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1. RESUMEN 

La neurocisticercosis (NC) es una enfermedad clínicamente pleomórfica. Se ha 

sugerido que esta heterogeneidad se asocia a factores relacionados con la exposición , 

el parásito y/o el hospedero. Entre los factores del hospedero la edad, el género y los 

factores inmuno-inflamatorios podrían estar participando en la presentación cl ínica. En 

este trabajo se describe la respuesta inmune asociada las diferentes formas de la NC 

considerando su heterogeneidad clínica, en la población adulta de ambos sexos, bajo el 

supuesto de que esta heterogeneidad podría ser la consecuencia de los diferentes 

perfiles inmunológicos asociados. Así , se analizaron las características de la respuesta 

inmunológica asociada a la magnitud de la exposición, la infección y la sintomatología. 

Las personas de un área de alta exposición mostraron un perfil distintivo de los 

individuos de baja exposición presentando niveles significativamente superiores de 

proliferación celular y de anticuerpos específicos. Así mismo, las personas expuestas 

en las que no se detectaron cisticercos en el sistema nervioso central (SNC) 

presentaron un perfil mixto TH1fTH2, mientras que aquellas infectadas y asintomáticas 

mostraron un perfil preferencialmente TH2 (IL4, IL5, IL 12, IL 13 e lgG4) . Por otro lado, el 

perfil inmunológico periférico de las personas con NC sintomática se caracterizó por 

presentar una baja respuesta proliferativa celular específica y altos niveles de 

inmunoglobulinas específicas. En contraste con esta actividad periférica deprimida, en 

el líquido cefalorraquídeo de los pacientes con NC sintomática se detectaron niveles 

aumentados de IL5, IL6, IL 1 O y anticuerpos específicos que se asociaron con la 

localización del parásito en el espacio subaracnoideo de la base e intraventricular así 

como con la mayor severidad clínica. Los resultados de este trabajo describen los 

perfiles inmunológicos asociados a las diferentes formas de NC, evidenci~s de un 
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dimorfismo sexual inmunológico y de una compartimentalización de la respuesta 

inmunológica en el SNC. 

2. ABSTRACT 

Neurocysticercosis (NC) is a clinically pleomorphic disease. lt has been 

suggested that this heterogeneity relates to exposure, parasite and/or host factors. Of 

the host factors gender, age and the immune-inflammatory response · may be 

participating in the clinical presentation of NC. In this work a description of the immune 

response related to different forms of NC according to its clinical heterogeneity in the 

adult population of both sexes was made. This study was carried out under the 

assumption that clinical heterogeneity in NC could be the consequence of different 

immune profiles associated. The characteristics of the associated immune response to 

the magnitude of exposure, infection and symptomatology were analyzed. Persons 

belonging to an area of high exposure showed a distinctive immune profile with higher 

levels of specific cell proliferation and specific antibodies than individuals of a low 

exposure area. Although persons exposed but not infected in the central nervous system 

(CNS) displayed a mixed TH1/TH2 profile, those infected and asymptomatic inclined to a 

TH2 profile (IL4, IL5, IL 12, IL 13 and lgG4). On the other hand, the immune profile of 

symptomatic NC patients was characterized by a low specific cell proliferation and high 

levels of specific antibodies. In contrast, this group also showed increased levels of IL5, 

IL6, IL 1 O and specific antibodies in the cerebral spinal fluid. This increased response 

was mainly associated with parasite location and clinical severity. The results of this 

work describe the existence of immune profiles associated with the different forms from 

NC, a related immunological sexual dimorphism and a possible compartmentalized 

immune response within the CNS. 
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3. INTRODUCCIÓN 

Ciclo de vida y morfología del parásito 

(Revisado en Flisser et al., 1982) 

La cisticercosis es una enfermedad causada por el establecimiento de la larva 

(cisticerco) de Taenia solium en el tejido de los hospederos, el humano o el cerdo 

(Figura 1 ). La forma adulta del parásito, la cual es hemafrodita, se aloja en el intestino 

del humano, el hospedero definitivo, causando la teniosis. La tenia adulta puede medir 

de 2 a 8 metros, está formada por el escólex, el cuello y el estróbilo. El escólex mide 

aproximadamente 1 mm, tiene 4 ventosas, un rostelo con una doble corona de ganchos 

grandes (0.13 a 0.16 mm) que se alternan con pequeños (0.10 a 0.12 mm). El cuello es 

corto y delgado. El estróbilo está formado por una cadena de proglótidos, éstos se 

encuentran en diversos estadios de maduración. Los más inmaduros se hallan 

proximales al cuello, los maduros hasta grávidos en la región más distal. Los proglótidos 

maduros pueden llegar a contener de 80-100 000 huevos. Cada semana de 2 a 5 

proglótidos se desprenden del estróbilo. 

Los huevos son liberados al ambiente al romperse un proglótido y pueden 

sobrevivir en el ambiente durante meses. Los huevos miden aproximadamente de 20 a 

50 µm y contienen un embrión (oncosfera) con tres pares de ganchos que se hallan 

cubiertos por una cápsula gruesa (embrióforo). Los huevos después de ser ingeridos 

por el cerdo, el hospedero intermediario, o accidentalmente por el humano, continúan 

su trayecto por el tubo digestivo donde la oncosfera, por el efecto de las secreciones 

gástricas y pancreáticas, eclosiona. Una vez eclosionada puede atravesar la pared 

intestinal y alcanzar la circulación sanguínea. La oncosfera se puede diseminar y 

establecer en distintos órganos y tejidos como son el tejido subcutáneo, el músculo 

12 



esquelético, el hígado, la lengua, el diafragma, los pulmones, el corazón, el ojo, y el 

sistema nervioso central (SNC). La oncosfera establecida crece y se transforma en el 

metacéstodo o cisticerco. 

El ciclo de vida del parásito se completa cuando el humano ingiere carne de 

cerdo infectada y mal cocida. En el intestino el escólex evagina, las ventosas se 

adhieren a la mucosa duodenal y se induce la protrusión de los ganchos. En un lapso 

de 5 a 12 semanas se transforma en el parásito adulto con capacidad de producir 

proglótidos grávidos. 

Neurocisticercosis 

La neurocisticercosis (NC) representa un problema de salud muy frecuente en 

los países en vías de desarrollo y actualmente es re-emergente en países desarrollados 

como consecuencia de la migración poblacional (Schantz et al., 1998, Shandera et al., 

1994). En México, la prevalencia de la NC es de tal magnitud que se traduce en el 11 % 

de las consultas neurológicas en instituciones especializadas (Vázquez et al., 1992), el 

25% de las craneotomías (Sotelo et al., 1985, Sotelo et al., 2000), es diagnosticada en 

2- 4% de las necropsias realizadas en distintas instituciones hospitalarias (Villagrán et 

al., 1988) y es la primera causa de epilepsia de inicio tardío (Medina et al., 1990, Del 

Brutto et al., 1994). 

La NC presenta una gran heterogeneidad clínica. Se estima que un alto 

porcentaje de los casos es un hallazgo casual y puede tener un curso asintomático o 

clínicamente silencioso (Villagrán et al., 1988, Fleury et al., 2003). Por otro lado la NC 

puede asociarse con síntomas y signos inespecíficos como son la cefalea, el mareo, la 

epilepsia, los déficits neurológicos focales, los síntomas psiquiátricos, y/o la 

hipertensión intracraneal (White, 2000, Sotelo et al. , 2000). 
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La epilepsia es la presentación clínica más frecuente , se asocia a la localización 

del parásito en el espacio subaracnoideo de los surcos o en el parénquima (Sotelo et 

al. , 1985, Shandera et al. 1994). La hipertensión intracraneal se caracteriza por cefalea 

incontrolable, vómitos, alteración del estado de alerta y papiledema. Este síndrome se 

debe a la obstrucción del flujo o alteraciones de la reabsorción del líquido 

cefalorraquídeo (LCR) relacionadas con la presencia de uno o varios quistes 

vesiculares en las cavidades ventriculares y con la inflamación del espacio 

subaracnoideo o del parénquima cerebral (Sotelo et al., 1985). Los síntomas 

psiquiátricos asociados a la NC pueden ser la depresión, los episodios sicóticos, la 

confusión, la demencia y la apatía (Forlenza et al., 1997). Finalmente los déficits 

neurológicos focales se asocian a la NC parenquimatosa, y su manifestación clínica 

está relacionada con la localización, el tamaño y el número de parásitos (Sotelo et al 

1985, Fleury et al. , 2004). 

El desarrollo del cisticerco después de entrar a SNC es variable, puede 

evolucionar a diferentes estadios visibles mediante estudios radiológicos e 

histopatológico. En el estadio vesicular el parásito es viable, tiene una membrana 

transparente con fluido vesicular claro, un escólex invaginado. En esta fase el tejido 

circundante muestra un infiltrado inflamatorio escaso caracterizado por la presencia de 

linfocitos , células plasmáticas y escasos eosinófilos (Aluja et al. , 1988, Rabiela et al. , 

1989). Algunos pacientes presentan el estadio coloidal en el cual el fluido vesicular es 

viscoso y turbio , y el escólex muestra signos de degeneración hialina. En este estadio 

hay una intensa reacción inflamatoria, una intensa gliosis reactiva de tipo astrocitaria, 

con proliferación de la microglia, edema difuso y cambios degenerativos neuronales en 

el parénquima cerebral (Escobar et al., 1983, Restrepo et al. , 2001). En la mayoría de 
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las personas infectadas con cisticercos el parásito involuciona sin tratamiento o sin 

mostrar síntomas clínicos (Fleury et al., 2003) . En estas circunstancias la pared del 

quiste se engruesa y el escólex se transforma en un gránulo mineralizado (i.e., 

calcificación), el cual es visible en los estudios radiológicos (Sotelo et al, 2000). En 

algunas personas después del manejo farmacológico el parásito involuciona mostrando 

las características ya descritas. En el mismo hospedero pueden existir cisticercos en 

diversos estadios. 

El diagnóstico de la NC se hace preferentemente mediante el empleo de técnicas 

imagenológicas como la tomografía axial computarizada (TAC) y la resonancia 

magnética (RM) . Además estas herramientas se utilizan en el seguimiento de la 

respuesta del parásito al tratamiento, ya que permiten visualizar su número, 

localización y estadio de desarrollo. La eficacia diagnóstica de cada método depende 

del estadio y ubicación anatómica del parásito. Así, la TAC y la RM tienen la misma 

sensibilidad para la detección de la mayoría de los cisticercos parenquimatosos y 

calcificaciones, mientras que la RM es más . eficaz en la detección de lesiones 

vesiculares ubicadas en la fosa posterior, el tallo cerebral, el espacio subaracnoideo o 

los ventrículos cerebrales. La TAC es el estudio de elección para evidenciar lesiones 

calcificadas, e incluso en algunos casos es posible diferenciar los granulomas por 

cisticercos de otro tipo de granulomas (Del Brutto et al. , 1998). 

La punción lumbar es un procedimiento auxiliar en el diagnóstico de NC y 

proporciona información sobre el proceso inflamatorio del paciente. En el LCR obtenido 

por punción se pueden observar anomalías que sugieren la presencia del parásito 

como el incremento de la celularidad (>5 células/mi) y/o proteínas (>40 mg/dl), 
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hipoglucorraquia, presencia de eosinófilos y presencia de anticuerpos específicos 

contra el parásito (McCormick, 1985). 

La caracterización precisa de la enfermedad, considerando el cuadro clínico, el 

estadio, el número y la localización de los parásitos, es fundamental con el objeto de 

aplicar el tratamiento más adecuado de acuerdo a cada paciente. El manejo quirúrgico 

se utiliza en casos de hipertensión intracraneal donde la colocación de una válvula de 

derivación ventrículo-peritoneal alivia la sintomatología (White, 2000, Sotelo et al., 

2001 ). La exéresis de los parásitos ya casi no se practica dada la eficacia de los 

medicamentos cisticidas, el albendazol y el praziquantel. El albendazol se utiliza más 

frecuentemente que el praziquantel por tener una mejor distribución en el espacio 

subaracnoideo, ser más eficaz en la destrucción de los parásitos (70 al 90%) y tener un 

costo inferior. En caso de no haber respuesta al manejo con albendazol se utiliza el 

praziquantel (Del Brutto et al., 1999, Sote lo et al., 1988). Dado que la destrucción del 

parásito se acompaña de un proceso inflamatorio importante, los cisticidas se 

administran junto con corticoesteroides como la prednisona o la dexametasona, su uso 

posterior dependerá de la persistencia de la respuesta inflamatoria del paciente (Del 

Brutto et al., 1999). Además los pacientes reciben manejo terapéutico sintomático como 

puede ser el uso de analgésicos, anticonvulsivos, antidepresivos, etc. 
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Figura 1. Ciclo de vida de Taenia solium. 
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4. PLANTEAMIENTO DEL PROBLEMA 

La NC es una enfermedad clínicamente pleomórfica. Al respecto se sugiere que 

esta heterogeneidad se asocia con factores relacionados con la exposición (Fleury et 

al., 2003, Fleury sometido para su publicación), el parásito (Vega et al. , 2003) y/o el 

hospedero (Figura 2). Con relación a los factores del hospedero, la edad y el género se 

asocian a distintas formas de la NC. Por ejemplo, los pacientes pediátricos presentan 

más frecuentemente las formas parenquimatosas únicas mientras que los pacientes 

adultos las formas subaracnoideas e intraventriculares (Saenz, 2004) . Además, las 

mujeres presentan más inflamación en las formas parenquimatosas múltiples y más 

inflamación en el LCR que los hombres (Fleury et al., 2004, Del Brutto et al., 1988). No 

obstante estas observaciones, muy pocos estudios han explorado la posible relevancia 

y la participación de los factores inmuno-inflamatorios como determinantes de la 

presentación clínica de la NC (ver tabla 11 en Sciutto et al., 2003, en el apéndice). Sin 

embargo, estudios en otras enfermedades parasitarias sugieren que el tipo de 

respuesta inmunológica montada se asocia a diferentes formas de la enfermedad. Por 

ejemplo, la fibrosis periportal por Schistosoma mansoni se asocia a altos niveles de 

TNFa mientras que formas menos severas de la enfermedad se asocian a niveles altos 

de IFNy (Booth et al., 2004, Henri et al., 2002). Lo cual sugeriría la posible implicación 

de la respuesta inmunológica en el desarrollo de las diferentes formas de NC. 

En este trabajo se realizó una descripción de la respuesta inmune asociada a las 

diferentes formas de la NC considerando su heterogeneidad clínica en la población 

adulta de ambos sexos. Este estudio se realizó bajo el supuesto de que la 
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heterogeneidad clínica en la NC podría ser la consecuencia de los diferentes perfiles 

inmunológicos asociados. 

PLEOMORFISMO. 

FACTORES DE 
EXPOSICIÓN 

FACTORES DEL 
HOSPEDERO 

l inmunidad ? 1 

Género 

FACTORES DEL 
PARÁSITO 

Genes 

Edad 

Figura 2. Factores que pudieran influir sobre la heterogeneidad clínica de la 
Neurocisticercosis. La participación de los factores inmuno-inflamatorios no ha 
sido esclarecida . 
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. 5. HIPÓTESIS 

1. Los individuos expuestos a Taenia solium presentan un perfil inmunológico 

diferente de los no expuestos. 

2. Los individuos infectados con Taenia so/ium se distinguen por presentar un perfil 

inmunológico diferente a los individuos expuestos pero no infectados en el SNC. 

3. Distintos perfiles inmunológicos se relacionan con las diferentes formas clínicas 

de neurocisticercosis. 

6. OBJETIVOS 

A) Objetivos Generales: 

1 . Describir los perfiles inmunológicos asociados a la exposición y a la infección 

asintomática y sintomática por Taenia solium. 

2. Describir los perfiles inmunológicos asociados a las distintas formas clínicas de la 

neurocisticercosis. 

B) Objetivos Específicos: 

1. Caracterizar la respuesta inmune humoral y celular en individuos expuestos a 

Taenia so/ium y en individuos no expuestos. 

2. Caracterizar la respuesta inmune humoral y celular en individuos infectados en el 

SNC por Taenia solium y en individuos expuestos no infectados. 

3. Caracterizar la respuesta inmune humoral y celular en individuos con distintas 

formas clínicas de neurocisticercosis. 

20 



7. MATERIAL Y MÉTODOS 

Ver la descripción detallada en los artículos presentados en la sección de los 

resultados. 

8. DISEÑO EXPERIMENTAL 

Definición de casos 

El diagnóstico de NC se realizó con base en los resultados de la TAC y/o del RM. 

En los estudios realizados en población abierta, tanto en Tepezenzintla como en 

Cuentepec (ver abajo), sólo se practicaron TAC sin aplicación de medio de contraste y 

en caso de duda se realizó RM. De los pacientes hospitalarios se tuvo acceso al acervo 

radiológico del Instituto Nacional de Neurología y Neurocirugía (INNN) donde se 

revisaron las imágenes correspondientes. Las imágenes fueron revisadas por un 

radiólogo del Hospital General de Puebla (Tepezezintla), un radiólogo del Hospital 

General Parres de Cuernavaca (Cuentepec), un neurorradiólogo del INNN y dos 

neurólogos del INNN. 

Se consideraron casos con NC aquellos que mostraron imágenes cerebrales 

quísticas y/o calcificaciones. Aquellos con sintomatología y/o formas vesiculares del 

parásito recibieron manejo terapéutico y seguimiento médico. 

Perfil inmunológico 

Se midieron los siguientes parámetros para definir los perfiles inmunológicos 

relacionados a las distintas formas de la NC: 

1. Niveles de anticuerpos específicos contra antígenos del fluido vesicular 

cisticercos de T. solium: subclases de lgG (lgG1, lgG2, lgG3, lgG4) e 

lgE. 
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2. Proliferación celular específica con antígenos de cisticerco de T. solium. 

3. Niveles de citocinas en LCR y en sobrenadantes de células estimuladas 

específicamente in vitro con antígenos de cisticerco de T. solium: TH 1 

(IL 12, IFNy), TH2 (IL4, IL5, IL 10, IL 13) e inflamatorias (IL 1 ~, IL6, 

TNFa) . 

Consideraciones éticas 

El proyecto contempla los siguientes aspectos éticos: 

• Libre consentimiento informado del paciente y/o de los padres o tutores legales. 

• Confidencialidad de los resultados de la investigación, tratamiento y seguimiento 

de los pacientes por los médicos especializados en caso de identificar enfermos. 

El proyecto fue aprobado por el Comité de ética del INNN y del Instituto de 

Investigaciones Biomédicas. 

Este trabajo de tesis se desarrolló en tres fases. 

Primera fase 

Con el objetivo de estudiar los perfiles inmunológicos asociados a la exposición y 

la infección se estudió la respuesta inmune en muestras de sangre periférica de 

individuos provenientes de una comunidad rural altamente expuesta a Taenia solium y 

de una comunidad de baja exposición . 

Población de alta exposición 

La comunidad de Tepetzezintla en el estado de Puebla, cuenta con 1782 

habitantes y fue seleccionada por presentar las condiciones higiénico-sanitarias que 

favorecen el ciclo de vida de Taenia solium (90% de los cerdos son criados en libertad, 
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80% de los habitantes practican fecalismo al aire libre, 70% de las casas cuentan con 

agua potable, 100% de las casas carecen de drenaje). La existencia de transmisión 

activa de cisticercosis en esta comunidad fue confirmada previa al estudio, 

determinando la prevalencia de cisticercosis porcina por medio de la inspección visual 

y la palpación de lengua en un conjunto de 80 cerdos (14%). En un estudio 

epidemiológico previo se encontró una prevalencia del 9.1 % de NC calcificada 

asintomática y una seropositividad del 6.47%. Mediante una encuesta epidemiológica 

se determinó que la población está homogéneamente expuesta al parásito y no se 

encontró correlación entre tener NC y mayor exposición considerando los diferentes 

factores de exposición evaluados (Fleury et al, 2003). 

Para la evaluación inmunológica se incluyeron en el estudio aquellos individuos 

originarios y/o residentes de la comunidad (personas que habían residido en la 

comunidad más del 70% del tiempo de su vida), que aceptaron participar en el estudio a 

través de la firma de un consentimiento informado para la realización de una TAC sin 

contraste y la toma de una muestra de sangre. Todos los participantes fueron 

agrupados en NC o no-NC con base en los resultados de las TAC examinadas por dos 

neurólogos y radiólogos. Ninguno de los participantes recibió tratamiento alguno 

durante el estudio. 

Población de baja exposición 

Se seleccionó el municipio de Ensenada en el Estado de Baja California como 

zona de baja exposición a Taenia solium con base en los datos recopilados de 

seroprevalencia (0.31 %; Larra Id e et al., 1992) y de la probabilidad de exposición 

determinada por una encuesta previa. 
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Se incluyeron en el estudio aquellos individuos originarios y residentes del 

municipio, sin antecedentes de haber viajado fuera del Estado de Baja California y que 

aceptaron participar en el estudio a través de la firma de una carta de consentimiento 

informado para la toma de una muestra de sangre. Ninguno de los participantes recibió 

tratamiento alguno durante el estudio. 

1 
Ensenada 

1 
1 Tepetzezin tia 1 

Estudio Radiológico 

~~ 
Individuos sanos 

Individuos sin Individuos con 
NC NC 

¡ 
Evaluación Clínica 

Estudio de la respuesta inmune periférica 
1 

Segunda fase del estudio 

Con el objetivo de estudiar los perfiles inmunológicos a::mciados a !a infección 

asintomática y sintomática se estudió la respuesta inmune en muestras de sangre 

periférica de individuos provenientes de una comunidad rural con casos de NC, en su 

mayoría asintomáticos, y casos sintomáticos del INNN. 

Tipificación de los individuos con NC 
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Los individuos incluidos en esta fase del estudio fueron clasificados en distintos 

grupos según su sintomatología: 

1) asintomáticos (provenientes de la comunidad rural) 

2) sintomatología leve (cefalea) 

3) sintomatología moderada (epilepsia, déficits focales, manifestaciones psiquiátricas) 

4) sintomatología severa (hipertensión intracraneal además de los síntomas descritos 

en los incisos 2 y 3). 

Según los estudios imagenológicos: 

1) número de lesiones (únicas o múltiples) 

2) estadio de los cisticercos (vesicular, coloidal, calcificado o formas mixtas) 

3) localización del o los parásitos (parénquima, subaracnoideo de los surcos, 

subaracnoideo de la base, intraventricular o mixto). 

Comunidad Rural 

Cuentepec en el estado de Morelos, cuenta con aproximadamente 3000 

habitantes y fue seleccionada por presentar las condiciones higiénico-sanitarias que 

favorecen el ciclo de vida de Taenia solium ya mencionados previamente. La existencia 

de transmisión activa de cisticercosis en esta comunidad fue confirmada previa al 

estudio, determinando la prevalencia de cisticercosis porcina por medio de la 

inspección visual y palpación de lengua en un conjunto de 1087 cerdos (32.8%). En un 

estudio epidemiológico real izado previamente se encontró una frecuencia de NC del 

9.1 % y una seropositividad del 43.8%. Mediante una encuesta epidemiológica se 

determinó que la población está expuesta al parásito y no se encontró correlación entre 

tener NC y una mayor exposición, considerando los diferentes factores de exposición 

\ 
evaluados (Fleury et al. , ~ometido para su publicación). 
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Se incluyeron en el estudio aquellos individuos residentes de la comunidad 

nacidos en la misma y que aceptaron participar en el estudio a través de la firma de una 

carta de consentimiento informado para la realización de una TAC sin contraste y la 

toma de una muestra de sangre. Todos los individuos identificados como NC fueron 

revisados por un neurólogo. En dos personas se diagnosticó NC vesicular por lo que 

recibieron manejo terapéutico y seguimiento médico. Sus muestras de sangre se 

obtuvieron previas al tratamiento. Ninguno de los demás participantes recibió 

tratamiento antihelmíntico ni esteroideo durante el estudio. 

INNN 

Los pacientes que son atendidos en el INNN provienen de todo el país, aunque la 

mayor parte reside en la Ciudad de México o en los estados vecinos (Morelos, Puebla, 

Estado de México, Tlaxcala). El INNN sólo recibe a pacientes mayores de 15 años. De 

cada paciente con NC se revisó el expediente clínico y radiológico. De los expedientes 

clínicos se obtuvo la siguiente información: edad al diagnóstico, género, cuadro clínico, 

antecedentes personales y familiares de NC y de teniosis, resultados de laboratorio y 

datos de la punción lumbar al momento del diagnóstico. Se incluyeron en el estudio 

aquellos individuos que aceptaron participar en el estudio a través de la firma de una 

carta de consentimiento informado para la toma de una muestra de sangre. Aquellos 

pacientes que recibieron esteroides no fueron incluidos en el estudio. 
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1 Cuentepec 1 1 INNN 

Evaluación clínica y radiológica 

l j 
NC NC , , 

ASINTOMATICA SINTOMATICOS 

. 
Estudio de la respuesta inmune periférica 

Tercera fase del estudio 

Con el objetivo de estudiar la respuesta inmune local asociada a las diferentes 

formas de la enfermedad en el SNC se estudió el perfil inmunológico en muestras de 

LCR de pacientes sintomáticos sin tratamiento del INNN. 

La punción lumbar fue indicada por el neurólogo tratante como parte del manejo 

y diagnóstico integral de la NC. Las muestras de LCR se obtuvieron del banco del 

INNN. 

De cada paciente se recabaron los datos generales y clínicos previamente 

mencionados. Además se obtuvieron los siguientes datos de laboratorio de la punción 

lumbar: niveles de glucosa, de proteínas, la celularidad y la presencia de eosinófilos. Se 

consideró el LCR como inflamatorio si el número de células excedía a 5 por mi en 

punciones no traumáticas. Aquellos pacientes que recibieron tratamiento fueron 

excluidos del estudio. 
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INNN 

LCR de 45 NC sintomáticos sin tratamiento 

EVALUACIÓN CLÍNICA: EVALUACIÓN EVALUACIÓN 

1) Edad RADIOLÓGICA: INMUNOLÓGICA: 

2) Género 1) Número 1) Citocinas inflamatorias 

3) Cuadro Clínico 2) Estadio 2) Citocinas THl 

4) Datos de la punción 3) Localización 3) Citocinas TH2 

lumbar 4) Aracnoiditis 4) Anticuerpos específicos 

INTEGRACIÓN BASICO- CLÍNICA 
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9. RESULTADOS 

Resumen de los resultados de las tres fases 

La NC es una enfermedad clínicamente pleomórfica. Se ha sugerido que esta 

heterogeneidad se asocia a factores relacionados con la exposición, el parásito y/o el 

hospedero. Entre los factores del hospedero la edad, el género y los factores inmuno­

inflamatorios podrían estar participando en la presentación clínica. En este trabajo se 

describe la respuesta inmune asociada las diferentes formas de la NC considerando su 

heterogeneidad clínica, en la población adulta de ambos sexos, bajo el supuesto de que 

esta heterogeneidad podría ser la consecuencia de los diferentes perfiles inmunológicos 

asociados. 

En la primera parte del estudio 1 O de 132 habitantes de una comunidad rural de 

México (Tepetzezintla) presentaron una lesión única calcificada compatible con NC y 

todos eran asintomáticos. Su perfil inmunológico fue comparado con las otras 122 

personas sin NC de la misma comunidad rural. La NC se asoció a una respuesta 

inmunológica predominantemente TH2 (lgG4, IL-4, IL-5, IL-13). Las personas de la zona 

de alta exposición al parásito de Tepetzezintla presentaron niveles más elevados de 

anticuerpos específicos (lgG1, lgG2, lgG4, lgE) y proliferación celular específica que las 

personas provenientes de un área de baja exposición (Ensenada). Estos datos sugieren 

que los individuos de Tepetzezintla han estado expuestos pero no se infectaron en el 

SNC (Chavarria et al., 2003, ver resultados de la primera fase) . 

En la segunda fase del estudio se describió la respuesta inmunológica asociada 

a las diferentes formas de NC. El perfil inmunológico de 26 personas con NC 

asintomática fue comparado con el de 26 pacientes con diferentes formas de NC 

sintomática . La NC asintomática mostró principalmente cisticercos únicos Jalcificados 
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en el parénquima o en el espacio subaracnoideo de los surcos y pertenecían 

principalmente a un área rural de alta exposición. La mayoría de los pacientes con NC 

sintomática provenían de áreas urbanas, presentaron múltiples cisticercos 

principalmente en estadio vesicular o con formas mixtas. La NC asintomática se asoció 

a una respuesta predominantemente TH2 (IL4, IL5, IL 12 and IL 13) con bajos niveles de 

anticuerpos específicos. En contraste, los pacientes con NC sintomática mostraron una 

respuesta celular específica deprimida con altos niveles de las cuatro subclases de lgG. 

Estos resultados describen la existencia de perfiles inmunológicos asociados a las 

diferentes formas de NC y confirman el perfil descrito asociado a la NC asintomática 

(Chavarria et al., en preparación, ver resultados de la segunda fase) . 

En la tercera fase del estudio se estudió la respuesta inmunológica asociada a 

las diferentes formas de NC sintomática en el LCR de 45 pacientes caracterizados 

clinica- e imagenológicamente. La severidad clínica se asoció a una inflamación en el 

LCR y se caracterizó por presentar altos niveles de las cuatro subclases de lgG 

específicas, IL6, IL5, IL 1 O, proteínas y eosinófilos. Pacientes con múltiples lesiones 

mostraron niveles más elevados de IL5, IL6 e IL 1 O que aquellos pacientes con lesiones 

únicas. No se encontraron diferencias clínicas ni imagenológicas entre hombres y 

mujeres, sin embargo las mujeres mostraron niveles más altos de IL5, IL6 e IL 1 O, lo 

cual sugiere un dimorfismo sexual de la respuesta inmunológica. La forma clínica más 

severa se asoció a la presencia de los cisticercos intraventricular o en el espacio 

subaracnoideo de la base. Estas localizaciones mostraron niveles elevados de las 

subclases de lgG específicas, IL5, IL6 e IL 1 O. Estos resultados sugieren de qué manera 

la respuesta inmunológica en el SNC pudiera estar influyendo en el desarrollo de las 
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diferentes formas clínicas de la NC (Chavarria et al., en revisión en el Microbes and 

lnfection, ver resultados de la tercera fase) . 

Los resultados de este trabajo describen los perfiles inmunológicos asociados a las 

diferentes formas de NC, evidencias de un dimorfismo sexual inmunológico y de una 

compartimentalización de la respuesta inmunológica en el SNC. 
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A) Resultados de la primera fase 
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Abstract 

Neurocysticercosis (NC). a parasitic disease caused by Taenia solium, may be either asymptomatic or have mild to severe symptoms due 
to severa! factors. In this study, the immunological factors that underlie NC pleomorphism were studied. Ten ofthe 132 inhabitants of a rural 
community in Mexico (Tepez) hada computerized tomography (CT) sean compatible with calcified NC, and al! were asymptomatic. Their 
immunological profiles were compared with those of 122 CT sean negative (non-N C) subjects from the same village. NC was associated with 
a TH2 response (lgG4, IL-4, IL-5 , IL-13 ). Subjects from Tepez had higher levels of specific antibodies (lgG 1, lgG2. !gG4, lgL ) and specific 
cell proliferation than subjects from an area with low exposure (Ensenada). This suggests that non-NC subjects from Tepez had been ex posee! 
to 7: soli11111 and resisted infection in the brain. Distinct immunological pro files in equally exposed individuals differing in outcome of infection 
support the hypothesis uf hust-related facturs in resistance tu and pathogenesis uf NC. This is the first study reporting the immunulugica l 
profile associated with the asymptomatic form ofNC. 
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l. Introduction 

Neurocysticercosis (NC) is a disease caused by the estab­
lishment of Taenia solium larva e ( cysticcrcus) in th c central 
nervous system (CNS) of the host, be it man or pig. NC is a 
major human health problem in dcveloping or poor areas of 
Latin America, Asia and Africa , and it is spreading world­
widc duc to incrcascd migration of NC cases and of tapc­
worm ca rri ers ( 1- :1 ], putting new populations at risk and 
causing significan! publi l.'. hl.'. a lth costs. In Mcxico. NC is thc 
first cause ofadult ep ilcpsy onsct [-1,5]: it is Cliso th c céluse of 
11 'Yo of th<.: nrnrologil.'.al consul tations f (ll, of 25'Yo of thl.'. 
craniotorni es [7] and is found in 2- 3% of large necropsy 
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series [8]. It is also notable that many cases ofNC (approxi­
mate ly 50%) are asymptomatic or clinieally silent [8]. In 
addition, thcrc is widc variation in thc clinica l ami pathologi­
cal pictures of syrnptomatic NC, as well as in the parasite's 
macro- and microscopic appearancc, sorne bcing alive, 
whilst others are observed at different leve Is of disintegration 
or are cvcn totally substitutcd by calcium dcposits [91. The 
course of th e symptornatie di sease , the immunological and 
inflammatory responses ofthc host to thc paras itc , as well as 
the elTeetiveness of treatment, are al so quite va ri ab le [ 10]. 

We proposc th at th e extreme cliversity of NC presentati on 
is dul.'. not only to cx posurc ami parasit<.: fac tors l 1 1 l but also 
to host faerors, where imrnunity, ge nes and genclcr might he 
involvcd [ 121. Thc dinical va riant<; of NC would conslitul..: 
the susceptible phenotype, which has been sub-classitiecl in to 
si lcnt- NC, symptomatic, mild NC and symptoma ti l.'., sl.'.vc rc 
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NC, according to symptoms and state of the host-parasite 
relationship. Thc resistan! phenotype is proposed to be com­
posed of those individual s exposed but with no CNS infec­
tion. Should thc hypothesis be correct, each phenotype and 
its subtypes should show distinct immunological profiles, as 
defined by T solium antigen-stimulated expression of TH 1 
and TH2 immunological components with known inflamma­
tory activity. The density of each phenotype is expected to 
vary according to the samplcd population: thc symptomatic 
phenotypes will be found primarily in patients attending 
ncurological instirntions. whcrcas thc silcnt-NC phenotypcs 
and the resistant phenotype will have to be searched for in 
apparently healthy pcople li"ing in arcas of high exposure, 
distinguished from eaeh other by eomputerized tomography 
(CT) sean and/or rcsonanee imaging. Here we report on the 
immunological profiles of the 1 O silent-NC cases found in a 
prcvious CT sean epidemiologieal survey [11] of people 
living in a highly exposed village in Mexico--Tepetzezintla 
(Tepez) state of Puebla, of the 122 non-NC individuals also 
living in Tepez, and of 28 indi\·iduals from an area with Jow 
exposure (Ensenada, Baja California). There are significant 
differenees among their immunological profiles, a finding 
that strengthens thc notion of the involvement of significan! 
host-related immunological faetors in susceptibility to and 
pathogenesis of human l\C. 

2. Materials and methods 

2. J. Studr .rnb;ects 

This study was pcrformed in subjects frorn thc community 
of Tepetzezintla (Tepez), state of Puebla. This community 
was selected because of the inadequate sanitary and socio­
economic conditions, which promote [ 11] a high transmis­
sion of T solium cysticercosis [ 13]. A previous report deter­
mined an NC prevalence of9. Jº·ó by head CT sean; ali cases 
were asymptomatic and had calcified lesions. There was no 
correlation between NC and any of the measured exposure 
factors (i .c. characteristics ofliving quarters , hygienic, socio­
economic and dietary data). A head CT sean without contrast 
was applicd to a samplc of 132 residcnts randomly selccted 
in the Hospital General de Puebla . Ali participants volun­
tccrcd to cntcr the study, donat.;-d a blood sample and gavc 
informcd conscnt. Nonc of the participants rcccivcd antihcl­
minthic treatment, steroids or amiconvulsive therapy during 
thc study, whcn not medically indicatcd . Thc study )asted 
from August 2000 to .luly 2001. 

In addition, to determine thc immunological profilc of 
people living in the low-exposur~ area, blood samples from 
11 womcn aJ1(1 17 mcn ( 12- 62 yc<:rs old). rcsidcnt in 
Ensenada. Raja California, wer.;- co ll ec ted and assayed as !or 
thc Tcpcz group. Thc Ensenada g.roup was considcrcd uncx­
posed. based on a questionnaire concerning exposure factors 
r 11 1, on thc abscncc of ru stic pig. brccding and on thc low 
positive se;·ology for cysticercosis [ 1-1 ]. Informed consent for 
this study was obtaincd from ali participants or thci r guard-

ians. The study was approved by the ethical committee ofthe 
Instituto de Investigaciones Biomedicas of the Universidad 
Nacional Autónoma de México. 

2.2. AntigPn preparation 

Whole T solium cysticerci were obtained from skeletal 
muscle of one infected pork from central Mexico, washed 
with phosphate-buffered saline solution, homogenized, aJ1(1 
centrifüged at 25 000 x g for 45 min at 4 ºC. The soluble 
antigens in thc supernatant were recovered ; calcium was 
precipitated with ammonium oxalate 0.3 M and ammonium 
hydroxide 1: 1 O and centrifuged at 25 000 x g for a fu11her 
40 min at 4 ºC. The supernatant was recovered and filtered 
with 0.22 mm under sterile conditions, quantified with the 
method ofLowry, and frozen at-20 ºC until used as a whole 
antigen fraction (Tl·Ag). 

2.3. lmmunological profile 

The following set of features was selected as a first ap­
proach to define thc immunological profilc (antibody lcvcls, 
in vitro cell proliferation in response to antigen stimulation) 
aJ1(\ with THI (INF-y, TNF-u) and TH2 (IL-4, IL-5 , IL-10, 
IL-13) cytokines. 

2.3.1. Lymphocyte pruliferation 
Ten to twenty milliliters ofperipheral venous blood from 

each participant was drawn into a tube containing EDTA . 
Thc blood was thcn diluted 1 :2 with RPMI mcdium 1640 
(Gibco BRL, Grand lsland, NY) and layered over Ficoll­
Hypaquc (Amersham Life Sciencc, Little Chalfont, UK). 
The peripheral blood mononuclear cells (PBMCs) were col­
lected after 30 min of 400 x g centrifugation at room tcm­
peran1re. Diluted plasma was recovered and frozen at-80 ºC 
until used. The PBMCs were washed three times with RPMI, 
suspended in RPMl-1640 (Gibco BRL) supplemented with 
10% human serum AB (donated from the blood bank of 
Centro Médico Siglo XXI, México), 2 mM L-glutamine, 
100 U/mi penicillin and 100 µg/ml streptomycin, 1 % non­
essential amino acids and 1 % pyruvate (Gibco BRL). The 
PBMCs werc stimulated with concanavalin A (0 .5 µg pcr 
well; Sigma, St. Loui s, MO), Tl-Ag ( 1 O ,Ltg per well), incu­
batcd at 37 º C ami 5% CO~ humidificd atmosphcre in 96-
wcll ftat-bottom culture piares (Costar. Cambridge. MA) at a 
cell concentration of 1 x 105 cells per 200 pi of final vo lume 
per wcll. Aftcr 6 days, thc cclls wcre pulscd with 1 µCi of 
methyl-[3H]-thymidine (Amersham Life Science) for a fur­
ther 18 h, and PBMC~ wcrc harvestcd onto glass fil ter papers . 
The amount of incorporated la bel was measured by counting 
in a 1205-~ spcctromctcr (Wallac). 

2.3.:!. C.)•rokine prod11c1ion 
PBMCs were plated at a cell concentration of 2 .5 x 1 o« 

cclls per mi pcr wcll in 12-wcl'. cluster platcs (Costar). 
incubated at 37 ºC and 5% Cü) humidif-i ecl 3tmosphcrc . 
Ce li s wcre stimulatcd with n-Ag ( 1 O pg.'ml) . A ftcr 48 (1 L-1 O, 
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TNF-u) and 120 h (for the other cytokines) ofincubation, the 
culture supcrnatants wcre harvestcd and stored at - 80 ºC for 
cytokine quantification . 

2.3.3. Cytokine tirration 
Sandwich ELISAs were perfonned with 96-well, flat­

bottom microtiter plates (Nunc-lmmuno Plate Maxisorp, 
Rosekilde, Denmark). Microplates were coated for 18 h at 
4 º C with thc capnirc antibody (BD Pharmingen, San Diego, 
CA for IT.-4 . IL-5. IL-1 O, IL-13 , INF-y, R&D Duo-Set, 
Abingdon, UK, for TN F-u), washed threc times with PBS­
Tween-20 (0 .05%), bloeked for 30 min at room temperatme 
with PBS- BSA 2%, and washed thrce times. Platcs wcre 
ineubated for a further 18 h with the antibody standards and 
supcrnatants diluted 1 :2 with PBS-Tween-20 (0.05%)-BSA 
0.5% at 4 ºC, washed three times, and incubated with the 
detection antibody (BD Pharmingen for IL-4, IL-5, IL-10, 
TL-13, TNF-y, R&D Duo-Set for TNF-u) for 2 h at room 
temperaturc. Bound detcction antibodies were detected using 
1: 1 O 000 diluted streptavidine-phosphatase conjugate (BD 
Phanningen) and p-nitrophenylphosphate (Sigma) as sub­
strate. Optical density (OD) reading was performed at 30 and 
60 min of incubation at 405 nm. Assay sensitivity was 
4.69 pg/ml for TL-4 , 9.38 pgíml for IL-5 , 3.91 pg/ml for 
IL-1 O, 6.25 pg/ml for IL-13 , 9.38 pg/ml for INF-y ancl 
15 .63 pg/ml for TNF-u. 

