 .I..:_ crassiceos 

in imr.iunodiaenosis of neurocysticercosis alleviat.es t.he problem of 

antigen access to rnany laboratories. part.icularly t.hose situat.ed 

outside the endemic areas. Experimental infection of mice is easily 

accomplished by injecting a few live ~et.acestodes in the peritoneal 

cavity of recipient mice SS.61. and yields grarns of antigens in a fe~ 

weeks. frorn which tens of rng of protein ant.igens are easily obt.ained 

by standard and uncornplicated procedures. $8 Even if ant.igens 

specific far different cestode diseases were deemed necessary. the 

rnurine parasite offers several of ther.i in quantitites amenable for 

purification. $9.10.4/ Whether ~ crassiceps also contains the 

g1ycoproteins of ..!...:_ solium, recently reported to produce 98% sensitive 

and 100% specific serological results for neurocysticercosis. remains 

to be e1ucidated. $11/ In any case. itself an ingtriguing parasitic 

disease, deeply influenced by irnrnunological, histocompatibility and 

sexual factors $12,13/, experimental Murine cysticercosis is also a 

manageable source of cysticercal antigens far experimental and 

7 



industrial applications in immunodiasnosis of .'.'!..:_ ~ cysticercosis 

and possibly f~r .. vaccination. 
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Legends Of Figures And Tab1es 

Figure l 

Correlation in average ELISA readings bet~een different antisen 

sources in detecting anticysticercus antibodies in 184 CSF 

saop1es. as perfor~ed in two different laboratories: INN {A) and 

IIBM ( B). P.egression analysis resul t.s: f or (A). rS2/ = • 90, 

int.ercept. = .006. slope (st.d error of slope) = .87 (.02), df 

184; and far (B), rS2! = .78, int.ercept. = .016. slope (st.d error 

of s1ope) = .78(.02), df = 184. Kot.e t.he very significant. 

posi ti ve correlation bet\.:een ir.u:Junodiagnost. ic resul ts obtained 

with the different parasites. The slopes consistently s~aller 

than unity indicate to higher OD readings -...·ith I..:... soliurn 

antigens: and the larger variation of OD readings obtained with 

.:!:...:... crassiceps at the high ,I.:_ soliurri OD readings in IIB:-1 could 

result frorn excessive sensitivity oí this laboratory's technical 

variant. ( B). 

Figure 2 

Correlation between laboratories in average ELISA readings far 

anticysticercus antibodies in 184 CSF SBI!lples when using antigens 

from .'.!..:.. so1iUI:J (A) and from .'.!..:.. crassiceps (B). Regression 

ana1ysis resu1ts: far (A), r$2/ = .89, int.ercept = .100, s.1ope 

(st.d error of s1ope) = 1.21(.03), df 184; and for (B), r$2/ 

.96, intercept =O, s1ope (std error of s1ope) = 1.21(.01), df 

10 



184. Note the very significant corre1ation of resu1ts between 

1aboratories with both antigens, ~ore so with ~ crassiceps than 

with I.:_.~. 

Figure 3 

Correlation in average ELISA readings (A) and hernaglutination 

titers (B) between different antigen sources in detecting 

anticysticercus antibodies in 24 control positive and 12 negative 

sera. Regression analysis resu1ts: for (A). rS2/ = .76. intercept 

= -.01, slope (std error of slope) = .49(.04), df = 34; and for 

(B), rS2/ = .87. intercept = .03. slope (std error of slope) 

.78{.0S). Note the very significanL positive correlation of 

serolog~cal results obta~ned with the different parasites. 

Table 1 

Very high degrees of concordance were noted between the 

imrnunodiagnostic results in CSF and sera with respect to the 

original clinical diagnosis or serological category of sera with 

either source of parasite antigens. (Concordance is sirnply a 

measurement of agree~ent in diagnosis between two assessments of 

each case; in this instance it was calculated as the sum of 

agreeoents divided by the total number of cases in each cell of 

the table). 
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El Complejo Mayor de Histocompatibilidad 
del Ratón y la Respuesta Inmune 

Edda Sc1utto. Facultad de Medicina 

E\ complejo ~1ayor de Histocompatibi\idad (CMH) es 
un conjunto de gene!> ubicados en serie. que codifican 
proteínas de superficie'!> celulares y plasm6it.icas las que 
tienen capacidad de interactuar a distinto!> niveles con e\ 
sistema inmune. 

En 1936. Pctcr Gorcr publicó \a!> ba!:>eS de lo que es hoy 
el C~1 H. L"'!>ando un !:>Ucro de conejo anti-ratón demostró 
en ratone<:> de una cepa A \a presencia de un antig.eno de 
superficie de eritrocito~ 4uc no C'!>taba prc:sente: en otra 
cepa de ratone'!> C5"'."B 1 :'\\ año siguiente publicó otro 
articulo en e\ ~ut: dcrno'!>tró '4,Ue e\ \ocus que determina ese 
antígeno dt: '!>Upcrfi...::ic tamb1cn determina la susceptibili
dad y \a rcsi'!>tt:ni.::1..i. a ua.n~plante!:> en \a cepa A. Los 
estudio!:> de Gorcr no prodU_lcron respuesta en e\ ambiente 
científico :-.1n .. "') ha~t..i una deo...: a.Jama~ tarde con \os prime
ro!:> intento~ de u.;..1.n-..pl~~ntt:-.. d~ tejido~:.- la asociación de 
estos antígeno~ con el rcdiaJ'.._") rapido dt: transp\antes. E\ 
progrcsi'-Q dc~<.:uhr1m1i..:ntD dt: \a participación de\ CMH 
en \a rcspuc!:>ta 1nn1unc ...:ontra mucho!:> antígenos. intensifi
có su estudio. A~i. ha~t~t \..i \ce\ i .,,e continúa ex.p\orari.do 
el C~1 H en mucho-..\, crti:br<.idos (conejo. hombre. cabal\o. 
rata. po\\o. y otro-.}:- en c.,,pcc1al en e\ ratón donde \a 
posibilidad de utihl';J.f cepa~ c..:.tab\cs de endocria permitió 
identificar casi todo.,, \o~ \oci y cstab\ccc:r sus posiciones. 
asociándolos con !:>U~ productos fenotípicos. 

l. Organización Genética 

El complejo H-2 de\ ratón se localiza en el cromosoma 
17 .. donde ocupa de 0.3 a 1.5 centimorgans• de longitud 
dependiendo de que \oci se consideren dentro del H-2. El 
criterio más reciente. considera e\ limite el ex.tremo ccn
tromé:trico marcado por la región K y el limite del ex.tremo 

•1 centimorgan es una unidad de d1stanc•a de m~a e-qu1vatente '"'-OC! probabilidad de 
entrt1Cruzam1ento entre dos genes. 

R-• ,\ 
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s '-o .. ,,,. '-º Fe Cz 
2"I t">idradQ.$0 
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T•a 
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Qa"l,6 
T•o 

fo~ l ReDreseTltac•on es.o.vemat>e.a. Cel C:Omt1le10 mayor de hrstocomo;1.t1bthdad en •a.ton 

te\omérico a 1 .5. centimorgans del Tla (Fig. \ ). 
Experimentos de recombinación del cromosoma 17. pro

veniente de padres heterocigotos. permitieron conocer la 
posición de \o~ \oci del H~2. Podemos observar (Fig.. l) \a 
rc-prc~cn\ación esquemática del complejo H-2. que ha!:>Ut 
\a fecha c~ta constituido por las regiones: K .. 1.S.D.L.Q y 
T. La región 1 c~ta formada por dos subregiones: A y E. 
Cada región consiste en un segmento cromosómico ocu
pado a\ menos por un \ocusy separado de otros segmentos 
por un entrecruzamiento de cada lado. Los locidcl CMH 
son extraordinariamente po\imórflcos. y se identificaron 
más de SO formas posibles de un mismo gen. A la combi
nación particular de alelos en \oci H-2 individuales se les 
designa como haplotipo~ así la ccp;i de ratones singénica 
C57B/ 10 (B10) es de haplotipo h y todos sus alelos se 
designan con \a misma letra K h. lb. Sb. Db. Lb .. Qb. Tb). 

Los loci H-2 se agrupan en tres da~t:~ según \a homologia 
probada o presunta entre sus productos fenotípicos. Las 
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clases se designaron arbitrariamente con números roma
nos del 1 al 111. 

11. Clasificación de los loci H-2 según su expresión feno
típica .. 

A.a. LOCI CLASE 1 
J .1. Organización GenCtica. 

