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RESUMEN

Se evaluo la capacidad protectora de la vacuna SP3vac expresada en fagos filamentosos
(S3Pvac-fago) en contra de la cisticercosis por Taenia solium, en cerdos expuestos a
condiciones naturales de transmision, considerando la relevancia de factores de
exposicion y los propios del hospedero.

Inicialmente se determiné la frecuencia de cisticercosis porcina en cada municipio de
Morelos. Derivado de este estudio se identificé una region al Sur del Estado en donde se
confirmo la alta prevalencia de la parasitosis. Se realiz6 el censo y se caracterizé el hato
porcino de la region seleccionada, se geo-referenciaron las viviendas con cerdos y un
andlisis espacial de la informacién indicé la distribucion homogénea de la parasitosis en
la regién. En esta drea se realiz6 la evaluacién de la eficiencia de la vacuna S3Pvac-
fago.

Para evaluar la vacuna se incluyeron un total de 1047 cerdos de 3 a 5 meses de edad que
resultaron negativos a cisticercosis por inspeccion en lengua. El cincuenta por ciento de
cada camada de los cerdos fue inmunizado con la vacuna S3Pvac-fago. La otra mitad se
inmunizaron con solucién salina y se utilizaron como controles. Ambos grupos de
cerdos recibieron 2 aplicaciones con un intervalo de 30 dias. De cada cerdo se
registraron los datos del propietario, del tipo de produccién, las variables relacionadas
con de exposicion, la edad, peso, sexo, y estado reproductivo de cada cerdo. Cada
cerdos fue identificado individualmente utilizando un microchip. En una base de datos
se registraron las intervenciones y eventos ocurridos a cada cerdo desde su vacunacion y
hasta su sacrificio.

Los resultados indican que la vacunacién redujo la frecuencia de cerdos cisticercosos.
La vacuna redujo en un 70% la cisticercosis porcina segin inspeccion en lengua de 530
cerdos de 7 a 8 meses de edad (223 controles, 307 vacunados), (P=0.0002). Se
determind una eficiencia de vacunacién del 54% por disecciéon de lengua, masetero,
corazén y diafragma de 331 cerdos sacrificados y mayores 12 meses de edad. Se
detectaron cisticercos en 19 de los 134 cerdos del grupo control (14.1%); mientras que
el grupo vacunado solo 13 de 197 cerdos presentaron algun cisticerco (6.5%).
Adicionalmente, la vacunacién redujo en un 88% la cantidad de parasitos instalados
(P=0.035). El diafragma mostré la mayor carga parasitaria (42%) y el masetero el
menor porcentaje (10%) en ambos grupos. Se observé mayor eficiencia de vacunacion
en hembras, en particular en gestantes (P=0.0018). La eficiencia de vacunacién no se
modificé significativamente en diferentes condiciones de exposiciéon. La vacuna no
modificé el peso esperado de los cerdos, ni se asocio con efectos colaterales no
deseados.

Los resultados obtenidos en esta tesis permiten sostener que la vacuna S3Pvac-fago es
una herramienta eficiente para utilizar en el control de la teniasis-cisticercosis por T.
solium.



Abstract

The efficacy of S3Pvac expressed in filamentous phage was evaluated against Taenia
solium cysticercosis in pigs under natural conditions of transmission considering the
relevance of exposure and host factors.

To begin with, the frequency of cysticercosis in all the municipalities of Morelos was
determined. A region in the south of the State was identified and the high prevalence of
cysticercosis in this area was confirmed. All the pigs in this area were identified and
household with pigs were also identified by GPS. In a geopositional study of
cysticercotic pigs conducted the homogeneous spread of the infection was observed.
The S3Pvac-phage was evaluated in this region.

A total of 1047 pigs of 3 to 5 months of age non-cysticercotic by tongue inspection
were included. Half of each litter was immunized with the S3Pvac-phage vaccine and
half with placebo (saline). Pigs were immunized twice with an interval of 30 days. The
study recorded for each individual pig, the owners’ household information, form of
bread, exposure variables, pigs’ age, weight, sex, and reproductive condition. Each pig
was identified by microchip. All the information and events occurred to the pigs
included in the study were recorded since its vaccination.