2.3.4. Total lgG antibody detection by EL!SA 
Total TgG (TgGt) titers were measured in plasma by indi­

rect ELISA using T solium cyst fluid as describcd bcforc 
[ 15]. Plates were incubated ovemight at 4 ºC with T soliwn 
cyst fluid ( 1 µg pcr wcll) ata final volume of 100 µl per well. 
Then, wells were washed, incubated with the 1 :50 diluted 
plasma for 1 h at 37 º C, washcd , incubatcd with rabbit 
anti-human TgG alkaline phosphatase conjugate (Zymed 
Laboratories, San Francisco, CA) for 1 h at 37 ºC, washed 
and incubated with 100 µI of substrate (p-nitro­
phenylphosphatc, Sigma) for 1 O min at 37 º C. Platcs wcre 
read at 405 nm . Ali assays were perfom1ed in duplicare . 

2.3. 5. lgG suhclasses and lgE antihr)(~V detection hy 
EL!SA 

Plasma antibody titers were measured by indirect ELISA. 
T solium cyst fluid ( 1 µg pcr well) at a final ' o lume of 100 µl 
per we ll was incubated overnight at 4 º C. The wells were 
washcd, incubatcd with the 1 :50 diluted plasma for 1 h at 
37 ºC. Bound immunoglobulins were developed using rabbit 
anti-human biotin-labclcd lgG 1. lgG2, lgGJ. lgG4 or lgE 
(Zymed Lahoratories) and streptavidin alkaline phosphata se 
(Zymed Laboratorics) . p-N itrophcnylphosphatc (S igma) was 
uscd as substratc . Platcs wcrc rcad at 405 nm . Ali assays wcrc 

performed in duplicate . 

:!.4. Staristical analysis 

Data wcre processed in Exce l 7 .O (Microsoft) and Spss 
1 O.O for Wi11dows. The Mann- Whitney 11011-paramctric 

U-test was used to identify the differences in the immuno­
logica l response between groups . The silent-NC phenotypc 
can depend on severa! ca-variables, sorne of these co­
variables can be confounded with the effect of others, and 
their effect on the phenotype must be tested simultaneously 
(multivariate analysis). Logistic regression was performed 
considering age, gender, cytokines and immunoglobulins 
tested . Descending stepwise-regression analysis was per­
formcd on thc risk of dcveloping silcnt-NC with the follow­
ing variables : IL-4, TL-5 , anci TFN-y were treated as qualita­
tivc variables with two classcs dcfincd by thc median 
cytokine leve! value. This was necessary, since a number of 
cytokine titration values were below detcction levels. IL-13 
and TgG4 levels were treated as quantitative variables. Vari­
ables IL-10, TNF-u, lgGI, IgG2, lgG3, lgE, lgGt that 
yielded P values >0.2 in the univariate analysis were not 
incorporated to the regrcssion analysis. 

3. Result.s 

3.1. CT sean results 

Ninety-two females and 40 males, with ages ranging from 
3 to 79 ycars, participatcd in thc CT sean study. lndividuals 
were classified as silent-NC or non-NC according to whether 
their CT sean images showed lesions compatible with NC:. 
Ten cases of silent-NC (one man and nine women) were 
found with a single calcified granuloma (Fig. 1 ). The remain­
ing 122 subjects showed CT scans negative for N C ( four had 
anatomical abnonnalities and 118 had normal brain images). 
The non-NC group probably included subjects who were 
cxposed and did not develop an established infection, others 
with an asymptomatic infection now resolved without calci­
fication, and sorne who were not exposed. Ali individuals 
with silcnt-NC wcrc cxamined by two ncurologists and 
found to be apparently healthy and neurologically asymp­
tomatic . 

Calcifications found in the CT sean were considered to be 
of cysticcrcal origin bascd on thc high prcvalencc of ncuro­
cysticercosis in Mexico [ 16], the disproportionately high 
prevalcncc of ncurocysticcrcosis rclativc to niberculous 
granulomas in large necropsy series of medica! institutions 
[8 ,91, thc charactcristic imagc of calcificd cysticcrci (a p­
prox imately 1 cm di ameter, round, un i fo rm ly hyperde nse. 
sharply borde red lesion, with small orno sign of surrounding 
inftammation, that <loes not resemble cerebral or meningeal 
tubcrculoma at ali r 17], and the extrcmely low prcva lencc uf 
cerebral hydatid di sease ofhumans in Mex ico (8 ]. 

3. 2. /11111111nological profi/e.1· 

Thc lcvcls of PBMC prolifc ra tion aflcr 7~·Ag stimulation 
and cytokine (JL-4, IL-5 , IL-10 , IL-1 3, INF-y and TNF-ct) 
production in thc supcrnata11ts, as wc ll as spccific antibodics 
( lgGt, IgG 1, lgG2, lgG3 , IgG4 and lgE ) are shown in 
Tab le 1. Thc immunological fcaturc s most frcqucntly fo und 
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Fig. l. CT scans of 1he JO Tepettezintla NC cases showing asingle calcified 

graouloma ( arrow heads poiot to lbe calcified cysls ). 

in excess in the silent-NC group were lgG4 (P < 0.001, 
Mann-Whitney U-test), IL-4 {P=0.001), IL-5 (P=0.05)and 
IL-13 (P~ 0.02) as shown in Table J. ltshould bementioned 
that there were no significant differences between the 
silent-NC and non-NC cases in the remaining immunological 
features tested. As for the immunological profile of individu­
als living in a low-cxposure area {Ensenada), it was clearly 
lower in SI {P< 0.001), IgGt (P~ 0.003), IgGI (P< 0.001), 
lgG2 (P < 0.001 ), lgG4 (P ~ 0.02), lgE (P ~ 0.05). 

Thc upper 75% perccntilcs from Table 1 denote that the 
silent-NC group includes a higher proportion of strong re­
sponders in IlA, IL-5, IL-13 and lgG4 than the non-NC 

cases. Subjects from Ensenada differ extremely from those of 
Tepez in that most subjects have much lower valucs of the 
tcsted featurcs. The NC cases from Tepez were classified as 
immunologically positive or negative according to their re­
sponse to a given variable exceeding the 95% confidence 
interval ofthe values ofthe non-NC population (Fig. 2). 

To detennine which immunological features could be 
marlrers for silent-NC, regression analysis was conducted 
including cytokine and immunoglobulin levels as explana­
tory variables for the risk of developing silent-NC versus 
exposed but non-NC. The best models included IgG4 
(P< 0.001) and IL-4 (P= 0.01) or IgG4 (P< 0.001 and IL-13 
(P = 0.03). The risk of silent-NC was enhanced when IgG4, 
IL-4 and IL-13 levels increased. 

4. Dhcassion 

The present results show significant differences in the 
immunological profiles of subjects living in arcas of high 
{Tepez) and low exposure (Ensenada) to T. solium, and also 
in those with positive or negative CT sean for NC, living in a 
high-exposure situation (Tepez). 

Differences in social, economic and cultural traits be­
tween Ensenada and Tepez with the consequent differences 
in overall risk ofinfection [14), and also putative differences 
in the antigenic environment may account for the more pro­
nounced specific immune response of subjects from the latter 
village. In addition, antigenic similarities among helminths 
have been documented [ 18, 19), and thus cross-reactivity may 
additionally explain the higher immunological reactivity of 
exposed individuals when tested with complex antigen mix­
tures that may possibly contain antigenic motifs which are 
similar in different parasites. 

Tbe most potent discriminating features between the high­
{Tepez) and low-exposure {Ensenada) groups were lgGl, 
IgG2, SI, IgGt, IgG4 and IgE, in order from most to least 
discriminating. Any one of these immunological featurcs, 
ora combination of thern, may very well be used as an index 
of exposure to T. solium transmission in epidemiological 
studies. 

There were also significant differenccs in immunological 
profile between the Tepez groups. The study shows that ail 
the silent-NC cases responded to T. so/ium antigens, al­
though heterogeneously, with either elevated in vitro cell 
proliferation, cytoldne production and/or antibody levels in 
senun: 400/o of the silent-NC cases presented significantly 
higher leve Is of IL-4 and IL-5 production than the non-NC, 
300/o in IL-13 levels, and 100% in IgG4 levels. However, the 
cellular proliferative response, IL-10, TNF-a, IFN--y, IgGt, 
IgG 1, IgG2 and 1gG3 levels were similarly elevated in both 
Tepez groups. Thus, the silent-NC cases have immunological 
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Table 1 
lmmunological prolilcs from silcm-NC and non-NC subjccts from Tcpctzczintla and from Ensenada 

lmmunological protile Tepetzezintla Ensenada PI P2 

Silcnt-NC Non-NC 

SI" ge 5 1.52 NS C <0.001 
41 r 14 5 

IL-4 (pg/ml) 4.9 <4.7 NO" 0.001 

12 4.7 

IL-5 (pg/1111) 154 20 NO 0.05 

512 f/8 

IL-10 (pgiml) 39 56 NO NS 

211 265 

IL- 13 (pgíml) 457 113 ND 0.02 

1029 314 

INF-y (pg/ml) 93 12 NO NS 

446 49 

TNF-a (pg!ml) 1076 950 NO NS 

3278 2876 

lgGt(OO) h 0.325 0.249 0. 171 NS 0.003 

0.425 0.327 0.248 

lgGI (00) 0.272 0.233 0.062 NS <0.00 1 

0.437 0.337 0.071 

lgG2(00) 0.179 0.143 0.061 NS <0.001 

U.695 0.229 0.064 

lgG3 (00) 0.321 0.367 0.385 NS NS 

0.638 0.527 11.546 

lgG.J(OO) 0.226 0.077 0.089 <0.001 0.02 

0.349 0.086 0.088 

lgE(OO) 0. 137 0. 135 0.125 NS 0.05 

0. 151 0. 154 0.141 

lmmunological featurcs from thc three groups were comparcd by thc non-paramctric Mann-Whitncy U-test . Thc test was pcrformcd cithcr comparing 
silcnt-NC with non-NC, yiclding PI valucs or comparing thc low-cxposurc group. Ensenada, with thc cntirc high-cxposurc group. Tcpcz, yiclding P2 valucs. 
PI and P2 valucs are indicatcd whcn thcy are ~0.05. 

" SI is presented as cpm antigen-stimulated cells/cpm non-stimulated cells. 
"00 optical dcnsity. 
e SI, cytokine leve ls and antibody levels are in median values. 
"NO. not dctcrmincd. 
e NS, not significant. 
,. Thc 75% uppcr pcrccntilc valucs. 
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1()'10 

80 
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~ 60 "' e 
"' a. .t/10 4110 

40 
3;10 3110 

20 

º"º D .. íl íl Do 1110 
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lgGI lgG1 lgG2 lgG:l ~ lgE SI IL• ;L·5 L -10 IL-13 IFN TNF 

Most trequenl 1mmunologtcal fealures 

Fig. 2. Pcrccnl or silcnt-NC cxcccding th..: 95% conlldctKC intcrval (CI) oí 
tite valucs or tite non-NC group in cach and in ali immunological feanrrcs 
as"tycd. By dclinition, 5%, of thc non-NC group cxcccds thc Cl. Thc most 
dislinctivc f'ca turcs oflhc immunological profile ofthc siknt-NC cases are 
(lgG4)> {IL-4. ll-5)> ( IL-13, lgG2) > tSl. IFN-y)> l lgG3. lgE) > (lgGt. 

lgGl. ll-10. TNF-a). 

profilcs higher than those ofnon-NC subjects living in Tepez, 
with a predominance ofTH2 clinical immunity and no asso­
ciated brain damage, since they did admit parasite establish­
ment in their CNS but managed to suppress it, perhaps by 
leading it to calcification. We propose that the putative resis­
tant phenotype (exposed, but non-NC) is characterized by a 
prominent, balanced TH l/TI-12 immunological profilc, 
wh ilst the putative susceptihle phenotype (silent-NC) favors 
the TH2 response in addition to the TH 1 response . 

The type of immunological profile of a patient may influ­
ence NC pathogenesisc Symptomatic NC, although not thor­
ough ly explored yet, is frequently found to exhibit increascd 
proteins, antibodies and inftammatory cells in cerebrospinal 
fluid (CSF) rn as well as proinflammatory cytokincs likc 
IL-1 p, !L-6 and TNF-u (20.21 ]. In contrast, silcnt-NC cases 
are seldom studicd clin ically but in m: cropsics . ami thcy are 
reported to have litt le inflammation (22], as is th e common 
finding in skeleta l pig cysticcreosis [231 and in experimental 
murine Taenia crassiceps cysticercosis [24). The 1 O cases of 
silent-NC had a non-inflammatory profile, it bcing main ly 
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composed of IL-5, IL-13 and IL-4 production and by the 
presence of IgG4 in scrum. 

Jf prominent TH2 profiles in infected subjects underlie 
low or no symptoms at ali in NC, onc could speculate that 
IL-4 downregulation of the inftammatory response is in­
volved, as it is in schistosomiasis granulomas [25,26], in 
expe1imental cysticcrcosis by T. crassiceps [27], and in brain 
granulomas in symptomatic NC [28] . Also, IL-4 can induce 
thc switch oflgG4 ami lgE f 29] and thus explain thc higher 
level of TgG4 in the NC group. The role of TL-5 and IL-13 in 
parasitic discasc sccms to be imponant in thc climination of 
the parasite [30.31); here we show the presence ofJL-5 in cell 
supernatants of the silent-NC group, as shown previously in 
symptomatic NC in serum and CSF [30,32]. Thus, one way 
to eliminate thc cysticercus without creating too much in­
ftammatory response in the brain would be to induce high 
IL-4, IL-13 and IL-5 peaking-out of a generally more alert 
immune system but not particularly high in TH 1 activity and 
inflammatory cytokines. IgG4 and IgE are both considered to 
be TH2 immunoglobulins in humans [29). IgE has been 
associated with resistance to parasitic disease as in schisto­
somiasis [33.34), whilst TgG4 has been proposed asan IgE­
competing immunoglobulin f 3.t], beca use high leve Is of 
IgG4 in sernm are associated with susceptibility, as proposed 
for Schistoso111a mansoni ancl haematobium infections 
[33,35]. Among highly exposed individuals from Tepez, 
lgG4 was increased only in those with silent-NC, a sugges­
tion of a profile of susceptibility to the benign form of the 
CNS infection. Tt is tempting to speculate that resistance to 
cxposurc may be related to their low IgG4 rcsponsivcness. 
The non-NC Tepez group had levels oflgE indistinguishable 
from those of the silent-NC but both diffcred from thc 
lmv-exposure Ensenada group. This result points to IgE asan 
additional marker for parasite cxposure. 

Consequently, for NC we would propase that the immu­
nological profile combining high TH 1 with peaking TH2 
features associates with a noiseless course of the infection 
and with its resolution in the silcnt-NC cases, and predict that 
the opposite is behind the immunoinftammatory response 
and clinical manifestations of the symptomatic NC cases 
[36,37) . The study of more l\C cases, in ali their forms, is 
necessary to formally cstablish thcir spccific immunoinftam­
matory profilcs. 
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Abstract 

Human neurecysticercosis (NC), a parasitic disease caused by Taenia solium, may be 

either asymptomatic or with mild to severe symptoms due to severa! factors. lt has been 

suggested that this clinical heterogeneity is related to host factors (gender, age, 

immune-inflammatory response). In this work a description of the immune response 

related to different NC forms in the adult population of both sexes was made. The 

immunological profiles of 26 asymptomatic NC cases were compared with 26 

symptomatic NC patients. Asymptomatic NC cases presented principally single calcified 

cysticerci in parenchyma or subarachnoid space of the sulci and belonged to a high 

exposure rural area. Most of the symptomatic patients were frem urban areas, had 

multiple cysticerci in the CNS frequently in vesicular or mixed stages. Asymptomatic NC 

was associated with a predominantly TH2 response (IL4, IL5, IL 12 and IL 13) and low 

levels of lgG subclasses. In contrast, symptomatic NC showed a depressed specific 

cellular immune response and increased levels of all tour lgG subclasses. The results of 

this work describe the existence of immune pretiles associated to the different forms 

from NC and add new elements to further understand the immunological mechanisms 

involved in NC disease as well as the relation between the immune response in the SNC 

and the peripheral system in NC. 

Keywords: Taenia solium I neurecysticercosis/ CNS I inflammation I immunological 

pretiles 
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1. lntroduction 

Human neurocysticercosis (NC), caused by Taenia so/ium larvae in the central 

nervous system (CNS), is a frequent parasitic disease in developing countries of Latin 

America, Asia and Africa, and it is re-emerging in developed countries dueto increased 

migration of NC cases and of tapeworm carriers (White, 2000, Schantz et al., 1992 , 

Shandera et al., 1994). NC is a clinical pleomorphic neurological disease: it can be 

completely asymptomatic (Villagran et al., 1988, Fleury et al. , 2003, Chavarria et al. , 

2003), or be manifested by a wide variety of non-specific symptoms (headache, 

epilepsy, dementia, depression or intracranial hypertension). Although the causes that 

underlie this pleomorphism are not completely understood, the relevance of host and 

parasite factors begins to emerge. Recent findings of genetic differences found in the 

cysticerci from Mexico and Madagascar suggest the possibility that parasites may vary 

in infectivity and pathogenicity and thus contribute to the heterogeneous clinical and 

immunological expression of NC (Vega et al., 2003). From host factors, the inflammatory 

response was found to be related to parasite number, stage and location. All these 

variables were associated to disease severity (Fleury et al., 2003, 2004) . 

To explain the extreme diversity of NC presentation, we proposed the existence 

of phenotypes (related to exposure, infection and symptomatology) that associate with 

specific immunological profiles (Chavarria et al. ,2003). In a first study, inhabitants of a 

rural area of high exposure to Taenia solium were classified according to their head 

computerized tomography sean in not-NC (individuals exposed but not infected in the 

CNS, resistant to the infection) and NC (susceptible to the infection). The resistant 

phenotype was characterized by a prominent and balanced TH1ffH2 immunological 

profile. The susceptible phenotype, all of them asymptomatic and with calcified lesions, 
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favoured a TH2 response with high levels of IL4, IL5, IL 13 and specific increased levels 

of lgG4 (Chavarria et al ., 2003). Contrary to other helminthiasis, in which a TH1 

response favours the resolution of the infection while parasite survival is favoured by a 

TH2 response (Rodriguez Sosa et al., 2004), a TH2 peripheral profile was associated 

with a noiseless course and resolution of the infection. Thus, it is possible that a different 

immunological profile could be related to the symptomatic patients. This possibility was 

began to be explored determining cytokines levels in the cerebral spinal fluid (CSF) of 

hospital NC patients with different grades of severity. One of the most relevant findings 

was increased levels of all specific lgG subclasses, IL5, IL6 and IL 1 O related to parasite 

location in the subarachnoid space of the base or intraventricular, to vesicular parasite 

stage and severe symptomatology (Chavarria et al. , submitted). However, this 

information cannot be directly compared to the peripheral immune response previously 

described. Thus, in this study the specific peripheral immune response was explored in 

symptomatic NC patients, attending a neurotogical institution, and compared to a group 

of asymptomatic NC, inhabitants from a highly exposed rural community. 

2. Materials and Methods 

2.1. Subjects 

This study was performed in subjects from the community of Cuentepec, State of 

Morelos, Mexico, and patients that were attended at the Instituto Nacional de Neurología 

y Neurocirugía (INNN) in Mexico City. None of the participants received steroid 

treatment at the moment of blood sampling. Age at diagnosis, gender and place of 

residency were collected from each patient. The study was performed between august 

2000 and august 2003. 

2.1.1. Hospital Subjects 
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Most of the patients attended at the INNN were from Mexico City and from the 

neighbour states like Morelos, Puebla, State of Mexico and Tlaxcala. INNN only admits 

patients older than 15 years of age. 

2.1.2. Community Subjects 

Cuentepec was selected because of its inadequate sanitary socioeconomic 

conditions that promete high transmission of T. so/ium cysticercosis. The cases included 

were considered as NC based on a head CT sean study applied during an 

epidemiological study performed in this community which included almost the fourth part 

of the inhabitants. (Fleury submitted). 

2.1.3. Ethical considerations 

This study fulfils the regulations on research done in human subjects considered 

by Mexican law as well as by international regulations. lt also complies all the ethical 

aspects considered in the Health General Rules in Clinical lnvestigation. lt does not 

contain human experimentation. All the subjects included were voluntarily invited to 

participate. Participants and parents or guardians (in case of minors) received an 

explanation of the project objectives and the specific procedures included in the study. 

Afterwards they gave informed consent in writing. Results were confidential. Community 

subjects that were diagnosed with NC and required medical attention and specific 

treatment were attended by neurologist of the INNN. Subjects with another neurological 

condition counselling and medical attention at INNN was offered. 

2.2. Characterization of the NC cases 

NC diagnosis was based on CT sean and magnetic resonance image (MRI) 

befare receiving specific treatment. Parasite stage was considered as follows based on 

the CT and/or MRI image: 1) vesicular (parasite with transparent membrane and 
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vesicular fluid and scare inflammatory reaction around); 2) colloidal (degenerating 

parasite with turbid fluid surrounded by an inflammatory reaction) ; 3) calcified (dead 

parasite that appears as a mineralized granuloma). 

From imagenological studies of each NC case, the following information was 

collected: number of lesions (single vs. multiple), stage of cysticerci [vesicular, colloidal , 

calcified or mixed forms] and CNS location [subarachnoid space of the base (SA base) 

or of the sulci (SA sulci), parenchymal, or intraventricular]. 

The clinical expression of the disease was established by clinical examination of 

the participants by two neurologists. Based on the symptomatology, participants were 

grouped in four classes: 1. Asymptomatic; 2. Mild: headache; 3. Moderate: focal deficits 

and/or seizures, and 4. Severe: intracranial hypertension (defined by presence of 

headache, nausea, vomiting and papilledema). 

2.3. Antigen Preparation 

Whole Taenia so/ium cysticerci were obtained from skeletal muscle of one 

infected pork from central Mexico, washed with phosphate-buffered saline solution, 

homogenized, and centrifuged at 25000 X g for 45 min at 4 ºC. The soluble antigens in 

the supernatant were recovered ; calcium was precipitated with ammonium oxalate 0.3 M 

and ammonium hydroxide 1: 1 O and centrifuged at 25000 X g for a further 40 min at 4 

ºC. The supernatant was recovered and filtered with 0.22 mm under sterile conditions, 

quantified with the method by Lowry, and frozen at -20 ºC until used as a whole antigen 

fraction (TsAg) . 
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2.4. lmmunological profile 

The following features were measured to define an immunological profile related 

to NC: T. so/ium specific lgG subclasses levels (lgG1, lgG2, lgG3, lgG4) , in vitro specific 

cell proliferation, TH1 (IL 12, IFNy), TH2 (IL4, IL5, IL 10, IL 13) and inflammatory (IL 1p, 

IL6, TNFa) cytokines in supernatants of specifically stimulated cells in vitro . 

2.4.1. Lymphocyte Proliferation 

Ten to twenty mi of peripheral venous blood from each participant were drawn 

into a tube containing EDTA. The blood was then diluted 1:2 with RPMI Medium 1640 

(Gibco BRL, Grand lsland, N.Y.) and layered over Ficoll-Hypaque (Amersham Life 

Science, Little Chalfont, United Kingdom), the peripheral blood mononuclear cells 

(PBMCs) were collected after 30 min of 400 X g centrifugation at room temperature. 

Diluted plasma was recovered and frozen at -80 ºC until used. The PBMCs were 

washed three times with RPMI, suspended in RPMI Medium 1640 (Gibco BRL) 

supplemented with 1 O % of human serum AB (donated from The Blood Bank of Centro 

Médico Siglo XXI, México), 2 mM L-glutamine, 100 U/mi penicill in and 100 µg/ml 

streptomycin, 1 % non-essential amino acids and 1 % pyruvate (Gibco BRL) . The 

PBMCs were stimulated with concanavalin A (0.5 µg/well ; Sigma, St. Louis MO), TsAg 

(1 O µg/well), incubated at 37 ºC and 5 % C02 humidified atmosphere in 96-well flat-

bottom culture plates (Costar, Cambridge, Mass.) at a cell concentration of 1 X 105 cells 

per 200 µI of final volume per well. After 6 days, the cells were pulsed with 1 µCi of 

methyl-[3H]-thymidine (Amersham Life Science, Little Chalfont, United Kingdom) for 

further 18 hours, PBMCs were harvested onto glass filter papers; the amount of 

incorporated label was measured by counting in a 1205-P spectrometer (Wallac). 
\ 
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2.4.2. Cytokine Production 

PBMCs were plated at a cell concentration of 2.5 X 106 cells/ml per well in 12-well 

cluster plates (Costar, Cambridge, Mass.), incubated at 37 ºC and 5 % C02 humidified 

atmosphere. Cells were stimulated with TsAg (10 µg/ml). After 48 (IL-10, TNF-a) and · 

120 hours (for the other cytokines) of incubation, the culture supernatants were 

harvested and stored at-80 ºC for cytokine quantification. 

2.4.3. Cytokine Titration 

Sandwich ELISAs were performed with 96-well, flat-bottom microtiter plates 

(Nunc-lmmuno Plate Maxisorp, Rosekilde, Denmark). Microplates were coated for 18 

hours at 4 ºC with the capture antibody (BD Pharmingen, San Diego, CA for IL 1 p, IL4, 

IL5, IL6, IL 10, IL 12, TNFa and INFy;R&D Duo-Set, Minneapolis, USA, for IL 13), washed 

three times with PBS-Tween 20 (0.05 %), blocked for 30 minutes at room temperature 

with PBS-BSA 2 %, washed three times. Plates were incubated for a further 18 hours 

with the antibody standards and CSF diluted 1 :2 with PBS-Tween 20 (0.05 %) -BSA 0.5 

% at 4 ºC, washed three times, and incubated with the detection antibody (BD 

Pharmingen for IL 1p, IL4, IL5, IL6, IL 10, IL 12, TNFa and INFy;R&D Duo-Set, 

Minneapolis, USA, for IL 13), for 18 hours at 4ºC. Bound detection antibodies were 

detected using 1 :3000 diluted streptavidine-phosphatase conjugate (Zymed 

Laboratories, San Francisco CA) and p-nitrophenyl phcsphate (Sigma, St Louis, Mo) as 

substrate. Optical density (OD) readings were performed at 30 and 60 minutes of 

incubation at 405 nm. Assay sensitivity was 9.4 pg/ml for all cytokines. All assays were 

performed in duplicate. 
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2.4.4. lgG subclass antibody detection by ELISA 

Plasma antibody titres were measured by indirect ELISA. T. solium cyst fluid (1 

µg/well) at a final vol u me of 100 µ11/well was incubated overnight at 4 ºC. The wells 

were washed, incubated with the 1 :10 diluted CSF for one hour at 37 ºC. Bound 

immunoglobulins were developed using rabbit anti-human lgG1, lgG2, lgG3 or lgG4 

biotin labeled (Zymed Laboratories, San Francisco CA) and streptavidin alkaline 

phosphatase (Zymed Laboratories, San Francisco CA). Para-nitrophenylphosphate 

(Sigma, St Louis, Mo) was used as substrate. Plates were read at 405 nm. All assays 

were performed in duplicate. 

2.5. Statistical Analysis 

Data were processed in Excel 7.0 (Microsoft) and Spss 10.0 for Windows. The U 

Mann-Whitney non-parametric test and univariate analysis of were used to identify the 

differences in the immunological response between groups. P ::5 0.05 was considered 

significant. 

3. Results 

3.1. General description of NC subjects 

Fifty two subjects, 32 women and 20 men, participated in this study. Twenty two 

were patients of the INNN, 10 women (21-64 years old) and 12 men (19-68 years old ). 

The rest (30) were residents of Cuentepec, 22 women (7-69 years old) and 8 men (16-

88 years old) (Table 1 ). 

From Cuentepec inhabitants, twenty six (86.7%) were asymptomatic, 3 (10%) 

presented mild and 1 (3.3%) moderate symptomatology. From hospital patients three 
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out of twenty three subjects had mild (13.6%), eleven moderate (50%) and 8 severe 

symptoms (36.4%) (Table 1 ). 

3.1.1. lmagenological description of NC cases 

3.1.1.1. Number and stage of brain cysticerci 

Multiple cysticerci were found in 40.4% of the studied patients (21 ), while only 30 

(57.7%) had single cysticerci. Vesicular cysticerci were found in 6 (11 .5 %) of the 52 

NC cases, while in 4 (7.7 %), cysticerci were colloidal and in 29 (55.8%) the parasites 

were calcified. Mixed forms were found in 12 subjects (23.1 %) who presented 

parasites in different stages (4 vesicular and colloidal, 6 vesicular and calcified, 2 

vesicular and colloidal and calcified). One patient (1 .9%) at the moment of the study 

had no cysticerci but presented intracraneal hypertension as a seque! of NC. 

3.1.1.2. Parasite location 

The precise CNS location of the cysts could not be determined in 16 cases 

(30.8%), not even with MRI. In these cases it was impossible to distinguish between 

parenchymal or SA sulci location. A single parasite location was found in 27 NC cases: 

ventricular in 2 (3.8%), parenchymal in 7 (13.5%), in the SA sulci 16 (30.8%) and in the 

SA base 2 (3.8%). In contrast, 9 patients presented a mixed location: 3 (5.8%) in the SA 

sulci and parenchyma, 3 (5.8 %) in SA base and intraventricular, 1 (1.9%) with 

intraventricular and SA sulci, 1 (1 .9%) with intraventricular and parenchyma and 1 

(1 .9%) patient with SA sulci and SA base cysticerci. 

Multiple lesions were mainly located in the undetermined SA sulci or parenchymal 

location (6 cases of 21, 11 .5%) and single lesions were mainly located in SA sulci (15 

cases of 30 , 22.8%). 
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3.2. NC exposure is related to a pronounced TH2 immune profile 

In arder to evaluate the relevance of exposure two kinds of groups of participants 

were considered accord ing to the geographic location and sanitary conditions of their 

household. The first group comprised 32 individuals living in rural communities, 

Cuentepec or another rural community, with no sanitary conditions (i.e. absence of 

potable water and latrine). The second group included 17 subjects living in an urban 

area with all sanitary facilities. Because of the difficulty to define the exposure level, an 

intermediate group of 3 subjects living in suburban locations, were not considered in the 

analysis. The rural group presented higher levels of IL4 (P=0.003), IL5 (P=0.016), IL 12 

(P=0.012), IL 13, IFNy (P=0.015), TNFa (P=005) as well as increased specific 

proliferation response (P=0.023) and lower levels of all four lgG subclasses than the 

urban group (P<0.005) (Table 2). 

3.3. Decreased immune response in multiple and vesicular NC cases 

NC cases with multiple cysticerci presented higher levels of lgG subclasses (lgG1 

P=0.018, lgG2 P=0.012, lgG3 P=0.019, lgG4 P=0.011) but lower levels of IL4 

(P=0.046), IL5 (P=0.033), IL 12 (P=0.015), IL 13 (P=0.05), IFN_y (P=0.002) and 

TNFa (P=0.011 ), and specific cell proliferation than NC subjects with unique lesions 

(P=0.008) (Table 1 ). 

Patients with vesicular and mixed forms did not present different immune 

responses between each other and presented lower levels of IL4 (PS0.004), IL 12 

(P<0.04), IL 13 (PS0.055), TNFa (PS0.004) and specific cell proliferation (P<0.04) than 

patients with calcified lesions (data not shown) . Patients with colloidal stage of the 

parasite presented higher levels of IL 1 ~ when compared to patients with vesicular 
1 
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(P=0.025), calcified (P=0.077) and mixed lesions (P=0.08) (data not shown). Patients 

with calcified parasites elicited a distinctive immune-inflammatory response 

characterized by high levels of IL4 (P<0.03) and IL 13 (P::;0.055) and low lgG3 (P<0.03) 

when compared to patients with vesicular, colloidal and mixed forms (data not shown). 

3.4. A decreasing immune-inflammatory profile related to increasing clinical 

severity 

Symptomatology was mild in 6 patients (11.5%), moderate in 12 (23.1 %) and 

severe in 8 (15.4%), while 26 (50%) were asymptomatic (Table 1). The asymptomatic 

group presented higher levels of IL4 (P=0.046), IL5 (P=0.021) and IL 13 (P=0.023) when 

compared to the three symptomatic groups (Figure 1 ); also showed lower lgG 

subclasses levels than the symptomatic group (P<0.04) (Figure 2). Specific cell 

proliferation was lower in the moderate and severe group (P<0.05) (Figure 3) . Patients 

with severe symptomatology presented significant lower levels of IL 1 p, IL 1 O, IL 12, 

IFNy and TNFa (P=0.053, P=0.035, P=0.003, P=0.002 and P=0.008, respectively) 

(Figure 1 for IL 12, the rest data not shown). In almost ali measured immunological 

features no significant differences were found between the mild, moderate and severe 

group. 

4. Discussion 

In this study the peripheral immune response related to NC subjects was 

evaluated. Two clear different immune pretiles were found, one related to asymptomatic 

NC and the other symptomatic NC. Most of the asymptomatic NC cases presented 

single calcified cysticerci in parenchyma or SA sulci and belonged to high exposure rural 

areas . Asymptomatic NC cases exhibited increased levels of IL4, IL5, IL 13 and IL 12 
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after specific cysticercal antigen stimulation of peripheral lymphocytes and low levels of 

specific lgG subclasses in the serum. In contrast, hospital symptomatic patients 

presented a depressed specific cellular immune response and increased levels of all 

tour lgG subclasses. Most of the patients were from urban areas, had multiple cysticerci 

in the CNS frequently in vesicular or mixed stages. 

The immune profiles related to asymptomatic NC cases confirmed the results 

previously reported in a small group of asymptomatic NC subjects from a different rural 

community of Mexico (Chavarría et al., 2003). This observation clearly points out that a 

TH2 immune profile favors a benign course of the infection. A protective role related to 

this immune status is not completely unexpected since several independent studies in 

murine models and human infections had also highlighted this protective role in different 

parasitic diseases. This is the case of the TH2 response (ll4 and IL 13) involved in the 

expulsion of the gastro-intestinal nematode Trichinella spiralis (Akiho H, et al., 2002); the 

local TH2 protective response induced by vaccination against the experimental infection 

with Necator americanus (Girod et al., 2003) and in the resistance to helminth Trichuris 

muris infection (Else et al., 1994). However, if this immune profile is the cause or the 

consequence of the parasite evolution remains to be elucidated. In addition, it has to be 

considered that this protective TH2 response could be prometed by the extensive 

contact with the parasite. This is highly possible since almost all the asymptomatic NC 

cases were from rural areas with high exposure to the parasite (Morales et al., 2002, 

Fleury et al., submitted). These evidences are of special interest. they point to the 

existence of an acquired immunity against the disease and this suggests the possibility 
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of developing vaccines to protect inhabitants from endemic countries against the severe 

forms of NC. 

The immune profile in symptomatic NC patients found is in agreement with 

previous studies in which an depressed immune response was found in NC patients 

(Bueno et al., 2004). However, this study differs in sorne critica! points. As far as we 

know this is the first study in which a depressed specific cellular immune response was 

identified in non treated, clinically and imagenologically classified patients. This is of 

special importance considering the extreme differences between asymptomatic and 

seriously affected NC subjects (White, 2000 , Fleury et al. , 2004) and also because the 

heterogeneity dueto side effects of treatment. In fact, most treatment schedules include 

cysticidal drugs (albendazol and/or praziquantel) and corticosteroids (Marquez-Caraveo 

et al., 2004) with the purpose to avoid the exacerbated inflammation that results of the 

parasite damage dueto specific treatment (Nash, 2003). 

Since T cell proliferation indexes induced by mitogens like concanavalin A in 

patients with viable parasites were not significantly reduced by the infection , the 

observed immune depression could be due to the secretion of parasite products that 

specifically induced apoptosis to the immune cells. This is not completely unexpected, 

since the parasite induced apoptosis occurs during experimental cysticercosis and is 

apparently responsible for the persistent concomitant cellular immune suppression 

(O'Connell et al., 2000; López-Briones et al., 2003). Moreover, a cysteine protease from 

T. so/ium metacestode is apparently involved in down-regulating cell-mediated 

responses in infected hosts (Tato et al., 2004) . 

Despite the mechanisms that mediate this immune depression its biological 

relevance remains obscu ~ e. lt has been proposed that parasites may remain in vesicular 
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stage in human brains as long as they are capable of suppressing the local immune 

response (Restrepo et al., 1998). This specific immune depression could prevent the 

increased local inflammatory response induced by the migration of activated lymphocyte 

to the CNS avoiding further neural damaged (Chavarria et al, 2004). Thus, it is possible 

that the exacerbated local inflammatory response with increased IL5 and IL6 levels in 

the CSF of severe NC cases (Rodrigues et al., 2000, Chavarría, submitted), could be 

the consequence of the in situ production of these cytokines. On the other hand, an 

obvious consequence of the observed immune depression could be the increased 

susceptibility to different infectious agents and diseases. However, concomitant 

infections in NC is only an unusual findings as it is the epidural spinal racemose 

neurocysticercosis case in an HIV-infected recently documented (Delobel et al., 2004). 

Since no undesirable consequences were found related to the immune depression 

induced by NC infection, one could speculate that it has an additional protective effect. 

This immune depression could avoid lymphocytes chromosome instability due to 

persistent antigen stimulation and so it could reduce the probability of promoting 

malignant hematological diseases. This could be of special interest considering that 

despite many efforts it has not been possible to demonstrate that NC is a causal agent 

of cancer (Del Brutto et al., 2000). 

In summary, this study adds new elements to further understand immunological 

mechanisms that underlie the susceptibility and resistance to NC disease as well as the 

relation between the immune response in the CNS and the peripheral system in NC. 
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Figure Legends 

Figure 1. Cytokine levels in supernatants of Taenia solium stimulated cells of NC cases 

according to clinical severity. Each patient is represented according to his/her residency 

(rural in white, suburban in grey, urban in black) and the respective parasite stage 

(vesicular in diamonds, colloidal in squares, calcified in circle and mixed in triangle) . 

Medians of each group are represented by lines. The non-parametric Mann-Whitney U 

test was performed, only when P s 0.05 (**) and P s 0.08 (*)are indicated . 

Figure 2. Taenia so/ium specific lgG subclasses in serum of NC cases according to 

clinical severity. Each patient is represented according to his/her residency (rural in 

white, suburban in grey, urban in black) and the respective parasite stage (vesicular in 

diamonds, colloidal in squares, calcified in circle and mixed in triangle) . Medians of each 

group are represented by lines. The non-parametric Mann-Whitney U test was 

performed, only when P s 0.05 (**) and P s 0.08 (*)are indicated. OD optical density. 

Figure 3. Stimulation lndex (SI) of Taenia so/ium whole antigen (TsAg) and 

concanavalin (ConA) stimulated cells of NC cases according to clinical severity. Each 

patient is represented according to his/her residency (rural in white, suburban in grey, 
... 

urban in black) and the respective parasite stage (vesicular in diamonds, colloidal in 

squares, calcified in circle and mixed in triangle) . Medians of each group are 

represented by lines. SI is presented as cpm-antigen-stimulated cells/cpm-not-

stimulated cells . The non-parametric Mann-Whitney U test was performed, only when P 

s 0.05 (**) and P s 0.08 (*)are indicated. 
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Table 1. Clinical and radiological description of 52 NC subjects 

Severity Women/Men Exposure Level Single/Multiple Parasite Location Parasite Stage 
Lesions 

Asymptomatic 19/7 26 rural 22/4 11 SA sulci 1 vesicular 
3 Parenchyma 25 calcified 
12 Parenchyma or SA sulci 

Mild 3/3 2 urban 4/2 2 SA sulci 2 vesicular 
4 rural 1 Parenchyma 3 calcified 

3 Parenchyma or SA sulci 1 mixed 

Moderate 418 9 urban 517 3 SA sulci 3 colloidal 
2 suburban 3 Parenchyma 1 calcified 
1 rural 1 Parenchyma or SA sulci 8 mixed 

5 mixed 

Se ve re 6/2 6 urban 017 2 SA base 3 vesicular 
1 suburban 2 lntraventricular 1 colloidal 
1 rural 4 Mixed 3 mixed 

1? 1? 
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Table 2. lmmune-inflammatory profile determined in 52 NC subjects 

lmmunological Exposure Single/ Multiple 

Profile Rural/Urban Lesions 

(32/17) (30/21) 

lgG1 (O.Oª) 0.102/0.338c, e 0.104/0.142e 

0.114/1.4d o. 12210.447 

lgG2 (O.O) 0.09/0.142e 0.09/0.12 e 

0.10810.433 0.11410.468 

lgG3 (O.O) 0.073/0.143e 0.08/0.11e 

0.09110.198 0.09310.179 

lgG4 (O.O) 0.078/0.334e 0.082/0.122e 

0.0891>3.0 0.09412.87 

1 L4. (pg/m 1) 42/<9.4e 40/<9.4e 

56123 51142 

IL5.(pg/ml) 313/<9.4e 299/<9.4e 

4731106 4641354 

IL12 .(pg/ml) 343/<9.4e 346/<9.4e 

3811226 3831287 

IL 1 ~ (pg/ml) 183/<9.4e 176/<9.4e 

349/<9.4 3331314 

IFNy (pg/ml) 306/56e 356/64e 

7361247 7551227 

TNFa (pg/ml) 670/23e 713/85e 

7631441 7661531 

Slb 20.3/2.9e 23.7/2.Se 

39.9119.9 49.2118.9 

lmmunological features from different clinical and rad iological variables were compared 

by the non-parametric Mann-Whitney U test. 
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ªO.O optical density. bSI, stimulation index, is presented as cpm-antigen-stimulated 

cells/cpm-not-stimulated cells. cs1, cytokine levels and antibody levels are in median 

values. dThe 75 % upper percentile values. ep:.::; 0.05. t P:.::; 0.08. 
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C) Resultados de la tercera fase 

En revisión en la revista Microbes and lnfection. 
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Abstract 

Human neurocysticercosis is a disease caused by the establishment of the 

Taenia solium cysticercus in the central nervous system. Neurocysticercosis may be 

asymptomatic or manifested by non-specific mild or severe neurological symptoms. Host 

factors (immunity, genes and gender) may be involved in the heterogeneous clinical 

picture. An immune-inflammatory profile that underlies neurocysticercosis presentation 

was herein determined in 45 cerebral spinal fluid, from clinical and imagenologically 

characterized neurocysticercosis patients measuring the levels of specific lgG 

subclasses and proinflammatory-immuneregulatory cytokines. Severity was related with 

increased inflammation in the cerebral spinal fluid characterized by increased levels of 

lgG subclasses, IL6, IL5, IL 1 O, proteins and eosinophils; multiple neurocysticercosis 

showed higher levels of IL5, IL6 and IL 10 than single neurocysticercosis. No clinical nor 

imagenological differences were found between women and men, although women 

presented increased IL5, IL6 and IL 10 levels pointing out immunological differences due 

to gender. The most severe symptomatology was found when cysticerci were 

intraventricular or located in subarachnoid space of the base, inducing an exarcebated 

inflammatory cerebral spinal fluid with increased levels of lgG subclasses, IL5, IL6 and 

also the immunoregulatory cytokine IL 10. These results constitute a first insight to 

understand the immune-inflammatory response that underlies the clinical picture of 

neurocysticercosis. 