Existen tres loci clase l bien caracterizados: K. D y L. los 
cuales están localizado~ en los extremos opuestos del 
mapa del H-2. Estos loci ~on funcionalmente indistingui
bles. El locus L se locali.1.a en la vecindad de la región D. y 
se considera que deben c~tar muy cef-ca uno del otro. 
quizás adyacente:~. por4uc no ~e encuentra ninguna re
combinante t:ntrc ello-.. Dentro de los loci de clase l se 
incluyen tambiCn lo~ luci Qa ~ rta. E~tos loci ~e localizan 
en el ex.tremo ti.:lon1C-r1i:..._) d..:\ ..:r(iffill ... nma t 7 ~ ocupan una 

región dos o trc~ "c.:L"c'.'> n1á~ L . .t.rg:..i 4uc el tntcr\. alo K-D. 
Los datos de gcnCti'-·a moh:cular indican '-tUC la mayor 
parte de los gene.:~ dc d;,i,c l ... c lrn.:ali.1an en la región 
Qa-Tla y comp;,iratn.arncntc prn.:o~ en la región K-D-L. 
Así. cn BALB cJ ( hapluttp.._, H-2 d) dc aproximadamente 
35 gene~ de da:-.c 1. :;o -.e loco.di.1an cn Q:..i-Tla; en BlO 
(haplotipo H-2hJ. l.k un total de 2f., gt.•nc~ dc cla~c l. ~.l ~e 
localiLan cn <.)a-1 la. Lo~ !,!CHC.:'.'> Q;.,¡,- na -.e inclu:-.cron 
dentro de lo~ gcnc:-. de da-.c 1 P"-lr4ue torrnan L""-"n1ph:jo~ 
híbrido~ '-"OO tr~lgmcnto-. dc D'.".·\. comph:nH.:ntario~ a la 
región K. y la D; '.'>tn cmharg\...>. c:"l.t~ten tcndcni.::1a~ a incluir
los en una 1..·uano.1 cla-.i..·. dchu.hl a 4uc -.u~ producto~ 

fenotipico~ pre'.'>cntan dllercn..:1..t:-. en p1.JlinHJrfi..,rno expre
sión. y funcionalidad n.::-.pt.:'-"ll) a lo~ produi.:to~ K. D. L. 

2. Producto~ fenotípico"' 

Los loci clase 1 ( K-D-L l cod ífica n para glicoproteinas de 
membrana de un pe:-.o rnolt:cular apro:-..1mado de 45 k.Da. 
En la figura 2 ob-.t:n amo~ un e..,4ucma dt: antígeno de 
clase 1 (f\.1allis-.t:n B. 19X6L con-.t1tuido por una c~1dena 
polipcptidica dt.: tri.: ... dominio-. t i.:adena pi.:~acJa J. cada uno 
de los cualc.:~ t1cni.: a~o1..·1ado ctnalentt:n1i.:ntt: un ri.:-.tl.1 
hidrocarbonado tColigan c.·t u/. 19-~J. Lo~ prin1t.:ro~ do ... 
dominios ~ 1 y o(..:! parecen t.:~tar 1n\. olucr..tdo~ t.:n t:l 
reconocimiento dt: lo~ lintoi.:tto~ T) d teri.:cr dominio e~ 
muy conservado y pre~t:nta gran homologia con el domi
nio constante CH3 de inmunoglobulinas. A esta cadena 
pesada se asocia. por interaccione~ no covalentcs. un 
polipéptido más corto (PM 12 kDa). la~ 2 rnicroglobu
lina. que constituye la cadena liviana del antígeno de 

!ll 

HC 

COOH 
Fog 2 f!i-::uema de al"lhQel'\O de el.ne t 

Cadena 
Pesada 

Dominios Ex1racelulares 

Dominio Transmembranal 

Dominio ln1racelular 

clase 1 y que :-.t.: codifica fuc-ra del complejo H-2 (cromo
soma 2) ( Ploegh et tJ!. 1979). La antigenicidad y las fun
ciones biolúgac~ .. b de la mokcula residen en su cadena 
pc:~ada. la cual !'>C c:o...t1cndt: dt=~de d compartimiento ex.tra
celular ha~ta el citopta~rnico. La inserción en la mem
brana no dt..·pcndc- dt...· la ~ 2 microglobulina. lu cual ~e 
a~ocia dc-.pu~~ dt: la glico~ilac1ón de la cadt:na pe~ada. 
Lo~ t::-.tudio:-. real1?ado-. por Ploq;h el al .. e 198 1) indican 
4ue la~ 2 rnicn1g.lnhulina jucga un papel in1p1.._)rtantc en la 
t.:ficacta del tran~ptHtc dc la i.:adcna pc'.'>~tda di..·:-.de el ~itio 
de glli.:o~ilai.:1ún ( ri.:t1¡,;-u\l1 en<lop\a..,ma11co) ha~ta la n1en1-
br¡1na pla~n1at1i.:a. 

S1 bien. la:-. rcgÍLlllC'.'> G•t :'.- n.1 o.:unt11.:ncn la n1ayoria de lo .. 
genc.., de i.:la-.c 1 cni.:ontr.tdl1-. i.:n i..·l g1..·no1na dcl ratón. ~ólo 
uno~ poco~ dt: !,l., produi.:to ... de c:-.tL):- gent:~ 'C han identi
ficado. /\lg.unc1-. ..iuton:~ alirn1an 4u\.! mucho~ de t:~tos 
prc~unto:-. gcnc!oo -.on i.:n realidad p~eu<logene~. otros. que 
su~ producto-. ~on ... crológican1entt: no detectables. o bien 
que podri<J. tralar..,c de productos de diferenciación con 
una cx.prt:":-.iún t1-..ular limit¡tda. Las molCculas Tia y Qa 
dt:!-.crita~ e~to.in torm.:..sda~ por do!-> cadcna~ de peso mole
cular dc a pro:-..i n1ad..i.n1cntc --10 k Da. a~ociada~ de n1ancra 
nn ¡,_:.._n..ih:ntc ~1 una •. .-adcn.:..s d.c I~ "'-Da 4ue ,.,e parece a la 
f\.: n11i.:r1..1gll1hul1na. 

3. Detección Scrulógica e Hi~togeneticu de lo!'I Productos 

Las molCculas de cla~e 1 pueden ser identificadas por 
medio de anticuerpos capaces de reaccionar específica
mente contra estos antígenos. Actualmente se identifican 
más de cien determinantes antigénicos clase [ ( K-0-L). 
En las moléculas mejor caracterizadas se detectan hasta 



30 determinantes antigénicos distintos. Estos determinan
tes individuales tienen frecuencias caracteristicas para los 
alelos K o D. que pueden 'ariar desde determinantes 
n.:stringido:-. a un !>Ol0 alelo (determinante..., pri,;.1do:-.1 o 
con,partid1..1' pür ha .... ta el 75r·c dt: \0 ... alc\o ... probad1...h 
(dctcrnlin.antt:!'> pUhlico .... L Pueden adema ... c .... timular la 
inn,unidad celular.:- ... e idcntii ican por cn...,;,,s~ o .... dc citoto-
xicidad hntoót;,,sri;,,s. 

-4. Polimorfi!'.mo 

Los antigcno!> de Cla!>e \ ( K-D-LI pre .... cntan un c:lc'-ado 
polimorfismo que reside en la cadena fH.!'!>ad;,,s. Se encuen
tran 1:? alelo!'> en el locu!<. K ~ 10 alelo!> en el locu~ D. La 
¡!. :! microglobulina. en c;,,smbio. e-.. mu~ con..,cn ada entre 
c~pecic!>. La!'> nH--.lCcu\a..., de Jo ... loci Qa y Tla. "'' bien mu~ 
similarc!> c!>tructuralmcnte a la!> K-[".>-L .... un mucho!> n,c
no"' polimórfic;.1:-.. 

5. Oi!<.tribución Celular e lnteracciún con el Sbtcma 

Los antigcno"' dc cla~c 1 ( K-D-L l c-.t:.J.n pre!'>entc .... cn ca-.i 
todo ... lo .... tipn-. ct:lulure:--.. ·,hundan en mo11.:rótagn!> ~ lin
focitn!>. e .... 1..·;:l!>Can en l•l ma:- oria de \:.1:-- ct!lula ... !>om:.i.t1ca ... 
(célula!> n1u .... 1:ulare .... tihrnhla!>tO~. célula.., de h!.JHlü ncr
,¡o...,ol y puedl.."n dt..•lcctar~e algun;,,s-.. '\.cce ... en ct!lu\a~ gcr
nún;,,slc-:-.. trnlohlá..,tica ... ;.. cC\u\a ... cchJd..i' 

Lo"' antÍJ:!t:no ... dt: cl.1..,c l { K-[)-l.) -.l1n ll1-. antigenll.., 
c\~1 ... 1.;l1 ... 1n" l'lu.:r~ldl1 ... t:tl ,_.¡ rc..:ho1;n r..lptdl' dc tran ... plan-
te!> d1..· te.i1dl''· Pllf ... u L".,tcri...~1 d1 ... trihucll1n celular. ... 1r,cn 
como mart:adl,re"' ci.:lul~1rc ... dc \l1 prlJp11.'. L-.tl•.., Ltntigcno ... 
permiten el recono1.:in,1t .. ·nt(1 dc ..:élu \a ... prup101 ... ..:u~ .l ~upcr
ficic !>C encuentra a\t1..·rada. /\..,Í. -.'.l tndl1 Un..1 cClula nor
mal modifica su fi.:not1po por un~1 i nti..·..:'-·1un "ira\. 4uínuc~ 

o de otra ctiologí~1. cl 1nd1"\ 1duo rcc .. --.n,h:c el lenotipo 
modificado como no propio :- ... c a¡,;t1" an l~l .... cClula~ T 

citotóx.ica~ eliminando la célula norn1al modificada. En 
c!>te fenómeno de reconoc1micnto. la cdula T identifica a 
la cc!lula propia modificada a tra" e:~ de \l..h antígeno~ de 
cla~e l (Zinkcrnagel. R .. 1978). La~ rcaCClllnC!> ..i tr;..nC~ de 
la!> cClulas T estimulan prcfcrcncial pero no exclusiva
mente a linfocitos Lyt:!.3+ y rc~pccto a ~u participación en 
la respuesta humoral. estimulan y controlan la produc
ción de anticuerpos. 