Results indicate that vaccination reduced the frequency of pig cysticercosis. The vaccine
reduced in 70% pig cysticercosis according to tongue inspection of 530 pigs of 7-8
months of age (223 controls, 307 vaccinated), (P=0.0002). A vaccine efficiency of 54%
was determined when slaughter and inspected the tongue, masseters, heart and
diaphragm of 331 pigs older than 12 months. In the 134 control pig, 19 were found
infected (14.1%) and only 13 in the 197 (6.5%) vaccinated pigs. Additionally, the
vaccine reduced in 88% the number of cysticerci installed respect to the control group
(P=0.035). The diaphragm exhibited the higher amount of parasites (42%) and the
masseters the lowest (10%). A higher vaccine efficiency was observed in female, in
particular in those pregnant (P=0.0018). The vaccine efficiency was not modified under
different exposure conditions. Vaccination did not modify the expected weight of the
pigs and no undesirable effects related to vaccination were observed.

The results obtained in this thesis established the useful of the S3Pvac-phage vaccine as
an efficient tool to be used in the control of Taenia solium taeniasis-cysticercosis.

Key words: vaccine-pigs-control Taenia solium taeniasis-cysticercosis-relevance of
exposure and host factors.



I.- INTRODUCCION

La teniasis cisticercosis es una enfermedad parasitaria que afecta al ser humano y al
cerdo. Su existencia ha sido documentada en los paises en desarrollo de America, Asia y
Africa (Acha 1986, Eddi et al., 2006, Roman et al, 2000). En Latinoamérica se estima
que existen 400,000 pacientes infectados. Se reporta que en México y Brasil se invierten
varios miles de millones de délares para el tratamiento de neurocisticercosis (Berma et
al., 1999, Mafone et al., 2003). Las estimaciones conservadoras mencionan 50,000
muertes todos los afios debido a neurocisticercosis en Latinoamérica (Sorvillo et al.,
2007). La neurocisticercosis se reporta en ascenso en paises en desarrollo como
consecuencia de la migracion. En Estados Unidos, se invierten millones de délares por
afio para el tratamiento de neurocisticercosis en los inmigrantes que la padecen
(Sorvillo et al., 2007).

Aunque en México la frecuencia de cisticercosis se desconoce con certeza se reporta en
diferentes trabajos de investigacion realizados en comunidades rurales del Estado de
Morelos, Puebla, Tlaxcala, Veracruz y Zacatecas (Huerta et al., 2001, Morales et al.,

2002, Aluja 2007, Sciutto et al.., 2000, Acevedo_et al., 1992). A nivel nacional se

reportd una seroprevalencia del 1.5% en una muestra de 70,000 sueros de los diferentes
estados del pais colectados durante la Encuesta Seroldgica Nacional de 1988 (Larralde
1992). En humanos, en diferentes series hospitalarias la neurocisticercosis se reporta
entre el 2 y el 5 % de las necropsias (Villagran y Olvera, 1988) y estudios recientes en
comunidades rurales del Estado de Morelos y de Puebla reportan que el 9% de la
poblacion presenta lesiones tomograficas compatibles con neurocisticercosis humana

(Fleury et al., 2003; 2006).

Con respecto a la cisticercosis porcina, en México hasta la fecha no existe un estudio



epidemioldgico que permita establecer la frecuencia existente en todo el territorio
nacional. Los datos disponibles que provienen de diferentes estudios de investigacién en
areas rurales indican prevalencias del 2 al 33 % de cisticercosis porcina en comunidades
del centro de México como Xoxocotla, Chalcatzingo, Atotonilco, Cuentepec (Larralde y
Aluja, 2007; Sarti et al., 1988, 1992, Martinez 1999 Sciutto et al., 2007, Morales et al.,
2002).

El ciclo de esta zoonosis involucra el humano infectado con el estado adulto
(Taenia solium) del parasito o tenia el cual puede liberar en la materia fecal los
proglétidos gravidos maduros del cestodo, que en su interior contienen miles de huevos
de tamafio microscépico. Estos huevos al ser consumidos por el cerdo (Sus Scrufa),
desarrollan la fase de metacéstodo de T. solium que se conoce también como cisticerco,
el cual se establece en los tejidos del cerdo (hospedero intermediario), finalmente el
ciclo se completa cuando el humano consume carne de cerdo infectada con el
metacéstodo el cual puede transformarse al estado adulto (Villagran y Olvera 1988,
Escobar, 1983). El hombre puede también adquirir cisticercosis cuando ingiere los
huevos de la T. solium. En el hombre los huevos se establecen frecuentemente en el
encéfalo transformandose en cisticerco, lo que resultada en la patologia conocida como
neurocisticercosis (Acevedo., 1992. Aluja., 1987).