Keywords: Taenia solium / neurocysticercosis/ CNS I inflammation I immunological 

profiles 
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1. lntroduction 

The differential expression of cytokines and antibodies is generally associated 

with different disease status either of autoimmune, traumatic or infectious etiologies, in 

which the immune-inflammatory response is closely related to symptomatology and 

severity and is due to their side effects [1,2] . In the human central nervous system 

(CNS), the local immune response induced by infections has been poorly studied 

because of the difficulties to obtain biological samples from well-characterized patients. 

This is also the case of neurocysticercosis (NC), a frequent and serious parasitic 

disease of the CNS, caused by the larval stage of Taenia solium. In Mexico, it is the 

cause of 11 % of neurological consultations [3], of 25 % of craniotomies [4] and it is the 

first cause of adult epilepsy onset [5,6] . NC is a pleomorphic neurological disease that 

can present a heterogeneous clinical and imagenological picture. In fact, NC can be 

completely asymptomatic [7-9], or be manifested by a wide variety of non-specific 

symptoms: headache, epilepsy, dementia, depression or intracranial hypertension in its 

most severe form. The causes that underlie this heterogeneity are not completely 

understood, and it is speculated that it could be related to host, parasite and/or exposure 

factors [8, 10-13]. 

Differences in NC severity due to host immunological factors have barely been 

explored. To gain understanding of the role of immune-inflammatory factors, a study 

design involving the main clinical categories of the disease, i.e. imagenological status 

and clinical severity as well as host factors , was performed. Also , both gender and age 

merit special consideration dueto previous studies in which increased inflammatory CSF 

cellularity was found in women and age was related to increased number of vesicular 

cysts [13, 14]. 
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We previously proposed that different clinical NC phenotypes (asymptomatic or 

mild to severe NC) might be related to diverse immune-inflammatory profiles. In a 

previous study, the immunological profile related to asymptomatic NC was characterized 

by increased IL4, IL5 and IL 13 levels after specific stimulation and increased specific 

lgG4 levels [9). Thus, it seems that a Th2 profile promotes a silent resolution of the NC 

infection. In this study, we explored if an exacerbated immune-inflammatory profile is 

related with the different symptomatic presentation in well-characterized symptomatic 

NC patients. The relevance of gender, age, parasite stage and location and the clinical 

phenotype was also explored . 

2. Materials and Methods 

2.1. Patients 

The 45 patients included in this study were attended at the Instituto Nacional de 

Neurología y Neurocirugía (INNN) in Mexico City and had never been treated for NC 

before. INNN only admits patients older than 15 years of age. Available CSF of these 

untreated patients was included in the study that lasted from 2001 to 2003. Age and 

gender data were collected from each patient. 

2.2. Characterization of the disease 

NC diagnosis was based on computed tomography (CT) and magnetic resonance 

image (MRI) before receiving specific treatment. Parasite stage was determined based 

on the CT and/or MRI image: 1) vesicular (the parasite is viable, a cerebrospinal fluid­

like signal within a cyst is seen) ; 2) colloidal (the cyst fluid is turbid, there is an intense 

inflammatory reaction in the surrounding brain parenchyma) ; 3) calcified (the parasite 

debris appear as a mineralized granuloma) . 
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From radiological studies of each NC case, the following information was 

collected: number of lesions (single vs. multiple), stage of cysticerci [vesicular, colloidal , 

calcified or mixed (colloidal and vesicular) forms] and CNS location [subarachnoid space 

of the base (SA base) or of the sulci (SA sulci), parenchymal, or intraventricular]. 

CSF cellularity, content of proteins and the presence of eosinophils was recorded 

(cellularity was considered increased when the number of cells exceeded 5 per mi). 

The clinical expression of the disease was established by clinical examination of 

the patients by two neurologists. Based on the symptomatology, patients were grouped 

in three classes: 1. Mild : headache or no symptoms; 2. Moderate: focal deficits and/or 

seizures, and 3. Severe: intracranial hypertension (defined by presence of headache, 

nausea, vomiting and papilledema). 

2.3. lmmunological profile 

The following features were measured in the CSF to define an immunological 

profile related to NC: T. solium specific lgG subclasses (lgG1, lgG2, lgG3, lgG4) and 

lgE antibody levels, TH1 (IL 12, IFNy), TH2 (IL4, IL5, IL 10) and inflammatory (IL1 p, IL6) 

cytokines. 

2.3.1. Cytokine Titration 

Sandwich ELISAs were performed with 96-well , flat-bottom microtiter plates 

(Nunc-lmmuno Plate Maxisorp, Rosekilde, Denmark). Microplates were coated for 18 

hs at 4 ºC with the capture antibody (BD Pharmingen, San Diego, CA for IL 1 p, IL4, IL5, 

IL6, IL 10, IL 12 and INFy), washed three times with PBS-Tween 20 (0.05 %) , blocked for 

30 minutes at room temperature with PBS-BSA 2 %, washed three times. Plates were 

incubated for a further 18 hours with the antibody standards and CSF diluted 1 :3 with 

1 
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PBS-Tween 20 (0.05 %) -BSA 0.5 % at 4 ºC, washed three times, and incubated with 

the detection antibody (BD Pharmingen for IL 1p, IL4, IL5, IL6, IL 10, IL 12 and INFy), for 

18 hours at 4ºC. Bound detection antibodies were detected using 1 :3000 diluted 

streptavidine-phosphatase conjugate (Zymed Laboratories, San Francisco CA) and p­

nitrophenyl phosphate (Sigma, St Louis, Mo) as substrate. Optical density (OD) 

readings were performed at 30 and 60 minutes of incubation at 405 nm. Assay 

sensitivity was 9.4 pg/ml for all cytokines. All assays were performed in duplicate. 

2.3.2. lgG subclasses and lgE antibody detection by ELISA 

Plasma antibody titers were measured by indirect ELISA. T. solium cyst fluid (1 

µg/well) at a final vol u me of 100 µl/well was incubated overnight at 4 ºC. The wells were 

washed , incubated with the 1:10 diluted CSF for one hour at 37 ºC. Bound 

immunoglobulins were developed using rabbit anti-human lgG1, lgG2, lgG3, lgG4 or lgE 

biotin labeled (Zymed Laboratories, San Francisco CA) and streptavidin alkaline 

phosphatase (Zymed Laboratories, San Francisco CA). Para-nitrophenylphosphate 

(Sigma, St Louis, Mo) was used as substrate. Plates were read at 405 nm. All assays 

were performed in duplicate. 

2.4. Statistical Analysis 

Data were processed in Excel 7.0 (Microsoft) and Spss 10.0 for Windows. The U 

Mann-Whitney non-parametric test, univariate analysis of variances and the two-tailed 

Fisher's exact test were used to identify the differences in the immunological response 

between groups. 

3. Results 

3.1. lmagenological description of NC patients 
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3.1.1. Number and stage of brain cysticerci 

Multiple cysticerci were found in 71.1 % of the studied patients (32), while only 13 

(28.9 %) had single cysticerci. Vesicular cysticerci were found in 24 (53.3 %) of the 45 

NC patients, while in 11 (24.4 %), cysticerci were colloidal and in 6 (13.3 %) they were 

calcified. Mixed forms were found in 4 subjects (8 .9 %) who presented parasites in 

different stages (colloidal and vesicular) (Table 1 ). 

3.1.2. Parasite location 

The exact CNS location of the cysts could not be determined in 4 patients (8.9 

%), not even with MRI. In these cases it was impossible to distinguish between 

parenchymal or SA sulci location. A single parasite location was found in 35 NC 

patients: ventricular in 5 (11 .1 %), parenchymal in 6 (13.3 %), in the subarachnoid 

space of the sulci 15 (33.3 %) (SA sulci) and in the subarachnoid space of the base 9 

(20 %) (SA base). In contrast, six patients presented a mixed location : 3 (6.7 %) in the 

SA sulci and parenchyma, 2 (4.4 %) in SA base and intraventricular and 1 patient (2.2 

%) with intraventricular and SA sulci cysticerci (Table 1 ). 

Multiple lesions were mainly located in SA base cisterns (8 cases of 32, 25 %) or 

in the SA sulci (8 cases of 32, 25 %) and single lesions were mainly located in SA sulci 

(7 cases of 13, 53.8 %). 

3.2. Cellular and immune-inflammatory profile determined in the CSF 

3.2.1. General CSF description of NC patients 

Lumbar puncture showed that CSF cellularity varied between O and 260 cells/ml 

(mean= 37.6 ± 53.6) and was greater than 5 cells/ml in 30 cases (66.7 %). lnflammation 

level of the CSF was considered high when cellularity was ~ 15 cells/ml, and this was 

presented by 51.1 % (23) of the patients. Lymphocytes were most frequently found in 
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CSF. Univariate analysis of variances showed that increased CSF cellularity was 

associated with basal CSF cistern and intraventricular location (P = 0.009) , and to the 

vesicular stage of the cysticerci (P = 0.023), it was not associated with parasite number. 

Proteins varied between 2 and 926 mg/dl (mean = 81.2 ± 167.7) and in 21 (46.7 %) 

patients, the value was above 40 mg/dl. 

3.2.2. Severity is related to high CSF inflammation leve! and an immune­

inflammatory response 

Symptomatology was mild in 9 patients (20 %), moderate in 27 (60 %) and severe 

in 9 (20 %). Figure 1 presents the relationship between clinical presentation and 

inflammatory level of the NC patients. The percent of NC cases with high inflammation 

level was significantly higher in patients with severe than in those with mild symptoms 

(OR = 0.036; 95% CI 0.003-0.48, P = 0.015). 

Patients with moderate symptomatology more frequently presented eosinophils (P 

= 0.07, data not shown) in the CSF compared to mild cases; in contrast, the latter 

showed higher levels of IL 1 O (P = 0.022, data not shown) and were older (P = 0.039, 

data not shown). Severe patients presented consistently higher values of protein 

content, cellularity and eosinophils than the other two kinds of patients (P < 0.04, data 

not shown), while IL5, IL 10, lgG1, lgG2, lgG3 and lgE showed higher levels compared 

to the moderate cases (P < 0.05, data not shown). 

3.2.3. lncreased CSF cellularity is related to an immune-inflammatory response 

Only features that exhibited significant differences were included in Table 2 and in 

the Figures. NC patients with increased CSF cellularity presented higher levels of 

protein content (P = 0.015) , eosinophils (P = 0.005) and all specific lgG subclasses (P < 
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0.001) but not of the lgE class. Of all measured cytokines , only IL5 (P = 0.05) , IL6 (P < 

0.001) and IL 1 O (P = 0.002) were increased (Table 2) . 

High antibody and IL6 levels are related to CSF eosinophils. Twelve patients 

(26.7 %) presented eosinophils in the CSF as well as an increase in all tour lgG 

subclasses (lgG1 P = 0.001, lgG2 P = 0.002, lgG3 P < 0.001, lgG4 P < 0.001 ), IL6 (P = 

0.005), CSF proteins (P < 0.001) and cellularity (P = 0.001) (Table 2) . 

3.2.4. Gender elicits a dimorphic immune-inflammatory response in the CSF 

The 45 analyzed CSF samples were taken from 24 women (15-70 years old) and 

21 men (16-68 years old). Women elicited higher levels of IL5, IL6 and IL 10 cytokines (P 

= 0.057, P = 0.015, P = 0.025, respectively) than men; in contrast, although the antibody 

response was remarkably increased in women, the difference was not statistically 

significant (lgG2 P = 0.053, lgG3 P =0.059) (Table 2) . No significant differences were 

found between men and women when the clinical presentation, the number, stage and 

location of established cysticerci were compared. 

3.3. Radiological and immune-inflammatory interactions 

3.3.1. Parasite location influences the immune-inflammatory response, disease 

severity and parasite stage 

A clear immune-inflammatory profile was shown by NC patients with cysticerci 

located in the SA base or intraventricularly, most of them with severe symptomatology 

and vesicular parasites, exhibiting increased levels of most lgG subclasses, IL5, IL6 and 

IL 1 O (P < 0.05) (Fig.2 and Fig .3) , and of CSF cells (P = 0.01, data not shown) and 

eosinophils (P = 0.047, data not shown) . lgG1 levels were higher in patients with 

cysticerci located in the SA base (P = 0.05) , while intraventricular location showed 

higher levels of IL 1 O (P = 0.065) and IL 1 p (P = o.os\ data not shown) . In contrast, 
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patients with cysticerci located in the SA sulci or parenchyma showed lower cytokine 

levels, while patients with parasites located in the sulci showed higher levels of lgG1 (P 

= 0.008), lgG2 (P = 0.02), lgG4 (P = 0.02) and IFNy (P = 0.005, data not shown) than 

patients with parenchymal location (Fig.2 and Fig.3). 

Mixed parasite location induced a heterogeneous immune-inflammatory 

response. Two patients with mixed cyst location, in the SA base and intraventricular, 

behaved the same as those with cysts in only the SA base or intraventricular. They 

presented higher levels of IL6 (P = 0.01, data not shown), IL 1 O (P = 0.001, data not 

shown), IL5 (P = 0.07, data not shown}, lgG2 (P = 0.07, data not shown) and lgG4 (P = 

0.07, data not shown) than patients with NC located only in SA sulci, and higher levels of 

ali lgG subclasses (P :S 0.046, data not shown) and IL 1 O (P = 0.076, data not shown) 

than patients with parenchymal NC. Mixed cyst location in the SA sulci and parenchyma 

in 3 patients elicited higher levels of IL4 (P = 0.03, data not shown), IL6 (P = 0.003, data 

not shown) and IFNy (P = 0.002, data not shown) than patients with only SA sulci 

cysticerci, and higher levels of lgG2, lgG3 and IL6 (P = 0.07, data not shown) than 

patients with only parenchymal cysts . This mixed location behaved the same as 

intraventricular cysts and presented only higher IL4 levels than SA base cysts (P = 0.7, 

data not shown). 

Patients with multiple parasites exhibited increased levels of IL5 and IL6 (P = 

0.03, P = 0.015 respectively}, while antibody levels, although increased, were not 

significant (Table 2) 

lnterestingly, arachnoiditis was found related to the presence of eosinophils in the CSF, 

five patients (11 , 1 %) with radiological evidence of arachnoiditis showed elevated lgG3 
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(P = 0.07, data not shown) , lgG4 (P = 0.056, data not shown), IL6 (P = 0.068, data not 

shown), CSF proteins (P = 0.065, data not shown), CSF cells (P = 0.07, data not shown) 

and eosinophils (P = 0.001, data not shown). 

4. Discussion 

This study provides new insight into the immune response that underlies the 

heterogeneous clinical and radiological picture exhibited by NC patients.To begin with, 

an important finding is the clear relation between increased CSF cellularity and clinical 

NC severity (Fig.1 ), which was also accompanied by increased levels of specific lgG 

subclasses, eosinophils, inflammatory IL5, IL6 and the immuneregulatory cytokine IL 1 O. 

Most of these inflammatory NC cases occurred when the parasite was established in the 

SA base or in the ventricles, where it remained without apparent damage and 

predominantly in a vesicular stage (Fig.2 and Fig .3). The relevance of this reaction to 

damage the parasite cannot be easily explored since these patients need immediate 

treatment; however, the finding that in these conditions the parasite exhibits no 

radiologically detectable damage, points to the possible ineffectiveness of the 

inflammatory response. In contrast, parasites found in the SA sulci or in the parenchyma 

were more frequently damaged, induced low CSF inflammation and only mild or 

moderate symptomatology. The differences in parasite condition could be a result of the 

interaction between the local antigen-presenting cells (APC), immigrated lymphocytes 

and eosinophils and the cysticerci . When parasites were located in brain parenchyma or 

SA sulci a closer contact with activated immune competent cells could favor cyst death 

and account for the higher frequency of calcified or colloidal forms in these 

compartments. 
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IL5, IL6 and IL 10 can be locally produced by APC of the CNS: e.g., microglia and 

perivascular macrophages among others [15, 16] or by infiltrated T cells. IL5 and IL6 

participate in cell and eosinophil recruitment [17-19]. Patients with parasites located in 

the ventricles or in the SA base or with inflammatory CSF had higher levels of IL5 and 

IL6, which could explain the increased CSF cellularity and the presence of eosinophils. 

The recruited B cells may become plasmatic cells and be the source of local antibody 

synthesis [1 ], while eosinophils could degranulate within the CNS, and damage the 

parasite but also the nervous tissue [20,21]. lt has been previously reported that the 

presence of eosinophils is associated to severity and/or inflammatory CSF in NC [4]. 

Present data support this finding and relate it to the presence of high levels of IL6 and 

specific antibodies. Regarding the presence of IL 1 O, which could be produced by CD4+ 

regulatory T cells [22], considering its inmune-supressive and regulating functions, this 

cytokine could favor neuronal survival, protecting the blood brain barrier (888) 

endothelium and inhibiting the effect of other cytokines and cells [23-25]. The increased 

levels of IL 1 O could also feed back the inflammatory effect of IL5 and IL6. On the other 

hand, one should not discard the possibility that, although CSF IL 10 levels are high, the 

molecule may be not functional or present sorne kind of polymorphism, as reported in 

patients with multiple sclerosis, another inflammatory disease of the CNS [26-28]. 

Another point to be considered is the possible peripheral immune response of the 

secondary lymphoid organs promoted by the exit of parasite products from the efferent 

limb of the CNS. Parasites located in the ventricles or the SA base could secrete high 

levels of cysticercal antigens, thus more antigens could drain from the CNS and initiate 

an immune response in the secondary lymphoid organs, activating T and 8 cells that 

should then be able to cross the 888 and reach the parasite [29]. Antigens secreted in 
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the brain parenchyma probably do not exit so effectively; therefore, a consistently lower 

inflammation of the CSF would take place with a reduced probability of stimulating as 

many lymphocytes as in the other locations [30,31]. 

lnterestingly, our data also point to a sexual dimorphism of the immune response. 

Although in this sample of studied patients there were no clin ical or radiological 

differences between women and men, women produced higher levels of IL5, IL6 and 

IL 1 O revealing an increased inflammatory local response not due to differences in the 

location of the parasite. This profile is in agreement with previous reports in which an 

exacerbated inflammatory response was found in women , defined by CSF cellularity and 

imagenological appearance [13, 14]. 

In addition, our data support the hypothesis of a compartmentalized immune 

response within the CNS. In this study, parasite location allowed us to observe different 

immune responses in the CNS by compartments. Brain parenchyma parasites induce a 

response not detectable in the CSF; parasites in the SA sulci induce a similar response 

but with higher CSF antibody levels, while intraventricular parasites or those in the SA 

base induce a more pronounced response with high levels of IL5, IL6, IL 1 O and specific 

lgG subclasses. The increased CSF inflammation could be responsible not only for the 

severe clinical symptoms induced by the parasite's presence in these two locations, but 

also for additional CNS damage as a seque! of the disease. The balance between the 

benefit and damage caused by inflammation, especially when this event occurs in a 

CNS compartment, is a research area of interest. lt is also relevant to consider that 

inflammation in the CNS does not usually exert a repair function, rather, its tendency is 

to decline to damage, which would explain most of the CNS pathologies. 
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Understanding why in sorne patients, NC produces none or only mild 

symptomatology and in others it leads to a severe clinical picture and death, will 

contribute to the design of improved therapeutic management of NC, and perhaps to an 

early treatment of the disease before the struggles between parasite and host cause 

major damage to the CNS. The CNS compartmentalized immune response opens new 

perspectives to explore in the pathology of the NC and possibly of other neurological 

diseases. 
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Figure Legends 

Fig.1 Frequency of NC cases with high (~15 cells/mm3, black bars) or low (<15 

cells/mm3, grey bars) inflammation level according to the clinical severity (mild, 

moderate or severe). The percent of NC cases with high inflammation level was 

significantly higher in patients with severe than with mild symptomatology (Fischer's 

exact test, P = 0.023, OR= 14). 

Fig.2 Taenia solium specific lgG subclasses in CSF of NC cases according to parasite 

location (SA Base= Subarachnoid space of the base, lntraventricular, SA Sulci= 

Subarachnoid space of the sulci, Parenchyma). Each patient is represented according to 

his/her symptomatology (mild in white, moderate in grey, severe in black) and the 

respective parasite stage (vesicular, collo!dal, calcified and mixed). Medians of each 

location are represented by lines. The non-parametric Mann-Whitney U test was 

performed, only when P :s 0.05 (**) and P :s 0.08 (*)are indicated. OD optical density. 

Fig.3 Cytokine levels in CSF of NC cases according to parasite location (SA Base= 

Subarachnoid space of the base, lntraventricular, SA Sulci= Subarachnoid space of the 

sulci, Parenchyma). Each patient is represented according to his/her symptomatology 

(mild in white, moderate in grey, severe in black) and the respective parasite stage 

(vesicular, colloidal, calcified and mixed) . Medians of each location are represented by 

lines. The non-parametric Mann-Whitney U test was performed, only when P :s 0.05 (**) 

and P :s 0.08 (*)are indicated . 
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Table 1. Clinical and radiological description of 45 NC patients 

Severity Women/Men Single/Multiple Parasite Location Parasite Stage 
Lesions 

Mild 712 217 1 SA sulci 4 vesicular 
2 SA base 2 colloidal 
3 Parenchyma 3 calcified 
1 intraventricular 
1 mixed 

Moderate 11/16 10/17 14 SA sulci 12 vesicular 
2 SA base 3 colloidal 
3 Parenchyma 3 calcified 
3 Parenchyma or SA sulci 4 mixed 
3 mixed 

Severe 6/3 1/8 4 SA base 8 vesicular 
3 lntraventricular 1 colloidal 
2 Mixed 
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Table 2. lmmune-inflammatory profile determinad in CSF of 45 NC patients 

With/Without 

lncreased CSF Women/ Single/Multiple With/Without 
lmmunological 

Cellularity ~6 Men Lesions Eosinophils 
Pro file 

cells (24/21) (13/32) (12/33) 

(30/15) 

lgG1 (O.D) 2.2/0.11 ª ·e 1.5/0.21 0.35/1.01 2.7/0.21c 

2.710.21 b 2.711.5 1.812.7 2.711.8 

lgG2 (O.O) 0.79/0.08 e 0.77/0.15d 0.18/0.25 . 2.3/0.15c 

2.610.14 2.610.6 0.6512.5 2.610.86 

lgG3 (O.O) 0.43/0.07c 0.2810.1 od 0.14/0.2 0.76/0.09c 

0.7610.09 0.7910.4 0.3610.6 1.310.45 

lgG4 (O.O) 2.3/0.13c 1.8/0.31 0.31/1.4 2.7/0.2c 

2.710.22 2.711 .7 1.412. 7 2.711.7 

llq pg/ml) <9.4/<9.4.:: <9.4/<9.4d <9.4/<9.4c <9.4/<9.4 

36.51<9.4 661<9.4 <9.4137 58.3118 

llq pg/ml) 24.5/<9.4c 20/<9.4c <9.4/20.2c 38.5/<9.4c 

129.51<9.4 227123 10.5165 1015.3122 

IL 10 pg/ml) 12.5/<9.4 e 10/<9.4c <9.4/<9.4 12/<9.4 

48.31<9.4 43/<9.4 9.8143 208115 

CSF Proteins 53/31 e 37.5/39 43/ 35.5 68.5/33c 

77143 81.8155.5 55166.8 131.3145.5 

CSF Cells 23/6 6/15 53/6c 

66141.5 69.5159.8 123.3137 

eSF- O/Oc 010 010 

Eosinophils 110 110 0.511 
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lmmunological features from different clinical variables were compared by the non­

parametric Mann-Whitney U test. 

ª Cytokine levels and antibody levels are in median values. b The 75 % upper percentile 

values. e p ~ 0.05. d p ~ 0.08. 
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Figure 3 
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1 O. DISCUSIÓN 

En este trabajo se evaluó la respuesta inmunológica en poblaciones expuestas y 

no expuestas a Taenia solium así como en individuos infectados en el SNC 

asintomáticos y sintomáticos. La población altamente expuesta mostró una respuesta 

inmunológica específica caracterizada por niveles significativamente superiores de lgG 

total, lgG1 , lgG2, lgG4, lgE específicos y proliferación celular específica con respecto al 

grupo de individuos residentes de áreas de baja exposición. Dentro del grupo de 

individuos altamente expuestos se describieron dos perfiles inmunológicos. Los 

individuos no infectados en el SNC mostraron un perfil inmunológico prominente per<? 

balanceado tanto con componentes TH1 como TH2. En contraste, el perfil de los 

individuos con NC asintomática se caracterizó por presentar una respuesta 

predominantemente de tipo TH2 (IL4, IL5, IL 12, IL 13 e lgG4}, lo que sugiere que este 

perfil favorece un curso silencioso y la resolución de la NC (lesiones únicas calcificadas 

y sin sintomatología). Finalmente, los grupos sintomáticos mostraron principalmente un 

perfil inmunológico con los niveles elevados de las cuatro subclases de lgG específicas 

y una muy baja proliferación celular específica con baja producción de citocinas. Con 

base a los resultados descritos podemos proponer que existen diferentes perfiles 

inmunológicos asociados a la magnitud de la exposición, a la infección y a la 

sintomatología (Figura 3). Considerando las claras diferencias entre el perfil observado 

en la respuesta periférica en individuos sintomáticos y asintomáticos cabe considerar 

que una respuesta preferencialmente TH2 se asocia a una evolución benigna de la NC 

y probablemente sea resultado de la alta exposición . Estudios adicionales, como por 

ejemplo evaluaciones longitudinales de individuos provenientes de medios con 

diferentes niveles de exposición, podrían contribuir a confirmar esta posibil idad. 
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Una de las características de la NC es su heterogeneidad clínica (respecto a la 

sintomatología así como su presentación imagenológica). Si bien se han comenzado a 

explorar, las causas de ésta heterogeneidad aún se están dilucidando. En este trabajo 

se exploró la posibilidad de que la heterogeneidad de la respuesta inmunológica 

pudiera estar participando en el pleomorfismo de la NC. Los resultados observados 

apoyan esta posibilidad. Del conjunto de personas altamente expuestas al parásito, 

según criterios epidemiológicos e inmunológicos, sólo algunos individuos se infectaron 

en el SNC. Estas personas con NC asintomática presentaron en su mayoría lesiones 

únicas con el parásito calcificado localizado en el parénquima y/o en el espacio 

subaracnoideo de los surcos. En estos individuos se observó una respuesta 

inmunológica periférica con IL4, IL5, IL 12, IL 13 y bajos niveles de las subclases de lgG · 

específica. En contraste, el grupo con NC sintomática presentó predominantemente 

lesiones múltiples y el parásito en estado coloidal, vesicular o formas mixtas localizados 

en el espacio subaracnoideo de la base, intraventricular o localizaciones mixtas. Este 

grupo mostró una respuesta inmune periférica con poca proliferación celular específica, 

bajos niveles de citocinas y altos niveles de inmunoglobulinas G específicas. En 

conjunto estas observaciones sugieren que en aquellos individuos con formas 

sintomáticas de la NC, la respuesta celular mediada por linfocitos T a nivel periférico 

está deprimida siendo insuficiente para controlar la infección. Paradójicamente, la 

respuesta inmunológica en el SNC de pacientes sintomáticos está exacerbada. En 

apoyo a esto, los pacientes con sintomatología severa tenían el parásito 

frecuentemente en estado vesicular y alojado en el espacio subaracnoideo de la base o 

intraventricular, con una respuesta exacerbada de IL5, IL6, IL 1 O e incrementados los 

niveles de las cuatro subclases de lgG específicas en el LCR. En contraste, los 
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pacientes sintomáticos leves y moderados presentaron los parásitos principalmente en 

estado coloidal o calcificado en el parénquima y/o espacio subaracnoideo de los surcos, 

con más bajos niveles de inmunoglobulinas específicas y citocinas en el LCR. 

Independientemente de las causas que las median, las diferencias entre las respuestas 

inmunológicas periférica y central en individuos sintomáticos con NC sugieren que 

pudieran existir dos mecanismos de control, regulados independientemente (Abel et al. 

1997). Adicionalmente, las diferencias en la intensidad de la respuesta inmunológica 

asociada · a la localización diferencial de los cisticercos señalan la posible 

compartimentalización de la respuesta inmunológica en el SNC. Al parecer existen 

regiones en el SNC (espacio subaracnoideo de la base y ventrículos) que son capaces 

de montar una respuesta inmunológica más intensa que otras (parénquima y espacio 

subaracnoideo de los surcos). Las causas de estas diferencias se desconocen, si bien 

pudieran resultar de la distribución diferencial de células presentadoras de antígeno, 

presencia o ausencia de células inmunológicas y de diferencias en la distribución y 

densidad de la capilarización y rutas de drenaje de los antígenos (Streilein et al., 1997). 

Finalmente, la idea de que las diferencias en la sintomatología y la evolución de los 

parásitos en la NC son resultados de las diferencias cuatí- y cuantitativas de la 

respuesta inmunológica podría extenderse y explicar la heterogeneidad clínica en otras 

patologías del SNC (e.g., enfermedades neurodegenerativas, infecciosas o neoplasias) 

dentro de una población dada (Kalkers et al., 2000, Duffau et al., 2004, Huijbregts et al., 

2004, Koh et al., 2004, Taylor et al., 2004). 

Además de la relevancia de la localización del parásito existen evidencias que 

señalan la participación de otros factores en la heterogeneidad de la NC. Entre ellos 

destacan la magnitud de la exposición, la edad y el sexo. En este trabajo \ no se 
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encontraron diferencias en las características de la respuesta inmunológica con 

respecto a la exposición ni a la edad, aunque el diseño experimental no resultó el más 

adecuado para valorar estos factores. Sin embargo sí se observaron resultados que 

sústentan el dimorfismo sexual en la respuesta inmunológica en la NC. En pacientes 

con NC sintomática las mujeres mostraron niveles más elevados de IL6 e IL 1 O en el 

LCR y presentaron una tendencia a tener niveles más altos de IL5, lgG2 e lgG3 

específica que los hombres. Estas diferencias fueron independientes del cuadro 

sintomático e imagenológico. Estas observaciones no resultan sorprendentes ya que las 

respuestas dimórficas sexuales de la respuesta inmunológica han sido documentadas 

en diferentes mamíferos (Morales et al, 2004). Además el dimorfismo sexual anatómico 

y funcional ha sido descrito en diversos órganos que constituyen el sistema endocrino, 

nervioso y digestivo (Gorski, 1984). Independientemente de estas consideraciones, es 

importante enfatizar que el dimorfismo sexual debe de ser considerado en el manejo 

terapéutico de los pacientes con NC sintomática. 

Como colorario, este trabajo representa un esfuerzo por dilucidar la participación 

de la respuesta inmune en la comprensión de porqué en algunas personas la NC cursa 

de manera asintomática o con sintomatología leve mientras que en otras lleva a 

cuadros clínicos severos. Esta pregunta resulta válida para la mayoría de las 

enfermedades incluyendo aquellas que son de origen infeccioso, donde se ha 

establecido el paradigma de que el contacto con un agente infeccioso lleva a la 

enfermedad, lo cual claramente hoy se visualiza como una simplificación. La 

información obtenida en esta tesis podría además resultar de interés para optimizar el 

diseño y manejo de medidas preventivas y terapéuticas dirigidas a evitar que las 

interacciones entre el parásito y el 1\1uésped causen daño al SNC. 
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ASINTOMÁTICA 
_. Resistente a la enfermedad 

TH2>TH1: IL4, ILS, IL13, 
NEUROCISTICERCOSIS IL12 
• Susceptible a la infección 
fl lgG4 

ALTA EXPOSICION 
& Anticuerpos y proliferación 
• celular específicos 

NO NEUROCISTICERCOSIS 
Resistente a la infección 
THl I TH2 

BAJA EXPOSICION 

SINTOMÁTICA 
Susceptible a la enfermedad 
Proliferación celular 
específica baja, IgG's 
específicas elevadas 

EN LCR: lgG1 ,lgG2, 
lgG3, lgG4 
IL5, IL6, IL 10 

Figura 3. Perfiles inmunológicos relacionados a los fenotipos de la exposición y la 
infección asintomática y sintomática. 
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lmmunoneuroendocrine 
communication network and the regulation of 
the homeostasis: the use of hormones and 
neurohormones as immunotherapy 

ABSTRACT 

The complex communication between the immune and neu­
roendocrine systems is bi-directional, and inuolues sharing 
di((erent ligands and receptors in tissues and organs in uer­
tebrate in general, and mammals in particular. lt haue been 
demonstrated that many hormones, neurohormones and neu­
rotransmitters haue pro(ound e((ects on the immune system, 
and in turn, cytokines produced by cells o( the immune system 
cause important changes in the neuroendocrine (unction. lt 
has been shown in di((erent animal models with induced and 
spontaneously occurring autoimmune diseases that altera­
tions o( the immunoendocrine interactions are inuolued in 
the breakdown o( sel( tolerance, and by extend, the homeos­
tasis. This reuiew discusses the role o( the neuroimmunoen­
docrine interactions in maintaining the homeostasis o( 
mammals, and their role in the deuelopment o( some au­
toimmune diseases . The (inding that could exist a de(ectiue 
immunoneuroendocrine communication may lead. to more 
speci(íc therapy o( seueral autoimmune human diseases. 

Key words. lmmunoendocrine. Homeostasis. lnteractions . 
Regulation. 

INTRODUCCIÓN 

La interacción entre los sistemas nervioso, endocri­
no e inmunitario es uno de los elementos clave que in-

RESUMEN 

La comunicación entre el sistema inmunológico y el neuroen­
docrino es bidireccional, ya que ambos sistemas comparten li­
gandos y receptores en diferentes tejidos y órganos en los ver­
tebrados en general, y muy particularmente en los mamíferos. 
Se ha demostrado que muchas hormonas, neurohormonas y 
neurotransmisores afectan el funcionamiento del sistema in­
munológico, y que las citocinas producidas por varias células 
del sistema inmunológico causan cambios importantes en la 
función del sistema neuroendocrino. También se ha observa­
do, en varios modelos animales con enfermedades autoinmunes 
espontáneas e inducidas, que las interacciones neuroinmu­
noendocrinas que ocurren determinan el rompimiento de la au­
totolerancia y, por lo tanto, de la homeostasis. Esta revisión 
discute el papel de las interacciones neuroinmunoendocrinas y 
el mantenimiento de la homeostasis. El hallazgo de que podría 
existir una comunicación neuroinmunoendocrina deficiente 
puede dirigirnos a la búsqueda de terapias más específicas en 
varias enfermedades del ser humano. 

Palabras clave. Inmunoendocrino. Homeostasis. Interaccio­
nes . Regulación. 

tervienen para mantener la homeostasis de los verte­
brados, siendo particularmente imprescindible en los 
mamíferos. 1 La capacidad del sistema inmunológico 
para discriminar entre lo propio y lo no propio está 
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basada en un i;\mplio espectro de especificidad expresa­
da por las células inmunológicas.2 Esta característica 
del sistema inmunológico implica que puede percibir 
una imagen interna de los componentes del organismo 
y reaccionar a las distorsiones particulares de esta 
imagen (como son las células propias transformadas).2 

La respuesta inmunológica, como una respuesta ho­
meostática bajo control fisiológico, contribuye al man­
tenimiento de la integridad de las células corporales y 
de los tejidos. 3 Las hormonas y neurotransmisores que 
están presentes en el micro-ambiente de las células in­
munológicas pueden restringir su autonomía, proba­
blemente por su acción sobre los receptores de estos 
factores neuroendocrinos.3 La comunicación eficien­
te de estos tres sistemas implica la existencia de vías 
aferentes y eferentes que constituyen un sistema 
complejo de retroalimentación (Figura 1). Cuando se 
producen alteraciones en esta red, se desencadenan 
patologías que involucran a los diferentes compo­
nentes de la misma. 

SNC 
Neurotransmisores 

Hipotálamo 

CRH • IL-6 IL· I 

~~TNF·a·~ 

Glándulaadrenal ,4 / .+ ~ 
t - =·-·--

Cortisol E .Tfri 
• pmena •••••• . . ...... .. .. 

En los últimos años se ha avanzado en forma no­
table en el conocimiento de las múltiples funciones 
del sistema inmunológico, una de ellas ha sido la 
adaptación biológica, a través de la eliminación de 
patógenos y células extrañas del organismo. 4 Estas 
funciones requieren a su vez de sistemas de control 
delicados que permitan la adaptación a las diferentes 
situaciones fisiológicas y patológicas por las que 
puede atravesar todo ser biológico durante su vida, 
siendo necesaria la interacción con los otros siste­
mas del organismo. 4 Esta interacción es constante y 
hace posible el funcionamiento armónico de estos 
tres sistemas, esto implica la existencia de mensaje­
ros y receptores comunes que participan al mismo 
tiempo en un sistema muy complejo de retroalimen­
tación. La alteración de la comunicación entre estos 
sistemas conduce al desarrollo de patologías diferen­
tes. Tal es el caso de los trastornos neuropsiquiátri­
cos q1.1e causan inmunosupresión como es la depre­
sión,5 los trastornos inmunitarios que causan 
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Figura 1. Esquema simplificado de la 
comunicación bidireccfonal neuroinmu­
nológica: la activación del sistema ner­
vioso simpático y del eje HPA por cito­
cinas, tales como TNF-a, IL-1 f3 e IL ·6 
es un sistema de retroalimentación por 
parte del sistema inmunológico. 
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problemas endocrinos (como la tiroiditis de Hashi­
moto y la diabetes mellitus tipo 1), que ejemplifican 
la interacción funcional entre el sistema inmunológi­
co y el neuroendocrino.6 

Numerosos datos experimentales demuestran que, 
al igual que otras células corpora les, las células del 
sistema inmunológico se ven influidas por el sistema 
neuroendocrino, ya que existen diversos niveles de 
control, tanto en el metaboli:smo como en la división 
celular, reguladas por las hormonas y los neuro­
transmisores. 7 La respuesta inmunológica es, tal 
vez, el único fenómeno fisiológico, en el cual la am­
plificación de su respuesta está basada en la prolife­
ración celular y la transformación específica de sus 
componentes. Este proceso requiere cambios meta­
bólicos y factores de crecimiento que hacen a esta 
respuesta dependiente del control neuroendocrino.8 

Por ejemplo, se conoce que la fase de activación 
de les linfocitos T no diferenciados de fenotipo CD4 + 
está determinada por el reconocimiento específico de 
determinantes antigénicos que se presentan en el 

contexto de moléculas del complejo mayor de histo­
compatibilidad clase II (MHC II, por sus siglas en 
inglés), que se expresan sobre las células presenta­
doras de antígeno profesionales, tales como macrófa­
gos, linfocitos B o células dendríticas.2 La especifici­
dad de la respuesta inmunitaria determinada por 
estos linfocitos T CD4 +está modulada por la expan­
sión selectiva de las clonas que son capaces de reco­
nocer dichos determinantes antigénicos y, por lo 
tanto, de diferenciarse a células efectoras (del inglés 
"helper" Thl o Th2) que contribuyen a la protec­
ción del organismo contra enfermedades infeccio­
sas.2·9 La clasificación de Thl y Th2 se hizo b>lSados 
en el patrón específico de citocinas que producen: 
los linfocitos Thl se caracterizan por la producción 
de citocinas como la interleucina 2 (IL-2), el interfe­
rón gamma (INF-y) y el factor de necrosis tumoral 
beta (TNF-P) y están principalmente involucrados 
en la regulación de la inmunidad de tipo celular acti­
vando macrófagos, y también en la hipersensibilidad 
de tipo retardada.9 Mientras que los linfocitos Th2 

Figura 2. Papel de las cé­
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dad celular y humoral. La in­
munidad celular es estimula­
da por citocinas tipo Thl, 
secretadas por las células 
presentadoras de antígeno 
(APC's) y células Thl , 
mientras que la inmunidad 
humoral es estimulada por 
citocinas tipo Th2, secreta­
das por las APC's y las cé­
lulas 7ñ2. La fuente celular 
de IL-4 que estimula la dife­
renciación de 7ñO a 7ñ2 son 
los macrófagos. La inmuni­
dad celular provee protec­
ción contra bacterias intra­
celulares, protozoarios, hon­
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que la inmunidad humoral 
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(circulación) - - - - · 

Glándula endocrina 
nos virus, toxinas solubles 

y alergenos. De manera que los efectos sistémicos controlados por 7ñ2 pueden ser controlados por la liberación de la NE de los nervios simpáticos post­
ganglionares en vasos sanguíneos y órganos linfoides, y el efecto de la epinefrina, secretada desde la médulas adrenal, sobre la producción de citocinas 
reguladoras clave tipo Th 1 o 7ñ2, sobre la función de células 7ñ 1 o 7ñ2, y, respectivamente, componentes de la inmunidad celular y humoral. 
Líneas sólidas denotan estimulación, líneas punteadas denotan inhibición, Ag =antígeno, T = células T, B = células B, PL =célula plasmática, Ma = ma­
crófagos, NE= norepinefrina, NPY = neuropéptido Y, DOPA= dopamina, NH = Neurohonnonas. 
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producen las interleucinas IL-4, IL-5, IL-6, IL-10 e 
IL-13, regulando la respuesta inmune humoral a 
través de la proliferación de linfocitos B y el cambio 
del isotipo específico de anticuerpos, además de pro­
mover la diferenciación de eosinófilos y mastoci­
tos .2·9 Sin embargo, tanto las hormonas como los 
neurotransmisores ejercen influencias sobre las cé­
lulas inmunológicas, afectando la producción de va­
rias citocinas, y que varios productos de la respues­
ta inmunológica tanto tipo Thl, como la respuesta 
tipo Th2, ejercen un efecto regulador sobre el siste­
ma neuroendocrino9 (Figura 2). 