Los antigenos Qa-Tla están distribuidos en cetulas hema
topoyéticas y en ciertas poblaciones linfocitarias y aun
que no se conoce su papel fisiológico no parecen funcio
nar como mediadores de respuestas citotóxicas como los 
antígenos K y D. 

E. Sciutto 

B. LOCI CLASE ll 

l.. Organización Genética 

~1urphy c:t al. ( 19S0) obtuvieron la ... primcra!'> prueba:-. 
~obr1..- la región l.. y propu~icron. cnn base en anali .... i"' 
~t.."rológ:ico~. la t:Xl~tencia de 5 loci: .·'\.. B. J. E. C. Sin 
cn1haq,?.o. lo:-- primero.., C!'>tudi .... i... de donación molecular 
(Ste1nn1et7 c:t al. 19S:?.i identitic~1ron ... óto do!'> de e!>ta"' 
rt.."giont:s 1-A e 1-E. Esto~ re!>ultado!'> dicron lugar a g.ran
dt:s controversia:-. que no lh:g.ar· .... 1n a !>U fin sino hasta 1985. 
en que ~t." confirmó que la región l e!'>taba constituida sólo 
por las rcgione!'. A y E. Con re .... pecto a la!> otras !..Ubregio
ncs Hayl.."!'. el al l 9S4 enc1."">ntraron 4ue las determinantes 
de la 1-J parecen ~er prlid.ucto ... de gene-.. tuera del H-:!. los 
gene~ 1-C o ~u ... pr .. 1du..:to!'> rH .. ' .... i.: ident1ficar0n y lo!" 1-B 
parecen el n .. · ... ultad .... --. de -..;.n ctcctn lct1'...ltip1co de lo~ toci 1-.-\. 

e 1-E. 
/\ctualmcnt1..· !'>C' -...ihi.: '4Uc C'.'.Í~tc.:n ocho~ gene ... cla~c ll en 

lureg.iún.-'\.~ Ecnc\ratnn.A~~ .. -'\.~ :! .. /\.P l .. ·'\.C( .Ejjl. 
E j3 :!. E d... ~ E ~ ... 1. ( Larhammer el ul .. l 19~4 l. El f\ ?> 3 es 
el má .... pro:-..inH.l .:11 e.,lrcmn centromenco y el E J!i--3 d ma!> 
alcJado ~!>U c:-..1 .... h:ncia !'>óh1 !>C han confirmado en BALB c 
l '.\.1oller. G .. ¡9;-.;51. l)e e:-.to~ gene"' "'ólo ... e conocen como 
func1onah:~ A l. A ... E l. E 

2. Producto .... Fenotípico!'. 

La"' molécula ... dL· 1..:la:-.c 11. A:- E. c...,1an compuesta!> por 
do~ c~uJen:.i.., pnhpcptid1c...t .... a ... o..;1ad.a~ pllr intcracc1one~ 
no co,alcnte~. OC.t_:l~- .. "\.:"' \...[)aJ : ¡3-(2.ti-29 k..Da). Esta~ 

cadt:na~ polipt.:ptiU11..·a.-. prc~ent<.in ::! d.on11n10~ globularc~ 
e:"..tracclulan::-. puhmód1co~ . .::::\ \: f> l. un dominio extra
cclular muy con~cnadn O:.~.:- fo:!. que 1:!'> homólogo a los 
dominio!'. con~tante!'. de 1nn1unoglobulina~. un dominio 
tran~men,branal. y un carhn.xilo terminal en la porción 
citopla!<.mÜtica ( Fig. 3). 

3. Detección Serológica e llbtogCnica de los productos 

Hasta la fecha se han identificado más de 40 determi
nantes de clase l. agrupados en dos series. una de cerca de 
30 determinantes controlados por los loci 1-A y otra serie 
más pequeña controlados por los 1-E. 

4 .. Polimorfismo 

El locus A es tan polimórfico como los loci de clase l .. se 
han estimado alrededor de 50 alelos entre los ratones 
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Foo 3 Esquema oe anu~o de cl~e u 

Dominios Extracelulares 

TransmetTibranol 

Intracelular 

silvestres (Bonoist et al.. 1983). La variabilidad entre 
estos alelos reside fundamentalmente en el dominio glo
bular más alejado de la membrana plasm<itica. y se obser
van en este dominio tres zonas de hipervariabilidad l Bc
noist et al .. 1983). Los determinantes de locus E son 
menos pollmórficos y se estiman en l"atos sihc::.trcs apro
ximadamente 10 alelos ( Mengle-Gae y ?'l.1cDc••itt. 198~l. 

5. Distribución Celular e Interacción con el Sbtema 
Inmune 

La!'. molCculas de clase 11 (la) están cxpn:~adas :-.ckcti
vamcnte en la superficie de célula~ del ~i~tt:ma inn1unc. 
linfocitos B. cClu\¡is presentadora::. de antig.1.:no como lo~ 
macrófagos. células de Kupfer en el higado. y ..;dula~ de 
Langerhans en la piel ( Mol1cr. 1985)~ a1,_.h:ma~. e~ 1nduci
ble su producción y expresión en superficie de otrn~ tipos 
celulares no inmunes (Barclay and Mason. 1984). como 
en células epiteliales. 

Respecto a su·participación en la respuesta inmune, lo~ 
linfocitos T ayudadores reconocen a un antigcno en el 

contc~to de lo!> productos de lo~ gene~ clase 11. y permiten 
que lo~ linfocito'.'> B ~e a..;tÍ\.en y produ.1can ant1cucrpl1!> 
contra C!>C antagcno. 

Si bien. c~ta~ n1okcula._ "'"-1n p1.,lirnórliL·J"> en un~ c~pec1e. 
!>On in" a na ble!> i.:n un indi ... 1duo :=- ~l..." r1..."4u1i.:ren cclulas T ~ 

molécula!> de cla~c 1 l del mi~mo indn 1duo para inducir l~ 
respuc~ta contra un antigcno cxtraño ('\Veis et al .. 19S-+. 
Pease et al .• 1983). Este complejo ternario: cClula T (re
ceptor). molCculas clase 11 en superficie de célula presen
tadora de antígenos y de antígeno. es de naturaleza des
conocida; sin embargo. se propone a la célula T como 
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estabilizadora de las interacciones entre las moléculas la 
y el antígeno. El interfon l lFN) puede inducir la expre
sión de los antígenos la lSteeg et a() en macrófagos así 
como en otros tipos celulares. Esta expresión inducida 
presenta distinta sensibilidad. dependiendo del tipo celu
lar. lo que indica que posiblemente participen múltiples 
mecanismos de regulación en la expresión de genes de 
clase 11-

C. LOCl CLASE 111 

1. Organización Genética 

Los genes de clase 111 incluyen una reg1on (S). que 
codifica los C•'>mponentcs del sistema de complemento 
C2. C4 y factor By los genes de una c:nzima esteroidea (21 
hidroxilasa) que no se encuentra involucrada con el sis
tema inmune. Esta región se locali7a entre la región l y la 
D. Una segunda región intercalada cntn: la región O y Qa 
codifica para una proteina reguladora de C4 (Rodríguez 
de Córdoba et al .• 1985) y una tercera región codifica 
para C3. la consideración de e!>ta tercera región como 
parte del H-2 es aún muy discutida. En el ratón. la región 
que codifica para C3 esta localizada a una distancia 
aproximada de 11 unidades mapa H-2. en el extremo 
telomCrico a la derecha de D ~Da Silva c.•/ al .. 1978) y por 
e!>tO ~e debate si debe -:,1.!'r o no incluido dentro del H-2. 

2. Productos Fenotípicos 

Lo~ producto~ de clase 111 codificados por la región S 
~on: los componente!> de con1plcmcnto C-+. C:?. el factor 
B. y una proteina no hemolítica similar a C..+ llamada Slp. 
ScrcfOer y Owen describieron en 1963 la existencia de 

una región S que contiene un locu .. qut: determina la 
cantidad de una protcina sérica {S~>. E•audios posteriores 
encontraron que se trataba de do-> protcinas diferentes 
(Curman ~t al .. 1975); una era cl cc·mpom:nte C4 del 
complemento (!\.1co eral .. 1975). para el que se han 
identificado do~ aklo~. la ~)tr;,,i una protcin;,,i limitada al 
~cxo Slp. 4ue mui.:stra !,!ran humo\ogia con C-+ pero no 
tiene ai.:ti ... ·idad hcmolitica :=-:.u \unción e:-. aún dc!>conoc:ida. 