Los factores relacionados con su transmision estan intimamente asociados con la
pobreza, malos habitos higiénicos, bajos estindares sanitarios, ignorancia, comercio
ilegal de carne de cerdo infectada, disposicidn inapropiada de heces humanas y la falta
de inspeccién sanitaria al momento del sacrificio de los cerdos (Sanchez et al., 1999,
Fleury et al., 2003, Martinez et al., 2003, Sarti et al., 1992). Adicionalmente, se ha
reportado la asociacion de cisticercosis con antecedentes de teniasis dentro del niicleo

familiar (Flisser et al., 2004). En particular en la cisticercosis porcina se ha reportado



que la crianza rustica de los cerdos asi como la ausencia de letrinas en las casas de los
propietarios de los mismos son factores claramente asociados a cisticercosis porcina

(Aluja y Villalobos, 2000).

Diversas estrategias han sido consideradas con el objetivo de controlar la teniasis-
cisticercosis. Entre ellas destacan la dotacion de infraestructura bésica sanitaria como lo
son letrinas y drenajes, acciones como la desparasitacion masiva de humanos, la
inspeccién sanitaria de la carne porcina en rastros, educacion para la salud, la creacion
de normas oficiales, hasta alternativas mas sofisticadas como la irradiacion de carne de
cerdo infectada (Flores et al., 2003, Larralde y Aluja, 2006). El aumento de la
resistencia del cerdo por vacunacion ha sido también considerado con la finalidad de
interrumpir el ciclo de vida del pardsito. Esta opcion presenta la ventaja de no requerir
modificar las condiciones de vida y de crianza en las que se sustenta esta parasitosis,
ademds de no ser una intervencién confiscatoria lo que probablemente aumente la

factibilidad de su aplicacién (Larralde y Aluja, 2006).

La exacerbacion de la inmunidad especifica contra el cisticerco por vacunacion es capaz
de aumentar la resistencia a la infeccion (Rickard y White, 1976). En la cisticercosis por
Taenia solium se ha mostrado que diferentes tipos de inmundgenos protegen contra la
cisticercosis porcina (Molinari et al., 1983; Sciutto et al., 1995; Plancarte et al., 1999;

Huerta et al., 2001; Flisser et al., 2004)

En los dltimos afios se ha demostrado que una vacuna denominada S3Pvac constituida
por tres péptidos sintéticos denominados GKI1, KETcl y KETcl2 de 18, 13 y 9

aminodcidos respectivamente, reduce en 97.8% la cantidad de cisticercos en cerdos



criados en forma rudstica expuestos al desafio natural (Toledo et al., 1999; 2001; Huerta
et al., 2001). La vacuna actualmente disponible se produce por sintesis quimica.
Considerando la importancia de reducir los costos de produccién de la vacuna (lo que
facilitaria su aplicacion) los péptidos se expresaron en forma recombinante utilizando el
sistema de fagos filamentosos. Este procedimiento (Phage Display) estd basado en la
expresion de un gran nimero de péptidos /( hasta 109 )/ o proteinas fusionados a la
proteina 3 de la cubierta viral /(cplll)/ o proteina 8 /(cpVIII)/ sobre la superficie del
bacteridfago filamentoso M13. La expresion repetida de los epitopes en el contexto de
estas proteinas virales permite en general aumentar la inmunogenicidad de los epitopes
en cuestion. Adicionalmente se ha observado que la propia estructura del fago puede
exhibir propiedades adyuvantes. Los tres péptidos vacunales protectores (KETc1, GK1,
KETc12) y el péptido protector KETc7 del cual deriva la secuencia de GK1 fueron
expresados en la superficie del fagos filamentoso M13. Su capacidad protectora fue
evaluada en condiciones experimentales en el modelo murino de cisticercosis y en
contra de la cisticercosis experimental porcina con resultados que indican la alta
capacidad protectora de esta nueva version de vacuna. (Manoutcharian et al., 2004).

En este estudio se evalda la eficiencia de una vacuna expresada en fagos para la
prevencién de la cisticercosis porcina por 7. solium en condiciones naturales de
transmisiéon. Considerando la relevancia de la exposicion al parasito y de diferentes
variables bioldgicas en la susceptibilidad al mismo (Morales et al., 2002), en este
estudio se ha considerando la relevancia de las condiciones de exposicion y variables
bioldgicas del hospedero en la eficiencia de vacunacién.

La informacién generada por este trabajo permitird proponer conocer las posibilidades

de esta nueva vacuna en €l control de esta zoonosis.



I1.- JUSTIFICACION

A pesar de los avances en el estudio de la cisticercosis por Taenia solium, esta
parasitosis continua siendo una zoonosis endémica en México. Para su control es
fundamental disponer de herramientas efectivas. Se ha desarrollado una vacuna
recombinante en México cuyo bajo costo permitiria su uso masivo. Se requiere conocer
su eficiencia en condiciones naturales de transmision para poder proponer el uso de este
bioldgico en condiciones efectivas.