Comunicación neuroinmunológica 
Se ha observado que los órganos linfoides están 

inervados por el sistema nervioso simpático y que la 
denervación de estos órganos conlleva a respuestas 
inmunes exacerbadas. Otros estudios demuestran 
que después de la administración in vivo e in vitro 
de a-agonistas (como metoxamina) se produce la in­
hibición de la respuesta inmunológica. La conclu­
sión a la que se ha llegado es que la inervación sim­
pática media un mecanismo. de restricción sobre la 
actividad de las células inmunológicas. 10 En otros 
estudios se ha evaluado la actividad simpática en el 
microambiente de los órganos linfoides midiendo los 
niveles de noradrenalina (NA) durante la respuesta 
inmunológica, y loR resultados demuestran que estos 
niveles están disminuidos en ratas inmunizadas. Es­
tos datos constituyen dos evidencias de que un cam­
bio en el sistema simpático produce un efecto sobre 
la función inmunitaria. 11 

Comunicación inmunoendocrina 
La hipófisis controla directa o indirectamente la 

actividad de casi todas las glándulas endocrinas y a 
su vez esta glándula es regulada por el hipotálamo. 
La hipófisis es directamente influenciada por la in­
terleucina 1 (IL-1) y la interleucina 6 (IL-6), que 
ejercen su efecto principalmente sobre la secreción 
de la hormona adrenocorticotrófica (ACTH). 12 Ésta 
suprime la respuesta de anticuerpos a antígenos de­
pendientes (eritrocitos de carnero) e independientes 
(dinitrofenol, DNP) de células B.13 La ACTH tam­
bién inhibe la producción de interferón-y por linfoci­
tos Ten cultivo14 y bloquea la capacidad tumoricida 
de los macrófagos. 15 Otras hormonas producidas en 
la hipófisis con efectos sobre el sistema inmunológi­
co son: la hormona de crecimiento (GH), la prolacti­
na (PRL), la hormona luteinizante (LH), la hormo­
na foliculoestimulante (FSH), entre otras. En el 
cuadro 1 se resumen los efectos que las diferentes 
hormonas tienen sobre el sistema inmunológico. 

Comunicación inmunoneuroendocrina a 
través de ligandos y receptores 

Como ya se mencionó, las interacciones neuroin­
munoendocrinas son muy complejas, e involucran 
un asombroso grado de evolución y comunicación 
bioquímica. Hormona::; , neuropéptidos, citocinas y 
quimiocinas figuran de manera prominente en estas 
interacciones. De forma que estos sistemas están in­
terrelacionados por una red de comunicación en la 
cual varias hormonas y neuropéptidos modulan la 
función inmunológica, y en cambio, la respuesta in­
munológica se refleja en cambios neuroendocrinos. 16 

Podemos clasificar estas interacciones de manera ge­
neral en la siguiente forma: 1) Moléculas del sistema 
inmunológico, endocrino y nervioso coexisten en te­
jido linfoide, endocrino y neural, 2) Mediadores en­
docrinos y neurales modulan la actividad del siste­
ma inmunológico y viceversa, y 3) Células de los 
sistemas nervioso, endocrino e inmunológico expre­
san receptores para citocinas, hormonas, neuropép­
tidos y neurotransmisores. 16 De manera que, al com­
partir ligandos y receptores comunes, el organismo 
tiene varias maneras distintas de regular la misma 
función, y se protege a sí mismo de reacciones exa­
cerbadas que implican una alteración de la homeos­
tasis.16 Por ejemplo, una manera de ejemplificar esta 
comunicación bioquímica se produce con la respuesta 
al estrés, en la que el organismo controla la respues­
ta inflamatoria no sólo vía la activación por citocinas 
(IL-1, IL-6, MIF) del eje hipotálamo-hipófisis-supra­
rrenal, sino que también se incrementa la sensibili­
dad a los esteroides suprarrenales por un incremento 
en el número de receptores a esteroides en las células 
inmunológicas, por el aumento de la unión a los ele­
mentos de respuesta a hormonas en el DNA, y la 
transcripción de genes blanco de hormonas esteroides 
(como por ejemplo TNF-a, IL-2, IL-6). Así, estos me­
canismos contribuyen a aumentar la actividad antiin­
flamatoria o inmunoestimulatoria de las hormonas 
esteroides y regulan de manera importante su efecti-
vidad y control.17 . 

En relación con las hormonas estero.irles sexuales, 
se ha sugerido en general que: 1) Las hormonas 
sexuales juegan un papel importante en la respuesta 
inmunológica regulando la proliferación y/o activa­
ción linfocitaria a través de receptores nucleares a 
las mismas, 2) Un microambiente de "hembra" es 
conductivo a la expansión de células secretoras de 
auto-anticuerpos por medio del incremento en el 
cambio de clase de inmunoglobulina, inducida por la 
unión de estradiol a su receptor, y su translocación 
al DNA y 3) La actividad de las células inmunológi­
cas depende del microambiente endocrino, ya que 
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Cuadro 1. Efecto específico de varias hormonas sobre el sistema in \n_u_no_l_óg_ic_o_. _______________________ _ 

Hormona Fuente Célula inmunológica 

17~-Estradiol 

Testosterona 

Progesterona 

Cortisol 

DHEA 

CRH 

ACTH 

Prolactina 

VIP 

GH 

Hormonas Tiroideas 

Vasopresina y oxitocina 

Encefalinas 

Endorfinas 

hCG 

Melatonina 

Ovario 
Testículos 
Glándulas 
Suprarrenales 
Neuronas 

Testículos 
Ovario 
Neuronas 

Testículos 
Ovario 
Neuronas 

Glándula 
suprarrenal 
Adipositos 

Glándula 
Suprarrenal 
Neuronas 

Hipotálamo 

Hipófisis 

Hipófisis 

P:exos 
Mesentéricos 

Hipófisis 

Tiroides 
Hipófisis 

Hipófisis 

Hipófisis 

Hipófisis 

Placenta 

Glándula 
Pineal 

blanco 

Células B 
Mastocitos 
Células Th 1 yTh2 
M0 
Células NK 
Eosinófilos 

Células B 
Células T 
Me 

Células T 
Células B 
Células NK 

Células T 
Células B 

Células T 
Monocitos 
Me 

Me 
Leucocitos 
Linfocitos B 

Células T 
Células B 

Células T 
Células B 
Me 

Me 
Células T 

Ti mocitos 

Médula ósea 

Células T 

Células B 
Células T 

Células B 
Células T 

Células T 
Células NK 

Células T 
Ti mocitos 

Efecto principal 

Aclivador policlonal de células B, promueve la 
diferenciación a células plasmáticas, .!. la masa 
del limo y médula, ósea, 1' las células secretoras 
de IL-10 e IL-6, .t la producción de IFN-y e IL-2, 
regula negativamente I} actividad de NK's, 1 
la fagocitosis por Me, T la liberación de 
serotonina e histamina. 

.l. la respuesta de B a mitógenos, .!. la secreción 
de serotonina e histamina por mastocitos, .l. la 
producción de IL-1, IL-6 y TNF-a. 

.!. la actividad citotóxica de NKs, i la secreción 
de TNF-a, .!. la secreción de citocinas y la 
producción de ON por M0 . 

.!. la producción de leucotrienos y PGEs, modula 
la maduración de células T y B, afecta el tráfico 
y activación de células proinflamatorias, .l. la 
producción de ll-1, IL-2, IL-6, IL-8, IL-10, 
IL-12, y TNF-a. 

1' la producción de IL·2, 1' la producción de IFN-y 
.l. la secreción de IL-6 y TNF-a, protege contra 
daño neurooxidativo, 1' la inmunidad de células 
T.l la DTH. 

1' la producción de IL-1 e IL-6, 1' la quimiotax~ 
y producción de metabolitos reactivos del 02, T 
la proliferación de células B y la expresión de 
los receptores a IL-2 en células T. 

1' la producción de Ac, la secreción de citodnas 
y la proliferación de T. 

1' la proliferación de linfocitos en respuesta a 
anlígenqs y mitógenos, 1' la secreción de IFN·y 
e IL-2, J, los mecanismos de muerte celular en 
células inmunes, induce la diferenciación de 
NKs a células asesinas activadas por 
prolactina (PAKs) . 

.l. la producción de agentes proinflamatorios, 1 
la producción de citocinas antiinflamatorias 
(ambas funciones en M0 activados), 1' la 
diferenciación a células Th2 

1' la adhesión de timocitos a células límicas 
epiteliales, 1' la liberación de los timocitos desde 
la médula, 1 el tráfico de intralímico. 

1 La proliferación de células B inmaduras. 

1' la proliferación de células T y B. 

Bajas dosis: 1 activa células By T. 
Altas dosis: immunosupres1ón . 

.!. la proliferación de células B y la 
producción de Ac . 

.!. la proliferación de T y NK y la inducción 
de T supresores. 

Afecta la me.duración y diferenciación 
de los limocitos 

Símbolos y abre~iaciones : 1 = in~rementa , .!. = suprime, Ac = anticuerpos, p~H = hipersensib~lida.d de .tipo retarda~o. CRH = corticotrop!na, A~T~ = 
adrenocorticotropma, DHEA = deh1droep1androsterona, GH = hormona de crec1m1ento, VIP = péplldo intestinal vasoachvo, hCG = gonadotropma canónica 
humana, IL = interleucina, ON = óxido nítrico, PGEs = prostaglandinas, 0 2 =oxígeno, M0 = macrófagos, NK =natural Killer. 
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este ambiente determina el tipo, el número de recep­
tores expresados y la es tabilidad de su unión al li­
gando.16.17 

El uso de las hormonas como 
inmw10estimuladores 

Cuando ex is te una desregulación del sistema in­
munológico, el organismo es incapaz de responder 
adecuadamente. Esta respuesta inapropiada puede 
asociarse a un desbalance hormonal específico, en 
particular en aquellas hormonas que pudieran ac­
tuar como hormon as inmunorreguladoras (HIRs), 
como son la dehidroepiandros terona (DHEA), el cor­
tisol y los esteroides sexuales .16·17 Estas hormonas 
parecen actuar a nivel genómico, regulando la pro­
ducción de un mensajero químico conocido, como 
son las citocinas. 17 La desregulación puede ser agu­
da o crónica, y está asociada a enfermedades que dan 
como resultado la muerte en schistosomosis, o una 
calidad de vida gravemente comprometida para mi­
llones de personas cada año en el paludismo o la en­
fermedad de Chagas. El sistema inmunológico nor­
malmente se encuentra regulado por hormonas y 
citocinas íntimamente relacionadas, generando así 
un control apropiado en la respuesta inmunológi­
ca.18 En el ser humano existe una gran variedad de 
agentes que originan fallas en la regulación del sis­
tema inmunológico. Estos agentes incluyen a virus 
(como el virus de la inmunodeficiencia humana 
[VIH], el virus de la hepatitis B [VHB] y c [VHC]), 
algunos parásitos como Plasmodium falciparum y 
células tumorales. 19 El sistema inmunológico puede 
estar desregulado por una sobreproducción de las ci­
tocinas Th2 y una disminución en la producción de 
las citocinas Thl, o viceversa; estas condiciones dan 
como resultado una deficiente capacidad de control 
de algunas enfermedades o la eliminación de patóge­
nos en las infecciones que de otra forma estarían 
controlados. 20 

Un desbalance en las citocinas Thl/Th2 no sólo se 
observa en las enfermedades infecciosas, sino también 
en enfermedades autoinmunes, procesos inflamato­
rios y en algunas condiciones asociadas a la edad 
(como la enfermedad de Alzheimer).21 De manera que 
el uso de hormonas como inmunorreguladores para 
corregir la desregulación inmunitaria puede poten­
cialmente ser útil en el tratamiento de una gran va­
riedad de enfermedades.22 Sin embargo, diferentes 
eventos endocrinos pueden interferir en el funciona­
miento del sistema inmunológico, teniendo como re­
sultado consecuencias adversas. Así, se sabe que el 
estrés incrementa la producción de cortisol, el cual a 
su vez actúa como un inmunosupresor, favoreciendo 

la respuesta de\ tipo Th2,23 por lo que las personas 
que sufren de 1}n episodio de estrés agudo son más 
susceptibles a las infecciones. 24 Por otra parte, diver­
sos agentes infecciosos como virus, parásitos y otros 
patógenos pueden ser capaces de sobrevivir en el or­
ganismo por una interrupción de la regulación de las 
citocinas Thl/Th2.25 Estos patógenos han encontrado 
la forma de desviar la respu esta inmunológica tipo 
Thl hacia una de tipo Th2, de manera que las células 
infectadas escapan al control inmunológico.26 

La edad también es importante en el funciona­
miento de nuestro sistema inmunológico, ya que se 
ha observado una marcada deficiencia en la respues­
ta inmunológica de tipo Thl , tanto en niños como 
en ancianos. En la vejez, la respuesta inmunológica 
de tipo Thl se pierde progresivamente, de manera 
que a medida que envejecemos nos volvemos suscep­
tibles a las infecciones virales (como la influenza) 
que un individuo joven normalmente resuelve con 
facilidad. 27 Además, la pérdida de la respuesta inmu­
nológica afecta la capacidad del anciano a responder 
apropiadamente a la vacunación. 28 Se sabe que las 
citocinas Th2 tienden a presentarse en los primeros 
años del desarrollo, y que al paso de los años éstas 
cambian a las citocinas Thl, y que nuevamente re­
gresan a las citocinas Th2 en la vejez.29 Esta reduc­
ción en la respuesta inmunológica de tipo Thl está 
fuertemente asociada a enfermedades como el asma y 
las alergias en edades tempranas.30 En muchos ca­
sos, el asma o las alergias se hacen nuevamente pa­
tentes a medida que el individuo envejece y su res­
puesta de tipo Thl disminuye. La falta en la 
respuesta de tipo Thl también está implicada en la 
incapacidad del organismo para eliminar las células 
cancerígenas.31 Estos datos sugieren que una tera­
pia hormonal pudiera restablecer apropiadamente el 
balance de las citocinas Thl/Th2 en la gente que su­
fre enfermedades causadas por la desregulación in­
munitaria, como son enfermedades infecciosas, cán­
cer y otras. 32 

De esta forma, las hormonas podrían actuar man­
teniendo el balance Thl!l'h2, necesario para defender­
se ante cualquier reto antigénico (Figura 2). De ma­
nera que las HIRs actúan a través del sistema 
endocrino, y regulan de manera natural el balance en 
una respuesta inmunológica. Estas HIRs pueden ser 
metabolitos o análogos de las hormonas circulantes 
en los organismos.33·34 Los niveles de estas hormo­
nas, como, por ejemplo, la DHEA, el cortisol y los es­
teroides sexuales, normalmente se incrementan des­
pués del nacimiento, tienen un pico entre los 20 y 30 
años, y empiezan progresivamente a decaer, de forma 
que durante el envejecimiento sólo representan una 
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pequeña fracción de lo encontrado en jóvenes adultos 
sanos.35 El incremento y la disminución de estas hor­
monas es paralelo al desbalance Thl/Th2 a medida 
que envejecemos. Este fenómeno sugiere que las tera­
pias hormonales pueden ser una forma apropiada de 
restaurar el balance inmunitario.30 

La forma en que las HIRs actúan podría ser a ni­
vel celular, a través de receptores nucleares que esti­
mulan la transcripción de citocinas. Esta regulación 
ocurre en un contexto dependiente de la enfermedad. 
Esto significa que el efecto de las HIRs sobre la pro­
ducción de citocinas puede variar según la naturale­
za del desbalance inmunitario. 37 Es decir, un desba­
lance en la producción de citocinas Thl podría 
generar una respuesta reguladora diferente que la 
producida por un desbalance por Th2. A diferencia de 
la administración sistémica de una sola citocina que 
puede inclinar la respuesta inmunológica hacia una 
sola dirección, las HIRs pueden tener la capacidad de 
restaurar apropiadamente el balance inmunitario a 
través de la producción natural endógena de citoci­
nas. Como resultado, esta nueva terapia se espera 
que reduzca la propensión a la citotoxicidad. Por 
otro lado, varias HIRs han sido estudiadas y se ha 
encontrado que influyen en la producción de múlti­
ples citocinas del balance Thl/Th2 en los casos don­
de existe desregulación inmunitaria.38 También se 
ha encontrado que estas HIRs son capaces de corre­
gir el mal funcionamiento de las células dendríti ­
cas,39 que son células presentadoras de antígenos, 
claves en el sistema inmunológico, que ayudan a di­
rigir la respuesta Thl/Th2. Estudios preclínicos han 
demostrado que la terapia con las HIRs puede corre­
gir la desregulación Thl/Th2 que se presenta en cé­
lulas dendríticas como resultado de una infección y/ 
o enfermedad. 40 También se ha visto que la adminis­
tración de hormonas produce beneficios funcionales 
en diversas enfermedades, incluyendo el SIDA, di­
versos tipos de cáncer, varias enfermedades autoin­
munes y enfermedades relacionadas con el envejeci­
miento .41 

CONCLUSIONES 

Hasta hace unos años el sistema inmunológico ha 
sido visto como un sistema aislado de los otros sis­
temas corporales. Es evidente en esta rev isión que el 
sistema inmunológico y neuroendocrino comparten 
numerosos ligandos y receptores, lo que resulta en 
una constante e importante comunicación bidireccio­
nal. De hecho, se ha postulado que una nueva e im­
portante función del sistema inmunológico sería la 
de servir como un órgano sensorial para los estímu-

los no cognoscitivos que para el sistema nervioso 
central pasan inadvertidos, como pueden ser los 
agentes infecciosos. Lo que en la actualidad estamos 
proponiendo es la reintegración de un sistema im­
portante en el contexto fisiológico de todo el organis­
mo. Esto, indudablemente nos llevará a una mejor 
comprensión básica de la fisiología y a generar cam­
bios en la práctica de la Medicina moderna. Para 
entender aún más el proceso de la comunicación bi­
direccional del sistema inmunológico y el neuroen­
docrino será necesario continuar con la búsqueda de 
ligandos y receptores comunes de los dos sistemas, 
así como ahondar en las similitudes y diferencias en 
su regulación funcional. Eventualmente se encontra­
rán nuevas funciones del sisLema inmunológico so­
bre los neuropéptidos o las neurohormonas, así 
como otras propiedades endocrinas de las citocinas. 
Además, será un reto para los fisiólogos integrar 
esta información en el contexto del organismo como 
un todo. Por otro lado, los avances en el conoci­
miento básico de la interacción inmunoendocrina 
debe llevarnos al diseño de nuevas terapias para el 
tratamiento y diagnóstico de enfermedades en huma­
nos, tanto de aparente origen inmunitario como en­
docrino. Dos recientes descubrimientos ilustran fe­
hacientemente las posibilidades futuras del uso de 
este conocimiento. El primero es la observación de 
que la corticotropina es un agente proinflamato­
rio, 42 y el segundo es la disminución del rechazo a 
un injerto renal en ratas tratadas con el antagonista 
opiáceo, naltindrolona. 43 Hace algunos años hubiera 
resultado difícil de imaginar que se pudiera tratar 
una inflamación periférica con un antagonista de 
una hormona liberadora hipota lámica o el usar un 
antagonista de un opiáceo para facilitar un tras­
plante de tejido. 
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Abstract 
Human neurocysticercosis (NC) is a parasitic disease 
caused by Taenia solium when its larvae lodge in the 
central nervous system. NC prnvalence estimates are 
obscured by the variable and often asymptomatic clini­
cal picture. While infection depends on exposure, severi­
ty is possibly related with various host factors (immunity, 
genes and gender). This epidemiological study of cranial 
CT sea ns in an endemic rural community found that 9.1 % 

of apparently healthy subjects had calcified lesions and 
were completely asymptomatic. Silent NC cases did not 
correlate with the exposure factors tested but showed 
family aggregation and higher rates of positive serology. 
Thus, NC prevalence may be higher than currently con­
sidered and host-rel~ted factors appear to be involved in 
infection and pathogenesis. 
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lntroduction 

Ncurocysticcrcosis (NC) is a frcqucnt discasc uf thc 
human central ncrvous system (CNS) in devcluping cuun­
tries of Latin Amcrica, Asia and Africa, where conditions 
favoring transmission pcrsist. NC has rcccntly reemcrged 
in afíluen1 societics due to immigration [ 1 J. In endcmic 
countrics. it is the main cause of latc-onsct cpilepsy ( 30-
SO'Y.1) [2. 3]. it rcpresents the third most common cause of 
admissions to neurological hospitals in Mcxico. and was 
found in 1.3-3.1 % ofthe autopsies performcd at the Gen­
eral Hospital in Mcxico City [4]. The clinical pleomor­
phism ofNC is thought to result from parasitc factors (lo­
cation . size, and numbcr) and host factors (degree óf 
immunc and inllammatory reactions). Thc clinical course 
of NC is variable: sume individuals rcmain asymptomatic 
and the parasitc dics without treatment. whilc provoking 
severc ncurological disordcrs in others. 

Thc diagnosis of '-:C is dillicult on clinical grounds 
alone and requircs the use of neuroimaging t<:chniqucs 
(computcd tomography and magnctic rcsonancc imag­
ing): thcsc tests havc rcstrictcd availability and dispropor­
tionate costs in cndemic countries. This fac1or accounts. 
at lcast partially. for the lack of rc!iahlc epidcmiological 

tJ111\\'r~id;1d '.\l;!.,·i11n:il Au1;.in,mu .k r--i .. •,i,;o 
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data about thc real prevalt:nce of NC. Severa! immunolog­
ical tests have becn used to estímate parasite seropreval­
ence in rural communities. Seroprevalence varies bc­
tween 1 and 11 % [5-9] depending on thc study dcsign and 
sample size. Although available immunological methods 
are suboptimal. these data indicate that contact with the 
parasite is frequent. Howcver, dcspite widesprcad expo­
sure, only few individuals dcvelop the disease, which may 
be mild or severe, suggesring variability in host suscepti­
bility. In other human parasitic discases, it has been dem­
onstrated that gendcr [ 1 O], age [ 11] and genetic back­
ground [ 12) modulare host susceptibility. although, in 
most cases, the mechanisms rcmain to be clucidated. 
Clear evidence of the relevance of thc nonclassic MHC 
antigcn (Q9) and of hormonal factors [ 13-15] has been 
obtained in experimental murine cysticcrcosis caused by 
Taenia crassiceps. Few studies are available on host fac­
tors implicated in the susceptibility to T solium infection. 
Sorne evidence has been found in experimental swine cys­
ticercosis [16). also pig castration and prcgnancy were 
associated with higher prevalences in natural disease. In 
humans. one study claims an association between HLA 
DQw2 antigcn and resistance [ 17]. In addition. hospital 
studies show a highcr prcvalencc in middle-aged adults 
andan int1ammatory multicystic form has bccn reportcd 
more frequently in women [18). 

140 f\:curoep1dc:miology ~003 ; 2:!:139-145 

TepetzP.1intla; - ] 
1,782 hahitnms 

' 

Representativt: 
sample in age and 

location in the 
communi{V 

(155 individuals> 

· 26 additional CT sGans 
of NC rela1 tves 

· 34 additional CT scans 
of non-NC relatives 

· 1 addilional CT scans of 
spouses of NC cases 

--~-------

___ .,.,Familiar study 1 

.. ¡case-control study 1 

The prcsent report is an epidemiological survey ofNC 
based on cranial CT scans in a rural community in Mexi­
co pointing to the relevance of biological host factors in 
the risk ofNC in a highly cndemic situation. 

Materials and Methods 

Studr Cc>rnmunit_r 
This survey was conductcd in Tepetzezintla. a rural community 

of 1. 782 inhlb;tants. located in the state of Puebla in central Mexico. 
This community was seh:cted beca use of its inade4ua1e sanitary and 
socioeconomic conditions Lhat prornote the life cycle of the parnsitc 
(open-air dcfecation , rustic pig-rcaring methods, consumption of pig 
rneat withoul inspection and poor hygienic and dieta!)· habits). In 
addition. a prevalence of 14% of pig cysticcrcosis in a sarnple of 80 
pigs inspected al thc bcginning of thc study confirmcd active trans­
rnission in thc villagc. 

Strulr Desig11 
The survey was conductcd in two phases (fig. 1 ). NC prevalence 

was estimated by CT sean in a random representative sample of t 55 
residents. Sample size was calculated considering an cxpccted prc\' a­
lencc of 4% anda precision of 3%. Afler the subjects had given 1hc1 r 
informcd conscnt. cranial CT scans were obtained of ali inclu r'~ c~ 

subjects ata general hospital in Puebla (a 3-hour ride from thc r 
munily). In a second pilase. additional CT scans werc obtained of 
rclatives of NC and non-NC individuals 10 study the relation c1f '· -:· 
with ex pos u re and genetic factors . The g.cnealogies of ali panicip~ ; , . 
were analyzed to assess the family links amongst them. 

--------------- -· 
Flcury el al. 
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D~{inilion ofNC Case and Neuro/ogical fr.11 

Subjects wcre considcrcd NC cases if thcy prcsentcd cerebral 
lesions compatible with "iC [cysts and/or roundcd hypcrdcnsc 
lcsiori(s) compatible with nodular hrain cysticcrcus calcification] in 
thc CT sean. Nonconclusive CT scans were excludcd frnm the analy­
sis (2 cases). A neurologist clinically cxamined ali subjccts and 
searched for present or past neurological symptoms. 

Exposure Fac1or.1 
A standardized qucstionnaire to colkct demographic. sociocco­

nomic, hygienic. dietary and epidemiological data was applied in 
each houschold by a rural doctor and tw•l technicians who haü lived 
in the community for 2 ycars. Thc ~haracteristics ofthc living quar­
tcrs (c.g. type of lloor, roof, or WC) wcrc collected by dircct visual 
inspection of all houscholds in volved in thc study. 

Specimen Colleclion 
After inforrned conscnt had been given, blood samples wcrc takcn 

to determine antibody levels against T solium cysticerci by ELISA as 
previously reported ( 19]. A scrurn sarnplc was considered to be posi­
tive in ELISA when its optical density reading exceeded the mean 
value of subjects frorn Tepctzezintla with negative cranial CT sean. 
plus two standard deviations (optical density 2:0.4). Three sarnplcs 
of feces frorn individuals werc also collected on diffcrcnt days, fixed 
in 10% fom1alin and examined microscopically using conventional 
coproparasitoscopic Faust and Graham techniqucs. 

Swine C)'slicercosi.1 
Pigs brcd in the community were examined for the presence of 

T solium cysticerci by visual inspection anti palpation ofthe tangue 
sunace by two veterinarians experts in this form of diagnosis. 

Stalislica/ Analysi.r 
D:na \\ .:ri: proccssc..~d u:o;íng E\1.:d 7.t11 ~·t i(Hb()ft) :.tnd St~nis1 ica for 

\\'iiHh,w-; 1.Statx1ft). Dislr ihut i,1n of ind":pl.'ndent \·arí~hk·s was ...:om­
parcd hy x= IC'\b with )' at..:' l.'.Offl.'Clit.m. 1 \\ 'O-taikd Fishcr\ 1.:xai:t tests 
or t lL' :·;\. using. \)~'%, C4.lnrid1..'1h.:c int....·1T~1b ICI l. Odd r;1t i,h (0R ). \\ 1th 
úllTC:-.1')()1lJing \..)) <~ , CI iil\J r \ alLh.'S. \\\:re 1..·akulat..:d lO i,1L'nti1~· lh1..· 

rÍ:\k i'ach)fs ª"S~)cia1cd \vith l.'.)Sti1..\.'r...:osi:- and 51..'ropo~iti' ity. Lngisti1..· 
rcgrcssit.1n . u:-.ing a l\.)rwarJ stt:pwi~ Jn~ilysis. was ah·~' Lb,~d tll asscss 
tlH.' ~.hS-1.K'iation b1..'f\\'CL'n th1..• diffcri..·nt Yanabk'I ~11H.I thc rcsults 1Jfthc 
CT s1..·ans anJ scrologii:al studiL·s. Thl' v~uiablcs includl?d in this anal­

) Sis wcrc thosc wilh ar~º··' in u11ivana1c analy'\i~. 

Results 

Prnalcnn' S1 /l(fr 

\Ve cstimated NC prcvalcnce 1n a samplc nf 154 indi­
vidual~ li1·ing in 70 huuscholds. \Jales 11crc un<lerrcprc­
scntc<l (28...l%) <lue 10 migration. Thc main characterist ics 
or thc samrk wcrl' a; fr1lk1ws: 2X'Yo. wcrc illitcratc. 54º'" 
wcrc living in lwusc:s " ·i1h1Hll ccmcnl rm•L 26'~'" 1n ll<lllSl'-> 
ll'ilh carth iloor. 61 % in h11uscs w11hout latrinc:; ur loilcts. 
J 2% ktd a ,_·ar. .:1<)% Jec'larcJ washing frui1s and l'<.:gcta­

blcs. 6'1% practiccd rustic p1g r.:aring. 6'h, c·laimed ame-

Ep idcrn iology of Neurocyst ice reos is 

" 

20 1-- - --· ------- ----------­º Scroprevalcnce 

- NC prevalence 
4124 
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Fig. 2. Agc-spccilic NC prcvalcncc and s.:roprcvalcncc. Scroprcva­
knce docs not diffcr at diffcrcnt agcs tr = 0.58)_ NC prc1·akncc wcak­
ly incrcascd with agc (p = 0.06). 

cedents of passing tapcworms and 7% dcclarcd to havc 
consumed infectcd pork mcat. 

Cranial CT scans showcd lesions compatible with NC 
in 14 individuals (3 males and 11 fcmales) . amounting to 
a prcvalcncc of 9.1 %. Ali lesions werc calcitied: single 

lcsions wcrc found in 12 indivi<luals and multiplc lcsions 
in 2. Ncither neurological svmptoms nor signs wcrc 
prcscnt in any of thc NC cases. Only 1 suhjcct with nor­
mal CT sean prcsentcd seizures. Calcitications were con­
sidercd ofcysticcrcal originas in Mcxico thc prevalcncc of 
olher brain granulomatous diseascs is much lower than 
NC and beca use thc calcilicat ic1ns had a sizc and shapc 
typical of cysticcrcosis. NC prevalence was higher in 
womcn ( l O 1·s. 6.8%) but thc differencc was no! statistical­
ly significant (OR = 1.52: 95% Cl 0.4-21.3. p = 0.39). 
Agcs varied from 8 to 66 years. Subject age was wcakly 
associatcd with NC-compatiblc lcsions (p = 0.06. x_ 2 test 
for linear trcnd: fig. 2). M ultiplc lesions werc more fre­
quent in males (p = 0.046) and in subjects over 60 ycars 
old (p = 0.0007). 

Scwlogy was pcrformcd l'l1 l .W individuals (90.3%), 
and seroprevalcncc was 6.47 1

!41 (9/139). For NC diagnosis. 
thc serology scnsitivity was 15.4% (2113) and specificity 
95.5% (120/126): 25% (2/8) ofseropositivc subjccts and 
~.4% (l 11131) ofscrnncgati'e individuals hada cranial 
CT sc:rn imagc charal·tcristil· of NC Scropositivity w·as 
more frc4ucn1 in kmalc-; (6.4 \S. 4.5%) although thc dif­
krcnc.:: was not s1atis1ically signilicant (fl = 0.5). and did 
not significantlv vary with agc (p = 0.58. r..' test for linear 
t rcnd: fig. ~ ). 
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L·as...::s . :\1ndng ~tll. onl ~ 1 indi' 1du~i1 prt: ~l.·11ti:1 I :--c11.ur'-· ..., 
;ilhc i1 h;1' in)! ;11i. 11·11ul C I " ·;in (J f ¡ll ,· 1<•Lt! . ,111h ~ i11 d1-
' 1dual '.'- 1 -~ 1lh'n ~ 111d 1 "' 1tl1: P 1.1 !11 1..· ... 1..·nii..:d h 1;11n l ·;11t" 11 -11.. ·:1· 

tiun , ,·,11np;11ibk \\l\h '\( · 2 ,,f ._,·h1 c·h 1\ ·11,,r1,·d 11,-;, ,1;, ,·11 ,· 

hul did lll\l prc''L"ll\ ;1lH1"rn1;d1\'c·, 111 11 c·llr<>l<1)! ic;il ,·,a1111-
11a1 iclll. l ; 1('1! ia spp. e")!)!' "c·rc I~ ' ' ' ntl in st u< 11 ¡,·,1, uf 1 rl'1 ;1-
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;1u 111 11f l·a~s 5. ú :rnd 7 

1 i' e "r a P' 1sit i' e CT sean case' bul l he d 1agno:;is or tacn 1' · 

sis C<>uld 1w1 he c·onlirmcJ by ;111 apprupriatc 1n:a1111cnt. 
Th..: main chara,·tcristics ,,¡- 1hc ,1v..:ral l 1 X !\C eas..:s :1 : : 
shown in table 1. 11 shoul<l hr.: nntc<l 1ha1 nws1 ol'th..: brain 
k:il\\JlS ( l 31~0) w..:r..: k1l·alizr.:<l in rnrnlal lohcs withouc ..:vi­
d..:nc..: orlatr.:ralizatiun. 

I /1111wl10/d ( "/11.\/eri11g 
c\na lysis was pcrformcd 10 s..:an:h t\_1r clustcrs within 

th..: 77 panic.:ipan1:;· houscholds_ Fiftccn ni' 1hcsc h,1usc­
hol<ls. h,1using in ali 55 pc.:oplc ( 15177 = 19.5%). had 1 i\C 
case in cach houschllld. hm ,1nly 1 houschold . housing ·,• 
pc,1plc. ( 1177 = l .J%) had -~ NC cases and 61 housdH1IJs. 
hnusing in ali 1 ~6 p..:,1pk (77 . ~%) had lh' "((' c·ascs. Pr,·-. .1-
k n,,· ,,f NC ;1nhrng lih: ih1u sl'ill1ld 111..:rnhc rs Ji,·ing "ith ;11 
k:1'l 1 '\C \';he' [4 .16% Cí48l] w ;¡,; luwc·r 1han 1hc '"·,·r;tll 
prc·,akncc· in 1hi :; sludy [<J . 1% 114 .1 1 ~-l lJ . 1ndicating iw 
signilíc·ant h,nisd1old clu,;1..:ring oflhc· case:,;. 
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F11111ilr .· lggrega!io11 

O f thc 26 CT sea ns ohtaincd nf r.::l a t ivcs of NC individ­
uals. :; had calcificd l<:sions compatible with NC U. broth­

n s o f an NC cas.:: and 1 n iccc ). Pr.:: vakncc or NC cases in 
rclativcs of NC cases was 11 .5% i .1/26) a nd 0% (0134) in 

rc la t in:s of non-NC individuals. Additionall y. 50'*• of thc 
cas..:s \\"<.: re rclat..:d w cach othl'r (9 i 18). 

No s ignil'icanl assticia1ion or NC in marilal coupks 
was found in thc 27 c,iuplcs that participm.::d (p = 0.9.24): 

in .20. no mcmbl.'r "as affcctcd . in 7. 1 mcmhcr ''ª' 
alfcc tcd and in ntnh: \1 ..:re thc .2 mcmb.::rs a rt i.:c1cd . 

( ·asl'-Co111rol S111din 
CTSam-l'osilil'<'S rersus CTSc1111-:\'egatires. Exposurc 

and socio..:conom ic faciors werc comparcd bctwccn thc 18 
indi1·iduals with positi' e CT sean and .206 individua ls 
with normal CT sean . No association was found bctwccn 
NC cas..:s and 1hc cxposurc q1riahlcs. with thc cxccption 
of thc follow111g <lílCS that wcrc. lhiwcv..:r. lhll slatistica ll y 
significant : dctcction of liic111a spp. cggs in thc stool test 
(OR = 4.8: 95% CI 0.00.2-11590). opcn-air fccali sm 
(OR = .2 .8. '15 % CI 0 .8.2-10.4). antcccdcnts of rcaring pigs 
(OR = 1.94: 95% CI 0 .25-588). pi g. rcaring at 1hc momcnt 

of 1hc sun·cy (ÜR = 1.8 5:. 95 'ri1 CI 0 .63- 5.5 ). antcccdcnt s 
of ..:a1ing inli.:ctcd pork mcat COR = 1.85: 95% C I O.O:l-
9.8). consumptiLin nf pork mcat more ;han once per weck 
(OR = 1.66: 95'!,;, CI (1. l-6.8). illitcr~cy o r primarv school 

k1cl (OR = 1.65: 95'!" CI lU4- .n .3 j. lad of rcfrigcra to r 
COR = 1.5: 95% C! 0.4 7-5). prcscncc llf swinc cysticcrco­
s is al thc momcnt o fthc sur1·cy (OR = 1 . .25: 9'.'% CI 0.4-
10.8 1. ll<'Urnkigic·al symphlm s (OR = 1 . .2: 95% CI 0.>6) 
;rn d 11 ith \l;i shin g ,,( (ruih and ".:gcrahlcs (OR = 1.06 : 

95•:,; , C I O. n-31 . L sing multiplc rcgrc·s.sio n analysis. 1w 
<. igniticant assoc ia1i1.l n \\as (nund bct\1ccn Lhc Jifkr..: nt 

.: .x posurc "ariablcs anJ CT _-;ca111-.·s1ill s. 
Sewposifi• ·<·s r<·r.w,· .\", ·ro11ega1 ircs. Thc rdat ion hc­

rwccn scrolt)gy and 5,,,.¡,lC(tHlomic factors was compar.:d 

in thc 15 scropositivc and 1 ~4 S<-roocgativc individuals. 

O nl \ thc :ihscncc n1· 1ck1·isitin " "" sta l ist ica lly assoc ia tcd 
\\ith s<.:nipositi\ily (OR = 4.02: 95 % CI 1.1-14.4: p = 
ll.0.2 ). '\:u s igni1icant as,;,ic i:1t Í•l lh wcre l°l>und b..:twccn 

scr1.lp<.l~ ili\· i1 v and thc· cklcction "'° r (/( '11/ ( / spp . cggs in tlll' 
,;to1.>I tcsl (0R = l l< : '/)'!., CI 0 . .2 \_ L'7 8 l. 1hc abscncc ,lf 
t•>ikt s iOR = .i .:': 95 º" CI 0.:'-4lJ i. livin g wi1h an individ­
ual that clailllL'd anl c<.:o.:Jcnh of ll:niasi s (ÜR = 2. 1: '1 5"1i1 
CI 0 .06-1 1.4 l. p1ú 'C(knh ,,( rcari ng pi gs (OR = 1 5 7: ')) ' )i, 

C I !1 . .2- .\ 1. carth lhl<>r! Ü R = 1. 53: lJ:'i'Vi1 ( ·1 0. -1 - 5.6) . pr.:<.:<.: ­

dcnt s uf s11inc· cvst1cc r1.'<' ' is (OR = 1.3: lJ ) '!'" CI 0 .-1 - -1 .5 1. 

rc:i ring pig;; 1crn '° 1.3: 95% CI 041 --1 .~ ) . 11 ashing "r 
i'ruit s :1nd \·cgctablcs tOR -= 1.3: 95% C I 0 .-1--1 . .2). rustí<.: 
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pig rcaring (OR = 1.1 : 95% CI 0 .3-4.3). or full-time living 
in Tcpct zczintla (OR = 1.05: 95% CI 0.2-1.4). Howcvcr. 
using multiplc logistic regrcssion analysis , the bcs1 fil 
modcl with a positivc ELISA rcsull was thc prcsence of 
F11l'llia spp. cggs in thc stool ICSI (OR = 65: 95% CI 2. 7-
1543: p = 0.009) and living with an individual who 
claimcd having passcd a tapcwo rm (OR = 26: 95% CI 2-
328: p =o.o 1 ). 

Discussion 

This epidcmiological survcy contrasts thc rclevance of 
cxposure and biological factors (gcnder. agc and gcnctic 
background) in NC infec1ion . lt was pcrformcd in a highly 
cndcmic rural communi1y lo allow thc idcntifica1ion of 
cn vironmcntal. bcha1·ioral and biological fac1o rs tha1 
could intlucncc infection and discasc dcvclopment. 

A CT scan-bascd NC prcvalcncc of 9.1 % was found. 
threc times highcr than 1hc al'cragc ofNC reponed in sev­
era! au1opsy studies (20-.22). This rcsult confirms thc 
magnitudc ufthc NC prohlcm in Mcxico and s1resscs the 
nccd 10 pmmotc control mcasurcs. Ali thc fac1ors 1ha1 
favor 1hc lifc cydc of T. _,ofi11111 pcrsist in this cndc mic 
communit y. Howcvcr. bcing in contact with thc parasitc 
docs 1101 neccssarily imply NC infection. as mos1 of 1hc 
cxposurc factors wcrc not associatcd with il. This lcads us 
to proposc 1h_a1 thc su.:ccss of infrction in thosc living in 
highly endcmic a rcas docs not only dcpcnd on cxposurc to 
thc parasitc bul is rcla1cd 10 01hcr hos1 or parasite faciors. 
111.>t yct cluc· idaicd. 