La molécula de C 4 l 1 S a 20 "-Da l .:on~i~tc en tres cade
na~ polipcptídica~ unidas co ... alentt:tncntc. ot.. (90 kDa). 

'P l70 kOa) y Y (30 k0a). El locus Ss codifica para un 
precursor de una sola cadena de 185 kDa. el cual es 
dividido después de la transcripdón en las cadenas et • 
1' y Y . El locus Slp parece ser distinto d~ Ss aunque no 

se han encontrado rccombinantcs que separen a los dos , .. 
;:-.1 
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loci. el locus Slp codifica para una proteína que se parece 
a la mo\écu\a de Ss pero difiere de e\\a en el tamaño de \as 
cadenas individuales: la cadena alfa es ligeramente más 
grande y las cadenas y más pequeñas. El compo
nente de complemento C2 es una glicoproteína de una 
sola cadena ( 100 k0a). qui mica y funcionalmente seme
jante al factor B de la via alterna. Ambas circulan en 
plasma como zimógenos y tienen actividad de proteasa 
cuando son activadas. El componente C3 ( 185 kDa) con
siste en dos cadenas eslabonadas covalentemente: 
( 11.000 d) y (75.000 d). 

~ f ! e:a.. ~ ::::, ____ _.__í ...... e-.~ ____ __,!_~.'r COOH 

·c. 

f•Q. -4 Repreuntaaon esquematica ae los componentes de c.omptemeflto C4. y C3 

.3 .. Polimorfismo 

El polimorfismo en los genes de clase l y 11 es notable y 
también para C4 es excepcionalmente grande. Se: han 
identificado dos loci para el componente C4: el C4A y el 
C4B. Con ba~e en diferencias de antigenicidad y carga 
pueden identificarse 35 alelos (Mauff 1..~1 al .• 1983): s.in 
embargo. estudios serológicos y de secuencia nucleoti
dica sugieren un número mucho mayor (Belt t•t al .. 1985. 
Whitehead et al.. 1984). En C2 existe un alelo común y 
muy raramente dos; en el factor B dos alelos comunes y 
muy raramente 4 (Alper. 1976); para el locus C3 se han 
identificado cuatro alelos. Para la proteína Slp no se ha 
identificado polimorfismo serológicamente detectable. 

4. Distribución Celular e Interacción con el Sistema 
Inmune 

Entre las células productoras de componentes de clase 
lll se ha reportado que hepatocitos y macrófagos produ-

E. Scllrt1D 

cen C4(Newell et al .. 1983) yel factor Bes producido por 
linfocitos y macrófagos. 

Las proteínas del sistema de complemento regulan una 
gran variedad de eventos biológicos y tienen un papel 
central en el proceso de inmunidad humoral. La activa
ción del complemento en cascada. tanto por la vía clásica 
como por la alterna. resulta de interacciones específicas 
entre varios componentes individuales. El proceso de 
activación de complemento por vía cl3.sica se inicia por la 
reacción antígeno anticuerpo que induce cambios con
formacionales en el fragmento Fe de la inmunoglobulina 
favoreciendo la fijación de Fe y a Clq. una de las tres 
protclnas que forman el complejo Cl; esto induce la acti
vación de Cl que degrada a C4 y C2 en C2a C2b. C4a., 
C4b. Las molCculas de C4b y C2a. que se unen a la 
superficie celular. forman la C3 convertasa que actúa 
sobre C3. fragmentándolo en C3a y C3b. El C3b se une 
junto con C4b y C2a formando la CS convertasa. Esta 
última actúa sobre CS. produciendo un fragmento de 
C5b que inicia la formación del complejo CAM (Com
plejo de Ataque a la ~1embrana). 

La reacción antígeno anticuerpo (lgE. lgA. lgG 4 H)., así 
como lipopolisacáridos y veneno de cobra activan la vía 
alterna de complemento. se inicia con la unión de C3 con 
el factor B ( FB). formando un complejo re....-ersible que 
puede ser activado por el factor Den presencia de Mg ++. 
liberando un fragmento Ba. con la generación del com
plejo C3bFB con actividad de C3 convertasa. Las molé
cula~ de C3 producidas por·csta convcrtasa son capaces 
de unirse a más facto re~ By D. originando un mecanismo 
de amplificación. Esta C3 convcrta!->a con mayor número 
de molCculils de C3 modifica su especificidad. adquiriendo 
capacidad Ce escindir a CS en C5a y C5b continuando el 
mismo camino que la via clásica. En el H-2 son codifica
dos algunos componentes crítico!; en la activación y am
plificación de ambas vías. En la figura 5 se muestra la 
relación entre C2. C3. C4 y factor B~ en la vía clásica y 
alterna. 

La proteína Slp se encuentra en el plasma de solo ciertas 
cepas de ratones y en algunas cepas se ha\la regulada por 
los niveles de hormonas androgénicas. mientras en otras 
son independientes. La proteína reguladora de C4 es el 
cofactor proteico de la protclna inactivadora de C4 que 
hidroliza a C4 a nivel de la cadena 

Conclusiones y Perspe-ctivas 

Uno de los más importantes eventos de la inmunología 
en las últimas décadas fue establcc~r el concepto de que 
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Ftg. s. Aepf~d6n aquemattca del procesa de activacfOn de compJemento por la vi.a 
dbca y la vi.a aherna.. 

los productos del CM H influyen en la Respuesta Inmune. 
Los avances tecnológicos de la genética molecular están 
permitiendo conocer la estructura y organización gené
tica del H-2. Podemos observar en esta revisión lo reciente 
de los hallazgos en este tema y la falta aún de consolida
ción de los conocimientos adquiridos. Se ha profundi
zado el estudio descriptivo del genoma y tratado de defi
nir los productos fenotípicos; ese profundo nivel de ex.plo
ración no se ex.tiende todavía al estudio de la regulación 
de la ex.presión genética. ni al papel fisiológico que los 
productos fenotípicos del H-2 tienen en la respuesta inmu
ne. Queda así mucho por conocer en esta área y segura
mente. en los próx.imos años. el estudio del H-2 conti
nuará siendo uno de los temas fundamentales a elucidar 
tanto para los genetistas moleculares como para le.· inmu
nólogos. 
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En esta revisión se _considerar A determinismo genético 

de l.as infecciones_ parasitarias en el. ratón concentrando la 

atención entre individuos 

especie deterr<l¡na,da~,' ~enéticarnente. 
en ias· variaciones de una misma 

El.- ratóri<c_es: ,,ia 
~~:.~~ . -

inmunologícam;;;n.:te- y 

especie mejor 

por lo tanto 

conocida genéticamente e 

es -ideal. como model.o 
.,, -,~>::. 

experi.mei:'.itaÍ\-,:;:de parasitosis por hel.m-1.ntos y protozoarios. 

singénicas, congénicas y recombinantes se ha 

pedid~ :i«:ie.:i~¡-~icar aquel.las que son resistentes y susceptibl.es 

en _cada __ parasitosis (Tabl.a I). Un siguiente nivel. de anAl.isis 

consiste- en l.a identif icacion de la cantidad de genes 

involucrados en l.a determinacion de la susceptibil.idad. Las 

comparaciones se dificul.tan por criterios arbitrario de 

susceptibil.idad que van desde asociar l.a susceptibil.idad al. 

-1.ndice de rnortal.idad hasta el. nñrnero de parAsitos recuperados 

en fases no sintomatol.Ogicas de l.a parasitosis y en consecuencia 

siempre quedan dudas de l.a val.idez de l.as general.izaciones. 
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1. a Susceptibilidad innata del hospedero al parasito. 

La diferencias en la susceptibilidad innáta de los 

individuos de una misma especie a un parasit6, se puede 

considerar según si la región del genoma involucrada está 

relacionada con la respuesta inmune __ -_e genes_ de" 

inmune, GRI) o no (genes de !!2 respuesta inmune;. ~NÍtI )··: 

Dentro de los GRI consideraremos aquell.:os qUe codi:f-ica~ '~ara . . . . . . 

productos fenoti.picos participantes de la respuesta ;,~j_~\J.ri~' '._del 

hospedero contra el parásito, a través de los cual'es - co~~'i::-'C,_1~ su 

crecimiento (ie, anticuerpos) • Mientras que lo's- pr6dU:ctos 

fenoti.picos de los GNRI identificados, determinan lo pro"pici;;-del 

nicho ecológico en el que el parasito desarrolla su mediación 

inmunológica (ie, hormonas). 

¡..-.t 

¡ • 
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' -,_, 

susceptibil.idad innata asociada ~ genes rel.acionados 

respuesta inmune. 

Consideraremos :como_ gE!nes· rel.acionados con l.a respuesta 

inmune a aquel.l.os qi'.ie cod:ifj_can para prote1.nas y factores 
.; ·,'.•' 

sol.ubl.es as1. como Pª'7ª prote1.nas de superficies cel.ul.ares. 