En este proyecto se evalia la utilidad de una vacuna expresada en fagos para la
prevencién de la Teniasis cisticercosis por Taenia solium, considerando las diferentes
condiciones de exposicion y del estado bioldgico del hospedero, informacién que nos
permitird proponer su aplicaciéon en un programa efectivo para el control de esta

ZOONOSIS.



III.- OBJETIVOS

Objetivos generales

Evaluar la eficiencia de la vacuna expresada en fagos filamentosos contra cisticercosis
porcina S3Pvac-fago en una regién de alta endemia determinando el efecto de la
vacunacion en la carga parasitaria asi como sobre nimero de cerdos totalmente
protegidos. Identificar la influencia en la eficiencia de vacunacion de los factores de
exposicion y del hospedero.

Objetivos especificos.

1.- Determinar la prevalencia de cisticercosis porcina en municipios de Morelos y
seleccionar una regién con las caracteristicas adecuadas para desarrollar este estudio

2.- Caracterizar los cerdos incluidos en funcién de su sexo, peso, estado reproductivo y
fenotipo.

3.- Registrar los factores asociados a la exposiciéon (tenencia de letrina, forma de
crianza, ubicacion geogréfica dentro de la comunidad) de los predios donde se incluyan
los cerdos para el estudio.

4.- Aplicar la vacuna expresada en fagos en una regién que posea al menos un 10% de
prevalencia de cisticercosis porcina a un nimero representativo de cerdos de traspatio
para evaluar la eficiencia seglin exposicion, el sexo, peso, estado reproductivo y el
fenotipo.

5.- Determinar la eficiencia de vacunacién en cerdos en pie por inspeccion de lengua y
por necropsia

6.- Evaluar la influencia que tiene el uso de letrinas, la forma de crianza, la ubicacién
geogrifica, el sexo, edad, peso, gestacion y castracidon, en la capacidad protectora

inducida por la vacuna S3Pvac-fago.



IV-HIPOTESIS

La aplicaciéon de la vacuna S3Pvac-fago a cerdos criados en forma rustica reduce
significativamente la prevalencia de la cisticercosis porcina.
Su eficiencia de vacunacién variard segun el grado de exposicién al parasito y factores

biolégicos del hospedero.



V.- METODOLOGIA

1.-Determinaciéon de la prevalencia puntual de cisticercosis en el estado de
Morelos y seleccion de una region con al menos 10% de prevalencia

A) Determinacion de la prevalencia de cisticercosis porcina en el estado de Morelos.
Morelos es un estado del centro de México, colindante con la Ciudad de México y
habitado por aproximadamente 1,500,000 habitantes. Consta de 33 municipios en los
que se sabe que existe una poblacién de 60,000 cerdos criados de manera no tecnificada

en las 1342 comunidades rurales registradas (Annon 2000).

De julio 2002 a marzo de 2003 se estudié una muestra de 1748 cerdos para determinar
la prevalencia de cisticercosis, los cerdos fueron examinados por inspeccién de la
lengua en busca del metacéstodo en el tejido subepitelial (Martinez 2001, Sciutto et al.,

1998, Morales et al., 2002).

Para este estudio tnicamente se incluyeron cerdos mayores de 2 meses y para cada uno
se determind el sexo, y en su caso si se habia realizado o no la castracion, o si habia

tenido gestacion.

b) Seleccién de una region con al menos el 10% de prevalencia y caracteristicas
generales de la produccién porcina.

Con base en la informacidn anterior, se considerd a la denominada Sierra de Huautla, la
cual esta habitada por 20,000 habitantes en 29 comunidades, La zona se caracteriza por
tener una vegetacion de selva caducifolia con un clima subtropical y se encuentra en las
coordenadas 18° 20°- 18°31” latitud norte y 98°51°- 98°53” longitud oeste. Es
considerada como una Reserva de la Biosfera (Lopez-Aroche et-al., 2008).