All diagnoscd NC cases had calc ilicd lcs ion s ;i nd ,,·ere 
asy mptumatic. Two of 18 NC cases wcrc positivc for a 
his1ory ,)f hcadach.: ( 1 1 % of thc cases). A s imilar pcrccnl­
ag..: o r cont rols abo had a history of hcadachc. Consid­
ering thal this symplllm is nonspccifi.: and similarly 
affccts cas..:s and rnn1rols. it was assumed that headache is 
nol rclatcd to thc prescncc of calcificd cysticcrc i. Only 2 
suhjcct s prcscntcd seizures but both had no rmal CT 
sea ns. Thcs.: 2 sub_¡ccts wcrc undcr 20 ycars o f agc and did 
not havc antcccdrnls of cranial lraumatism . Thcsc data 
ClHltraSl with thc n.:sults of hLlSpitalary StudiCS thal linda 
high prcvalcncc 1.if sciwrcs in t\C pa1icnts and s1rcng1hcn 
thc notion thal in rural arcas. thc main c1io logical factor 
lilr pcdiatric sc iLtircs is st ill peri natal dam agc. In 01hcr 
s..:rics or NC pa1i1.·nts studicd by CT s<.:a n . thc cakilicd 
l"lmn h a ~ al so hecn thc nwst frcqu cnt on es [~:> . 24) . In a 
CT scan-bas..:J cpidcmiolligica l study pcr!Ormcd in Hun­
duras. 80.6% of thc 31 NC pal icnts diagnoscd ha d calci­
ficd lcs ions (.251 . Thcsc dala rnnfirm that lhc "I C diseasc 
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1,; 1-.:l;11 i \'l' ly fh.: n ign 111 1111 ''' c:1'.>. :111d ,; uggc''" 1 hat 1 he 
para-;i1c· 111;1y die 11·11l111u1 ' Pc,·1"ic trc· ;1 1111v111 Thc\ ;d,;" 

-;ugg..:'l !IWI llh' sc:,·c·ri1 ' off\( d11c' 11111 ,·111Tc·lalc' 11·i1h 
c'\P•"'llrc·. hui 1h :11 a dd111 011:d 1·:1 . ·1 11r' m;!\ h,· i11q1h,·d in 
the dc, ·cl11p 111,·11 1 ,,r thc" , ,., ;;r,·, lin1ca l ló r11i, ,,¡' th c· di , ­

ca,;c . Fc1r ins1a1ll'C. i111111u111l\ acquir..:d :is a c\11i,;cqucn,·c 

11f li ,·ing 111 a highl~ ..:11 dc1111c a1c:a l'<>uld 1ir.Hcc1 against 
sc'.YCrc· forrns. ,ir cls,-. spc·,·ilic ih •SI i':tLI• 1rs mav 111ndula1 c 
1 he rclat icmship wi1h 1 he par;;,; i1c. ·¡ h,·sc p1)ssibili11..::; 

slHiuld h,· c\p l111·cd ;i nd rn :1' ¡,,. _,r 1mp<> rt:111,,· 111 c1111 . .:. 1d­

cri11B ln11na11 \ · ;1L·L·i 11 ~1 1i,)ll ld pr .... ·, .._·nt th .. : d1 :-.;1..·~ 1:-. ... :. 

Although ali cases found in this study were calcilied 
clinically silcnt lesions, intlammation dueto the presence 
of the parasite in the CNS could promote pathogenic 
states. Calcified lcsions in the CNS have recently been 
found to be associatcd with perilcsional edema and mor­
bidity (26). This possibility has to be addressed in a fol­
low-up study of the apparently silent cases. 

Regarding parasite localization in the brain, most cases 
(66.7%) had calcifications localized in the right and left 
frontal lobes partially explaining thc absence of symp­
toms. In 3 cases, the lesions localized in temporal lobes, 
but ali were asymptomatic. 

Seroprevalence in ELISA was 6.47%, almost five times 
higher than the overall scroprevalence found in the Na­
tional Seroepidemiologic Survey madc in Mexico in 1988 
[9]. The low observed sensitivity ( l 5.4%) is in agreement 
with the resuhs obtained in different hüspital-based stud­
ies [ l 9, 27] in which low or negative lcvels of antibodies 
were found. especially in patients with single and calcified 
lesions. These data sho11· th at seropositivity <loes no t im­
ply NC and that surveys bascd on scrology only indicate 
contact with the parasitc and must be exam incd with pru­
dence . 

We found no gender-related differences in prevalcnce. 
In contrast. in symptomatic hospital cases, evolution of 
thc intection significantly differs between males and fe­
males ( 18). Conceming agc, a slight association was found 
between NC prevalence and increased age (p = 0.06); 
however, the data must be considered with caution, as 
prevalence is cumulativc in time . The highest seropreva­
lcnce and the lowest NC prevalence in children are of 
interest (fig. 2), as it could indicate higher resistance to 
infcction in early life. The age data agrec with the low 
prevalencc of NC (0.16-0.54%\ found in autopsies per­
formcd in Mexican children 's lwspital s [~ 8. 29]. Thc s ig­
nilicant association between agc and rnultiplicity of le­
sions is perhaps n::latcd 10 highcr probabilities of rcinfcc­
tion although an incrcascd suseeptibi lity due to ageing 
cannot be discardcd . 

144 7\!cuwcpidcmio;ogy 200J :2~ : 139-14~ 

Wc found possible familia! aggregation of NC cases. 
However, an individual in one family was a tapeworm 
ca~ricr, a fact that increases exposure to cysticercosis (30, 
31 ]. This does not explain the other l 5 familia! NC cases 
living in othcr less exposed households. The absence of 
houschold clustcring and the lack of association of NC in 
marital couples also point to the possibility that genetic 
factors may be involved in the risk and pathogenesis of 
the infection and to other mechanisms oftransmission of 
widcr spread rather than sharing households with tape­
worm carriers (i.e. eating contaminated food). 

In conclusion, we found a high prevalcnce (approxi­
mately 9%) of clinically silent NC among seemingly 
healthy subjects in an endemic rural area of Mexico. In 
contrast, patients with severe NC, who are usually re­
ported in hospital studies, represent the 'tip ofthe iceberg' 
of this complex disease. Tests for higher mental and emo­
tional performance may be required to recognize less evi­
dent clinical manifestations in subjects with silent NC. 
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Abstract 

The aim ofthis work was to review the inflammatory factors involved in central nervous systein (CNS) inflammation and 
the damage associated to their participation in an inflammatory disease of CNS, multiple sclerosis in humans and 
experimental allergic encephalomyelitis in the murine model. Inflammation has an importan! repairing function, nevertheless 
frequently in the CNS inflammation is the cause of damage and it <loes not fulfill this repairing function as it happens in 
other compartments of the body. The inflammatory response in the CNS involves the participation of different cellular types 
of the inunune system (macrophages, mast cells, T and B lymphocytes, dendritic cells) and residen! cells of the CNS 
(microglia, astrocytes, neurons), adhesion molecules, cytokines and chemokines among other proteic components. During 
neuroinflammation chemotaxis is an important event in the recruitment of cells to the CNS. The lymphocyte recruitment 
implies the presence of chemokines and chemokine receptors, the expression of adhesion molecules, the interaction between 
lymphocytes and the bloodbrain barrier (BBB) endothelium, and finally their passage through the BBB to arrive at the site of 
inflammation. lfthis process is not controlled, is prolonged, inflammation loses its repairing function and can be the cause of 
damage. Usually neuroinflammation has the tendency to decline to damage, which would explain most of the CNS 
pathologies. 
© 2003 Elsevier B.V. Ali rights reserved. 
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l. lntroduction 

Jnflammation is a complex response that involves 
cells, plasma components and cellular products, which 
has the aim of repairing the produced damage. This 
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response may exist in any vascularized compartment 
of the body, including the central nervous system 
(CNS). The produced damage may have different 
causes like infection, traumatism, ischemia, necrosis, 
hemorrhage, among others. Usually, it is accompanied 
by the cardinal points described by Celsus: pain, 
tumor, rubor and heat. These cardinal points are the 
result of the vascular response as it is the increase of 
the sanguineous flow to the site of inflammation, an 
increase of the capillar permeability by retraction of 



252 A. Cha110rria, J. A/cocu-Yanla / Auloimmunity Reviews 3 (1004) 151-160 

tbe endotbelium, allowing tbe exit of molecules and 
soluble mediators, and tbe lymphocyte migration to 
the site of the inflammation. 

The inflammatory response incJudes the partici­
pation of different cellular types such as neutrophils, 
macrophages; mast cells, lymphocytes, platelets, 
dendritic cells, endotheliaJ cells, fibroblasts, to men­
tion the main ones. During the inflammatory pro­
cess cbemotaxis is an important event in the 
recruitmeot of cells to the site of inflammation. 
The first cells in arriving are oeutrophils and tbe 
macrophages. The recruibnent of leukocytes implies 
the presence of chemotactic factors as chemokines, 
the exp~ion of tbeir receptors in leukocytes, tbe 

expression of adhesion molecules in leukocytes and 
vascular endotheliurn, the narrow interaction be­
tween leukocytes and endothelium, and finally their 
passage through endothelium to arrive at tbe site of 
inflammation. 

In addition to tbe chemokines, other molecules 
contribute to the process of recruibneot of leuko­
cytes and the inflammatory p~s: complement 
system, kinin system, fibrinolytic system, leukotri­
ene and prostaglandin production, neuropeptides 
and cytokines (sununariud in Fig. l , oetwork of 
inflammation). 

Inflammation is part of a pbysiological process 
tbat ~ tbe aim of repairing the damage, howev-

Fig. 1. Network including most of the componcnts of the inflammatory response. Initiating t3ctors of inflammation are represenred in the white 
squares, effilctor functions in thc black ones. The kinin system is rcprescnted in red, the tibrinolytic system in green, the classical pethway of 
complement in orange, thc altemative pathway of complcment in turqÜoise, the lcdin pathway of complcment in grey, the aracbidonic acid 
products in ycllow, in whitc othcrs like bistamine, scrotonin, nitric oxide, cte. PAF, platclet-activating fitctor, Ag. antigen; Ab, anti'body; LTA4, 
leukoeriene A4; LTIW, leukotrienc 84; LTC4, lculrotrieoe C4; LTD4, leukotricnc D4; LTFA, leukotriene E4; PGD2, prostaglandin D2; PGE2, 
proslllglandin E2; PGF2, prostaglandin F2; PGI2, prostaglandin 12; MBL, mannan-binding lectin; MASP, mannan-binding. lectin-associared 
saum proteasc; MAC, membnmo-altllclc complcx. 
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er, when this process is not controlled, is extend­
ed, the inflammation loses its repairing function 
and can be the cause of damage [ 1 ). Severa! 
diseases involve inflammation and it could be the 
cause of damage: multiple sclerosis (MS), Alz­
heimer disease, rheumatoid arthritis, systemic lupus 
erythematosus, Hashimoto's thyroiditis, to mention 
sorne. 

Frequently in the CNS, inflammation is the cause 
of damage and it does not fulfill the repairing 
function as it happens in other compartments of the 
body. The objective of this revision is to present 
;nformation that sustains the inflammation as a cause 
of damage in the CNS, focusing in an inflammatory 
disease of CNS, MS in humans and experimental 
allergic encephalomyelitis (EAE) in the murine mod­
el, approaching two main .aspects of the intlamma­
tion: the participation of cellular components and 
their protein products. 

2. Multiple sclerosis: an inflammatory disease of 
the CNS 

MS is characterized by a rupture of the bloodbrain 
barrier (888), an important mononuclear cell infiltra­
tion of the white substance and its subsequent demi­
elinization . A similar autoimmune disease can be 
induced in susceptible strains of rodents injecting 
different components of myelin like myelin basic 
protein, proteo lipid protein and myelin oligodendro­
cyte glycoprotein. 

MS can di splay severa! clinica l fo nns, whose 
course can be very di fferent. In one fonn of the 
di sease, intlammation is episodic and is associated 
to di screet anacks of neurological di sfuncti on fo l­
lowed by recovery, which can leave sorne residual 
neurological damage. Another fonn of the disease 
is progressive, in which the inflammation is less 
important but the neurological damage is second­
ary to the degenerative process initiated by the 
in tlammation. 

The intlammatory process assoc iated to MS and 
EAE invo lves cells of the immune system and the 
CNS, molecules and inflammatory mediators pro­
duced by these , as chemokines, cytokines, adhesion 
molecules in acti vated endothelial ce ll s and matri x 
metalloprote inase [2]. 

3. Cells of the immune system that participate in 
neuroinflammation 

EAE as an experimental model has turned out to be 
very useful in the study of leukocytes migration to 
CNS and their participation in the pathology and 
inflammation of the disease. 

Since Paterson 's [3] work it is known that 
lymphocytes have a fundamental role in the devel­
opment of EAE, which studies their migration to 
the CNS. This migration happens in two phases: in 
the first only lymphocytes do participate, they must 
be activated, independently of their specificity and 
compatibil ity of the MHC of the host, to be able 
to pass the intact 888 [4,5]. In the second phase 
that is accompanied by the rupture of the 888 
there is an intense infiltration of more cellular 
types [4]. 

It is probable that after the first entrance 
specific activated T cells recognize their antigen 
and this triggers an inflammatory process with the 
subsequent production of cytokines that could 
actívate and/or damage the endothelium of the 
888 and allowing the passage of the other cells. 
Activated T cells with a TH 1 cytokine pro fil e 
have been isolated from CNS [4,6], they a lso 
secrete proinflammatory cytokines like TNF-a 
and IFN--y [4 ,7]. These T ce ll s al so express 
chemokines (MIP-l a /CCL3, MIP-1¡9CC L4) and 
increase the express ion of other ch emokines 
(RANTES/CC LS , IP- 1O/CXC L1 O, MIP- 1 a /CCL3 
and MCP- 1 /CCL2) in astrocytes and peri vascular 
macrophages [7]. The role that chemokines could 
have in MS or in EAE is variable, since severa! 
fac tors may intluence: type of chemokine produced, 
ce llular type producing it, the site of the CNS 
where it is produced, the receptor's expression and 
how it is associated to the severity of the disease or 
the clinical forn1 . 

TNF-a and IFN--y secreted by T cells, and 
activated TH 1, may have an effect on the endo­
thelium of the 888. TNF-a induces a greater 
recruitment of leukocytes to the peri vascular space 
and to the cerebralspinal fluid (CSF) when it is 
present in the ventricles [8] and together wi th 
IFN--y it has cytotoxic properti es on the vascL:l ar 
endothelium mediated by nitric ox ide [9]. Also it 
has been observed that TN F-0'. induces the pro-



254 A. Cliavarria, J. ..4/cocer-Yarela / .AutDimnumily Reviews 3 (2004) 251-260 

Fig. 2. Development of central nervous system inflammation and damage. After antigen recognilioo by T cells, severa! cytoki~ and 
cbemokioes are produced which bave several efti:cts on cell n:cruitment (repn:sented in gn:en). in damaging CNS cells and structun:s 
(represenlcd in red) and in the exceptjonal occuion with anli-inflammatory properties (rcp~lcd in yellow). BBB, bloodbrain barrier; 
CNS, central nervous system; E, eodothelium; T, T ccll; 8, B ccll; NK, natUraJ killcr cell; N, neuron; Ta, activated T cell; Ma, 
macrophage; A, astrocyte; Mi, microglia; Mo, monocytc; OC, den~tic cell; MC, mast ccll; PC, plasma cell; NO, nitric oxide; MMP, 
metaloproteinas. 

duction _of MCP-1/CCL2, which induces the ex­
pression of the MMP-9 metalloproteinase as well; 
both, TNF-a .and MCP-1/CCL2, increase the 
exp~ion of adhesion molecules in the endothe­
lium facilitating, therefore, the adhesion and the 
passage of activated T lymphocytes that .express 
the CCR2 receptor and monocytes; also MMP-9 
metalloproteinase facilitates the transmigration 
through the endothelium [ 1O, 11 ]. Probably these 
effects of 1NF-a, MCP-l/CCL2 and IFN--y con­
trtbute to tbe rupture of the BBB and the important 
infiltration of leukocytes that is observed "in the 
EAE. 

In the last years it has been demomtrated that 
otber leukocytes also bave the ability to enter the 
CNS and to contribute to the pathology of MS or 
EAE as are B lymphocytes, dendritic cells, NKcells, 
mast cells and other members of the macrophage/ 
monocyte family [4]. 

The participation of B lymphocytes in tbe pa­
tbology of MS or EAE has been proposed after 
observing the presence of autoantibodies directed 
against myelin [ 12 ], the 90% increase of the 
intrathecal IgG production in MS patients and the 
presence of B lymphocytes in tbe active lesions 
where the demielinization process is present [13]. 
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Although B lymphocytes are not necessary for the 
development of EAE, nevertheless they contribute 
to the severity of the disease and the pathology 
destroying the myelin more than participating in the 
inflammation (14]. Their presence in the CNS are 
due to several factors, an activated state allows 
them to pass the intact BBB [5], on the other side, 
the expression of the CCR 7 receptor to SLC/ 
CCL2 l and ECL/CCL 19 chemokines has been de­
scribed in B lymphocytes, which could explain their 
migration to the CNS since these chemokines are 
produced by the BBB endothelium and microglia­
astroglia, respectively [ 15]. 

The presence of mast cells also has been described 
in the CNS in MS and EAE; these are an important 
source of histamine, leukotrienes, prostaglandins and 
TNF-a, among other molecules, they could have an 
effect on vascular endothelium of the BBB and by this 
way they could be contributing to its rupture or 
penneability with the subsequent massive infiltration 
of leukocytes [ 16]. 

The role of NK cells in inflammation in CNS 
is controversial. These cells respond to the pro­
duction of ILI 8 and IL 12 by activated macro­
phages and dendritic cells increasing their produc­
tion of IFN-)' and favouring a TH 1 profile in the 
EAE [ 17,1 8]. On the other si de, it has been observed 
that their presence is not frequent in the CNS in 
EAE, and the administration of antibodies anti-NK 
cells increases the clinical symptomatology of EAE, 
that is why sorne groups have proposed that they 
could function as suppressors or regulators of the 
intlammation [ 19]. 

Dendritic cells also participate in the pathology 
of the disease in EAE. Dendritic cells as profes­
sional antigen-presenting cells (APC) can activate 
autoreactive T cells with a TH 1 profile in lymphat­
ic nodules and in the CNS (20). Also it has been 
described that their location within the CNS usually 
is in strategic places of antigen entrance like 
choroid plexus and meninges, and not in the 
parenchyma [20,21 ]. Their capacity of migrating 
outside the CNS possibly transporting antigens with 
them out of the CNS could explain the specific 
activation of autoreactive T cell s in the periphery 
(20) . The interaction of dendritic cells is nol lirnited 
to T lyrnphocytes, they also can favo ur the clona! 
expansion of B cells and the subsequent production 

of antimyelin antibodies and chemokines in MS 
and EAE (14]. Dendritic cells can arrive at the 
CNS by chemotaxis when expressing CCR6 and 
CCR 7, both receptors to the chemokines ECL/ 
CCL19, MIP-3a/CCL20 and SLC/CCL21, which 
can be produced by microglia and the astrocytes 
[20,22]. Another source of dendritic cells is the 
microglia, these after GM-CSF stirnulation can turn 
into immature dendritic cells and after CD40 bind­
ing to mature dendritic cells able ~o actívate T 
lymphocytes (23]. 

The cells of the irnmune system participate in an 
important way in the beginning and development of 
MS and EAE, contributing to the severity of the 
clinical picture and to the secondary damage of the 
inflammatory response. 

4. The participation of the CNS cells in neuro­
intlammation 

During the last decades it has been observed that 
not only cells of the immune system participate 
actively in the intlammation, but also cells belonging 
to the CNS are a fundamental part of thi s process. lt 
has been shown that neurons, astrocytes and microglia 
are also able to produce a great repertoire of irnmu­
nological and intlammatory molecules, including 
cytokines, chemokines and their respective receptors, 
complement molecules, coagulation factors, pro­
teases, among others (2] . 

lt is known that in CNS astrocytes, in a more 
important way, microglia and perivascular macro­
phages function as APC, since they express the 
necessary coreceptor rnolecules: MCH class 11 , 87-
1 and LFA-3 rnolecu les (24]. In intlamrnation it 
has been seen that astroglia and microglia when 
activated express increased levels of their corecep­
tor molecules of MHC class 11 , glial fibrill ary 
acidic protein (GFAP) and microglia response fac­
tor-) (MRF-1 ), respectively; and with the subse­
quent production of pro-intlammatory cytokines 
(24] . 

Astrocytes, microglia and perivascular rnacro­
phages are an important source of ILI 2, which 
favours a TH 1 profile with lFN-)' production by 
T and NK cells (18]. The cerebral express ion of 
IL 12 is fund amenta l in the development :md the 
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severity of the EAE, it facilitates the recruitment of 
antigen specific cells to the CNS [ 18]. Neverthe­
less, a recent report mentions that IL23, which 
shares the p40 subunit of ILI 2 but has a different 
p 19 subunit, is fundamental in the EAE and not 
IL 12, due to its effects on memory T ce lis and 
macrophages [25]. 

Perivascular macrophages continuously enter into 
CNS, they reside behind the basal membrane of the 
endothelium and may retum to peripheral lymphoid 
organs. These cells usually have an important role in 
EAE, they contribute to the development of the 
disease when they present antigens to T lymphocytes, 
actívate microglia, produce chemokines (MCP-1/ 
CCL2, MIP-lo:/CCL3), and express ICAM-1 and 
VCAM-1 [26]. 

The neurons are less important in inflammatory 
processes, although they have the ability to express 
class 1 molecules, to produce severa! cytokines like 
IFN-)' and evento induce apoptosis ofT cells through 
the CD95 - CD95L interaction [27,28]. 

The endothelium as an essential structure of the 
888 has an important role in CNS inflammation. 
Under physiological conditions endothelial tight 
junctions control the flow of cells of the blood to 
the CNS, nevertheless activated lymphocytes may 
pass the intact 8BB and contribute this way to the 
immune surveillance. Cerebral endothelial cells in 
basal state express ICAM-1 , and after the TNF-o: , 
IFN-)' and IL 1 stimulation ICAM-1 , VCAM-1 , 
PECAM-1 and E-selectin are increased [29]. lt has 
becn demonstrated that the interactions VLA-4/ 
VCAM- 1 and LFA-1 /ICAM-I is critica! in differen­
ti al CD4+ T cells migration , and in cytokine pro­
duction by the endothelium [4]. Another important 
interaction for the adhesion and migration is CD40/ 
CD40L, due to the fact that human cerebral endo­
thelium expresses constantly CD40, this expression 
is increased after TNF-o:, LPS or CD40L stimula­
tion [30]. Also microglia, astrocytes and neurons 
express CD40; 8 cells, perivascular macrophages 
and activated T cells express the CD40 ligand 
[3 0J 1 ]. In MS patients it was observed that T ce li s 
in CNS express CD40L, whereas CD40L is not 
detected in controls [3 1 ]. lt seems that the CD40/ 
CD40L interaction is importan! for the cell passage 
through the 888 and in the microglia and astroglia 
activation. 

The neuroinflammatory response involves periph­
eral cells of the immune system and resident cells of 
the CNS, ali participating in a complex orchestra of 
cytokines, chemokines and receptors, being this re­
sponse in most of the occasions pathological. 

5. How does inflammation contribute to damage in 
CNS? 

Different observations have been mentioned 
through the text that could be participating in damage 
associated to MS and EAE. Most of the data have 
been obtained from the experimental model due to the 
difficulty for obtaining samples of MS patients with, 
being the more easily obtained peripheral blood, CSF 
and cerebral tissue in necropsies. 

MS and EAE are inflammatory diseases mediated 
by CD4+ TH 1 cells, which favour and amplify an 
inflammatory profile. TNF-o: and IFN-)' production in 
CNS damage the 8BB integrity due to their cytotoxic 
effect on the endothelium and, therefore, favour an 
important leukocyte infiltration [8,9] . Also ILI 8 has 
been detected in CSF and serum of MS patients (32], 
this cytokine has been associated to a TH 1 profile by 
its capacity because it induces IFN-)' production in 
NK cells and T lymphocytes, contributing to the 
persistence of elevated levels of IFN-)' and favouring 
in this way its functions . 

Another important effect of IFN-)' that causes 
damage is macrophage activation with the subse­
quent expression of the nitric oxide synthetase, 
increasing the levels of nitric oxide, which has 
neurotoxic effects and favours penneability of the 
888 [33 ]. Another important nitri c oxide source is 
the microglia [34 ]. 

Microglia also contributes to damage producing 
glutamate, which is toxic for neurons and oligo­
dendrocytes [35]. As an APC with fagocitic prop­
erties microglia participates in the removal of 
myelin in EA E [34]. Also it has an importan! 
regulatory function when it induces apoptosis in 
autoreactive T lymphocytes, nevertheless it has 
been observed that thi s process is detective in 
autoreactive T lymphocytes of MS patients since 
they express increased bcl2 levels, this could explain 
its diminished susceptibility to the apoptosis, which 
would favour the presence of auroreactive ccll s 
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Table 1 
Molecules involved in neuroinflammation 

Molecule 

TNF-a 

IFN--y 

ILIO 

ILl2 

ILl 8 

IL23 

MCP-l /CCL2 

MIP-lo:/CCL3 

ECL/CCLl9 

MIP-3o:/CCL20 

SLC/CC L21 

CD40 

CD40L 

Cells 

(a) TH 1 cells 

(b) Macrophages 
(e) Endothelial cells 
( d) Mast cells 

(a) TH 1 cells 
(b) NK cells 

(e) Neurons 

(a) TH2 cells 
(b) B cells 

(a) Macrophages 
(b) Astrocytes 
(e) Microglia 

(a) Macrophages 

(a) Dendritic cells 

(a) Peri vascular macrophages 

(b) Astrocytes 

(a) Perivascu lar macrophages 

(a) Microglia 
(b) Astrocytes 

(a) Microglia 

(b) Astrocytes 

(a) BBB endothelium 

(a) BBB endothelium 

(a) T cell s 

(b) B ce ll s 
(e) Microgli a 
(d) Astrocytes 
(e) Neurons 

Functions in CNS 

(a) lncreases leukocyte traffic to 

perivascular space and CSF 
(b) Damages endothelium 
(c) Induces the expression of CCL2 and MMP-9 
(d) Increases the expression of ICAM-1 , YCAM-1, 
PECAM-1, E-selectin and CD40 in BBB endothelium 
(e) Induces the production of nitric oxide 

(a) Damages endothelium 
(b) Increases the expression of ICAM- 1, VCAM-1, 
PECAM-1 , E-selectin and CD40 in BBB endothelium 
(c) Induces the production of nitric oxide 

(a) Anti-inflammatory 
(b) Regulator 
(c) Participates in recovery phases in MS 

(a) Favours a TH 1 pro file 
(b) Induces INF--y production in T and NK cells 
(c) Facilitates antigen specific cell recruitment 
(d) Promotes the development of nai"ve T cells 

(a) Induces a TH 1 profile 
(b) Induces INF--y product ion in T and NK ce ll s 

(a) Induces ILI ~ and TNF-o: production 
(b) Mediales the late phascs of intlammat ion 
(c) Favours chronic inflammation 

(a) Chemotaxis of macrophages and monocytes 

(a) Increases the express ion of RANTES/CCL5. IP 1O/CXCL1 O. 
MIP- l o:/CCL3 in astrocytes and peri vascu lar mac rophages 

(a) Chemotaxis of T, B and dendriti c ccl ls 

(a) Chemotaxis of dendritic cells 

(a) Chemotax is of T, B and dendritic ce ll s 

(a) Favours lcukocyte rccruitment to CNS 

(a) Favours activated T ce lls, dendri1ic ce ll s 
and B ce ll s transendothelial migral ion 
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maintaining or prolonging a chronic intlammatory 
state [36]. 

As well, dendritic cells contribute to the damage 
when inducing an intlammatory response towards a 
TH 1 profile, activating autoreactive T cells and main­
taining a continuous local stimulation contributing 
this way to chronic intlammation [22]. 

Severa! chemokines have been detected to be 
increased in serum and/or CSF in different clinical 
profiles of MS (37,38], nevertheless, MIP-lo:/CCL3 
and MCP-l /CCL2 apparently are the most important 
ones. lt has been observed that MIP-1 o:/CCL3 is 
present in the acute phases of the disease with a 
predominant TH 1 response, whereas MCP-1 /CCL2 
is associated to remission phases and a TH2 re­
sponse (7] . Mice lacking MCP-l/CCL2 or mice 
treated with antibodies directed against MIP-1 o:/ 
CCL3 do not develop EAE, this would support 
the hypothesis that these chemokines contribute to 
the development and damage of the disease [ 1 ]. On 
the other hand, vaccination experiments for EAE 
prevention have shown the importance of a TH2 
response, since its induction suppresses the devel­
opment of the di sease [39] . We could suggest that a 
TH 1 response in MS or EAE produces damage, 
since a TH2 response, with the important effect of 
IL4 even on TH 1 cells, changes the evolution of the 
disease completely (3 9]. 

Another important observation is that 1 LI O, a 
powerful TH2 anti-intlammatory regulating cytok ine, 
can be produced after the microglia- T cell interaction, 
nevertheless ILI O is detectable ra ther in the recovery 
phases ofthe disease [40]. ILIO defici ent mice devel­
op a chronic inflammatory disease that affects pre­
dominantly co lon and are more susceptible to the 
most severe forms of arthritis induced by collagen. 
This supports the important anti-inflammatory effect 
of sorne cytokines avoiding the subsequent damage 
produced by inflammation. 

6. Summary 

Neuroinflammation is a complex process that 
involves ce ll s of th e immune system and of the 
CNS, neve11heless, unlike other compartments of the 
body the intlammatory response favours more the 
damage than the repairing mechanism. 

In Fig. 2 and Table 1 sorne important points 
commented throughout the text are summarized, 
standing out the interactions between endothelial 
cells - T lymphocytes and APC - T cells, the effects 
of sorne cytokines and chemokines favouring the 
recruitment of more cells and thus contributing to 
the pathology of MS and EAE. 

Intlammation in CNS usually <loes not exert its 
repairing function, rather, its tendency is to decline 
to damage, which would explain most of the CNS 
pathologies. Interesting would be to explore in 
which ways this pathological response in CNS can 
be declined to a beneficia!, repairing or anti-intlam­
matory response, which could help in medica! ther­
apy benefit the patient in its clinical course having 
less sequels that diminish the quality of its life. 

Take-home messages 

• Neurointlammation is a complex process involving 
cells of the immüne system and of the CNS. 

• The interactions between endothelial cells-T lym­
phocytes and APC - T cells, the subsequent produc­
tion of sorne cytokines and chemokines are crucial 
in favouring the recruitment of more cells and thus 
contributing to the pathology of MS and EAE. 

• MS and EAE are intlammatory diseases mediat­
ed by CD4+ TH 1 cells, which favour and 
amplify an inflammatory profile . TNF-o. and 
IFN-)' production in CNS damage the 888 integ­
rity due to their cytotoxic effect on the endothe­
lium and, therefore, favo ur an importan! leukocyte 
infiltration. 

• The inflammatory response in CNS favours more 
the damage than the repairing function which 
would explain most of the CNS pathologies. 
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Anti-Helicobacter pylori antibodies in Henoch-Schonlein purpura 
Henoch-Schonlein purpura (HSP) is a systemic vasculitis characterized by deposition of mainly IgA-containing 
immune complexes in the skin, gastrointestinal mucosa, joints, glomeruli and small vessels. Novak et al. 
(Autoimmunity 2003;36:307) tested the levels of antibodies towards Helicobacter pylori (HP) in 11 patients 
having HSP. Ten of 11 patients with HSP had anti-HP antibodies compared with 11 of20 healthy controls. Four 
ofthese 11 patients had concurrent HP infection, whereas nine of20 controls also had actual HP infection. HSP 
patients in the acute phase had significantly higher levels oflgG anti-HP antibodies, serum CRP, circulating IgA 
and tumor necrosis factor-alpha compared to healthy controls. Of note is that the ratio of IgA/lgG anti-HP 
antibodies during remission was significantly higher in patients versus controls. These results indicate that HP 
might be somehow associated with HSP, even though the nature of this association is not clear enough. It is 
possible that HP infection could contribute to the development and progression of HSP. 

Autoimmunity and mutation in rasgrpl 
Layer et al. (Immunity 2003; 19:243) report on a mouse strain with a recessive genetic lesion, which 
spontaneously developed a lymphoproliferative autoimmune syndrome exhibiting features of systemic lupus 
erythematosus. This mouse strain had a lesion in Rasgrpl that prevented the translation of the RasGRPI 
protein. The following alterations in T cells accompanied this spontaneous mutation: T cells failed to actívate 
Ras or proliferate vigorously following antigen encounter and showed defects in positive selection, peripheral 
RasGRP 1 (lag) T cells spontaneously adopted a memory phenotype and were able to transfer disease to 
lymphopenic recipient mice, and CD4(+) T cells accumulated in the lymphoid tissues of older RasGRPl(lag) 
mice and were resistant to activation-induced cell death. Moreover, whereas RasGRP 1 (lag) B cells were 
functionally nonnal, activated B cells were detected in older mice, as were autoantibodies directed against 
self-antigens. 

Valve replacement surgery in antiphospholipid syndrome 
Heart valve disease is one of the most common manifestations of the antiphospholipid syndrome (APS). 
Berkun et al. (J Thorac Cardiovasc Surg 2004; 127 :414) retrospectively analyzed the clinical data regarding 1 O 
patients having APS who underwent valve replacement (mitral valve replacement in 7, aortic valve 
replacement in 2, and replacement of both valves in the remaining patient). The immediate mortality was 
20%, and during a follow-up period of up to 8 years 2 patients required repeat operation for valve-related 
complications with subsequent another death of a patient. An additional patient died of cardiac causes 13 
months post-surgery. The authors concluded that valve replacement in APS patients carries significant early 
and late mortality and morbidity, especially in advanced valvular heart disease. Heart valve disease is very 
frequent in APS, but includes various aspects such as heai1 valve vegetations and thickening which might be 

milder in their course. 
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A8SIH.J\U: A rcv icw ofcurrcnt litcra turc on 111arn111a lian hosts' sexua l di111orphi s111 (SDJ in paras itic in fcct ions rcvcalcd that (1) 
it is a scarccly and supcrfic ia lly studicd bio logical phcnomcnon of considera ble s ign ificancc for indi vidual hca lth, bchavior, and 
lifestyles and for thc cvolution of spccies : (2) th<.:rc are rnany notable cxceplions to the rule of a favorable fe111ale bias in 
susccptibilit y 10 inl"cct ion: (3 ) a co111plcx nctwork or molec ular and cc llul ar rcactions connccting thc host"s immuno-ncu ro­
cndoc rinc systcms w ith thosc of thc paras itc is rc spons ihlc for thc host - parasitc rc lat ionship ra thc r th a n just a n ada pti vc irn11u111c 
res ponse and scx hormones: (4) a lack of gcndcr-spcc ific i111111 unc profi lcs in response to d iffcrent infcc tions: (5) thc dircc t cffcc ts 
o r thc host hormones on parasi tc physiology may sign ifican tl y co111ribu1c to SD in parasiti sm; and C6l thc nccd to cnr ich thc 
rcductioni st approach to complcx biologica l issucs. likc SD. w i1 h more pcnclrating ap proac hcs to thc si udy of causc- c ftcc1 
n.: la ti onsh ip '.'-.. i.1.: .. nctwork lh Lory. Thc rc vicw concludc s by advi:-, ing ¡1ga in:-;t g1.:nc ral ization rcgardin g SO and para'.'>i ti s111 anti by 
poi111i11g to sorne or thc most promis ing lincs of" n:scarch . 

THE FEMALE HOST SUPREMACY PARADIGM IN 
PARASITIC INFECTIONS 

lt is widcly hc ld that fcmalc mamma ls a re more rcs is ta nt to 

parasitic in frc tions than males because of gemler-associated dif~ 

fc rc11ecs i 11 e:qlosurc a nd of tcstostc rone 's i111111unosup prcss i ve 
p ro pe rti es. The paradigm impli es that sexual dimorphi s rn (SD) 

to parasi1 is rn is rnediated on ly . o r principa ll y . by the host ·s im ­
munc systcm and usua lly di s rcgards th c parasil cs· diree t re­

sponse to the distinct scx-stcroid prutll es of thcir fem ale and 

rnal e hosts. 
The female suprenrncy paradigrn in parasitic in frction s ha s 

cxi <;red fo r a lo ng time (Addi s. 1946), a nd d cspit c thou g htful 

rec(1111mend ation s against si mplili ca ti on (Zuk and :"vlcKean. 

1996). it is ra rely qucst io11cd . 111 sevcral prcs tigiow; JOUrnal s. 

hnwcver. it ha s rccc ntly hec n a m att c r n f de ba te. partí c ul a rl v 111 

ª ";l1ciati l111 "i th muna lity trc 11 d s in huma ns (Mourc and \Vi bon_ 
2002: Owcns. 2002) a11 d sc\'c ra l infcctious discascs (Z uk and 

\ ,lcKean. 1996: Doprado et a l. . 1998: Watanabt: et :il .. 199'1: 

K lc i11 . 2000: (janky and Rajan. 200 1: 1 lughes a 11 d Randn lph. 
200 1: Roberts et al., 2001: Verthe ly i. 2001 ). lt has als<> bt:t:ll 
a, soc ia ted with a 11umher of broadcr s ubjccts. i.e .. c , ·n luti o11 nf 

se -.;ua l rcproduct ion (Z uk. 1994) . dccisio11 makill ); ni' thc l10s1. 

sl1c ial hicrarehy (Ha rna rd el a l .. 1998 : Gourba l <:t a l. . 2002). 
111ati 1t '-! bch a\ ·1or ( Ka,·a li c rs a nd Co lwe ll. 199.'\: '-'Jor;\k,; c t al _ 

1 '19(1 :~ Willi s a llCI Po uli n, 2000). a nd encrgy cost s or in fcc ti un 

an d the immu ne 1'l::spn11 sc (Han sen e t al.. 200~ ). W :: dccidcd w 
reexami ne the paradi g 111 in the li g ht o f the c urrent underst a nd­
in'! of thc imrnune a nd e 11doc ri11 e systcrns of po1c1 1ti a l liost s 

bc~ausc wc foun d that it conflictcd w ith ou r obscr \'at io 11 s re­

ga rding ex perimenta l muri nc cysticcrcos is ca uscd by Ti1,·11ia 

( ·russi<·e¡Js 

EXPERIMENTAL MURINE TAENIA CRASSICEPS 
CYSTICERCOSIS CONFLICTS WITH THE PARADIGM 

T,1<.:nia c russ i< ·eps is ;111 i11 t ~ s tln~d ce:stt.'lk \.) ( c;1 nin 1...·:-. <tk lin ­

ili\ ·L· hns l') and o f variow; cxtr.1intcs t i11 a l ti ssucs ,,f rodc11h (in -

,_ l) •. :p~ ti"ld l l h.:11111 :..k R iu lu¿;Ía r--..:Jukcu l.1r. Urnvc r~ id. 1 d \ -'c 1;1 .... :ru 1; 11 l: 1. .\;il ­
:1p;:. \k\1 1.._· , 1 

¡-1.1 \\ lh llll LP JT1.: :-; pundl..'.' tl L'..._' ;-,h\l Uld bl..'. w..l th"L~ s...:d 

tc rmcdia tc host) in its larva l (cysticc re us) stagc (Frccm a n. 

1962). Ex pcrimc mal cysticcrcosis causcd by F crassice¡Js i11 

micc s impl y rcquircs th e intra pc r itonca l injcetion of 1 ivc cyst i­

ccrci cC ul bn:: th e t a l. , 197?.). lnt raperi to neal cyst iccrc i re rn1-

d ucc ascxual ly by cxogcno us budding , dcvc lopi ng m ass ivc par­
asite loads in a fcw 111onths (S 111ith . Esc h e t al._ 1972. S mith . 

Pa rr ish e t al. , 1972) tha t m ay cvcn approx imatc 1he host ·s body 

weigh t. w ithout cau s ing it apparcn t di scornfort (larra ld c et a l .. 

1995). Thc cystice rci a lso s ur v ivc a nd re produce in v itro undc r 

usua l c ul ture eondi t ions in m edia free of feta l cal f scrum . Th esc 

fcaturcs o f expe rime ntal rnurinc cys ticc rcosis havc m adc it a 

conveni e nt rnodel in s tudy ing the i111111u no log ica l. g e net ie. and 

sex ual fac tors invol ved in s uscepttb ility to in fec tion alll! p:1 r;1-

,i te p ro li k r:ll io n (Sc iu tto et a l. . 2002). Sex ua l di fferences tu 

inkction in 111i ee are s ti ll a 1rn1tte r of resea rch . Thu s . e ., per i­

lllL' ntal li11di11gs Jia, e shown that in d itlerc nt conge nie and sy11-

gc11ic s trains nf m iee. fem :il es become in feeted nw re l>lie n than 

ma k s :111d ca rr y m ore cys ti ccrc i than 11n lcs . w ith s ign il icant 

bctwccn -stra in varia ti ons (Sciutto e t :11 .. l 'l'J I _ Hu erta t:t al .. 