Dentro que codifican para prote1.nas 

sol.ubl.es y sol.ubl.es se encuentran l.os de 

inmunogl.obul.inas . ·::..:m_o.ié'cul.as efectoras de l.a inmunidad humoral. 

l.os de interl.euci:X:..,is, -pol.ipéptidos que modul.an mecanismos de 

defensa l.ocal.izados y sistérnicos-(43) y otros como rnol.éculas 

del. sist.,;ina·_: -del.: .. compl.emento, interferon, protagl.andinas y 

l.infotoxinas. 

Dentro de l.as prote1.nas superficies ce l. u lares se 

encuentran un grupo de glicoprote1.nas que pertenecen al. 

Compl.ejo Mayor de Histocompatibil.idad (MHC), a l.as que se l.es ha 

asociado entre otras funciones l.as de presentacion de 

ant1.genos a cel.ul.as immunocompetentes (35,74) as1. como l.a 

codificaciOn de al.gunos de los factores que intervienen en el. 

Sistema del. Compl.emento. Otras mol.écul.as de superficie, que 

median fenOmenos de activaciOn y prol.iferacion, son l.os 

receptores 

l.iberadas 

de ant1.genos (9) l.os receptores de mol.ecul.as 

por l.as propias ce1ul.as 1infoides {interl.eucinas) 

presentes en l.infocitos T, B y en macrofagos (79). 

4 
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¡ ¡ 
..... 

Susceptibi1idad 

fIB:!.. 

Anticuerpos: 

asociada ~ proteinas solub1es codificadas 

La 

puede 

resistencia. o susceptibilidad mediada por anticuerpos 

estar · · re1acionada ·con 1a especificidad.·, afinidad, 

isotipos de inmunogl:obu1inas asi como con 1a cantidad de 

anticuerpos tota1e.s. 

La susceptibi1idad a diversas enfermedades· parasitarias esta 

asociada a 1a especificidad y a1 isotipo de a1gunos 

inmunog1obulinas. Asi, por 

factor 

ejemp1o, en 1a triquinosis 

experimenta1 murina un critico en ei desarrollo de 1a 

inf ecciOn 1o constituye la destruccion de 1arvas tempranas por 

citOlisis mediada por anticuerpos (19). Los complejos larva-

anticuerpos se fijan a células responsables de la destrucciOn 

larvaria (macrOfagos y/o eosinOfilos). Esta reaccion incluye la 

asociacioñ antigeno-anticuerpo (afectada por la especificidad y 

afinidad de los anticuerpos) y la asociacion de este complejo a 

receptores celulares 

inmunoglobulinas). Asi, 

(determinada por el isotipo de 

las cepas resistentes presentan 

las 

altos 

titules de IgE e IgG especificas, irununoglobulinas para los 

que 

(61). 

existen receptores celu1ares en 1as cé1ulas efectoras 

Respecto a uria asociaciOn entre susceptibilidad y cantidad 

de anticuerpos presentes, existen 

documentan. En la trichuriasiS 

5 

a1gunos reportes 

experimental murina 

que 

se 

la 

ha 



encontrado que 1.as cepas más susceptibl.es presentan mayores 

ti.tul.os de anticuerpos de el.ase IgM contra ant.:!.genos de 

secreción - excreción. ( 1.6) • Otro ejempl.o 1.o constituye Taenia 
-~ 7 - - • - ' - -- --

taeniaeforrnis para ia que se ha reportado mayores ti.tu 1.~s de 

anticuerpos en 1.a cepa resistente que en 1.a cepa sd:~~~pi~~ie Y 

su fase cr.:!.tica de acción parece residir en ' io:s ,,'J?r.irneros 

di.as de infección ya que son 1.as 1.as 

susceptibl.es a anticuerpos. (26,47,54). 

Respecto a 1.a asociaciOn entre y 

repertorio de ant.:!.g~nos reconocidos, 

Schistosoma japonicurn, 

en el. 'rnodei'~ de infeccion 

rnurina con 1.a cepa're~istente 1.29/J 

reconoce un ant.:!.geno de 26 kDa, no reconocido por 1.a cepa 

susceptibl.e (49). 

De 1.as asociaciones encontradas entre anticuerpos y 

susceptibil.idad, queda añn por dil.ucidar si estas asociaciones 

son responsabl.es total. o parcial.mente de 1.os diferentes patrones 

de enfermedad. Cabe senal.ar que en otras parasitosis no se ha 

encontrado asociaciOn entre 1.a especificidad y/o nivel.es de 

anticuerpos con diferentes ''patrones de enfermedad corno en el. caso 

de 1.a 1.eishrnaniasis causada por Leislunania tropica (48). 

Sistema del. cornpl.emento: 

El. sistema del. compl.emento es un conjunto de prote.:!.nas cuya 

activaciOn resul.ta en 1.a 1.isis cel.ul.ar. Una de 1.as estrategias 

util.izadas para estudiar su _infl.uencia. en el. determinismo 

genético de 1.a susceptibil.idad a parasitos ha sido el. empl.eo 

de cepas singénicas de ratones deficientes en al.guno de sus 

6 



'' 

componentes. 

taeniaef ormis 

Por 

se ha 

en cisticercosis 

encontrado que el. 

murina por 

conjunto 

'.!:..:.. 
de 

cepas más susceptibl.es son deficientes en C4 y/o es (C3H/He, 

C3H, AKR/J, A/J)'_ (~6) 

Son poca.,i:'' ,:J.as · asociaciones entre l.os nivel.es de l.os 

componente;s, compl.emento y 1a susceptibil.idad innata del. 

hospedero - 'a:-.: l.a parasitosis, si bien existen muchos reportes 
' :._ ·: 

acerca de'., ·ia capacidad del. parásito para evitar o disminuir el. 

dano. por compl.emento (factores anti-compl.ementarios, enzimas 

proteol.:1.ticas, enmascaramiento con ant:l.genos del. hospedero). 

Factores sol.ubl.es regul.adores del.a R.I.: 

En l.a Tabl.a 2 se mencionan l.as principal.es mol.écul.as 

sol.ubl.es regul.adoras, descritas a l.a fecha as:l. como sus funciones 

mas rel.evantes. Añn hay mucho por expl.orar sobre 1a capacidad del. 

parásito para modificar l.os nivel.es de prote:l.nas regul.adoras 

por el. hospedero. Uno de l.os casos reportados l.o producidas 

constituye 1a inmunosupresion inducida por Trypanosoma cruzi a 

través del.a disminuciOn del.os nivel.es de IL-2 (77). Otro caso 

es el. de l.a esquistosomiasis en l.a que estudios in vitre sugieren 

que l.os ant:l.genos de huevecil.l.os de Schistosoma japonicum 

disminuyen 1a actividad de l.a IL-2, a trav.e.s de un mecanismos 

mediado por cél.ul.as T supresoras (73). 

7 



susceptibilidad asociada ~ proteinas celulares codificadas por 

Entre ias protein'a.; de superficies C:elulares codificadas por 

GRI se encuentran-las moléculas receptoras para antigenos_, _para 

interl.eucin-as y•_-para moléculas codificadas por el . . . -

moléculas _las mediadoras de interacciones entre célul.as y 

entre células·: y factores solubles; asociaciones que t-ienen'-como 

consecuencia .fenómenos de activación y/o proliferación C:el.ular 

(Tabl.a 3). 

Dentro de este conjunto de proteinas solo se han descrito 

asociaciones entre l.a susceptibilidad a infecciones y los genes 

que codifican para los antigenos de histocompatibilidad. 

El efecto de los productos del MHC en la susceptibil.idad a 

infecciones parasitarias se ha explorado extensamente en 

muchos mode].os experimental.es. Sin embargo no son muchos los 

casos en ios que se ha encontrado una asociacion. Los ejemplos 

mas estudiados son ].os modelos murinos de infección 

nematodos: Trichinel.J.a spiral.is y Nematosporidius dubis. 

ambas 
f 

2 ) 

parasitosis 

presentan 

las cepas resistentes 
s b---q 

(H-2 , H-2 H-2 

caracteristica com~n ser I-E 
+ 

y 1-as 

con 

En 

H-

mas 

susceptibl.es 

como 
k 

(H-2 ) ser I-E Se ha propuesto que la respuesta 

inmune en el contexto de antigenos I-E es fundamentalmente 

supresora (56), en tanto que en el contexto de I-A se induce una 

respuesta proliferativa 1-o que podria justificar l.as diferencias 

de susceptibilidad en estas parasitosis (83). También en el 

model.o experimental de paludismo a Plasmodiurn chabaudi se ha 
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i .fr. 

b 
identificado ia resistencia asociada a ia presencia de I-A en ia 

superficie de céiuias presentadoras de antigeno (87). Sóio en ·. .,-._ . 

sus productos fenotipicos; 

casos se ha podido proponer. asoé'iacion.'_entre ei . \ ···--· ( - "' ,,. .. ',. __ . '-'.-·:_ 

ia mayor• p¿..r:t<;</.'.d.;;:·. ]:~ .i.nf.;rmacion 
',,¡'~ ~- . ...,_:·--, .. 

E>':~=~, ia. _-_ s{;_scéptibiiidad-

genoma y estos 

se 

iimita a reportar ia asocia e ion 

resistencia con ios hapiotipos de histoéom~~tiliii1dad(Tabia i). 

susceptibiiidad asociada~ genes !!2 reiacionadas s.2!l ia-respuesta 

inmune. 