1 '!'!2. L.a rraldc et a l .. 199:': Tl:rra1a~ et :il .. 1 'J9 :): Ylc)r:tlc, -iVh.in­

tor. B:1i g e t a l. . 200 1: M ora les- IVl0 11 1L) I-_ Ha1g . ll a lla! -C:ilkr<-'' et 

a l _ 2Ull2 : '-'l orales-:--•lo nwr. 13aig. Kabbani et ;Ji . 2002. i'vl <11·aJc,. 

l'vlo ntor. 1 lal la l-Callcros el a l. . ::> 002 ). Est rPgL'. llS lic1\'(> r p:1 r:isite 

repn,duct 10 11 . \\'hcrcas androgcn s appea r to i11hib í1 it ( 13 C1p lil et 

al.. 19'J3: Terra l.as e t al. _ 1994 : M or:iles-Mn nwr. 13aig. l la llal ­

C al lc ros e t a l. . 2002). (ionadec to m y a nd ch ym cetom y cq u:1 li7c 

paras it e loads bctween sc xcs by g rea 1ly increas ing those in 

malc> and s ligh tl y dec reas ing thosc in f'e m:ilcs ( Huerta c't al._ 

1992: Terrazas et a l.. 1994: Morales -M o nt o r. l3 :1ig. l la llel -C:il­

lcrns e t al.. 2002). Vlal e mi ce a re hc tte r prnt cctcd hy , ·:1cL· i11 a­

rin11 tha11 fc ma lcs (Cru7.- Rcvi ll a e t al .. 20(Jt)J . E.x tc rnal h · ad111 111 -

is te red 1 711-estradiol a ncl dihydrotcstns ternne ( 1)1 IT ) :m: a b le t" 

re,J lll"L' p:1 r:1s itc l uad~ 10 their no rm al Jc,,·Js in ca s1 1·:'11 ed :111i rna h 

J' .. :L·IJ,;_ b 111 1101 :111t ibL1dics. a lso re >tore the cilecb L'f th,m cL· ­

l< ll ll\ ' Cl3oi ali l et :d .. l 'NJ ). T hc T lll rc,p(111se híndns p:1 r:is11e 

t'.'-""·th carlv i11 i11fcc·tin11 (Tc rrn 7.as et al .. 1999 : Toc11_1 L· ,; L'I :Ji .. 
1 <)9ll : S po lsk i et a l _ 2000; Rodri guo-Sos:1 e t al .. 211ll 2 )_ " ·Ji e rc ­

;1:-; ~ h e T I I ~ rC"J' ~) n "..: p rc\ · ~1; 1 s J t larcr riilh..::-. of intcctit 111 hu1 i" 
1:h::1 p:1 b!c- oi' s kl\\ in g pa r:1 s ite gr"" ih 1 krr:i1: h c'l :Ji .. l ·!'I:\: 

1·,,L·11.íe, e t :il .. l'i'i 'J) . 111 c h w n ic 1nkL·11c•1h . lhc· 111:ilc llll'" '" h 

k1111 111/cd Ccs tn>ge11 11ed ami (ka11d rP);l'l \ iú·d) to :1 dq..'.l'L'L' th:1t 
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inhibits malc sexual behavior (Morales et a l.. 1996). Fcmini­
zation is apparentl y caused b y overexpression of P-450 aro­
matasc (Mora les-Monto r, Hal lal-Ca lleros et a l. , 2002), triggcred 
by the high levels of in terle ukin-6 (IL-6) in la te infectio ns (Mo­
ral es- Montor, Baig e t a l.. 200 1; Morales-Montor, Mohamed et 
a l. , 200 I ). Cytokine profiles o f infected mal e and fema le mi ce 
do not show major differences. except for the levels of IL-4, 
whi ch are higher in males during carl y infcct ion onl y (Terrazas 
et a l. , 1998). 

Th ese findin gs led to the initial proposal of a sex steroid , 

immunoendocrine interact ion that controls the reproduction of 
cysticerc i, one in which androgens wcre postul atcd to favor a 

TI 11 response that lim its paras ite growth and in which estrogen 
favors a TI-12 response that penni ts parasite reproduction (1-Iuer­

ta et a l., 1992; Bojal il e t al., 1993; Terra zas et a l., I 994; Mo­
ralcs-Montor, Ba ig et al. , 200 l ; Mora les-Montor, Baig, Ha lla l­
Ca ll cros et al. , 2002; Morales-M ontot~ Baig. Kabba ni et a l. , 

2002). Other studies also support the purported conelat ion be­
tween androge ns and T H 1 response ancl between es trogen and 
TH2 response (Morales-Montor, Ba ig e t a l. . 2001; Morales­

Mo ntor. Ba ig. Ilall al-Cal leros et al., 2002; Moral es-Montot~ 

Baig. Ka bbani e t a l. , 2002 ; Morales-Montor, Ha lla l-Calle ros et 

a l. . 2002). 
Signs of SO in cyst icercosis were recently reportcd for othcr 

host and taen iid spec ies. For exa mple , sex steroids have been 

impli ca ted in porcine cysti cercosis caused by Tuenia suli11111 
bccausc bot h castratio n and pregnancy ncarly doublc thc prcv­
a lcncc of naturally acquircd cys ti cercos is in rural pigs (Mora les 

e t al., 2002). In humans, women are more frequentl y a ffli c ted 
than men by sevcrc neurocysticercosis (Del Bruuo et a l. , 1988) 
and show highcr inflammarory profi lcs ( Flcury et a l. , 2003). 
Bccause scx stero ids a ffcct experimenta l T crassiccps in fec­
tions in laboratory mice and extend to natural infections of T 

su li11111 in lrnmans and pigs. as well as Trichinella spimlis in 
rats ( Klc.in et a l.. 1999). ou r initi a l suspi c ions rcgarding the 

general ,-a lidity of thc fe 1nalc suprcm acy paradigm wcrc 

st re ng thened. 

O thcr ongoing resean;h has shown thal in T. crnssiceps mu­
rine cysti ccrcosis severa! ph ys iolog ica l sys tems of th e host rc­
spond to the host 's sex hormo nes. and so docs th c paras itc ci thcr 

by lim it ing or by promptin g it s reproductio n. For example, the 
central nervous sys tem of infected and femini zcd ma le mi ce 

rcsponds to int rapcritoncal infcctions by ovcrexprcsss io n of thc 
c~fi1s gene in the hypothalam us. hippoca mpus, and prcoptic arca 
( Morales- Montor. Ar rie ta e t a l. . 2003 ). lt wo uld appea r rhat hor­

mona l changes induced in the host act to promote thc overex­
press ion of thc c~/i1s gene invo lvcd in cc llul ar diffc rentiation 
and pro lifc rat ion o f both para sitc and ho;; t cc ll s (Escobcdo et 
a l. . 2004 ¡, as they d(l in ot her s tress and immune challenges 
( P:1c heco- Lupc /. et al.. 2002 ). Thus. in murinc cy~ t icercos is, 
para sitc pro li fc ra1i,111 is rcspons i,·c 11 01 onl y to thc hosr immunc 
systcno a11d le!; tostcronc bu t a lsn to a complex nCt\.vo rk that 

in tegrn tes the ner\"C>us. immune. and end ocrine sys tems of the 
host ami thc' p<1ra s it c's ph ys io log ica l sys tcm s. T hc confli c t bc-
1wcc11 maic h ÍaSCS in F_ ( "/"l/ \ .\ "Í C t'f JS O:)'Sti CC l"COSiS With thC hOSt 

fcmalc sup rc111ac'y pé11"ad ig 111 cxpcctations is undc ni ablc and re­

qui rcs e:•q1l:111ation. 

TESTING THE FEMALE HOST SUPREMACY PARADIGM IN 
A WIDER REPERTOIRE OF PARASITIC INFECTIONS 

Thc paradigm of femalc host supremacy in parasit ic infec­
lions of m amma ls, as we ll as the robustness of the correspond­
ing cndocrino logical and immunolog ical factors postul a ted as 
its mechani sms. was eva luated using c urrent lite ra ture (Med­
linc. n = 11 O: 1995 2002 ), as well as severa! frcqucntl y cited 
cl assic a11ic lcs and a fcw reccnt oncs publi shed in 2003. After 
examining thi s literature, however. the genera l validity of th e 
fcma lc suprcmacy parad ig m was scriously wcakcned by too 
many exceptions. What emerged was a compl ex host immuno­
ncuro-cndocrinc nctwork that was rclatcd to the paras itc phys­
io logically arid that seem s more likely to contro l the complex ­
itics in vo lvcd in cc11ain host paras itc intcractio ns than tcs tos­
terone a lone. 

When infections that documented sex bias in infection pa­
rameters (lnfection-SD) or immunc protil cs (lmmune-SD) wcrc 
fo und, the possibiliry of a cause- effect rela tionship was ex­
am in cd furthcr. Each infect ion was c lassificd as cithcr scxua ll y 
dimorphic, noting the sex favored by the bias (females > m ales 
or fcmalcs < males), o r undcfin cd (fema les = mal es). lnfcc ti on­
SD was eval uated in terms of prevalence, intensity, severity , 
morbidity, mortality. hom1onal profiles, or behavioral changes 
in infcctcd ani mal s. The biological mcaning of thcsc paramctcrs 
differs substantia lly. Thus, some re la te to the probability o f in­
fcct ion, i.e ., preva lencc, a nd o thcrs 10 thc outcomc of infcct ion . 
i.e. , mo11al ity. but they were ass umed to be equivalent indica­
tion s of scx bias. lmmune-SD parameters incl udc a nt ihody pro­
dueti on, lymph oid ce ll 1·esronses to mitogens or an ti gens. cy­
tokine prod uclion , hypersc:ns it ivity rcactions. and protect ive e l ~ 

fccts of vaccination . lmmunc-SD pa1·a 111c tcrs a lso havc impor­
Lant functional di fferences in thei r nat ure a nd contex t of 
cxpress ion. i.c. , populations, individual s. cc ll s, and mol ccu lcs. 
in thei r role as effectors or mediators of immune responses. in 
thcir opcrat ion undcr in v irro or in v ivo concliti on s. and in thcir 
abi lity to protect from infection . These immune parameters 
werc scored as "gremer than .. o r "sma ll er th an .. with respcct 
to thc oppos itc gcndc r. The lmm unc-SD and ln fcct ion -SD data 
co llec ted were used lll exa mine how the 2 are connected. 

FIRST GENERAL SIGNS OF PARADIGM WEAKNESS 

T hc tota l numbcr of rcfcrc nccs cxamincd is rclati vc ly smal l. 
i.e .. onl y 11 O. The searc h identi fied just 46 diffe renl parasite 
spec ics occurring in 1 O spec ies of 111a111111 a li an hosts. a minute 
sample considering th e man y tho usa nd s of paras ite ( 1 loberg. 
1997) a nd mamma li an spcc ics (1\ndcrso n et a l .. 1984). Fony­
three rderences reported S D (Table 1 ). ami the rest (67) were 
conccrned with mo lecular interactions betwcc: n thc cncloc: rin c 
and immune systcms or with hormonal. bchavioral, and i111-
111une cffecLs on thc husl ( Fig . 1 ). 

Thc human medi ci ne bias in S O rcscarc h is obvious bcca usc 
56'Vi, of a li th e ani c le s w.: re (1ric11 ted to thc study of infections 
affcc tin g hwnans m cxpcrimcnw l an ima l infcct io ns (usua lly in 
rndenls) hav ing a human c·o untcrp:1n . i.e., mal aria. sehi s toso­
miasis, trypanosom iasis, toxopl ;1s111ll s is. and cys ticc rcos is. Most 
rcfcrences in th c: li st do 1101 d 1rcctl y exp lore SD hui ra tlin dc­
scrib•: the in , -i1r,1 c ffc cts o f sex u<: l hormo nes ur cy tok incs un 
thc immcd iatc rcs pon,;c: n f ,,,me immunologi ca l or c ndocrin o­
logical componcnt dcrivcd frnm lrns ts of e 1t hcr scx in rat her 
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unrcali stic in v it ro conditions, i.c., cc ll culture media conta ining 
(contaminated w ith) feta l calf serum rich in growth factors and 
antibi ot ics. Thc b iochemical rcsults were thcn mistakenly as­
sumed to opera Le in a s imil ar m anner in the m ore compli cated 
conLext of an in vivo in fecL ion. 

T hc ana lys is dcvclo pcd by thc li tcraturc scarch casts dou bt 
on the va lidiLy of the genera l fem a le suprem acy parad igm. T he 
most notable shortcom ings relate to ( 1) the poor representation 
of host- paras ite systems amo ng c ited references, (2) the heavy 
huma n mcd ica l b ias of thc more thoroughl y cxplo rcd in fcct io ns, 
(3) the unequa l m ean ings of infection and immune para meters 
measuring SO in hosL susceptib ili ty Lo in fec tion. (4) the q ues­
tionable protect ive func tion for many of the immunc param e­
Lers, and (5) Lhe excess ive use o f the reductionisL approach in 
cxplaini ng cvcnts occurring at highc r lcvels of com plcxity by 
way of the direct extrapola tion uf events occu rring in vi Lro . 

THE PREVALENCE ANO MECHANISMS OF SO IN 
SPECIFIC PARASITE INFECTIONS 

Table 1 summarizes the 43 refe rences describing 32 in fecLions 
in 8 host·· parasite systems (sorne paras ite spec ies infect more 
than 1 host species, a nd 1 hos t species is in fec ted by more than 
1 parasitc spccics) that prov idcd in format io n on thc subj ccL of 
Jnfection-SD or lmmune-SD. In th is data set, in 22 o f 32 in­
stanccs (68%) ofthc 8 systcms, fcma lcs farcd bcttcr than ma les 
in p rcva lcnce, intcns ity, or consequence of in fcct io n (scvcri ty ), 
vary ing from ins ignifican l LO pronou nced. In 5 of 32 ins tances 
( 16%). males scorcd bcttcr than fc malcs , and in 5 of 32 cases 
( 16%), resu lts could not be defined one way o r anoLher. In ef­
fcct, 32% wcrc cxccptions to thc paradig m . Furthcrmo re , it is 
of inte rest to note (Table 1) tha t severity of infection ami mor­
ta lity indieators \vc re 1101 s tud ied as cxte ns ive ly as preva lencc 
and intcnsity of infcct io n. Scvcri ty of infcction was reponed in 
only 28% of thc cases citt:d, and in 60% of thcse s itua t io ns. 
fcma lc hosts fared bc ttcr than males. On ly in human schisto­
somia s is, by Schistosonw hal'nwtobium. was ~evc ri ty 1hc same 
for both scxcs . Morta lity , in comrast, wa s o nl y reponed in 19% 
of the infections. ha lf of which favored fema le hosts ami the 
othcr ha lf ma les. lt is clca r. thc1·cforc. that SD in scve rity and 
morta lity have been insurtieient ly explored to make genera l and 
categorie sta tements . 

Scx-assoc iaLed immunologi ca l diffc rcnccs (lmm unc -SD) 
were reported in on ly JO of 32 infecL ions, and multif'!a turcd 
im munc profi lcs are dcscribcd in on ly 5 . Tab le 11 focuscs on 
the 5 host- para site sys tems in which severa! infect ion and im­
munc para mcLcrs werc cva luatcd at the ti me of infecLion . No 
un iform pattem or sex bias is di sce rnab le. In ma laria. ll>'(o­

p lasmosi s, and cyst icercos is. infec tions are more preva le n! and 
intense in fcma lc Lhan in ma lc micc . l lowcvcr, in lci shman ias is 
and schi stosomiasis. it is thc ma le hosL tha t is mo re freq ucn1l y 
and irncnsc ly pa ras iti zcd . Th c i1111nunc paramctc rs studicd a lso 
v;iry in cach infec ti on. without clear associat ion to in fect ion 
paramctc rs . Compa ri son nf imrnunc profi lcs in a li 5 infec tinns 
is poss iblt.: only for inter l't: ron--y ( IFJ\: --y) , which was found to 
be more clc,·:ncd in maks than in ll:malcs in a li but 1 in ll:c1 iu11 
(mu1·inc lci shmani as is ). Lcvels oft umor nec ros is factor-« ( J' N F­
cx) \\ere grca te r in k n1 alcs than in m alt.:s with 111a l;ma ; hlm·c:vc: r. 
in lci shm an ia s is, sc hi stosom ias is. and toxop lasmosis , ma les cx ­
hib ited higher !ne is of T N F-0< than fe111ales. In lc ish111an i:1s is 
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FIGURE l. Thc HINEP nctwodt cin:uitry. Thc magnitndc and complexity of the nctworlt inc1udcs practically ali the host's sc:xual hormones 
a00 many ofthe imm1D10logical compcmcnts dcscribed connccting among thcmsc:lves a00 with the pamsites systrms. Arrows (+-, 1", -+,.l.) denote 
connections betwccn nodes; cach points to the din:ction of the signal ± Signs rd'er to stimulatory or inhibiting cffi:cts. Thc numben ncar cach 
conncction code denote the refi:rcnces citcd in the figure: (1) Spinedi et al (2002), (2) Escb (2002), (3) Medzhitov a00 Jimeway (2002), (4) 
Murtaugh and Foss (2002), (.5) Hcnri et al (2002), (6) Pnunparo (2002), (7) Hugbcs and Randolph (2001), (8) Vcrtbelyi (2001), (9) Robcrts et 
al (2001), (10) Thakcr et al (2001), (11) L~ld et al (2001). (12) Morales-Montm; Baig et al. (2001), (13) Taylor-RDbinson (2001), (14) 
Kmtis et al. (2001), (1.5) Rcmouc et al (2001), (16) Gan1ey et aL (2001), (17) Salzet and Vcrgcr-Bocquet (2001), (18) Zhang et al (2000), (19) 
Soliman et al (2001), (20) Feklowsti et al (2001), (21) hctcrs et al. (2001), (22) Chac et al (2001), (23) Bamea (2001), (24) Franco et al 
(2001), (2.5) Gavms (2001), (26) Weimtoclt and Elliott (2000), (27) Grossman (1989), (28) Zbang et al (2000), (29) Balemba et al (1998), (30) 
Bc:Dcddto et al. (2000), (31) Huntcr and Rl:incr (2000), and (32) Freilich et al (2000). 

and schistosomiasis of mice and human&, respcctively, lmmune­
SD is observed in IFN-'Y and TNF-a. In contrast, infcction by 
Leishmania mexicana shows no dimorphism in IL-4, IL-10, and 
IL-12, whereas in infectioos with other species of Leishmania, 
there is a clear inCR:&Se in IL-4 and IL-10 in males mc:asun:d 
at the site of the lesions. In schistosomiasis, IL-10 productioo 
is clearly dimorphic (higher levels filvoring fernales). Murine 
lcishmaniasis cxhibited the least dimorphic TH2 cytokine pro­
file of the S infcctions, which contmsts with its vcry significant 
filvorable female bias toward infcction. In male-biased murine 
cysticercosis, lNF-'Y was highcr in males; IL-2, IL-6, arul pro­
lifenative rcspooses were cqual in both sexes, and IL-10 was 
higher in fcmales. In addition, in murine cysticercosis, there 
was a reversal in the sexual bias toward IL-4 with time of 

infection. Males have higber amounts of IL-4 than fcmales in 
early infcction, but this is revcrsed in chronic infection. No 
change in profiles with time of infection was n:ported for the 
othcr 4 parasitic infections. These obscrvations support the sus­
picion that the rclationship betwccn SO to infection, and the 
immune systcm's mediating effects are not simple aod clcarly 
involvc many of the immune effectors. The host's immune re­
sponse does not sccm to be gendcr spccific bccause no clcar 
sex-related strategy can be detccted. One would expcct that 
host.s would have evolvcd immunological responses that are 
complcmcntary to parasite stratcgics at diffcrent times of infcc­
tion, number of parasites, location in the bost's tissucs, and 
offcnsivc and dcfcnsive mechanisms. For example, extracellular 
stages of thc parasite would be vulnerable to anbl>odies and 
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complcment beeause of their direet effeet on the parasite 's ex­
terna! surface (Philipp et aL, 1980). Such antibody-mediated 
damage has been documented to affeet sorne parasite li fc cyele 
stages but eertain ly not alL i.e., tachyzoites m toxoplasmosis 
(Jolmson and Say les. 2002), early larvae in cysticercosis (Res­
trepo et al., 200 1 ), merozoites 111 malaria (Daly and Long, 
1995 ), trophozoites in amoebiasis (Ghosh et aL, 1998), and pro­
masti gotes in leishmani as is (Rafa ti et aL , 200 1 ). 1 Iowever, some 
of the extracell ular stages of parasites manage to escape from 
thc eircul ation and bccome sequcstered ins ide the ir targc t cclls, 
apparently unscathed by antibodies or other harmful immune 
effeetors. An immune response against intraeellular paras ites 
would largely depend on the express ion of paras ite ant igens on 
the in fected cel l 's membrane (Kyes et a l., 2001) ami the trig­
geri ng of innate immune effeeto rs. Attraction of effector leu­
kocytes (po lymorphonuclear leukocytes, eosinophils, and ba­
sophi ls), cytotoxic T lymphoeytes, and natura l ki ller (NK) eel ls 
to the site of parasite infeetion should aid in parasite des truction 
or at least in eontainment of their g rowth or di spersa L Thus, an 
inclination toward TI 12 profil es, with hi gh levels of antibody 
produetion, would be most appropriate against extracellu lar 
stages of parasites. /\. Tll 1 response, which kill s intCcted ccll s, 
would be most eftecti ve against intracellular paras ites (Sher et 
aL. 1992). lf fcma le hosts trnly favor TH2 responses , they 
should be more resistan! to extraee llul ar parasites and to int ra­
ce llul ar infeetions in their initial stages \Vhen thc paras ites are 
migrating toward the ir protected intracellular loeations. In con­
trast, if androgens favor T H 1 responses. then males s ho ul cl han­
die intracc \lul ar pa rasi tcs mo re effc ctive ly. espec ially during 
la te stages o f in fec tion. Despite the attractive congruence of 
thcse spcculat ions on i111111unity and SD lO in fcc ti nns. Tab le 11 
shows no clear sign of such patte rn s ltl the strategies <>f hosls 
o r parasites . Lack of congru ity between expected a nd o bsen ·ecl 
rcs ults most likely come from unsound expcctati ons rega rding 
the role o f thc immune sys tcm in sex ually dimorphie parasitic 
infect ions. 

A cletailed understand ing of the meehani sms lead ing 10 the 
dcstruet ion of host o r parasi te or to a mutually tole rable s ta le­
mate requires funher research and the appliea t ion of a more 
potent a nd di see rning techno logy. lt 111igh t also be uscfu l to use 
other conceptua l approaches in exploring host- paras ite systems. 
i.e .. SD and host- parasite speci li c ity. among uthers. Most rc­
seareh on these topics uses a rcductioni st approad1 , attemptin g 
to li nk microseopie events ancl effectors. However. the network 
or systems approac h. whc re sorne functions are distributivc to 
the entire network and not loca li zed lll sorne o f its parts, 1s 
rare ly eons idcrcd (Ü lt va i and Barabasi, 2002: Strohman, 200_\) 

THE HOST-IMMUNO-NEURO-ENOOCRINE-PARASITE 
NETWORK IN CHARGE OF INFECTION ANO SO 

Thc usua l ex perimental s trar-:gy for exa1 n i11 ing thc mcch:1-
ni sms of immunoendocrine in teraction s 1s to aJd a sex u:il lwr­
mo ne or a cytokine to an isolated cn111 ponen 1 nf th e i11111rnnc , 
neuro logica l, or enducrine sys te111 and then to rn c·as ure its n.:­
sponse . Wit h n:sult s obtained by thi s upp roach ami :il sl> with 
somc of thc 1n vivo da ta 1n Tables 1 and 11. wc co11srruc1cJ a 
lfowchart of the i111mu ne and llCll r<.)(: lldOcrinc sys1 cn1 s that 111 -

02iudcd ali in tcrac ti011s acmss spcc ics. sexcs, ce ! Is, a nd typcs ol 

responses. Thc result was an all-c nco111pass ing host--im muno-



ncuro-endocrin c - paras itc ( HIN EP) nc twork connecting com­
ponents w ithin and be tween the systems of the host and the 
paras itc (Fig. 1 ). T hc magnitudc and compl ex ity of the HINEP 
ne twork includes prac tica ll y a li sexual hormones and many o f 
the known immunologica l com ponents . Si mple inspection sug­
gcsts the nc tworks poss iblc re lcvancc to many o thcr bi o log ica l 
scenarios o the r than infection . Some of the events in the im­
mu noendoc rinc ne twork invo lvc ccllula r di ffc rcntiat ion, repro­
duction or death and de novo synthesis of recepto rs. The prom­
incm a nd varicd conncctio ns o f thc HI NEP nctwork w ith o thcr 
hor111ones, well known to be related to stress and the inftam-
111ato ry process (Besedo vsky and del Rey, 2002; Dantzer et a l. , 
2002), suggcs t tha t the netwo rk can also inftuence innate im­
mune mechanisms (Yokoyama and Sca lzo, 2002 ) .. T he HI NEP 
network o f thc hos t is rc latcd dircctly with the paras itc (M o­
ra les-Momo r, Baig et a l. , 200 1; Morales-Montor, Mohamed e t 
a l. . 200 1 ), affccting its rcproductive capacity through sexual 
ami adrenal stero ids tha t favo r the express ion o f genes re lated 
to cc llul a r d ifferent iatio n and pro lifcra tion ( Escobcdo et a l. , 
2004 ). T he l l rNE P ne twork conta ins circuits w ith fo rward and 
backward regul ati o11 , producing a g rea t range o f e ffects 0 11 the 
paras ite o r the host us ing severa! venues . I3ecausc so111e of the 
events in the HI NEP ne twork involve cellula r rep roduction and 
de novo sy nthcs is of rcccptors, thc nctwo rk would sccm ea pablc 
o f adap ting and evolving . 

Thc rc a re o thc r im munoendocrinc nc tworks dcsc ribcd in thc 
litera turc, w hi eh focus on thc co 1111ee ti o 11s o f the irnm une sys­
te 111 wi th adrena ls and nervous sys tem. but seco11daril y o r 1101 
a t a li w ith the go nads (I3escdovsky and de l Rey, 2002 ). T hc 
H INEP 11 e1work presemed in this s tudy ad cls to the exi st i11g 
11 c two rks by incorpora ting thc gonacls ancl scx ste ro ids as imra­
hos t connec tio ns a 11 d the paras ites · phys io logica l syste111s as 
i mcrhos t conncc ti ons. 

Scx ste ro ids ac t 0 11 a va rie ty of i111111u11oco111petent cc ll s a t~ 

ree ti11 g clona! ex pansion, phagocytosis, apoptosis, ant igen pre­
sentat ion, and ph ys io log ica l responses to cytok ines and che­
mok ines. T hus, there is no question regard ing thc capacity o f 
scx hormo nes to 111odulatc the immunc response. Th c s ig ni fi can t 
q uestion is . rnther, what is the ir encl eftect on the host- paras ite 
rc lat ionshi p a nd a t w hich po int cloes it ae t in each gender o f 
ho st'.' r\ node in the ne twork like ly to be presem under a strong 
sex-steroi d mod ul a ti on o f acq ui red immunity inc ludes the T H 1-
T I 12 im111u 11 c respo nses ( Rook et a l. , 1994; Mani n, 2000) . Con­
fti c ti 11g effee ts o f a11cl rogens and es trogens on TH l- T l-1 2 may 
poss ibly adj us t thc re lat io nship of each host sex w ith the par­
as ite anti achieve eit he r .. pac itis t" coexi stence or ' ·beJl igerent ·· 
co nfro ntat io n. /\ nti gcn presentati on. clona ! cx pan s io n, ce ll ac­
ti vation. or apoptusis and efte ctor maerophage funct ions. in­
fl a rnmatio n. and c he motac ti c responses a re a lso li ke ly cand i­
datcs fo r s ignifica nt hormona l contro l. T he cxplo ratio n of direc t 
scx-s tc ro id c ffe c ts is as yet incom plete. and thc ir end e ffec ts 
011 the whok inrnrnnc syste 111 . espcc ia lly w he n aetin g in unison. 
a re sc ldom stud ied . As ca n be gathered fro111 the sum mary o f 
a s ing le ho rn1onc 's act ions on sorne of thc imm une ¡ia rametcrs 
c1ted in Ta ble 111. estradio l seems to s tim ula te T I 12, but there 
is no prou r that it shub cl own T H 1 o thcr than in expcri mcnts 
w;ing n1i toge ns ins tca d of a nt iio~e n s. Simil ar ly. tcSl(>SlL' rn nc d·: ­
c rcascs scm1 c· 1:3 -ccl l assoe ia tccl cffccto r func tions b~ rcduc ing 
1hc Jc , els n f sorne T l l2 cytoki ncs (IL.- 1. IL-6. T '-J F-cv ) hut has 
1w t bc<.:n slw w n to in te r ferc w ith T I 11 funct io ns. Dch ydn>c-
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pi androstencdionc ( DH E/\) stimu la tcs TH 1 immune paramctcrs 
without apparent effect on TI-12 . ' DI-IT has effects s imila r to 
testoste ronc. Progcsteronc downregula tes effecto r mcehani sms 
(N K cytotoxic acti vity ancl macrophage cytokine and n itrie ox­
ide production ), and prolactin a l so ac ts 011 the T H l - TH 2 m od­
ul ation node. I3asecl on thcse observatio ns and eonsidc ri11 g they 
probably are no t independent effectors, however. it wou ld be 
adventurous to pred ict a s ing le hormone's cnd e ffect on a host's 
imrnunological protection o r vulnerabi li ty to infec tion. Thi s is 
cvcn more likcly w hc n many of thc scx hormone leve Is a re no t 
independent effecto rs and sorne hormones are probably oper­
ating s imultaneously on the host's immune system w hen co n­
fronted w ith a paras ite. Furthermore, m ore com p lex ity and lcss 
predieta bility are to be expectecl from the like lihood o f immune 
eytok ines acting directly on the paras ite, as do thc sex stero ids. 

Notw ithstancling the problem in understand ing how real 
phys io log ica l nctwo rks actua lly work, thc ir nodcs m ig ht d iffc r 
in te rms of the number o f connecti ons. l le re in li es the o nly 
hope fo r undcrs tanding relatively s im ple cause effcet re lat ion­
shi ps in paras it ism . F iring of thc n.10st e onnectcd nodcs may 
exte11d w idely and rapidly throug ho ut the ne twork, ind ucing a 
s ig nifica nt change of phase in its equi librium state and pro mpt­
ing the emergence of new properties (Oltva i anti I3araba si, 
2002 ; S trohma n, 2003). lclc nti fi ca tion of thc most co nnec tcd 
nodes would be a way to begin the ir study as principa l pa ni c­
ipants in SO to in fcc ti on. To c la rify thc re lations hip cx isting 
be tween a host's S O ancl i111 111un ity w ith suscept ibil ity to infec­
tion. we rnust look for these hierarchie nodes in the Hl ~EP 

nctwork. Somc o f th cm 111ay be a ¡iparcnt a t sexual m aturity. but 
ot hers might be m ore di ffic ult to identify. ha ving opera tcd in 
thc ca rly onto logy of th c fe malc o r ma l e im mun c and cndocrinc 
sys tems and then di sappearing by the time o f sex ua l m <i turation . 
Onc could hypo thcs izc that importan! ncurocndoc rinc systc 111 
con nect ions w ith thc immune systcm are cstabl ishcd dur ing em­
br yonic development, when gonada l d iffe renl i<i tion oceurs 
(K le in e t al. . 2002 ; S ini s i et a l. . 2003 ) and ¡iri nc i¡ia l c ritc ria for 
im m uno logica l se lf- and da nger s ig na! recognition also appear 
to be se t ( Matz inger. 2002; Mcdz hitov and Ja 11 eway. 200 2 ). 

To illustra te the 1 ll NEP ne twork's expla nato ry and pred ic tive 
pro¡ic rt ics of pa ras itc infceti ons. c ircui ts that a re turn cd 0 11 in 
experi 111 enta l cysticercosis and sc histosomi ;1sis are illustrated 
wit h d iffe rent co lors in Figure 1. The c ircu its a re no t id c: ntica l. 
but in both, IL-6 is a pro111 i11 cnt fca tu rc. and thc consequcnccs 
of its overexpress ion. i.e .. fem ini za1i on , a T H2- lcaning irnmu 1i<.: 
re . ponse. woul d be cx¡ice tcd in o th cr in fc ct ion s w i1 h a ll thc 1·c-;r 
be ing equal. In the ne t\vork, there a re also circ uits capable or 
rnascul ini zing thc infcc ted fcm a lc if l'-45 0 arnmatasc is d irce t ly 
inh ibit ed, o r by in hibi ti o n o f G N RI 1 in the hypotha lam us. rnc ­
d iated o r no t by 1 L-6, or by en hanc ing thc exprcss ion or 5«­
rcductase type 11 by mea ns of a n IL yc t to be ide m itied. In thc 
opposite d irec tion. the DH EA upreg ulation o f T H 1. for in ­
sta ncc, cndows the cndoerinc sys tcm wi th an ab il ity to partic­
ipate in imm uno log iea l cle fense. " pred ic tion th at ha s ye t 1t1 be 
verifi cd in TH l -sc 11s iti vc in fcc tio ns ( l\aszlc r e t al .. 199 '1: Su­
zuki . 1999: Rogers e t a l.. 2002 ). In thc nctwork 's sc his1oso-
111 ias is cxam plc. thc paras it <.: ac1ivc lv induces ;111 imm unc rc·­
sponsc, wh ich progrcss ive ly lea ns to \\"a rd T I 12. T hL·11. thc i•1 -
c reasc in IL-1:1 <.: xp rcss ion in 1hc hyporhala m us ~ 1i nrn l;1 tcs C RI 1 
prnd uc<1 0 11 . w hich. in n in:. st im ul a tcs pi1 ui ta ry a d rc 1 11 1 ·~o l"li c· o ­

trop in hurmone (ACT I 1) ( l'vlo rales-Montor. f\"cwlwu sc e t a l. . 
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TAHI.~ 111. Effects and mechani sms of action by hormones on immunocompctent cells . • 

l lormonc 

Estradiol 

DllT 

Testosterone 

Progestcrone 

Co11i so l 

DI IF'A 

C RI-1 

ACTH 

Pru lact in 

VIP 

GH 

Thyro id horn1011cs 

Vasoprc:s in and u.\1tun in 
f'nccphal111 s 

Endorph in<. 
h( '( j 

Mcl::nonin 

Effoet on immunc systcm cclls 

Polyclonal B ce ll activator: promotes B cclls into 
plasma ce ll s; l bonc ma1Tow and thymus mass ; i 
IL- 1 O and IL-6 sccreting cc ll s: l IFN--y and IL-2 
production; downrcgulatcs NK activity; uprcgulatcs 
phagocytocis hy macrophages; i serotoni n and his­
ta1nini..: rclcasi..: 

l T-ccll response to mitogcn; l mast ce ll sccrction; l 
IL- 1, IL-6. ami TNF-a production; i IL-2, TNF-a, 
and IFN--y mRNA 

l B-cell response to mitogen; l mast ce ll secretion of 
histaminc and scrotonin; l IL-1. IL-6, and TNF-a 
product ion 

l NK cytotoxic activity; i TNF-a secretion: l macro­
phagc cytokinc scc rction: l NO production 

.i. Prostaglandins and lcukotrienes production; modu­
latcs T- and B-cc ll maturation; alTccts trafficking 
and activat ion of proinflammatory ccll s; l thc pro­
duction of IL- 1. IL-2 , IL -6, IL-8, IL- 10, IL- 12. an<l 
TNF-tt 

i IL-2 production; i IFN--y product ion; l IL-6 sccrc­
tion ; l TNF-a production ; protcets against ncu­
rooxidativc damagc; i T-ccll immun it y; i DTH re­
action 

i IL-1 and IL-6 production; i chcmotaxis and supcr­
oxidc product ion ; i H-cc ll pro li fcration: i cx prcs­
sion oí T cclh IL-2 recepto" 

í' 1\ntibody prod uction; cytokinc sccretion ancl pro lif: 
eral ion 

i Lymphocyte prolifcratiun in response tu anti gcn 
and 111itogc11s: i IFN--y and IL-2 scc retion; l cell 
dca th 1m:chan isms in immune cc ll s: induces NK 
cc ll s 10 thcir dillercntiation 10 prolactin-ac ti va tccl 
ki ll ..:r ce ll s 

.j, Prudu<:tion ol' proi11fla111111atory agcnts: i rroduc tiun 
or an ti - inftammatory cytokincs; hoth functions in 

:1c ti vatt..:J m acr{1plrngcs: Í Th2 t.:d l diff~rentiation 
'7' Adhcs ion o r th ymocy1cs to thymic ep ithc li al ce ll s; 

i rclca se of 1hy111ocy1cs fro 111 thymic nurse ce ll s: í' 
intrathym ic T-ccll trarfic 

A ffcct s pri111ary H-cc ll develormcnt beca use of re­
ducl'.<l prolil~ration of immaturc H-cc ll prccursors 

~ Cell pro li lcra ti on 
Low doses: Í ac tivates ll ancl T cc ll s: high doses: i111 -

1 nu nusupp r1..:~s 1on 

v Antibudy procluction and pro li lc ratiun 
v l'ro lill:ration o í T and NK and induction oí T sup· 

prC S!-ú l" S 

Affcc t ~ thynlocytc maturat ion and diffcrc nt i;i tion 
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• Abbreviat 1ons <llld ~ymbots IJllLA. dehydroepia ndrosteronl!. L>ll"I. cl 1hyd ro1estosteru ne: C Rll. co rri cotrophin ; AC'TH. ad re11ocort icotrop h1c hormone: V IP. \ :1s1...1111 -

te;-;1ina! pepticle: CiH, g.rnwth hormone: hCG . human ..:horion1c gonadotrophi n: OTH, ddaycd-typt: hyper~ensitivity: , decrease activ 11 y ~ i . incr..:ase ;1c11v 11 y . 

2001 ). Conco111it:rntl y. IL-6 and rni grat ic> n inhibitory focw r 

co uld be rq;ul ;1 1ing ACT I 1 prmluctiun diri.:ct ly in the pituitary 
g land. Th c 1\CTll prnduc~inn. in turn , s timul a tes ad1·c nal g lands 

tP produce coni,;ol anti DI JE/\. togethcr wit h T'.'JF-n , w hic h c<1 n 

dircct ly 1nhibi1 parasite growth. Jn !Cction triggcrs the illllll'Jnc 
response r>f thc ho,;t by rn cdiari11g rhc n ,,; urocndocrinc S)"itc rn 

:11 111' .I\ axi s !c1 el ( Vlorak,- f1.,1or.tL1r, \1 oh :rn1 ·~d ,,; t al .. 2003 ). Thc 

c o1~ ,;cqu cn t llli cro,,; 11 v1mn111c111 c·ou ld he more pc rrni s,; i,·c for th c 

es tabli s hment :1nd gro'' th o f lhe 'chis tosorn,,;. The nc:twork a lso 

cx hibit s thc pnssibility of l IP/\ ax is honnnnc s tn act dircc·t h · 

on th t: parasitc . <1ffecting its rep roJ ucti vc: c:1 pac it y 1hn1ugh :1d -

1·c nal s tcro ids th at favn r th c cxprcssio n p f genes rclatcd tn Cc' l­

lula r diffe rcnt i:1 t ion and proliferation ( iVloraks- :VlontPr. Vlll h:1-

111cd et al .. 200 1 ). On the uthcr hand, in cys ti1:c. rcu , is, 1hc nudc, 

o f intcrac tion are by way of the hypothal:unu,; pilll ita r y go­

nadal ax is. ln kc ti on with thc 111ctaccstodc rcs11lts in :1 i'clll ini ­
;atinn prnccs,; ami in a TI 11 TI 12 shift of th c hn ,; t ·, illl:nunc 

rc:spu n sc:. The t:vsti cc: rc i activcly induce :1 T I 12 illl 1nunc· re-



sponsc. Thcn, thc inc rcasc in 1 L-6 producti o n in turn s timulatcs 
estradio l production by directly activating the e nzyme P-450 
aromata sc and at thc samc time incrcasing pituitary fo lli c lc­
st imulat in g hormone levels . Estradiol wou ld then cycle back to 
favo r thc TH2 response furth e r. In tum. the decreascd testos­
tc ronc prnductinn inhihits thc TI 11 -dcpcndcnt cc llul ar response . 
Thc conscqucnce is thc change of the hos t 's hormona l mi crocn­
v iromcnt from rcstrict ive (male) to penni ssivc (fema le ) fo r cys­

t icerc i g rowth. The network a lso i llustra tes the possib il ity that 
thc host 's scx hormo ncs may act dircctly on the parasite. af­
fect ing its reproduct ive capacity through sex steroids that favor 

the exprcss io n of genes re lated to ce llul ar differentiatio n and 
prol ifc ration in many ani ma l spcc ics (ri g . 1 ). 

Thc HI NE P ne twork 's prowcss. wi th its manifold fo rward 
and backward rcgu lat ions in ope ration. is congrue nt wi th the 
\·ariega ted profiles of ln fectio n-SD and lmmune-SD in the va r­
io us host paras itc systc m s. lt <loes no t. howcvcr. ncccssari ly 
imp ly or deny that there will bt: differt:nces betwt:t:n sexes in 
thc final rcsults o f a givcn confronta tion with a paras itc , rcaehcd 
pe rhaps by different mcehanisms in differcnt host sexes . t\ 

func tional fea tu rc o f co m plicated, random. or sea le-free nct­
work s is its stability be fore random pc11urbation s. whcreas stra­

tegic penurbations .. brt:ak •· them to piect:s (Olt vai and 13ara­
has i. 2002 ; Strohman , 2002). Thi s cou ld cx pla in why th erc a rc 
some sex-unbiascd parasitie diseases. Perhaps only a fe w par­
as ites are ca pahl e of triggc ring a profound ge ne ral c ha ngc in 
thc statc of thc network that rcsults in !nfcction-SD. a propcrty 
limi 1cd w thosc paras itcs connccting with the complex hicrar­
ch ica l inrnrn11o log ica l nodes of thc nc twork a nd th e scx stc ro ids. 

IS THE H!NEP NETWORK INVOLVED IN OTHER MEDICAL 
ANO BIOLOGICAL PUZZLES? 

Thc l it c ra turc search rcvcal cd a11 extremely co111pl cx ! 11 :--JE P 
nc t\\·o rk, i11\·l1 h'i 11g hormones and cy tok i11 cs that prcd ict pot cnt 
in1crac tio11s in cve 11 ts gc nc rall y attribut cd to thc exc lus ive op­
c ra ti o11 ,, r s ing k sys tcm s in respo nse to s imple prcccpt s ( rcpro ­
du ct iun ;rnd dcfrnsc 1. Thc rcforc. 111uc h pl :i;a ic ity a nJ mu lti ­
lü nc tio na lit y 1n a 11 .: twork a re 11ot \\' itho ut rt sk. A bst: 11 ce o f cu11-
trn l C<1t tlJ k ad tn thc loss o f tolcr-a nce and a uto i1111 nunc pro b­
le111 s ( Dc ri_¡k and 13e rkcnbosch. 199 1: Lec hnc1· e t a l. . 199(>) or 

be ill\ '01\·cd in thC illllllll l1 C L'Lll11prü111iSC Of ag i11g (!'a!lCrai a nd 
Otta \ ia 11 i. 1995 ). in thc pathoph ys io logy of sorn e in fcc tio ns in 
\\'h ich i111lam mation is a promincnt efte cto r o f pathol ogy (M an­
dnip- l".1 ul scn ct al.. 1995 ; l-lcnri ct a l. , 2002) . o r e vcn in sorne 

co111 b i11;1t io11 o f a li the above. Mo rt:o ver, the 1 !I NE P nctw o rk 
cuttld CL'll ll CCt p;ir;1' itc in fcc ti ons \\' it h o ther d iscascs th:i t sce 111 
al ic·n I<> thc i111111unlllllg ica l and cndocrino logica l do111<1i ns. such 
as ;1rtcrial ll\' pc· 1·tc11:; il1I1 (Pccl crs e t al.. 200 11 . ;llh crosclerns is 
(C h:ic c:r a l . 2001 ). and ca ncc r ( l lcrrc ra a nd O strn,; kv-\Vcg1n an . 
21)() 1. l'o Lll c' I ;il .. 2002). 

'vlany n thcr h iu log ica l q ucsti nn ,; e me rged from the re\· iew of 
thc li tcra turc· <>n S D. c·a ch pL>i11ti11g to ;1vt:11ut:s for futurc rc ­
,;ca rc- li. \\'c ,; hal l fo c u,; 0 11 2 o f thc mo re prominc11t o ncs. whi ch. 
111 turn . in,·o h·c 111;111 y sub,; ick1ry po,;,;i b ilitics. Fir,; t. why i,; thcn; 
')I l 111 1hc im111 u11 c 1-.;, pL>11:;c".' Scco nd . is 1ht: rc C\·id t: ncc to sug­
gcs t 1 l ~ a1 P"l«loiitcs ha, ·c in flu c nccd thc c\·,,l uti on nf 1hc i1· lwsh · 

i 1111 1H 11h· -\ ! Y.' 
l" ltc· \cT\ . ( <llll pk.\ ity ,,f 1ilc 111 '-! LI' ll L' l\\·n1·k hi 11h a l rc~t S\l ll oi 

f,11 l! ll ll ll lllc-SD , i;hc: r 1ha 11 1hc s« ll . o r fo rc·1g n cu 11 ccp1. l' cr h ;i p~ 
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it has ev0lved as thc bcst mcchanism for i11dividuals of cither 
sex to confront infection successfull y. even if by different 
mceha ni sms. and also to solvc w ith prccis io n gcndcr-spcc ific 
challenges. like pregnancy (Grossman. 1989). o r pcrhaps the 
consequ ences of the ir tenitoria l. mating. and socia l beha v iors 
(Zuk. 1994 ; Kavaliers e t a l. . 200 1 ). 

The sclective pressure driving evo lut io n toward Jmmune-SD. 
matching in importance thc dcfcnse of thc host aga inst in fcc­

ti on, is to pennit re produc tion in a dioecious spec ies without 
much immuno logica l compromi sc (Grossma n. 1989; Gai ll ard 
and Spinedi , ! 998: Agrawal a nd Live ly. 200 1; C ha rles e t al. , 
2002 ; Moorc and Wilson. 2002; Owcns. 2002; Po tti et a l. , 2002 : 
Tcll a et al ., 2002) . Thi s comprom isc could be achicvcd by a 
trans icn t, imm uno logica lly specific al lo wance of fcmalc preg­
nancy with an offspr ing that is half-forcign, designcd in tcrms 
of immunoendocrine signa ling that does no damage to an ef~ 
fcctivc response to a pathogcn (Marta! e t al.. 1995; M a tzingcr. 
2002: Medzhitov anti Janeway. 200 2 ). Pregnancy demands for 
i111111u11 o log ica l a ll owance would o ri g inatc from thc advamagc 
of spcc ics divcrsitication gaincd through gcnder dichotomy. !ts 
sa ti s faction 'A'Ould ca ll for occa s io nal ly fa stidious but trans icnt 
immunocndocrinc rcgu la tion by hormones and cytokincs so that 
the fet us is not darnaged (8arnea. 200 1). lmmunc-SD may pro­
vidc males w ith thc spccia li zcd ab ilit y to be ttcr cope wit h thc ir 
more stressfu l and dangerou s l ives when disp!ay ing the ir sex ­
spcc ific bchav iors ( Kava lic r,; e t al.. 200 1: S pi11cdi e t a l. . 2Ci02 ) 

T hus. thc hosts that ge t thc hcst tradc-off bctwccn thc nccd to 

di vers ify and thc nccd to survi ve would appca r to have thc 
bcttcr cha nces to c vo lvc. Evcn the paras itc cou ld bcnc fit from 
thc host 's lmm unc-SD. Fo r cxa mplc. thc parasit.e- rest ri c ti vc 
males in thc case of 111uri11c cy:a iccrcos is may be rcgarded as 
behav iora ll y cnhanced vchicles toward the pa ra s ite 's fina l des­
tiny in thc gut ofca rni vorc,; (Wi llis a nd l'oulin . 2000: Ciourbal 
t: t a l.. 200 1 ). In turn. thc cysti ccrcus-pt:rmi ss ive tema les . w hcn 
in l'cctcd with thc eggs o f T. crcissiccps. wo uld act as 1hc o ptim ;i l 
hosts for thci r rna ,;s ivc rcproduc ti o n ( Poulin a nd Thum. 1990 : 
Z uk a!lll Mc Kcan. 1996 ; Panhui s c t a l. , 200 1 ). 

Thc lcvcl o f co111plcxi ty imrnduccd in th c dcci sion-mak ing 
proceso.; (> f i1 111n une n·ents by the powe rful 111 '.'JE P network rcg­
u lato ry capac it y p1«,111iscs t'' c nli g hte n pc rs istcnt immunologi cal 
pu zz k s such a,; tlllera nce ;111d ;1ut o i111111uni ty. the connec ti on 
\\ith in f\: c tion of sccm in glv unrcl a tcd phvs wpathl, logica l c·,·cn t:; 
s ueh as hypcrtcn,;ion and ca nccr. a nd the ro le of lmmunc-SD 

in spceics d ivers i fl ca tion a ncl in d i ' idual beh;l\ io r. The ro les uf 
scx ste roid s in thc ontolog ica l dc, ·c iop 111 c111 of thc 1mmun c sys­

te m and in "c4uircd allll innatc immune responst:s prom isc 111-
v:i luablc ins ights a nd hcg fo r nwrc rcscarch . 

CONCLUSIONS 

·1 IH.: rt: arc m;l!l y C.'\ c·cp t iL>ll s w thc fcmak hL>s l s uprc111~1cy 

p:-ir;1dig1n in para:--i ti·: in tC..: ti 1)n:; n f 111 c 11 nn1 ; 1I~. too 111any 10 1c~ 1 , · c 

un q ut:stioncd . ln deed . t<:Sl L>,;t c rPn c i,; i11 \(>i , ·cd in thc i111 mu­
nocndocri11c intcractio ns triggcrcd h~1 i nf~c 1i c1 11 . but so are 111;1 11 ; .: 

otht:r ho nno nes and cytoki nc ,; 1h;1t ;i c t a ,; a net \\·ork in wh ich 

thc contrib u tiL)!I ~ uf it> sing le c l°l"c c t<>rs a re unckar. lns tcad. im ­
po11a nt prllpcrt ics. li kl' inkcti on ;1ml i1111 11 unc sc\ -:1s,,Ki;11cd 

di lfcr ..... · 111..: L" -.... 11 1~ 1 } L"Incrg s...: frl'l11 1hi.: !1l.'l\'.·' Prk ~ • ::.- (l \\ lhJ lc . Th1.: rok: 
<> f thc h11,;(,; 11111 nu11 c .sy,; tc111 ;i,; tit e d n ly cffcc to r llf S D in p:ll"­
;i,;n i,111 1' not ck;i1-. i1 " 111, u l.l ic 1c 11 t lv L' .\ ph11·cd . ;ind it is 1101 
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uni fo nn ly impl cmc ntcd, cvcn in thc most studi cd host parasi tc 
systems. Fi1rnll y, the parasite 's direct respon se to the ho1111onal 
cnvironmc nt o f cach host scx has bccn ovcrlookcd as a s ig nif­
ican! contributor to host SD in parasitic infections. In fact. it 
woul cl appea r that the confl ic ting findings in murine T crassi­
('Cf'' cys ti ccrcosis with thc fcmalc suprcmacy pa radigm in pa r­
as ite in fcc ti ons provoke even greater sensitivity to the host 's 
scx stcroids. i.c .. parasite dri vcn cstrogcnization ancl clcanclro­
geni z;1 tion of infected mal e mice and pe1111issiveness of the fe­
ma le m icc TH2 inc \in cd immu nc profilc toward cysticcrcus pro­
li feratio n. 
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M:LECULAR MECHANISMS INVOLVED IN THE DIFFERENTIAL EFFE:TS OF SEX 
s-:-:::lOIDS ON THE REPRODUCTION ANO INFECTIVITY OF TAENIA :,':/ASSICEPS 

G ;:ilo~o Escobedo, Carlos Larralde, Anahí Chavarria, Marco A. Cerbón', and Jorge Morales-lr.ntort 
Dc ::n1menlo de lnmunologla. lns tilulo de Investigac iones Biomédicas, U.N.A.M .. AP 70228, Mexico D.F. 0,1' : . :.1exrco . e-mail: 
jmni ::rti6@11olmail.com 

,\nS TRACT: Th c in vi u o c;w; posurc of Tnc11 in r ra.r:liiccp.-; cysticcrci to 17-fl cstra<liol (E1) an<l progcs1r:r.: ~ P,) sti 11111l.1t e<l their 
rcpro Uucti o n antl infccti vi1 y . Tcs lostcro nc (T,) an<l <lihydro tcs1ostc ronc (OHT) inhibitc <l thcir rcproucc Pn :rnd re<l uccU 1hei r 
mo tilil j' :rn<l in fcc tiv i1 y. E, and I', incrcasc<l, whcrcas T, an<l lJHT rcducc<l. thc CJ{pre ssion of parasit c · ·-1r anU r -j1m an<l IJN A 
o;yn1hes is . In vitro cxpo:rnrc oí cys1icc1c i to scx s1croi<ls befare lhc ir inoculatio n into rcc ipicnt no ninfc c:.; micc rcsu ltcd in largc 
parasitc loJ<l s whcn prc 1rca1c<l wi th E 2 an<l P, and in smallcr loads whcn pre trcatcd with T, and lJtlT ·. 1.c:crmi11e 1hc pos s1Ul c 
molecular m cchan is ms hy which scx slc ro i<ls affcc t T. c rn.r.'iicep.s. scx stcroid rcccptors wcrc ;:implil :e . ··acuin r ro.u irf'p.t c:-c. ­
prcsscd cstrogcn rcccpto rs (both o an<l p isoforms ) an<l an<lrogcn rccc ptors but no P, rcccptors . The : :c:~l t s Ucmo nstr:llc that 
!'CX s1croids act <lircct ly on para si tc rcproduc tion hy bin<ling to a classic ami spcc iíic scx slcroiú rc cc1 :1r n n 1hc p:uas itc . Thc 
diffcrcntial respo nse o f cysticcrc i 10 scx stc roi ds may also be invo lvcd in 1hcir ability to grow fas1 c-· 1 : :1c murinc fcmalc or 
fcminizcd malc host. Thi s is thc fir s t rcport o f <lircc t SCJ{ s tcroid cffccts on thc parasitc poss ib ly throu~ : :>:: slcro i<l 1cccpto rs in 
thc cysticcrci. 

L ct and pa ra s ite sex-assoc iated b iases may be combined to 
fa•: c ·iJe ir evo luti o n toward a mutually acceptablC relationship . 

.. 1 :-.: pcrimcnlal Tac11ia c rassicep s cysticcrcosis. fcmale hosts 
oi ,,c;ous inbred mouse slrains bcJI larger paras ite loads than 
m:. : ~ :n the fir st 4 wk o f infec ti o n (S c iutto ~ t al., 199 1 ). La ter 
01 :Jring infcc tion, howcvcr. thc scx-assC1ciatcd differenccs 
ten J disappear as malc paras ite loads app; oach thosc of fc­
m:.,:. C hroni ca lly infected males beco me feminized and de­
v<: ::J .1igh seru m estradiol (E,) and low tcstos terone (T,) levels 
(Lc_·:11Je el al. . 1995; Mora les e t a l .. 1996: Morales-Mon tar e t 
a i :O I) with a negative i111pac t o n their sexual and aggrcssive 
be :i ·,,or (Mora les e t a l. . 1996: Gourba l e t a:. 2001 ; Moralcs­
l'v: :i 1.:r. Oai g e t al., 200 1: Moralcs -Mon t<' :. o'·1o hamed et al., 
20: l These res ult s s trnn g ly sugges t ll i:i' c: s!. o gens promote 
an . ndrogens inhib it paras ite reproduc ti o r: a:: J are wc ll in line 
w :: :on ad~ ctomy and ho rmo nal rccons utuli trn cx pc1in1cnts 

(Lec > et al., 1992: Larra lde et al., 1995: l\1 0 1alcs-:vt o 111or e l 
a t :02). I3 cca usc prcli1ninary ,·x. pc rim c nl s ··.J.i ic <l to d c tcc t a 

d ::c( · cs ponsc of thc paras itc whcn cxpr.sc · 111 vitro to scx 
s1cc: •i s (C. LarralJe , pe rs . co m1L .), it wa , '<1med th at se ., 
s 1 r ~: 1 i s cxcrt lhcir ac ti o 11s o n para>itc rcprnc 11 0 11 by way o f 

tl1 "o t's i111111unc sys1c 111. pe rhaps by induc ·1 T-he lpc r type 
1 r : ·r. rper type 2 (TI l lffH2) imbab ncc in fa o f TI 12 . in thc 
co: .¡' estro¡;ens, and o f TI 11 in he case uf 
rozs :tal., 1994 ; Oojalil et a l. , 2)02; M o r;i i, 
20~ ·, . No twithslanding the int e rwntion o f 111< 

rc: o :ise in uealing with the paras ite , the Pº' 
t1o a: .Jirect cffects o f sex ual s tero ic! ho rmo nes 
p :":•: iogy should not be hastily oiscarded. i 

.1droge ns (Ter­
~ lontor et al.. 
.1 ·st's inununc 

rr •ity o f add i­
lhc p:irasi tc's 

cc t e ffects o f 

1961 ), and it al so does so with i: :posrro11g i/11s brnsilic11.<is 1 
catcd in the hamster gut (S o lo ¡r.:i. 1969). Lcisl1111a11ia 11rn1 
systemic infections in mice are c.· : ngly affec tcd by T, (Mo· 
and Nacy, 1998) as well as by :e .:cce lcrated larval devel u 
ment of inlcstinal _cestodcs suc : s Ccl1i11occocus g rn111do .c 

(Frayha et al., 1971) and M csecc .. 11des couii (Novak. 197: 
However. no ne of the abo ve o t:n ·J ti ons inuicate whi c h a . 
lhc ta rgets of the sex stero ids or · :ic y ernanate from hosts · 
paras ites or bo th . Ccrtainly. the c:nr lc' intcraction s ex is111 
bctwccn thc cndocrinc an<l lhc :~mu nc systcm .s o f 111 a 111111 ~ 

(Bescdovs ky and Del Rey. 200: ' e ra lcs- Mo ntor et al .. 200 
provide cxamplcs of o pportuniti : : r sex s tcroills to exc rl thc 
p3Ias ite-prom o ting or - restric ti l! : 1:ons th rough the ¡ihys r· 
logica l sys tems of the host. ln c:ec. : arl v operi111c n1 s wit h 
c rassiccps sho wcd lhat sex-assc1.1:cJ Jiffcrcnces in parasr 
loads tend to di sappcar afler 1hy:i:: c,111y (Tcrrnas el a l.. 19 9 
Oojalil el al., 2002) . Huwcver. ' " : :rcc1 cffcc ls o í scx s terc.r , 
an<l o thc r ho r111onc s in a va ri ct : •rhc r paras itcs ( f'vta ~ wos\· 

et a l. , 1985: Lin gnau e t al., 199 :' . : ·o: iic h e l a l.. 2000: Murak 
Mo ntor e l al., 2001) inllicate G ll !< J!l in c'cluding he l111 i111I 
fro m thc ge ne ra l rule o f se:~ stc :- .ii l' Jpac it y l• J ac l di1ccll y {' 

thc m. O nl y a co 11s is tc 11t Liilurc • . .: n ~ lli, · c tcc hn ukl g. y 10 !' 11u 

the effec ts of sex steroiJs o n cys;: crc1 outs iuc the hos1. in ,·111 · 
could weaken the poss ibilit y of :1.:c t ac ti o n of the ho rrnu n< 
o n the paras ite . 

Thus, thc prcscnt in vitro cxpr ·:1cnts wcrc dcs ig 11 cU to th (J 
o ughl y explore the po ss ihilit y ::i: serna ! stcroid ho r n1 0 11 c 
h3vc a dircc l c ffc ct on T. cras.rtc r :: 1::- p1oduc ti o n. vi ;1bilit y. ¡11 1 

infectivity and to look fo r pre li 1111;i: Y e \· idc nce OÍ Lhe po ssib '. 
se !Croids have bcen invokcd in cxpl3ining e relation be- m o lcc u!JI m ecl1a1ii sm s in vo lvec 
twcr. .1 ndrogc n trca tmcn t and inc rrascd 11u111 i.Jc: o f larval a n<l 

au •. tJges of intes tin a l hcl111inths or of vario us thc r paras ites 
in :1:cr organs o f vcrt cbra tc hos ts, i.e. , J\11cyc !-O> ·oma ca11i11um 

gr ·., , l>c tte r a nd inc reases cgg prndu c ti o n w lr " the host is 
in:c :::d with T , (Ohai and Pande y. 1982): T, inc• e: ases viabilit y 
o ! ·, '""tus¡1iro idcs dubi11s 13rvae in the gut of th ~ r;1t (Dobso n. 

i-.c::1·1i.:: <l 9 Dcccmbcr 2003 : rcv iscJ 10 Marc h 20<)~ . :1ccc p1 cd 24 
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MATERIALS A1':1 r.lETHODS 

Harvestlng and preparlng cysllcc:c 1" expcrlrncntallon 

A ncw stoc k o f T. c rn.u ir cp .r cy s11n :: : 10 Rf-Kuhn 2 strain ) (Cu lb1 c1 
e t a l. , 197 2: Frccma n, 1985) was 111 :111 ;:. n ~· J in o ur l;:ihorato r y hy sc.::1i 
intr:ipcritonc<t l pas s:i gc in 11ALIJ/c : \ I' ! : :11;i lc n11 cc :-ippro., i111 :t1c ly 1..: ·. 

cr y 4 1110. Cy sticcrc i fo r cach cx.pcrn n :t;i. i sc ssio n wcrc uli tai 11 c d fr1i1 
intrapcritonc:i Jl y infcctcJ fcmal c 111 : ::: :iJ rl:lccJ in tllh CS Cl Hlt ;lini n 

slc rilc phosphatc -buffc rcd s::il inc ( Pn ·· : 1 "< l suppkrnc n1 cd w 11h 100 1 
mi o f :i11tibio ti cs- fun gi1.onc (G ihco. ( .1 .1 :1 lo:;l:lnd. Ncw Yo1k) ( J ·~s d1 ; 111 

S m yth , l 9 7ú ). Tbc tu bes w crc cc n 1:-11c ':" ...: f11 r ! U 1111n :lt 1.500 1 ¡1111 . 

.; C ;i n d llJ C SUpClfl ;\ l;tfll W :l S di SC l : l ..: f)i c ¡i ;1._; k c d (")' S l i (" t: l"l°I Wt: I 

i n c 11 b :11 c d in /\ IM - V s c r t111 1- f 11.: c u u.: d n n ·, ~th: n 111\.L , l{ud ... v dlc, f\.L\ 1 ', 
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FIGURE 2. Time curve s of Tnc11ia rra:r.ficepJ cyst icerci rcproJuction 
afl cr cxpos urc to cstr:ldiol :md progcstcronc (A) or tcstostcronc o r OHT 
( U). E:1ch point rcprcsc nl.'i thc 111c311 (SO) of 5 assays counl ing 1hc 
numbcr of buds in CJch p:i.Íasitc containcd in cach cu lturcd wc ll. Data 
wcrc poolcd. and thc mean was obtaincd . •p < 0 .05. ••p < O.Ol wilh 
rcspcct to control and vchiclc-trcatcd cysticcrci. 111e conccntr::i.tion o f 
hormones are as foll ows: E,, 40 µ g/ml. P., 20 µg/ml, T,, 4µg /ml. and 
OllT, 6 µg/ml. 

Exprcssio11 of e -Jos and c -jw1 genes in rc!ipon se ro hormonal 
trcarmcnl: In v icw uf thc k11ow11 cffccls of scx stcro ids on lhc 

exprcssion of severa! gene ÍJrnilies, including the AP-1 com­
plcx genes (e-fas ami c-; 1111), wh ich are involvcd in th c contro l 
uf ccll Jiffcrcntiati u n. rc prnduc lion. and apoptos is, thcsc 2 
ge nes wcrc prime GllH!id:itcs rnr cxploratio n ( 1 IyUcr et al., 

1992. l'l'JS: Jociiu rn c1 al .. 200 1 ). Thc cx prcssio n uf 13 -actin as 
;111 111t c r11.1i control w;¡ <\ ;il sn 11h::1s11rcJ to coniro l for Uiffcrcnccs 

in .?illJ'ldic .1tH'll l lll1t._-rd 111~· <; :md i ~ cl s 1:n11i11 r~ in c:ic ll cx pcrimr nt . 
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FIGURE) . Dosc-dcpcndcnt cffcc t oí sc x stc ro iJ hormones o n in vi1rn 
rcproduction oí Tac11ia cra.uiccp.L Ten cys ti cc rc i wcrc i11cub:i1nl íur 5 
days undcr <liffcrcnl conccntrations of E1 and P, (A) o r T~ anJ D I IT 
(B). The bars rcprcsc nt the average of dctcrmin.:ifion ~ (SD} of fhc mrm ­
ber of buds . • p < 0 .05, ••p < 0 .01 wifh rcspcct 10 control and vchiclc 
groups . Each point rcprcscnts thc mean (SO) of quinlupli catc dclcrmi · 
nalions of the numbcr of bu<ls coun1cd and viab ili :y uf paras itcs . 

RNA (mRNA) cxpressio n. whic h was clcar ly augrnentcd in E, ­
and P,-treated cystice rci. but DI !T trcatrnent lrai.l no effcc l amJ 
T, trcatment slight ly inhi bi tcd its cxpression (Fig. 4C). All thc se 
values werc s ignifi ca n! at P < 0 .01 in co111pa ri so 11 with the 
cxprcssion of bot h ge nes in control cys ticc rc i. 

DNA r¡11a111ity 1111(/ 1/l -1/ry111idi11c i11cor¡JOmtio11 : Fi gmc 6/\ 
shows th e E,. P., T., acri.l DI IT s ti11111l:iti o n cffccts u n ' 11 -lh v­

midinc upt::ikc in '. ts DNA fr:J.c lio11 w illi rcspcct to co 11trols. E~ 
;111d J\ llT.1 11ll f ll; :P1 f~lllCl\:ccl ' f l - l ll\ ' lll id11~ 1 ' l!T'l.l~, r· <; rnld :1 11d -
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í'IG lJIU: .. 4 . rvti c rog r;i ph s u f Facn in (Ill.HiCC fJ .'i cys ticc rc i lrcal c tJ i 11 \ ' l\fO wit li SC.".11 :il SlC illld h OJ lllt l ll l'.". T hc 1':1.l:!SllCS WC I C sclcc !cd t u f:111 ! 

rc p rc sc nt thc nlca n c ffcc t o n thc 11umhcr o f bud s íu r c;:i c h 1rc::1tmc 111. \Vli itc lx ir .<> in c;id1 ¡iho tot! r:iph. 1 1111n . 1 t\ ) r o O\ H O 'f' \. cyq 1( c rc i cn 11 t r l' 

( B ) T. n ·r:.r..'i i c c¡J.t c y sti cc rc i t rc:-i tc<l w i1h c str;:-id io l (· t íl p.g.'111 l ), ( C ) T. rra.\r in·p s cy"1ic cr c1 t rc :itcO ,,·111! p rPgcstc ru nc (~U ¡q;/11!1 l . ( D ) /". 1 " " \ l < q 
cysti ccrc i trcal cu w ilh tcstos tcronc ( 4 ~L giml ). onu ( E ) T. c rn.uir r¡1s cys ticc1ci lrc:ilcu wi 1h IJ l IT (6 l' g/ 11 d ). 

thcs is w hcn co m parcu w i th untrcatcd co ntr c l cy~ t i cc r c i . T li us. 

E, trca tmc nt do ub lcd thc am o unl o f DNi\ sy 111 hcs i1.c:J . w hcrc::is 

1\ lrc:Jt m cnl inc rc::iscu tli c sarnc 1.5- fo lu. No c ffcc t u n DN i\ 
sy nthcs is was sccn w hc n cys ti ccrc i wc rc trc :it cd w i1 li c i t li cr T, 

or D I IT. 

/11f ccri"i1y <1.Lrny.<.· l11 fcc 1i v i1 y stu u ics o r cys ti cc rc i cx ¡iuscu lo 

o;c x stc1o ius hc l.u rc thc 1r i 11 oc11Lit10 11 to 1cc i ¡i1 c 11 t 111i cc i m l ic :ilc ' 

th at cs 1rogc 11 s p1 0 11 1utcu a11 d a n d1o~c 11 s i11 l11 li i tcu llic ir 111fcc 11 , · 

ity . f'i gu rc 7 shows t lic 11ar :isi tc lit1 1dc11s u l>t:i i 11 cu al .¡ wk " 

infcc t1 0 11 \v 111l cys 1icc rc i ¡n cv io u sl y l : 'q loscd l l) o pt i 111 ;tl d o~lf' 

of E,. I'.. T, . and l) J IT 5 J:i ys lic fp 1c h·i n).'. i1u1c11l:tt cd i 11l\l 11u l· 

;i 11 <l fc 1 11 ~ il c 111 1cc. I n 111 :d c 1cc ip 1c 11 1s . l '.:.,- l1c :1tt: d 1':11: 1s it L· s tr1 pk · 
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FI GURE 5. Effcct o f in vitro lrcatmcn t w i1h se.\ stcro id horrn o ncs f )ll c -fo.'i ;rnd <: -jw1 cxp rcssio n in Tn cnia rrcH.o;i. ·r¡1J cy sti cc ic i (:\ ) ,\ 
rcprcscnt ati vc RT-PC R w i th to t:il RN A fro m norma l o r t.rca tcd cult urccJ T. c r a.'iJircp'i cy sliccrc i show i 11 g thc dc tcctio n u f c·-f'" a11LI l\ -Jc1111 1_ 11 .;;:c d 
as a control c:c: p rt:~s i o n ge ne) . ( B ) R csul:s o f 1·-fos ;i n<l c -j w t cx prcss io n ;]re r i:: prn l cd as dcns it lJ mc1ric d:i t;\ o f th c :i u tp 1:-id iu_s1:i ¡ilii c .\ 1g11 .ii.;; . U.1 L1 
rc p rc- sc n t i11d i v iJu:i. I w cll s h y 1r c Jt 11 1c n1. :rnd c ;i c h cxpc ri m c nt w ;i s don e in qu111t 11 p l ic Hc . Thc rc l ati vc c :~p rc ss i o 11 w :-i " o ht:i i 11cd h y cuircc ti11 g tli c 
c xp rc s:; iu n o f r-fo.'i or c -jwi lo th ~t o f p ~ ;i c t i n . • , , < 0 .05. ••p < 0.0 1 \v i1h rc o; pcc t to th c ir rc ~pcc l i vc contro l group . 
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Í-I GUHE ú. Spcc ifac proli fcrati on of Tac11iu ,-rn ' ítr c¡H cys ti cc rc i 
mc;i <; 11rc <l :1 S JJ-{ . 1hy mi<linc incorp orati o n ( A ) ;111<.1 tota l DN t\ qu~rn titi cs 

(B) . Data .1 re rerre se n1ecJ a s thc rnean SD o f 3 d ifferen1 cxpe1 iment s (n 
= 5) . Eac h cys t culture was done in tripl ic;itc . Cy sti cc rci wcrc cu lt urcc.J 
sc par:itc l y in thc prc sc ncc o f c:i ch scx stcro id an<l p~ o lifc r:tti on wa s 
m casure cJ . DN/\ was e~traclcd . purificd. and quantili ccl from !he cysti ­
cerci ob taincd a ft cr diffcrcnt treatmenls . •¡> < O.OS, ••¡• < 0.01 as 
co rnpare d wit h 1heir respect ive co nt ro l gro up . 

in num bc r as co mp:HccJ w ilh conl ro ls . :lll<l in fcmalc rccipi c nl s 

thcy wcrc cJ o ublccJ. P, prc lrcalmcnl al so cJoubl ccJ lhc cx pcclc <l 

paras il c load in bolh gc ncJ c rs. 111 conl ras l. pri o r cx pos urc o f 

p a ra s ilcs to T, and DI IT s ig nifica nll y dccrcased lhe ex pec lc d 

p a rasi le load in mal e ancJ fe m a le h osts. 

Sex srrroid receprurs dcrec riu11 i11 Ta e11 ia c rauiccl's: ílecausc 

cJ iffe re nt ml~N i\s ca n ha vc varyin g half- li ves ;1mJ 111a y undc rgo 

se lec ti ve dc¡"radati o n . we d c te rminc d the quantil y ;J11d inlc¡:rity 

of to ta l RNA cx trac ted from thc diffcrcnt sourccs u sed in thi s 

s tudy . lt wa s c k a r th at lhe s:1111e ;1111o unl o f l ~N/\ ( 1 ¡•.g) th :1t 

was no l dc¡"r;idc d was uscd fo r reverse t r;111 sc ripti o n ( RT)- l'C I ~ 

.1mpli!'1ca tio n in e a c !J s tuJi c d t iss ue (d:i la no t s how 11 ). T!Jc a m ­

plific:1tio n h y RT - l'C I{ uf th c ER -n a nd ER - f~. /\R. PR - A. and 
l'l{- IJ ;111d fl -aclll l ge nes íor r CU IS.IÍCr f' S is s lio w ll i11 Fi g ure R. 

S pec ific fr;1 g 111 c n 1S tliat corrcsp o 11d in 111o lcc 11l ;ir wc i¡;lil to tliose 
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f-I GURE 7. Num bc r of Tan1in r·rn.Hif ·c¡H cy sti ccrci oh t:iincd fr n . 
thc pcrit onc:il G l'.'1t y nf B 1\Ll3/c i\11N 1111 cc o í lio1li sc :w:.cs with di ffc1c 
c,'Cpcr irncnt;il 1rc at 111c111 s Cysticcrc i wcrc cul tur cü lirsl ,.,..j¡ !J ;i sin l! 

<lo se o f cstrJdiol. prugcs1crc11c. t c~ t us t cronc, or 1) 1 IT. ;i nd thcn 1 c i1 1<~ 
ul ~HccJ ( 10 par;JSJlc s pcr 111o usc 1 1111 0 k m ;llc and malc n 11 cc . B:u s re¡ 
rcscnt th c mc;in SIJ nf i11di\'irJual p:11 :-i sil c lo;1ds o f ;1 tot ;tl t>Í : cxpt..:1 
rncnt s ( 11 = SJ . ·1 1 < 0 .05. ••¡ ' < 0 .0 1 J~ compa1cU \'-"tth con trul rn ic · 

of ER-u. El{ -[3 . a nd /\ 11. wcre ul> lained írom botli T. cmssicc¡ · 
a nd co nl rol li ss ues. w li c re:1s PR -i\ a11d í'R - 13 fra g 111 c11 ls wc1 

0 11l y dctc cted i11 lile 111ouse ulcrus (co 11trol tissue¡ ;1nd not i11 i 
c ra ssicel's. Sequcnci11~ of lhe T crassicc¡H-a 111plifi cd fr:1 r 
lllelllS. ;JS WCll ;1s of crn1lro i ti SSlleS. d CJ ll Oll Slrated li wi 1 id c 11ti l 

to E l{ -u a 11li E!~ - ll. 1 \ I ~ . . 111d l\-:1C!i;1 (d; ,1;1 no t s l1o»n1 J. 

DISCUSS ION 

Th is work s liows 1h :1l sex s tcrn id s ;1cl direcl ly 0 11 T c rau i 
ccps eys ti c erci rro l1 fc ratio n a nd viabil it y w i1lio ut nccd o r th · 

hos t' s ra1l;cip;11i o 11. :111d E1 a nd I', pro m o le p :iras it c 1c produ c 

!io n w itlio ul ;¡ JTect in g lhe ir v iahil ily. h1 co nll asl. T, ;llld 1)1 r 
s ig11ifi ca 11tl y inlii!J il p;1r:;s il c prn li fcralio 11 ;,nd 111 ;1y k :icJ lo 1hc1 

d es truc ti o n . Tli cse c lkct s dcpc 11d lio lli 011 lil e co 11 ce 1Jtr;Jti o n 1 1 

ho rmo nes a ncJ tlie dur;1li o 11 of ex pos ure. T l1 e c lTc c ts n n rcp10 

duc lion and v iabi lit y hcgan at 24 lir uf c ulture hui wcre 111axi 

lll ally diífc rcn t 1Je1wcc n e .xpc 1i111e nl :il and co nt ro l g1011ps at '. 

days of c ulture :1ml L1lcr. D I IT was 111ore dras lic in it s dc lc le 

ri o us cffec ls 0 11 cys li ccrc i lli ;1n T, (/' < U.USJ a11d E, lll t1r< 

s tilllulal o r y tli:lll I', (/' < O.U.'i) . T he invo lve 111c n1 o f tli e 1\P- : 

CO lllpl cx genes (e -Jos ;llld c -) 111 1) o f tli e paras il e w:1s s how 11 he 

cause th e trea l1 11 c 11l witli li1e ,¡ sex s lern id s had :111 i111p ac t cw 

lhe ir ex press io 11 in a w;1y co n¡.: ru c nl w i1li lhe prolikr:11ion a 11< 

viabi lit y c lia11 gcs. Tli c c llcct s o r 1:1 and 1\ s lin111lat ccJ the ex ­

p1 ess io11 of hotl 1 c -jr1s :1ml e ; un a11d 1!1 o se o f T , ur l) J IT i11!Jih 

il e d th e ir ex p1 css io n . 

Previo u s ly . wc liad lc1u 11d lliat t:c 11dc r ami c irc u l;ilin g E.1 ami 

T, !cvc ls in iios t 111 1cc c 111 c r:11ly ;d k c tc d lhc d y 11:lllncs o f par:l · 

s itc lo:1ds in 111i cc infcct....· d \\'i tli cys ti cc :c i or T. c:nns icr¡1s t~· ·l o ­

ralcs-l'v1 0 11 to r el :d .. 2UU~L Tlie vcry L1 c t lhat in fcc lio n o f 1na1L 

lll iCC \V l l h F. Cf"O .f.'>iCCf ' \' k .1d ') IU ') trihi 11 g i11 c rca SCS i11 CS trogc r ~ 

lcvc ls oí tli c l1u-. t is cu11 s1:-- tl· 11t w 1tli tlic idc:1 tl1 :1t cy q icc rc i f:11 c 

h c tt cr i11 l11 i:; l1 c<\l 1P,..:L· 11 L"l~11 d11 1 u11\ :111d :--0 111 c l11 J\V 111ducc lile lio st 
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FIGURE 8. Express io n o f scx s tcroi<l rc ccp to rs in Taenia cra.uiceps cys ti ccrci . In thc vertical axi s. wc show th c cxprcss ic1 11 n f tli c csu ogcn 
receptor (ER). progcslcronc re ccplor (PR), androgc n rcccpwr (AR), and J3 -ac1in i1; T. rra.1.<icc¡H ano co n11 o l 111ouse 1i ssue. In 1l 1c 11('<11.onial :ni s. 
wc show thc <..Ji stinct iso forms o f th c rcccptors. Thc positi\'C cxprcss io n control ti ssuc for th c Ell w;is mou~c uvar y. fpr PI { it \v;i s 1nousc utcru s. 
and for AR wc used mousc 1c S1cs . r o r amplific:11ion 0f AR. wc uscd 2 diffcrenl sei s o f pri111ers ucfineo in 1he fi gur e lrke 1hc - COU I 1 (c 111>1ix ili c 1 
ano -Nll 2 (amino ) 1crmi na l 00 111 ain of thc gene. J3 -ac1in was thc cxprcssco cons1i1uti ,·c ge ne . 

to pro duce lh e m . H o wever. a 11HJre i111rica1e s lral cgy u f paras ile 

activi1y mu s t now b e co 11 s ide rc J . l'e rhaps lo w a11Jrog c n levcls 

are al so necessary for th e para s il e hec au se lh cy are so s tu111 e J 

by them . Thc ba s is fo r !he paras ite's ¡ircft: 1c 11 ce u r avo iJ ancc 

of scx s tcroiJs is m o re unJe rs 1:1nJablc if uverexµ 1ess10 11 oí /\l'-

1 genes fav o rs a se xual re pruduc 1i o 11, w hereas u11J erex pres, io 11 

J oes noL /\n inaJe qua1e horm o nal c 11vi ro lllne n1 m :iy lead lo 

apoptosi s oí cruc ial paras ile ce ll s . as has bcen pro poseJ fo r 

olher paras ile i11fec 1io11s . i .c . . re 1inoic ae iú !i as bei:: 01 s how n lo 

affcc t fcma lc Lito 111 oso idc.< c ar1111i ;lll d 1nic ro fil :i ria e o í L a !r­

i11ii. /Jru~ ia n1nlny i. /J r ugia ¡)(1/inn g i , and 1\ canthochrilo11 c11u1 

1•it cac (Z :illll c r e l :d . , 19 88) . Cc rc ;r1 i;1c. sc hi s1oso 111ul:i, and ;10 1111 

wu11 11s of Schisto .1011111 11w11 so 11i, w hc 11 11c ;1! c d w r1h 2 l1 y pu1 li:1-

l;u11i c - pi1ui1:ir y-adre 11al axi s ho m10 11 cs . s huw 1cJu ce J v i;rl 1il11 y . 

w h c rcas J e h yJroc pi :111Jros1ero 11a :i 11 d cP1 lrsu l " ¿: 11rfi c: 1111 ly i11 -

hihi1 in vilro sch is 1u s urn :1 uviposi 1i u 11 \i\ 1o i:rl cs-i\10 111 o r e l al.. 

200 1) a mi T .1 J ues likcw isc w ith 1l1 c 111ituc l1 l111Jr i:il f1 11 1c l l(J 11 o f 

S. 111a 11.w ni ( fa111a¡ip ic el :i l ., 1')91)) . 

lk c au sc there is ;¡ t: re a l Jc;il o r cu 11 :;c r vc d scq11 c 11 cc "' ""º' ­
ügy a m o 11 g 1:1Us t ho rn 1U nc rcCCJ'lu rs . c ,; pcc 1:1ll y 111 1lrc li ¡,:·11 1u 

;rnd DN1\ - hi11J i11 L~ d o 111 a i11 s \D:i 111 i:í11. l'J'Fl). ""' wcrc ;rltk !u 
s lHJ\1o.: t!iat cy st 1cc rc 1 c xpt <:sscU ;111 :111d1u¡;c 11 !LCc¡i10 1. w itli li o -
111 o l" L!Y lo lil e :i11d1 or.c11 1ccc1'l< 11- 111:11 lti11ds 1•01 11 T., :111d IJI IT. 
Suc li co 111111 u 11 :1liti cs l1c t wcc 11 l1 u :~ l ;1 11 d cy:--. tl Ll·ic u s 111 c t:il1u l1 ~ 111 
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sh ou ld carne as no surprise. when extensive homo logies be­

tween ~pec i e s are being Jocume11teú in o ther sys terns as well. 

The sa me argument applies for the Ji rec l action o f estrogcns, 

a ltho u gh the ir e ffec ts are oppos ite to ihose of anúrogens. lnter­

es tin g l y. we sh owed that both isuforms o f the classic estrogen 

receptor (ER-a anú ER-¡3) are expressed in T. crassiccps, bul 

there is no express io n o f P, recep to rs (neither isoform A nor 

13) . ll appears that the effects o f estrogens and androgens are 

cau seú by the binúing u f E.1 ancJ T, to lheir respec tive receptors. 