Los genes no reiacionados con ia respuesta ~nmune seran 

considerados asociados o no ai cromosoma sexuai. 

Siendo inmediata ias diferencias sexuaies ·• entre_ ·individuos 

de una misma especie, ia sexuaiidad ha sido una de ias primeras 

caracteristicas que se ha intentado asociar a diferencias en ia 

susceptibiiidad a infecciones. 

GNRI reiacionados con ei cromosoma sexuai 

En ia Tabia 4 se se~aian ias enfermedades parasitarias cuya 

susceptibiiidad se asocia ai sexo. Como puede apreciarse en todos 

ios modeios experimentaies murinos ios machos son ios mas 

susceptibies, con excepción de ia cisticercosis murina por Taenia 

crassiceps y ia tricomoniasis por Trichomonas vaginaiis. Estas 

diferencias pueden estar determinadas genéticamente en ei 

cromosoma "Y" o bien resuitar de ia infiuencia dei sistema 

neuroendocrino, ya sea modificando ei compartimiento en ei que ei 

parasito se desarroiia o modificando ia respuesta inmunoiogica 

que ei hospedero genera contra ei parasito. La mayor 

9 



susceptibilidad de los machos parece ser independiente del fondo 

genOmico, ya que el patron de susceptibilidad se presenta en 

todas las cepas de ratones singénicos utilizadas, y coincide con 

los reportes de respuestas inmunes humorales y celulares 

disminuidas en los machos respecto a las hembras, aparentemente 

reguladas por el sistema neuroendocrino (2,25) 

GNRI no relacionados con el cromosoma sexual 

Un ejemplo tipico de esta clase de susceptibilidad es el 

paludismo humano para el cual la resistencia del hospedero esta 

asociada a la clase de hemoglobina de sus eritr~citos. Asi los 

individuos con anemia hemolitica congénica, (cuya hemoglobina 

tiene una mutuaciOn puntual en la cadena de la hemoglobina) 

tienen menor capacidad para acarrear oxigeno, lo cual los hace 

mas resistentes a la infecc por Plasmodiun falciparum. 

(18,59). En el paludismo por Plc..,,1odium vivax y~ knowlesi, los 

individuos Duffy (-) son mas resistentes a la enfermedad 

debido a que su grupo sanguineo se encuentra asociado 

incapacidad del parasito para penetrar la célula del 

con la 

hospedero 

( 45) • 

En el caso de Leishmania donovani (parasito intracelular 

obligado) responsable de la leishmaniasis visceral 

ratón, se ha identificado que la resistencia innata 

determinada por uno o un grupo de genes localizados 

cromosoma 1 murino, designados como genes Lsh. (6,13). 

genes determinan que un individuo se enferme o no 

en el 

esta 

en el 

Estos 

dado 

un contacto con el parasito y, una vez enfermo, la gravedad de 

10 



l.a enfermedad dependera_del. hapl.otipo de histocompatibil.idad de 

l.a cepa de ratón infectada._ (5, 66) • Estos genes Lsh parecen 

que -determinan l.a susceptibil.idad 

natur_al. a s~ixl\oneLla _ typhimurium, denominados Ity (63) 

1.b _-s;,,.sceptit:>i:ridad- innata ~ parasito .2.J:. hospedera, 

Si bien el. estudio de l.a genética de vertebradas ha 

permitido identificar regiones genómicas que determinan 

l.a susceptibil.idad del. hospedero al parasito, en el. paras ita no 

se han estudiado regiones genómicas equival.erites. Esto se 

debe en parte, a que es mas reciente l.a apl.icación de técnicas de 

Biol.ogi.a Mol.ecul.ar en parasitos. Los primeros reportes de 

aisl.amiento de material. genético de parasitos, aparecieron en 

1974 para Leishinania (l.l.); l.980 para Pl.asmodium (l.5) y en l.982 

para Schistosoma mansoni ( 7 o). Desde entonces se ha venido 

intentando identificar regiones con fines diagnósticos, 

:fil.ogenéticos y taxonómicos fundamental.mente. 

Para fines diagnosticas, como estrategia del. estudio del. 

genoma, se han identificado zonas de DNA muy repetidas en el. 

parasito. Esta büsqueda ha proporcionado informacion 

col.a ter al. que resul.ta de interés respecto a l.a in:fl.uencia del. 

genoma del. parasito en l.a susceptibil.idad a l.a infección. 

Asi., en Pl.asmodium berghei, l.a cepa NK65 productora de 

gametocitos viabl.es, presenta en l.a fase intraeritrocitaria un 

18% de secuencias al.tamente repetidas, 

ISTISAN, ha perdido en pasajes 

capacidad 

que 

de dar gametocitos viabl.es, 

11 

mientras que l.a 

de l.aboratorio 

presenta sol.o un 3% 

cepa 

l.a 

de 



secuencias repetidas (15). Estudios posteriores por Birago, C. 

et al..' (4) confirman estos resul.tados enéontrando .una el.ara 

asociaciOn entre l.a pérdida de infectividad ·d.e · c.l.onas ,puras de 
· .. >, \ 

parasitos NK65 y l.a cantidad de D~A .. r":J?~~;1::~;'""-:i' ~·~ ;!.~'1:-c:>.s resul.tados 

sugieren que el. DNA al.tamente repetido se ~'n.~uentra ~sociado a 

gametogénesis por lo que podemos 1::6i'tiB::f'ib~ i)'como 'ejemplos de 

diferencias de sU:sceptibil.idad·.Uiiri,.i~a( d:~i . i?arasito, 

desarroll.arse en su ~C:.sp~cl~r;;. ;\' .:r· 
. . _·.(:.·,. 

para 

Otro aspecto en esta el.ase de 
~r ~;:. 

susceptibilidad son ·l.as i':í'i'.i~'cciones viral.es de los parasitos 

reportadas desde 1960 para a:igu~os protozoarios como Entamoeba 

histolytica. Es factible que l.a bñsqueda de virus en parasitos 

mas complejos resulte exitoso y sea un agente causante de 

heterogeneidad en la pobl.aciOn. Asi. podri.amos encontrar formas 

parasitarias no infectadas con virus extracromosomal.es de RNA o 

DNA o integradas al. cromosoma del. hospedero. 

Es razonabl.e suponer que la presencia de virus en estos 

parasitos modifiquen diferencialmente su expresiOn genética 

dependiendo del. virus infectante y por l.o tanto su capacidad de 

sobrevivir en el. hospedero, lo que impl.icari.a diferencias 

intri.nsicas de susceptibil.idad del. parasito al. hospedero. 

12 



1.c susceptibi1idad innata asociada interacciones 

parasito y hospedero ~ nive1 qenómico. 

Modificación del genoma del hospedero por el parasito 

Es posible que el genomadel parasito -.~Y-:: del: __ hOspedero 

resulten de un proceso de selección~de- la interacc.i:ón.mas 

entre las especies parasitarias y lashOspedEiréis, o bTen_que 

haya modificado-• éomÍ::> -_;onsecuencia d;,. :~.iJi~~erac~i~n. -
. '> :.: ~:.. . . :: ; ;' ... · .-;'·:~ ·. ! './,·";. . .. 

apta 

se 

Estudios de tr~d.:iccion\ in ;Ji_~;¿º del genoma de Babesia 

rodhany han revelado secuencláS': -, de' arninoacidos antigénicas 
.-e¿: 

comunes entre el paras-it_c,· :y-sel hospedero. Esta_ homolog.ia 

proteica podria ser el re-sul tado de la interacción entre el 

genoma del parasito y ~el.hospedero. (71). 

Un ejemplo de que los parasitos pueden modificar la 

expresión ge nómica del hospedero se presenta en la 

esquistosomiasis (producido por Schistosoma mansoni) en la cual 

el parasito disminuye la traducción de proteinas a través de la 

disminución de los niveles de andrógenos ( 30). Este parasito 

ademas induce cambios en la expresión del receptor de IL-2, 

(27,77) asi como 

resultado el 

parasitosis. 

parasito a 

patrón 

Cambios 

fin de 

sobreviviencia. 

en los niveles de IL-2 ( 33), dando como 

de inrnunosupresión caracteristico de esta 

de este tipo podrian ser inducidos por 

generar un ambiente mas apropiado para 
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ConcJ..u.siones 

Definiendo un individuo como hospedero y otro como su 

parasito, ia· especie hospedera ofrece ambientes heterogéneos 

respecto a 1-o propiciC>.EJarél; .. •":J._ c:~ecimiento deJ.. parasito también 

ei par.asi.to s'er~ ~-heterogéneo potenciaJ..mente respecto a su 

patogei'iicid~d o•a áu·:~·i!>.~ac~ciad de reproducci6n en e)._ hospedero. 

Una vez. en. co.ntacto~·. '.·:i::··'~C>nvivio de ambas especies puede generar 

en ambas, modificaciones que cambien el destino de 1-a re1-aci6n 

hospedero-parasito modificando se 1-a susceptibiJ..idad iniciaJ... 

Segün estos criterios 1-as diferencias de susceptibiJ..idad deJ.. 

hospedero al parasito pueden ser directamente proporcionaJ..es a 1-a 

heterogeneidad iniciaJ.. en la poblacion hospedera y parasita y 1-a 

heterogeneidad generada en ambas pobJ..aciones como consecuencia de 

esta interaccion. A 1-a fecha se han identificado algunas regiones 

gen6micas cuyas formas alternativas modifican 1-os patrones de 

susceptibilidad, sin embargo falta mucho por conocer acerca de 

las heterogeneidades poblacionales relevantes para modificar la 

susceptibilidad en la reJ..aciOn hospedero-parasito . 

Otro aspecto por explorar son 1-as funciones de 1-os productos 

fenot~picos que se han asociado a diferencias de susceptibiJ..idad 

a 1-as parasitosis. Los avances en este aspecto perrnitiran conocer 

1-a dinamica de la interacciOn hospedero-parasito. Es muy probable 

que ei manejo de nuevas técnicas de BioJ..og~a MolecuJ..ar corno la 

crea e ion de ratones transgénicos sea de gran utilidad a fin de 

diJ..ucidar la relaciOn especie-especificidad de 1-as prasitosis. La 

adaptacion de 1-os modeJ..os experirnentaJ..es en condiciones 

experimentaJ..es de infecci6n permitira expJ..orar la relevancia de 

l.4 



los factores genéticos en la infeccion y transmision de las 

parasitosis. 
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IL-1 

IL-2 

IL-3 

IL-4 

IL-5 

IL-6 

IL-7 

IFN-o< 

IFN-Y 

TABLA 2 

PROTEINAS REGULADORAS SECRETADAS POR EL SISTEMA LINFOHEMATICO 

Funciones principales 

Acción sinérgica con IL-2. 
Inducción de producción de 
citocinas y linfocinas. 
Promotor de diferenciación 
de células T. 

Factor de crecimiento de 
linfocitos 

Funciones hematopoyéticas. 

Factor estimulatorio de 
linfocitos B. Inducción 
de ~me Clase II. 

Factor de crecimiento de 
linfocitos B. 

Factor de diferenciación 
de linfocitos B. Induc
ción del receptor de IL-2 
en células T. 

Factor de crecimiento de 
células B. 

Incrementa la expresión 
moléculas Clase I del MHC 
en linfocitos. Modula res
puestas de Ac's. Incremen
ta actividad de células NK. 

Induce moléculas del HHC 
clase I y clase II. Poten
te activador de la funciOn 
de macrOfagos. 

Sitio de codificación 
en Hurinos 

Ch 5 (ratón) 

Ch 4 (ratón) 

Ch 10 (ratón) 

41 

32 

69,29 

34 

34 

34,51 

20 

39,62 



Receptores 
para 

Ant:l.genos 

Receptores 
para 

Interleuci 
nas 

lt>lOCulas 
del 
MHC 

TAR.A 3 

PIOlEINAS JE SUPERFICIE CEUJLlR CDDIFICADAS FQR GRI 

111 
(Ig's) 

IL-1 
IL-2 
IL-3 
IL-4 
IL-5 
IL-ó 
IL-7 

K/D/L 

°" TI.a 

I-A/I-E 

Sitio de codificación 
en M.lrinos 

Oi Ch 12 
Q.k Ch 16 
a.J. Ch 6 

RCT 
RCT 
RCT 

0110 

011.7 

01 17 

Ch 13 
01 6 
Ch 14 

Funciones principal.es 

Reconocimiento de antígeno 
soluble o libre y en super
ficies celulares de ceiulas 
presentadoras de antígeno 

Reconoc:imiento de antígeno 
en superficies celulares 
asoc:iados a productos codi
ficados por genes del UlC. 

Reconc::x:::.irento de la inter
leu::ina espec:l.ca y parti
ci¡:ec:i.ón caro elementos di -
nicos en la secuencia de 
eventos que llevan al efec
to final de la interleucina 

~blécul.as rrediadoras de 1in 
fccitol.isi.s y recha.zo de 
transplantes. 

~bléculas presentadoras de 
antígeno, rrediadoras de fun 
cienes supresoras y coopera
doras. 

Ref 

55 

9 

72 

39 

35 

36 



TABl'.A 4 

PATIVNES DE SlHE'TIBILIDAD A ENF1:»1EDAIES PARASITARIAS MURINAS ASX:IAilo\S A SEXO 

Parasito 

Leishmnia donovani 

Tryr.anosa:m rtiodesiense 

Trypanoscr.a c.ruzi 

Plasrodiun ~ 

Plasrodiun chabaudi 

Trichcm:mas vag1nalis 

Trichinella spiral.:is 

Nenato.spiroides dubius 

Echinococcus granulosus 

Taenia cra.ss:iceps 

Taenia taen:i.eaeformi..s 

PROTOZOARIOS 

Susceptible Resistente 

M 

M 

M 

M 

M 

M 

M 

M 

M 

H 

M 

H 

H 

H 

H 

H 

H 

H 

H 

HELMINTOS 

H 

H 

H 

M 

H 

Cepa Ref. 

DBA/2 1 

BAIB/c 50 
DBA/2N 
DBA/2J 

21 

C576Bl/6J 24 
CBA/N 28 
C3H 
A 
DBA 22 

BlO g¡ 

2 

C57BL/6 88 

CD-18 65 
'Wi.ss 
C3H 14 

NAl'IID-3 17 

BALB/c 68 
BAIBIB 
BALB/K 
C3H/He 47 
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La cisticercosis causada por '.!'._,_ sol.ium es un serio probl.ema 

sal.ud cuando afecta el. humano y econOmico cuando afect.a al. cerdo. 

México se reporta u:rl~::.aita ··in:;,,idenc{a de esta enfermedad asi como 

de 

En 

.en 

varios pai.ses· de .. Latj,noamérica, Asia y Africa. La forma ;gra;eo de 

cisticercosis - es_.~;-~~= i;i~~~~-~isticercosis, y su iné:::iden~ia es alartriarite 

segün l.os repórtes de l.os servicios de neuroiog-{a-y"Üéurc::>cii-ugia~ · del. 

pais. 

En cisticercosis porcina se ha intenta.do estimar l.as pérdidas 

econ6micas que genera esta enfermedad, cal.cul.ando l.os porcentajes de 

cerdos cisticercosos reportados por l.os ratros oficial.es. Estos 
-' ,:_-;~:-~'. 

resul.tados son probabl.emente muy bajo.s;· é:omparados. con l.a frecuencia de 

l.a enfermedad en varios estados·, donde el. nl!lmero de cerdos sin 

inspecciOn por parte de l.as l.as inst{túciones oficial.es al.canza hasta 

el. 50% o más del. total. de cerdos sacrificados. 

Siendo un probl.ema de sal.ud y econOmico en México, el. estudio de 

esta enfermedad resul.ta de gran interés práctico, además del. biol.Ogico 

impl.icito en l.a convivencia intima de dos organismo.a muy bien 

diferenciados biol.Ogicamente. 

En esta tesis se incl.uyen un grupo de trabajos que intentan 

ahondar en el. conocimiento de l.a cisticercosis. La estrategia 

util.izada ha sido el. empl.eo de otro cestodo: Taenia crassiceps, cuya 

fase de cisticerco es capaz de reproducirse en ratones. El. model.o ha 

permitido contribuir en distintos aspectos de l.a cisticercosis que 

discutiré separadamente: 
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1. DIAGNOSTICO Y EPIDEMIOLOGIA 

2. INMUNOPROFILAXIS 

3. SUSCEPTIBILIDAD A LA CISTICERCOSIS 

Diagnostico•--Yo-Epiderniologia 

El cisticerco de Taenia crassiceps comparte gran cantidad de 

antigenos 

antigenos 

con el cisticerco de Taenia solium, 

de ~ soli\.tm sin detrimento 

y puede reemplazar a los 

en la sensibilidad y 

especificidad en la serologia diagnostica de cisticercosis, con la 

gran ventaja de contar con una mezcla antigénica de heterogenidad 

controlada. Este hallazgo, aunado a la :facilidad en la obtención de 

anti.genes a partir de los ratones infectados, constituye un avance 

significativo en el diagnostico de la cisticercosis. Del conjunto de 

anti.genes de Taenia crassiceps hemos identificado aquellos reconocidos 

con alta frecuencia por individuos cisticercosos. Esta in:forrnacion 

podria ser de utilidad en la selección de antigenos a ser 

para utilizarse con :fines diagnósticos. A la fecha ya 

clonados 

se han 

comenzando a utilizar los antigenos de 1'...:. crassiceps en proyectos 

epiderniolOgicos que incluyen tanto la determinación de cantidad de 

anticuerpos (por hernaglutinacion y ELISA) corno la determinación del 

repertorio antigénico reconocido en el liquido vesicular del 

cisticerco por inmunoelectrotrans:ferencia. 