The small effecls o f P, coulcJ resu lt fro m no nexpression o f its 

speci fi c recep tor o r be cau secJ by no ngenomic eff~c ls or m erely 

reíl ec t ils lransformati o n lo E., as pre v io usl y shown for ancJro­

gcns (Gom ez et al., 2000). IJincJing o f the ER to the classic 

estrogen-cJepenúent elements coulcJ be respo nsible for lhe acti­

valion of AP-1 complex genes in the normal metaboli sm of T. 
crassiccps. Previous stuúies have cJem o nstratecJ that the genome 

o f 0 11 chocerca vol v11/11s encocJ es at leas! 3 membcr s o f the nu­

c lear rece pto r family ( Unnasch et al. . 1999), ancJ thi s coulcJ also 

be the case for T. c rassiccps . 
With respect to the sig nifi ca nce o f the cJifferential effects o f 

sex h o rmo nes u n hosl ami parasite. we founcJ il interes ting to 

sp ce ul al e o n the evo lutio nar y impac l u f the hos l gencJcr cJiffer­

enti;il spccialization in cJ ea li11 g with the parasite's cJifferenl stag­

cs . Th us . il woulú appear lhat gencJer spccialization o f lhe kincJ 

cJe scribecJ here fur T crassiccp s (females favoring ancJ males 

hindering lar va l asexua l rcprocJu c li o n) eoukl be evolving lo a 

m o re benign hos l - p ara site relati o 11 ship . 
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AIJstracl 
'/Jús is (/ úricf acco11 11 1 o{ some nf thc ¡1rublc111 s 

¡1osed by Tuenia sv li11111 cr sliccrcosis tlwt 11 ·e hul'c 
(IJJJJroached since tlie car/y 70 's 11nd a s1111111 uir1• of 

-our principal re.rnlts wullor ¡1n' se111 /10si1ion a /Jo111 
cac/1 of 1/ie111. 

/11 l/11111an nc1ll'<1 l'_\'.1ticcrco.lis (NC): NC is c1 
clinicully ¡1lco11101phic d isc11sc in s1·111¡110111 s m1</ 
s<!l ·erity that range j im 11 clinical sile1,1 cc lo lije 
1hrca1eni11g 0/1(1 so111 clil 11 es dcwl/_1· co11 ditions. '//1 c 
mm! ¡1o¡)ftf(ffion o{ Me.rico .1ho 11·s higha NC 
¡1rel'<l lc11 cc (a prox I U'k ) 1ha11 is gc11 cru llr n ·o 1g 11 i::.ed , 
lmt mosl 11{ th c cases 11re cli11 in1lly sile11 1. Scm log ic 
diagnosis is .1·1i// 1111 s11tisfii cton · h 111 i111111111 in1/iugnosis 

( ·Pn c ;;; pu 11 tk 111.:d Rcp ri 11 1 n·q11cs t: l )r. Edda Sc iutto. lns1i 1111 0 d~ ln v l' " t i & a c i on~s Hi!1 mt..: d1l°:I". 1\ I' 7022X. r.. l ó .il·n IH l\ 10 
D F. ~k x. 1 (' \J l.:. 4 11 i.:11I. l.'JJ : 1 G_J'l~ t~ nid ur.u 11 a rn . 1 11\ 
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in CSF of symptomatic NC pe1for111s somcwliat bcttcr. 111e use of synthetic peptidcs 
derived from reco111bi11a11t antigens ope11 a 11ew possibility to i111pro1•e diagnosis. 90% of 
people witli positive serology in Mexico do not cluster arou11d tlie house/10/d, wlzic/1 
speaks of far reaching 111eclw11is111s of trans111issio11 tliat operate in higMy ende111ic 
sit11atio11s in addition to tlic importance of living in clase proximity with tapewor111 
carriers that operates in botlz high all{/ lmv ende111ic situations. There are lii11ts tliat 
severity associates ll'ith infla1111nation, ge11der and genetic backgro11nd uf tlic human /10st 
but not witlz leve/ of expos11re to i11fectio11. T/1erc are a/so i11dicatio11s tliat t/1e TI/ Jírl/2 
balance of the i1111111111e response may be decisive for the out come of 011 i11fcctio11. 

fil Pig-cysticercosis (PC): PC prevalence is a/armingly high (5 to 30%) in mm/ 
villages of Mexico. A synthetic peptide vaccine against PC was shown to reduce 50% t/1e 
prevalence and 98% the i11te11sity of PC in a realistic field tria/ of pigs exposed f ar one 
year to natural i11Jectio11 , e11tici11g its application as a11 adj1111 ct i11 tra11s111ission co11trol. 
Antipeptide a11tibodies of vaccinated pigs cripple the ability of cysticerci to develop 1111to 
ad11lt tapeworm parasites, a subt/e yet i111porta11t w11J applicable effect of a11tibudies 
othenvise co11sidered inoperatil'e. Castratio11 alllf preg11a11cy of pigs do11blc 1/1eir 
expected prevale11ce Jrom about 25 to 50%, a11 i11dicatio11 of hormonal i11vo/l'e111e11t in 
susceptibility to i11fectio11. Experimental i11fections hi11t to ge11etic factors in co11trolli11g 
parasite establislz111e11t. 

In Taenia soli11111: Cysticerci co//ected f rom differe11t donar pigs 11at11rally i11fected i11 
diffcrent geographic a reas of Mexico show s11bstc111tial a11tige11ic dil'ersity peaki11g out o.f 
a comparatively lzighly similar DNA backgro1111d, an i11dication that the expressio11 <1 
antigens may be .rnbject to circu111sta11tial factors of the parasite, the host a11d!or the 
e11 vi ro11111e11 t. 

Ovcrvicw: Thc roots, stratcgics and thrcats of Taeuia 
solium discasc 

Tae11ia soli11111 discasc cxisls in European c ivili1.ations sincc anliquity ( 1 ). and sonu: 
holJ that il a llcc ls humans s ince pn:hi sluric times f"a vurcJ hy lhcir filtltincs~ allll 
cannibali sm ll was lalcr ex tended lo wild boars (2. 3) . Nowdays thc di scasc L'lllcrgcs in 
rural arcas o f dcvcloping euunlrics rro111 1hc cnalitiun or pcrsisting i11 salubrious soc ial 
conJitions, poor personal hyg icnc. open air dcfccalion ami lhc praclicc o f fccding pi gs 
with human fcccs, ali facturs assoc ialcJ with soc ial injusticc anJ ex treme povcrl y (4 , 5, 
6) . Thc Ji scasc is rccmcrging in J cvclupcd arcas hccausc o f hu111an 111igralio11 (7 , 8) . 
Cystiecrcosis affccts lhc hca lth of millions o f peoplc anJ causes grcal cconomi c lllss in 
cnJcmic arcas wurld wiJc (9) . Bcsidcs it s hugc mcJiea l anJ VL'lcrinary i111pac ls. ·1iie11iu 
soli11111 Ji scase p O S\.'.S many intcrcs ling soc ial and bio logica l pr1.1 blc111s for sc icnlifi c sludy 
OÍ genera) rcl cvancc fo r paras iti c infcclÍons. ll also o lfrrs varicd U(l(lOílllllilÍ CS lo dC\'Cl<lp 
strategic teehnology lo appl y in cont ro lling its transmiss ion and pallialc it s c llecls on thc 
hcallh anJ economy uf tit ase allcc lcd. whilc in waiting for soc ial dc vclopment lu fina ll y 
arrivc in the poor countrics of tite world . 

The life cycle of Taenia soli11111 
Thc larva l pitase (cysti cc rcus) of thc plalyhcl minth parasil e 'f ii cniu ,,11 /i 11111 m;1y 

locali zc in lhc central ncrvous sys tc111 (CNSJ uf hu111 a11 s causing ncurocys ti ccrcosis 
(NC), a SC\'c rc nc u rn l og i c~1I di scasc (9 , 10. 11. 8. 12) (Fi gmc 1). Cysticcrci (Fi gure 2) 
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Fi~ure l. Computerized axial tomography showing massivc cysticercosis wilh calcillcd cysts. In 
spite of the inactivity o f thc parasitcs, thc palien! prcsents a high frcqucncy of convul si vc scizurcs. 

Figure 2. l\Licrosn1pic aspcL·t ,,r F. .wli11111 L·vstiu:rci obtaim:d fru111 an irr kctcd ¡>ig. 
l'i L· turL· 1akc11 hy 1 , ·;111 1:1urcs 

tila ) a lso infec t p1 gs skckt:.il 111usck. cau s¡¡1g 111;1jor cco 111J1111 c luss in alrL·ady 
1111povcrished rural people or c nde 1111 c arcas. Tlie adult par;1s ite is a L1pewo1111 Lhal li vL' S 
onl y in lhC intes line of hulllallS. in \\·il olll lil e l;q1eworn1 111 ay dwell fur )'L'.: 1rs c;1us 1ng 
111inor disordcrs bul pruducing thous;111d -.; \lr cggs pcr day tliat are shcd Lo tite 
cn viru nmcnt in Lile k ces . L:1ch c'='-g has tir e· pulc 11 tr:d ()r tr;111 s fu1111111 g 111t u a cy, ticern1s 
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when ingested by human or pig. Upon their ingestion, the eggs hatch and libcratc frcc ­
swimming hexacanth embryos (one/egg) that penetrate the intestinal mucosa, cin.: ulalc 
systemically, and eventually lodge and develop into cysticerci in various tissues. Many 
of the recently established cysticeri die and are absorbed cir become calcified in lhc short 
term but sorne remain alive for indefinile periods (years, perhaps) induc ing o r no t a 
variable degree of inflammation in its interface wilh thc host (13, 14, 15 , 16). For a 
cysticercus the human host is its terminal stage, as human cannibalism is se klorn 
practiced today (3). In contrast, the porcine host offers the cysticercus with its 0 11l y 
possibility of completing its life cycle, this when humans ingest improperly cookcJ 
cysticercotic pork meat ( 17). The pig is titen an indispensable intermediate host for T 
solium an~ humans are its only dcfinitive hosts (Figure 3). 

Eggs 

Epidemiology 

TAENIA SOUUM 

. . 
n • •" .. .. 

Tapeworm . 

Cystice1ci 

fTigurc J. Li fe cyclc of Tacrzia .wli11111 

?'. solium diseasc is hi ghl y di stri buted ali over the wu rlJ , anJ lhc 111a11 iíesta1i u 11 s are 
uneq ual in diffcrcnt cont inents. In Africa (I3cnin , Togo, S11uth Afr ica , 1\falawi. R\~ ; 111d ; 1 ) 

( 18, 19, 20, 21, 22) ami Asia (J apan, Nepal , India, Indonesia) (23. 24 , 25 . ~ ( 1 . 27 .2X . 2'J . 
30), as well as in European countri cs (S pa in , Francc. Gcnnany. Cht.:c Rc p11li li l". C rn ·( c . 
Italy) (32. 33, 34, 35, 36, 37, 38 ) thcrc havc bccn reporteo a lot of comh incd a 11 d sc¡1;1r;1l< ' 
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cases of NC and SC (subcutancous cysticercosis). For examplc, in China the prevalence 
of SC in patients with NC varies from 54 lo 78.5% (39, 40, 41 ), in a human popula1ion in 
New Guinea 17% of a sample had subculancous nodulcs caused by cysticcrci (30, 41 ), in 
Togo the prevalence of subcutancous nodulcs in patients with NC was 79% (42), and in 
India SC is more frcqucnt than NC (43). Unlikc what was rcportc<l in African and Asian 

countries, in Latín America SC is a lcss common aml/or lcss documentcd manifcstalion . 
It has been reportcd that tt1c frequency of subcutaneous nodules in patienls with NC in 

Latin America is very low, and it has becn cstimale<l, for examplc, that in Colombia lcss 
than 6% of the patients with NC had subcutaneous nodulcs (44, 41 ). In a study bascd 
upon a T. solium hyperendemic populalion in Ecuador, just one palien! (2.9%) out 
of 34 examined individuals prescntcd SC (41 ). In Table l a bibliographic rcsearch 
(www.ncbi.nlm.nih.gov) is prcscnlcd, which documenls lhc diffcrcnces in lhc numbcr 
of case or study reports aboul NC and cyslicercosis in other locations of lhe human body, 
between countries belonging lo diffcrenl conlincnts (kcy words used: cysticcrcosis, 
ncurocysticercosis, subcutaneous cyslicercosis, cysticercosis Asia, cysticcrcosis Europc, 
cysticercosis Africa, cysticcrcos is Latín Amcrica, cysticercosis Uniled Stales , 

cysticercosis dcveloped countrics) . lt may be no1ed that SC reporls in America are 
praclically nonexistcnl (in Brazil lhere have bccn cases of cysticcrcosis in the oral cavity 

Table l. Bibliographic rcsearch of cisticercosis reports in severa) countrics 
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and in Ecuador it has been reported one case of SC), while in Asia and Africa are very 
common and frequenlly presented in combined cases wilh NC. Ophlhalmologisls in 
Mexico are familiar with ocular cyticercosis ( 1 O, 13). 

The possible explanations on lhe encountered differences in manifeslations between 
contincnts may be based on racial differences of the human hosl or lo lhc genelic and 
anligenic diversity of the parasitc in different continenls (3, 9, 39, 45). 

Risk factors 
Transmission is propiliated by the rustic forms of pig rearing practiced by thc poor 

in rural villages, wherc pigs are left to roam around thc villagc in search of cdibles in 
garbage, frcquently ingcsting human feccs contaminated with T solium eggs (Figure 4 ). -
Many of the rcsulling cyslicercotic pigs are consumed locally to avoid confiscalion al 

abattoirs or as a better alternative to sclling thern al low prices lo claudesline mcal 
markcls. Al thc rural arcas, low personal hygiene, poor sanilary conditions at households 
and lack of sewage disposal al villages coalesce to contaminate hands, foods and soil 

Figure 4. Villagc or Cuc11tepcr. Morclos. Méx ico. shuw i11¡; lile way pi gs are reareJ in a rural 
:i mbicncc anc.l thcir pro .x imit y tu humans . 
Phutograph takcn by Prof. fV1 ichcl Du 111as anJ Ju 1 iu l\.hiral es 
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with T. solium eggs for humans and pigs to ingesl ( 17). The parasite life-cycle can not be 

completed al urban areas because there are almost no roaming pigs and sewagc is not as 
defcctive but, there being considerable rural-urban migration, dornestic employmenl of 
rural people and out-of-home eating habits in low hygiene eslablishmenls, the eggs may 
find effective channels lo become cyslicerci in the human host. 

The higher prevalence in the househokls of lapeworm carriers (17, 46, 47) and thc 
speclacular outbreak of NC cases in a jewish family employing a latín-American cook 
( 11) have have slresscd the high risk of living in e lose proximily to a lapeworm carrier. 
Notwilhstanding its obvious imporlance, il should nol be minimize other mcchani sms o f 
egg dispersa! and infcclion lhal operale in highly endcmic situations with high 
rural/urban migralion, louristic and laboral, eating-out habits indiscriminate of thc 
establishmenl's sanitary conditions and food contamination by irrigalion of fields with 
sewage discharges. The far reaching mechanisms of transmisssion are denounced by thc 
high proportion (around 90%) of the serologicallyyositive not clustering in households 
bul ocurring singly (5) and by the high prevalence of posilive serology in Mexico city, in 
urban conditions that do nol favor thc comple tion of thc parasite cyclc to becorne a 
tapeworm. Neglecting thc importance of other than living in proximity with a tapeworm 
carrier may prove imprudcnt in highly cndemic situations (46). 

Control of transmission 
Stratcgics lo control transmission al the social level in endcmic countrics are mainly 

educationa l and aim to improve personal hygienc, safc cating habits and upgradc 
sanitary installations in thc peoplc' s hygiene and homes (47, 48). Mcat inspec ti on 
programs werc very cffective in Europe in erradica ting T su li11111 cys ticercosis ('-~ 9) ;i nd 
are now enthusias tically be ing designed in Asían countries recently reacting to thc 
<li sease (50). In Mexico, and wc presume that in many otlkr countri es artli c ted by 
po verty and soc ial underde vclopmcnt, mea! inspection programs have failcd in 
controlling transmiss ion, if they have not fostcrcd it in rcali ty. This because o f thc hi gh 
costs o f cxlcnsivc sanitary covcrage of huge rural arcas, in<lolcnl or corrupt inspec ti on 
practi ces, home slaughtering and c landestinc marketing of infecled mea! to avoi tl 
confi scalion al abatlo irs. At the human population lcve l, lechnical control measures a im 
to reduce cgg production by exlcnsivc drug treatmcnt of human tapeworm carrie rs (5 1, 

52, 53, 54) orto prevcnt pig-cysti cercosis in ordcr to reduce lhe number o f lapewonns 
dcvcloping thereof an<l lo improvc thc quality o f pork mea! (55 , 56, 57). 

Therapy 
Therc are a number of e ffective treatments against intestinal helmintlH.:s in tl1e 

traditio nal medic ine of many cultures (58) and there are al so e ffective pharmace uti ca l 
drugs (59). Thc main problcm in treating tapeworm carri crs líes in finding them, the 
parasite causing so liule di scomfort , coproparas itoscopic studies be ing so inscnsiti ve and 
massive treatmcnt so costl y an<l intrusive of human righl s. Antige n or DN/\ assays in 
reces a re for thc 1110111enl out ll f q tH.:s ti l111 becausc o f lack of technica l sophisti ca l1 \l 11 i11 
mosl c linica l labs o r a flli c tcJ countri es an<l their costs. Nonethc lcss , it has bccn rcce ntly 
dcvd opc<l an spcc illc l'C R b<tsed 011 spccies-spcc illc o li go nuck otiJcs which pn111 its thc 
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differenlial delection of Taenia saginata an<l Taenia solium lhat could be a useful lool in 
lhe idenlificalion of lapeworm carriers if condilions atlowe<l (60). 

Against cysticcrcosis of bolh humans an<l pigs, praziquanlel and albcndasol are 
oulslandingly effeclive (61, 62). In lhe lrealmenl of human neurocysticercosis, when in -
combinalion with corlicostcroi<l an<l anliconvulsive lheraphy, they offer a less sombcr 
prognosis lo lhose affecled with scvcre forms of lhe discase (Figure 5, Figure 6), albcil 
nol lo ali and not without' significanl neurological sequcls in many (63, 64, 65, 66, 67) 
(Figure 7). 

Figure S. Nudear magnctic rcsonancc uf a paticnt with sub-cpcnJimal anJ sub-aracno idal cyt s 
bcfore and aftcr trcatmcnt with Albcndazul. 

Figure 6. Computcrizcd axial tomography showing diffcrcnt phascs uf parcnchym;il cys tin:rci 
bcforc and aftcr trca1111c111 with i\lhr ndawl. 
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Figure 7. Nuclear Magnetic resonance showing a vesicul ar cyst with scarce cont ras! medium _ 
uplake. 

Cysticercosis research program m studying Taenia solium 
disease 

O ur rcscarch program foc uscs o n lhe s tudy uf thi s hus t-paras itc rc la ti o nship a l the 
cysticc rcus s tage in humans a nti pigs because thi s is the pa ras ites mosl vulne ra b le s tagc 
to bio lechno logical slrategies a illled a l intcrru pting its lik-cycle, aml a lsu hccause it is 
the slagc lha l mus l seriously a ffcc ls hulllans in Jifferenl ways anti lc vcl s o f seve rit y. 

l. Immunodiagnosis of human ncurocysticcrcosis 
Human nc urocysticercos is (NC) man ifcsts th rough a g rcal varie ty u r sy lllplo 111s and 

lcvels of scvcrily, from s ub c lini ca l funns to hcadac he, seizu rcs anti lo sevcrc 
intrac rancal hyperlens io n tha l e nd angers the r atie nt 's li k (66). S ub-clin ica l cases are 
us ua lly unawares o f the Ji scase a nd a re fo und amo ng lhe scc111ing ly hca llh y r o pul at io n 
by c pidc mi o logica l s urveys (5, 45), al ncc ropsy studi cs ( l .l) a nd acc ide nt a ll y in 
rad io log ica l cra11iu111 s tud ics indicat t.:d for o lhc r caust.:s. 

T hc vasl he terogcnc ity in the sy lllplo 111s uf NC 111akcs 111\:d ica l di ag nos is illlposs il>lc 
o n clinica l grounds alo ne: illlagc stud ics o f lhe c ra ni u111 . suc h as Colllput ar ized A xia l 
T o mography (CAT) a nd Nuclear Magnctic Rcsonance (NMR), a re the go ld s ta nd a rd f1 1r 
NC di agnosis in suspccl cases (66 . 67 )_ NC sho uld be suspec ted by lllcdica l pe rsonncl in 
e nde mic arcas in palienls with nc uro logica l co lllpla in ts li ke c hro ni c headac hc, sc izurcs 
o f la te o nscl, and/o r s ig ns a nti sy lllplo rns o f intrac ranca l hype rtcns io n (úX). T he hi gh 
costs a nJ sca rc ity o f illlage tcc hnolog ics in c nde mi c countrics pu int s to the 
conve ni ence of dcs ig ning lcss cx r c ns ivc and mure ;1cccss iblc d iag nos tic proccdurcs. li kc 

i mmunodiagnosis. 
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Numerous research groups have developed tesis for immunodiagnosis of NC 
through the detection of antibodies or antigens in scrum and/or cerebro-spinal fluid 
(CSF) (69, 70, 71, 72, 73, 74, 75, 76). We have tried to contribute to immunodiagnosis 
of NC by differenl mcans but have nol succecded in developing a stable and 
reproducible test with high sensÍlivity and specilicity seores (74, 77, 78, 79, 80, 81, 82, 
83,). This is the general expcrience in the lield (5, 45). In spite of lh~ early oplimism of 
the authors, ali tests cvenlually are recognized lo miss a variable bul significanl number 
of NC cases and to yield false positive results (5, 83, 45). Some more recenl efforts ha ve 
reported bctter seores but have nol yet been pul to trial in more varied situations and 
demanding mullilab tests (84, 68). We believe that the irregular ami suboplimal 
performance of immunodiagnosis arise from the helerogencity of the discase ami from 
technical rcasons. The main technical causes of variability and reproducibility are the 
differences among the antigens being used, the majority of which come from antigens 
obtained from parasites dissected from naturally infected pigs or from other hosls 
infected with closely rclaled parasiles (85, 86, 77, 75). This source of anti gens implics 
heterogencity associatcd lo the differcnl parasites thal infected the different donor pigs 
(87), and possibly to thc diffcrcnl phases of dcvelopmenl of the cysticcrci al the lime of 
collection. Addilionally, the differenl panels of sera used from patients as true posilivc 
controls are very helcrogcneous clinically and so are the panels of sera used as pulative, 
but non-certificd, negative controls (i.e ., lack of neurological sy1~1ptoms or negativc CT 
scans of the skull do nol di scard cysticercosis affccling olher tissues inducing the 
production oí antibodies as well as liberate antigen to the circulation). The high 
proportion oí false positive n:sults rossibly reflects a sum of factors, like cross-reacting 
antigens among helminths (78), cysticercosis located in tissues other than CNS (88), 
resolved infcctions (89) and hi sto ry of exposure without infection (90). In our cxpcrirncc 
and that of othcrs lhe results or i111munodiagnosis are more encouraging in CSF, in 
which the dctcelion of antibodies lurns out to be a more rcliablc tool for clinical 
diagnosis with sensitivity ami specificily al aboul 90% (70, 72, 91 ). Ho\\'cver, the 
problems of reproducibility n:111ain because or the complcxity and hcterogencily or 
antigcns used (78). Scrology mighl jusi be useful in detccting conlacl with the parasi le 
but not ¡irove lo be rcliahlc in NC diagnos is. 

More recently, our rcsearch group as wcll as others are lesting new bioteehnologic:d 
stratcgies to identify the besl performing antigcnic epitopes and prepare a more unifori11 
antigen cocklail lo use in i111111un0Jiagnosis of NC (92, 93, 81, 82). The resull s wilh 
phagc display are encouraging sincc some peplidcs havc heen identified thal are vcry 
frcqucnlly recognized by NC in<lividuals (9]) bul more extensivc slu<lies are necdcd 
hefore making a final slatcmenl anJ a¡iproach industrial production. 

2. Ilcterogencous susccptilJility to thc inf cction ami discase 
2.a. Rclevancc of factors associatcd lo cxposurc 

A considerable number or cpi<lemiological SlUllies on taenosis/cysticcrcosis by 
Tac11ia solit1111 havc been carricJ out during lhe lasl 20 ycars. Dala or prevalcnce in<licale 
to the cndemic character oí lhis parasilc in <leveloping countries in Latín Amcrica , Asi;1 
and Africa, whil st in Eurupc, Australia, USA anJ Canada only a fcw iso lalL·d 
autochthonous cases are reponed ( 11, 94 ). The cpidemiological sluuics consiucr as risk 
factors all !hose tlial fa vor lhe cs lalili slrnienl and lhe progn.:ss ion oí the parasi1e' s lifc 
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cycle. These are mainly associated to extreme poverty (non-existing or inadequatc 
sanitary conditions, malnutrition, lack of education, low incomc, margination from the 
nalional heallh services, open air defccation, close relation with tapcworm carricrs, 
frequent out of home cating habits) and thc practice of rcaring pigs rustically with 
organic rubbish, including human fcccs ( 17). 

The use of scrologic essays in epidemiological studies aims to identify thc 
individuals thal have been in contact with the parasite (95, 78, 96, 97). Considering that 
the highcr the exposure to thc paras itc the higher it is thc probability of infection, has lcd 
to overemphasize the risk of living with a tapeworm carricr. This conjecture is supportcd 
by serological data showing higher prevalence of sero-posilive individuals living closc lo 
tapeworm carriers than the in the open-population, and lo the spectacular finding of 
autochthonous NC in a Jewish family of New York that hircd a Latín-American cook 
carrying a tapeworm (94 ). Howcvcr, the importance of thc extensive environmcnt 
pollution in endcmic arcas or out-oí-home eating habits should not be minimizcd, 
espccially in high population density arcas of endemic countries with high rural 
inmigration, as they may cxplain why 90% of all seropositive cases do not group by 
households but are singularly distributcd in each family household (78). 

2.b. Relevance of factors associatcd to the host 
In spitc of thc difficulties that a re incurrcd in expcrimenlation with pigs , studics on 

porc inc cysticercosis provided us with an imporlanl approach to evalualc thc role o f 
gcnder and gcnetic background of thc pigs in cysticercosis by Taenia soli11111 . 

Our studies on murinc experimental cys ticcrcos is causcd by T. crassiceps 
dcmonstratcd thc rclevancc of the sexua l and gcnetica l factors upo n parasilc intcnsity: 
fema les are manifcstly more susceptible than males lo parasitos is (98, 99, 100) and thc 
Q9 gene that codifics for a non-class ica l antigcn o f thc MHC assoc iates with rcsistancc 
( 1O1 ). Thus, during a prcvalcncc survcy on porc inc cys ticcrcos is in thc rural community 
of Cucnlcpec, Murcios, 1,084 out o f lhc tot al 1,300 pigs o f lhc communily wcrc 
classificd according lo thcir gc ndc r anJ rcproduc tive slalc (wholc/caslra tcJ males, non­
prcgnanl/pregnant fernalcs ), anJ inspcc tcJ for tonguc cys liccrcos is. Rcsults wcrc rathcr 
siaggering: castralion doublcJ thc prcva lcnce in 111 ales from 21 lo 50% anJ pregnancy 
incrcascJ prevalence fro 111 28 LO 59% ( 102). As for the rol e of thc genctic bac kground o r 
pigs, in genclically hcte rogencous pigs our rcsults in conlrolleJ ex perimental infecti on 
indicate that thcrc is an overJi spcrsc di stribution o f paras itc intensitics: a signifi can! 
fraction o f thc infcctcJ populalion (20% ) prcscnting 1-5 ti111es highcr amounts o r 
pa rasitcs !han thc remaining population, pulati vcly allributcJ to diffc rent innalc 
susccptibilities among tite pigs ( 103 ). Morcovcr. in a rcccnt stud y o r piglcts si red by J 
Jiffcrcnt studs and 20 diffcrcnl fcma lcs, tlt al wc rc hrn 11ogcncously cx poscd to natura l 
inrcclion in a rural community, il was fo unJ al nccropsy that 80% of tite cases gro upcd 
in a single slud famil y, tltus strcngtltening thc noti on o f gcncti c facturs involved in pigs 
susccptibility lo T. soliw11 (personal comunication). 

T hc cxlensivc di stri bution o f the paras itc in c11Jc111ic countrics, witlt higltcr 
conccntrations in rural arcas tltat propiti ate thc co111plctio 11 o f thc parasite cyclc , is 
rccognizcd in severa! studics (5 , 17, 9 1 ), ami yct tite nulllbcr o f NC cases is nol 
ovc rwhclllling (45 , 78). Tlti s suggcstcd lu us tltat cvcn tltough 111a 11 y indi vidual s are 
cxposcJ to the paras itc , onl y a f"cw dcvclup tite i11rcct ion allll much kwcr thc di scasc : a11 
inJicati o n of biolog ical fac tms assoc iatcd lo tite hosts susccptibility anJ rcs ist:1t1 L·c 
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participating in bolh acquiring thc infeclion and in dcveloping the disease. In supporl of 
lhis notion are: the involvcmcnt of gcnder in the severity of NC in ·al lcast one of its 
clinical presentations (women present cncephalitic forms more frequently than mcn 
(104), an_d the atypical distribution of some HLA anligcns in NC cases, hinting to the 
participation of genctic factors (105). However, neither hospital case studies nor 
epidemiological studics have focused systematically on the search for biological factors 
of the hosl or the parasite associated with prevaknce or severity of NC. 

We moved to evaluale thc rclative importancc of biological and exposurc factors of 
the host in thc prcvalcncc and scverity of NC. An NC cpidemiological study was 
pcrformed in a rural community of the State of Puebla (Tepelzclzintla) with a clcar 
cystiecreotic profilc and high prevalcnce of pig cysticercosis. In a random sa111plc that 
included 155 persons, we found a prevalence of 9.1 % NC cases by CT sean, ali withoul 
neurological symploms. Whcn evaluating the role of traditional risk factors for 
cysticercosis, we found lhal nonc of them associaled lo NC (45). These findings show 
thal even though exposure to the parasile is necessary for challcnge, in highly cndemic 
situalions some olher factors independenl of cxposure parlicipate in thc probability of 
infeclion and in the severily of the disease. 

2.c. Rclcvancc of inununological factors 
The majority of irnrnunological sludies relative lo NC havc been performed with the 

purpose of improving NC diagnosis, more so than with the aim of undcrslanding lhe 
immunologic factors comprised in its palhogenesis. Aboul thc humoral i111111unc 
response, il is widely known thal the majority of patienls presenl circulaling antibodies 
albeil its relevance in the clinical status remains lo be dilucidated . The antibody response 
is highly heterogeneous in lerms or levcls of specific immunoglobulins detected both in 
CSF and sera and in lerms of specificily regarding Lhe differential reaclivity dclcclcd in 
the recognition of complcx mixture of cys licercal antigcns in Western Blols (78). There 
is a significan! fraclion Lhal does not prcsent anlibodies at ali al the time of study (80). 
Wc tentatively allribute the lack of antihodics in NC cases lo cysticcrci bcing calciflcd 
or, whcn alivc, to thc cffccts of corticosteroid lreatmc nt usually c111ploycd . An 
intcrcsting altcrnativc cxplanation for lack of anticysticcrcal antibodics in NC cases 
would imply innate i111111uni1y failing to cmil a dangcr signa) neccssary lo trigger the 
immune response ( 107): il is wcll known from pathological studies thal rnany eslahli shcd 
cyslicerci are surprisingly free of inllamrnatory inliltrate (16, 1'1 . 15). Even thuugh thc 
inllammalory response associates wilh symptomatie NC, lhc ccllular i111111une response 
in NC had nol been explorcd in a sysh.:matic way until rcccntly . Thc availahlc 
informalion is summariLed in Table 2, which includes ali lhe rcports known lo us in the 
sludy of lhe immune response rclaled lo human NC. As it shows, sludies are still 
incomplcle and ~polly (gathered from varied epidemiological , clinical and geographi e 
samples) lo supporl a solid slatcment aboul the rclevanec o f the i1111nunc response of 
humans with lhe slate and outco111c of their host-parasite relationships with T soli11111, 
bul the notion is !onning thal an i111111u11e response that associates with proinllammatory 
cytokincs relates with severe NC whil sl a balanced TI l lfl"l 12 response n: sults in 
protection against infcction and/or destruction and calcificati!ln of the estahlishcd 
parasile, with lcss severe elinical repereuss ions . Howe"rr. full undc rstandin g of the 
role of immunity in suscc¡1tibility anJ sevcrity o r NC will ncnl tif a stuJ y dcs ig n 



Table 2. S ynops is of the repons studying the irnrnune response in hu man neurocysticercosis 

NC (# cases) Biological lmmunological Features 
Material 

Parenchymaious ( 1 7) lntra thecal specific lgG, IL 1 ~. soluble IL2A and neopterin declined after treatment with praziquantel. 

Subarachnoid (55) lncreased laG. laM . la E. IL 1 ~ and IL6 laA. TNFuand IFN., similar values to !hose of controls. 
Mulliole (14l , sinale (14ll Lower level of chemotaxis in multiple than in sinc¡le lesians Normal level of CD4+ and CD4+/CDS+. 
Multiole ( 12). sin e¡ le (2) Sera/CSF Eotaxin, IL5 but not ILS were elevated in sera. IL5 and IL6 levels were also elevated in CSF. 
Parenchymatous (2) Brain lgM+ plasma cells, predominan! NK response , an infiltrate with macrophages, granulocytes and T ~lis . 
leptomeninc¡es(12) specimens IL 12 was predominant follawed by INFy, IL6 and IL 10: IL4 was undetectable. · 
Ventricular (2), CS F/PB CD69+% was higher only in CSF from patients. CD3+ % similar in CSF and PB cells from NC and 
parenchymatous(6) controls. lncreased CDS+% in 3 patients with inflammatory NC. 

CD45+CD19+% was hiaher in CSF.fram oatients with anti-cvsticercus antibodies in CSF. 
Multiple (15) PB lncreased in vitre cell proliferation, decreased CDS+, higher levels of Th1 cytokines (IFNy and IL2) and 

no difference in IL4 in NC oatients. 
Ves1cular(22) ,calcified (1 3l CSF Hiaher ILS levels in active NC. Hiaher IL5 and IL 1 O in inflammatorv oatients . 
Vesicula r and calcified (6) CSF Hiaher TNFa in children with active NC. lncreased IL6 in subarachnoid cases. 
Vesicular (37). PB Similar CD3. CD4 , and CDS%, specific lymphoproliferation and mRNA cytokine levels (IL2, IFNy, IL1 0, 

and IL-4). 
Single vesicular (2). multiple Brain Numerous mast cell s. The tryptase mast cells phenotype dominated over the Jryptase-chymase · 
vesicula r and calcified (8) sections phenotype. The tryptase phenatype infiltrated mainly meninges and bráin parenchyma around cysts 

with viable and necrotic paras ites. The tryptase-chymase phenotype infiltrated perivascular area of the 
blood vessels oenetratina to the deoth of the brain. 

(S) Bra1n 1 A dying parasite surrounded by a granuloma with associated tibrosis, ang;ogenesis, andan 
spe~imens inflammatory infiltrate . Plasma ce lls , 8 and T lymphocytes , macrophages, and mast cells were the most 

abundan! cell types. Th1 cytokines were prevalen! (IFNy, IL 1 S and TGF¡l). the Th2 cytokines (IL4, IL 13 

1 and IL1 Ol were al so oresent. · 
[ Ca 1c1fied (4). multiple vesicular 
l.and calc1tied (6) 

! P6 : h igher spec1fic proliferat1on with a glycoprotein or ves icular fluid in NC patients than controls . SO% of 
l the oatients had antibod ies aqainst !he qlycoprotein of the cestode. 

i (79) ¡ Sera / P9 1 NC pat1en ts recognized Jhe carboxyl end reg ion of tne paramios in, peor recognition of the central and 

1 
amino reg ions. The cellular immune response of patients did not show preferential recognition of any 

! reaion of oaramvosin. 
Mult1ple (3). calc1fiea (4). PB I Decreased lymphoproliferative response in inactive NC. 
ves icular ( 4 ) 1 

(5) Bra1n ¡ lncreased pro·intlammatory (I FN·r and IL 18) , anti-inflammatary eytokines (TGF~ and IL 10) andan up-

1 
spec1mens regu lation ot MHC 11 molecules . Active wound-healing process reflected by angiogenesis, collagen 

. deoosition and glial scar formatian. ------ -·---- ···------···-- -· 

PB (peripheral bloca mononuclear cel:s ). CSF (cerebral spina l fluid). 
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comprehending the principal clinical categories of the discase aml the use of longitudinal 
sludies with a representalive panel of inununological and inílammalory indcces. 

2.d. Rclcvance of factors associatcd to tite parasitc 
The possible differences among individuals of thc Tae11ia solium species have 

received little attention. Parasitc heterogencily could well entail differenl infcctivity ami 
pathogenicity. Consideral)le antigenic diversily was evidenl since 1982, even when using 
immunological tools of low resolution (87). We are now doing antigen laxonomy using 
WB and finding that indeed there is considerable antigenic variation within T. soli11111 
speeies (personal communicalion). In addition, the hclcrogeneity of thc parasitc 
populalion is being studicd in cysticerci collected in Central and Soulheasl of Mcxico 
using "RAPOS" (Random Amplified Polimorphic DNA assay techniquc). A first lcvcl 
analysis suggcsls Lhat the parasites of Mcxico prcsenl many differenccs in ils genomc al 
high level of similarity within geographic regions but there is some degrec of 
diffcrcntialion bctween rcgions ( 108). More rcscarch is necessary to determine the 
rclevance of Lhc parasitc heterogeneity observed as an importan! factor in thc clinical 
hcterogeneily and severity of NC. 

3. Prevention 
The high frcqucncy of cysticercosis by Tae11ia soli11111, its scvcrc conscqucnccs in 

human health and its economic rcpercussions wholly justify the allcmpts to pn:vcnt il. 
Differenl stralcgies for this purpose bascd on social devclopmcnt ( 48. 50) and/or 
biologic intervenlions ha ve bccn cons idcrcd (51, 55, 109, 1 1 O, 54 ). Among Lhcm, our 
rcscarch has focused on thc Jcvclopmcnt of an effeclivc and stablc vacc inc against 

porcine cysticcrcosis. Vaccinalion of the pig only (intcrmcdialc host) cou ld hi11dc r Lhc 

transmission cyclc of thc parasitc and thus reduce the inkcliun prcss ion upon hum;111s 
and improvc thc ccunomy of rural pig rcari11g. 

Wc havc rccenlly dcvclupcd a vaccinc (SJPvac) constitutcd hy thrce pq11idic 
epi topes that con fer protcction agai11st murinc cysticcrcosis, callcJ G K-1, K ETc 1 :111J 
KETc 12, of 18, 12 and 8 amino aciJs respcctively. Thcsc pcptides dcri\'C fro111 a group 
of protcins in a rclaled m11ri11e cysticcrcus (Tue11ia cmssice¡1s) a11d are shared hy T 
solium (111 , 112). S}Pvac was cvaluatcd in ils protcctivc capacity agai 11 st p1 irci11e 
cysticcrcosis by T. solium in pigs rustically rearcd and cxposcd to 11 ;1lural challc 11gc i11 a 

rural villagc of Mcxico. S3P1 ac wilh saponinc as adjuva11l was applied lo a gru11p uf 

240 pigs ( 120 co11trols, 120 vaccinale<l). At nccropsy, vacc i11ati1111 h:1d n:duccd ) ()?; , tite 

numbcr of infcctcd pigs, anti from 66,5ü3 to 1 J69 thc total m1111hcr of rcui vc rcd 
cysticcrei and had damaged 8()'/¡, or the few cysticcrci tita! ltad 111:111agetf lo C\tahli ~ lt i11 
the pigs in spilc of vaccinalio11 (113). Wc concluded lhat S31'vac appcars t\l lic a uscfu l 
tool to preven! pig cysticercosis and pcrhaps reduce tite infcctio11 prcssurc upun tite 

human population of c11demie arcas. At thc presenl mome11l 11·c are cvaluati11g diffcrc11l 

possibilitics to optimizc its produclion and in1111unogcnecity al low-cost, tl11 ough lite 

cxprcssion of lhc proteclive pcpliúes in íilamrnlous phagcs, 1ra11sge 11i c pla11t s all\I 

vcclors of bacteria! origi11. a111l>11 g uthcr approachcs (5ú). 
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Perspectives 
We have prcscnted a brief dcscription of the advances most rcccntly attained in our 

research of Taenia solium cysticcrcosis, and our contributions and positions rcsulting 
from a multidisciplinary, multinstitutional and multinational effort in the study of Taenia 
solium cysticercosis of humans and pigs in Mexico. We now better know whcre and 
how it prevails, how costly it is in human suffering and pig husbandry, its many clinical 
facets and suspect the involvcment of immunoinílammatory and cndocrinological factors 
as well as genetic background of thc host in modulating susccptibility and pathogencsis. 
We have devcloped a synthetic pcptide vaccine proven effective vaccine against realistic 
natural pig cysticcrcosis and these are hints that it may work in humans. Some advances 
havc been madc in immunodiagnosis . However, the job is far from finished . We expect 
our ongoing projects will cnable us to bcller undcrstand the immunopathology of the 
disease as wcll as the relevance of its genetic components and sexual factors, develop 
better serological technology and understand the pathogenie strategies of the parasite T. 
solium, that most neglected of the actors involved in this parasite infection. 
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