Las discusiones sobre el inrnunodiagnostico de la cisticercosis no 

han terminado; sobreviven gracias a la heterogeneidad en los 

procedimientos y a confusión conceptual. El uso de antigenos de :!'..:_ 

crassiceps podria f·avorecer la uniformizacion de los antigenos 
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utilizados en las pruebas diagnósticas reduciendo posibles 

discrepancias. 

A pesar del avance y simplificación del inmunodiagnóstico con el 

uso de estos antigenos, quedan al!l.n aspectos importantes·por resolver 

como es la distinción entre los distintos tipos de cont~cto con el 

cisticerco: a) contacto sin infección; b) contacto con infección 

resuelta; c) contacto con infección no localizada al SNC; d) contacto 

con infección localizada al SNC, interpretando el valor predictivo de 

la serologia positiva. La resolución de estos aspectos seria de enorme 

valor en la interpretación de los resultados epidemiológicos. 

En este sentido es,tamos estudiando la respuesta inmune en los 

distintos tipos de contacto utilizando inmunoelectrotransferencias. La 

seaal en sus posibilidades 

discriminativas. primer nivel descriptivo nos permite 

identificar la respuesta o no contra un conjunto de antigenos, en un 

siguiente nivel e·s susceptible de agregar una tercera dimensión al 

fenómeno de reconocimiento: la intensidad de la respuesta. El analisis 

de la seaal obtenida nos permitira obtener perfiles de un integro 

sujeto a manera de huellas dactilares con las que mejor discriminar 

los ml!ll tiples facetas de la cisticercos.is. 

Otro camino alternativo para avanzar en el inmunodiagnóstico es 

la utilización de antigenos o péptidos preparados en base a 

procedimi~ntos bioqu~micos y/o técnicas de biolog~a molecular o de 

sintesis"ºquimica. Seria demasiado optimista suponer que el uso de 

antigenos purificados aislados pudiera satisfacer la interpretación de 
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la relación tan heterogénea entre hospedero y parAsito. Es posible que 

al!ln purificados se requiera la :mezc.1·a dé varios de. estos ant:igenos 

para cubrir el amplio espectro de formas de contacto en esta 

parasito'sis_. 

Otro aspécto de gran interés en cisti:ce;rcosi·s es el. control de la 

transmisÍ.ón de la .;,nfermedad ·a través de med,id~s éfecti vas, accesibles 

a nuestras capacidades cient:ificas y técnicas, y adecuadas a las 

circunstancias de la crianza rl!lstica de cerdos. En este sentido debe 

considerarse que la supervivencia de este parAsito subyace en 

problemas socioeconomicos muy dif:iciles de modificar, que favorecen 

las condiciones que mantienen el ciclo biológico. Del hecho que la 

respuesta 

tenias is 

inmune media en la relación hospedero parAsito de varias 

- cisticercosis se desprende la esperanza de reducir el 

riesgo o la intensidad de la infección en cerdos, en especial 

considerando que el tiempo de protección efectiva se reduce a 

aproximadamente un ano, tiempo después del cual los cerdos entran al 

consumo. Parece entonces una medida realista de control la posibilidad 

de reducir parcial o totalmente la cisticercosis porcina por 

vacunación interfiriendo en el ciclo de la teniasis/cisticercosis. 

El modelo de cisticercosis murina ofrece un modelo experimental 

adecuado para obtener un primer estimado de las posibil.idades real.es 

de una vacuna. 
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En esta tesis se describe en detal.l.e l.a eval.uación experimental. 

de una vacuna .contra l.a cisticercosis, util.izando el. model.o de 

cisticercosis murina.y anti.genes provenientes de cisticercos de Taenia 

sol.ium as!. como de : c.i-stic~~c.;:~ ··~e Taenia crassiceps. Los resul.tados 

indicaron que ambos ariti.~eric:>~:~.;sul.tan igual.mente eficaces 

protección parci~l. .;-:;:.o-tal.~::contra -ei desafi.o experimental.. 

en inducir 

Esta fase eXperin\ental. ha producido l.a suficiente información 

para proseguir con bases objetivas y optimistas l.a eval.uación de una 

vacuna en cerdos expuestos al. desaf i.o natural. util.izando anti.genes de 

.'.!'....:_ crassiceps. Cabe remarcar que l.a producción masiva de l.a vacuna no 

presenta dificul.tades considerando l.a capacidad de crecimiento de 

Taenia crassiceps. Sin embargo, es de considerar que podri.amos 

aumentar l.a eficiencia de l.a vacunación ·y r.educir el. costo de l.a 

vacuna a través de l.a cl.onación de anti.genes, l.a s.1.ntesis de péptidos 
''.',·.. ."' 

y/o purificación de anti.genes.. En esteo•· s·~ntido el. anál.isis del. 

repertorio antigenico reconocida· por .animai~.t·'1~cunados y protegidos 
. -

senal.ará a l.os mejores candidatos a s.;,r cl.onB.~.;5 .o secuenciados a fin 

de ser sintetizados. 

LOS estudios de respuesta inmune humoral. real.izados con 

animal.es vacunados y no vacunados senal.an al.gunos ant.1.genos que 

parecen ser mas frecuentemente reconocidos en l.os grupos de ratones 

por vacunación. Sin embargo, ante l.as evidencias protegidos 

recopil.adas en este estudio de que l.os anticuerpos no desempen.an un 

papel. protector importante al. menos de una manera sencil.l.a, quizi!..s 

para l.a identificación de anti.genes rel.evantes asociados a protección 

deban agregarse estudios de l.a capacidad de anti.genes para inducir 

inmunidad cel.ul.ar. 
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Susceptibilidad ~ la cisticercosis 

La cisticercosis experimental en ratones ofrece la posibilidad de 

conocer la intimidad de la relación hospedero parasito, y esta 

relación permite explorar los mecanismos moleculares que el hospedero 

parasito genera en respuesta al parasito as~ corno la capacidad del 

para modificarlos. En la bñsqueda de este ob]etivo, se realizaron los 

primeros disenos a fin de identificar los determinantes biológicos que 

afectan la susceptibilidad del hospedero al parasito. 

Estos disenos permitieron identificar corno variables biológicas 

de la susceptibilidad al sexo, al complejo mayor de histocom-

patibilidad, al estado inmunológico y al compartimento en el que se 

desarrolla la infección. 

La asociacion de la susceptibilidad con el H-2 resulta de 

especial interés considerando que las moléculas codificadas por el 

Complejo Mayor de Histocornpatibilidad (H-2) estan involucradas en los 

mecanismos de pre~entación antigénica, en los fenómenos inmunológicos 

resultantes de esta presentación, y en el conjunto de eventos 

inmunológicos que determinan el destino de la relación hospedero y 

parasito. 

El modelo de cisticercosis rnurina podr~a ser una herramienta muy 

ñtil para estudiar estos eventos considerando: la marcada asociación 

entre la susceptibilidad a la infección y el complejo mayor de 

histocompatibilidad; la-accesibilidad del peritoneo, compartimento en 

el que se desarrolla óptimamente la infección; la disponibilidad de 
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reactivos biológicos (anticuerpos espec.1.ficos contra marcadores 

celulares y productos de H-2; sondas para regiones genómicas de H-2, 

de inmunoglobulinas, de receptores de linfocitos T) as.1. como 

posibilidad de modificar el genoma murino introduciéndole genes 

resistencia o genes del propio par~sito a través de 'técnicas· de 

transfección de genes • 

. Los resultados en la evaluación de la respuesta inrlil.l:ne.-:' h:t:llri~i-al 
-<> 

no 

indican: .funciones protectoras sencillas· asociadas a· lo·s '.a~t,i.cuerpos 

séricos. Esto sugiere que· -,la .... ·:i::.espuei:ita 'c~1J~~i:_.}:~-: '\constituye 

probablemente el componente criti~~ que tnedi.~ ~sta rei~c:iori. Por otro 

lado· la marcada diferencia dé sÚscept.Í.bilidad a.;;<:>ciacla ¡¡.1 sexo agrega 

a 

que 

este panorama otro aspecto muy interesante· ~nté ''ia' expectativa 

esta•.: diferencia entre sexos esté mediada .. .i.~;__,_no-iógicamente. 

de 

Es 

posible· que las variables sexo y H-2 no· sean independientes, 

considerando los reportes recientes de modulación de la expresión de 

H-2 por hormonas sexuales. 

Desde un punto de vista aplicativo este trabajo establece las 

bases necesarias para especular sobre posibles influencias genéticas 

en la susceptibilidad de cerdos a cisticercosis por T. solium .• En este 

sentido y en el intento de disminuir la incidencia de la cisticercosis 

porcina, podr.1.a considerarse la identificación o desarrollo de razas 

de cerdos resistentes a la cisticercosis y favorecer su crianza. 

Es mi esperanza que la cisticercosis experimental de los ratones 

sena le caminos - de;· exploración mi!l.s probablemente fructi.feros en la 

identificación de f·actores biológicos asociados a la susceptibilidad 

en cisticercosis por :!'...:_ solium 
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En esquema que anexo a continuación intento sintetizar l.as 

areas de investigación que aparecen corno espec.iaJ.inente rel.evantes a J.a 

vista de los resul. tados reportados -en- este t:fa:bajc/ ci~< t~s.i.s. 
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