De manera aleatoria se escogieron 16 comunidades, y dentro de estas se cuantificé el



ndmero total de cerdos existentes, de ellos el 43% fue inspeccionado. Se incluyeron

cerdos mayores de 2 meses tanto machos como hembras

La inspeccién inicié en agosto y se concluy6 en diciembre 2003 y los cerdos fueron
examinados por inspeccién de la lengua en busca de metacéstodos de 7. solium, en el
tejido subepitelial, siguiendo la técnica descrita anteriormente ( Martinez 2001, Sciutto
et al 1998, Morales et al 2002), de manera breve la técnica comprende la sujecién y
contencién del cerdo para posteriormente exteriorizar la lengua y llevar a cabo una
inspeccién visual y palpacion de la cara dorsal y ventral de la lengua, calificada como
una técnica agresiva para los animales y poco recomendada (Larralde y Aluja 2007).
Para caracterizar la produccién porcina y la informacion relativa a los factores de

exposicion se empleo el cuestionario del anexo 1.

2.- Protocolo de inmunizacion con S3Pvac-fago

a) Asignacién de grupos y vacunacién

Para este ensayo fueron inmunizados 626 cerdos y 421 fueron empleados como testigo
(sin inmunizar), los animales mantuvieron las condiciones de crianza alimentacién y

mantenimiento no tecnificado habituales en la region.

En todos los casos los cerdos inmunizados recibieron particulas de fago filamentoso
que contenian los péptidos vacunales KETcl, KETc12, KETc7 y GKI, la dosis fue de
4 X 10" particulas de fago en 2 ml de solucién salina por cerdo con intervalo de 30 dias

cada aplicacién (Manoutcharian et al 2004).

Para el grupo testigo se llevo a cabo un manejo similar a los vacunados pero con la



diferencia que unicamente se les administraron 2 ml de solucién salina por cerdo con un

intervalo de 30 dias.

Para todos los cerdos se aplico por via subcutdnea en la base de la oreja izquierda previa

desinfeccion con benzal al 10% en el sitio de aplicacidn.

B) Identificacién de cerdos
Los cerdos fueron identificados con un microchip (Avid Inc.) de aplicacién subcutinea
en la base de la oreja derecha, colocacién de un arete de plastico numerado en oreja

izquierda.

3.- Determinacion de la frecuencia y carga parasitaria en los cerdos vacunados y
testigos.

Se determiné la frecuencia de cisticercosis porcina tanto por la inspeccién de lengua
como por necropsia.

La evaluacion de la carga parasitaria se llevd a cabo cuando los propietarios de cada
animal los sacrificaron, o estos llegaron al rastro o con el carnicero local.

En cada cerdo se cuantificaron el nimero de vesiculas que macroscOpicamente se
reconocen como la fase larvaria de la 7. solium, y que se localizaron en musculos
maseteros, diafragma, corazén y lengua, ya que tienen una mayor probabilidad de alojar

a este pardsito (Vargas et al, 1986).

4.-Factores de exposicion y del hospedero
a) Factores de exposicidén

Por medio de una encuesta se registraron variables como: la existencia y el uso de



letrina, el suministro de agua, el modo de crianza de los cerdos, es decir si deambulaban
libremente o permanecian confinados, asi como que tipo de dieta se administraba a
cada cerdo, por dltimo se registro el nombre y domicilio del propietario.

La ubicacién geogrifica se llevo a cabo con un GPS (Sistema de Posicionamiento
Global mévil), de manera individual a cada casa, los datos obtenidos se registraron en
una base de datos.

Con los puntos geo-referenciados se calcularon los indices de agrupamiento en dos
formas: A) todas las viviendas donde poseian cerdos , B) viviendas con cerdos no
infectados con cisticercosis , y C) viviendas con cerdos con cisticercosis.

La encuesta empleada para obtener la informacion relativa a los factores de exposicion
y del hospedero se muestra en el anexo 1

b) Factores del hospedero

Los cerdos de manera individual fueron pesados, sexados y ademds se registro si se
encontraban gestantes y castrados, posteriormente se valoré su edad, fenotipo
predominante y finalmente que se encontraran clinicamente sanos.

En el caso de que el cerdo no cumpliera con esta dltima condicién se excluyé del
estudio. La encuesta empleada para obtener la informacion de los factores de exposicion

y del hospedero se muestra en el anexo 1

5-Analisis estadistico

La frecuencia de la cisticercosis se expres6 en porcentaje para determinar si existian
diferencias en la carga parasitaria; para evaluara los datos obtenidos de factores de
exposicion y del hospedero se empleo la prueba de Chi cuadrada (X;?), y por ultimo
para determinar la correlacién entre la vacunacidn, los factores de exposicién y del

hospedero se llevo a cabo un andlisis univariado y multivariado.



Las variables incluidas en el analisis multivariado fueron aquellas que mostraron un
valor de P< 0.1 en el analisis univariado
Construccion de la vacuna S3Pvac expresada en fagos filamentosos (S3Pvac-fago).
La vacuna aplicada fue elaborada en el Instituto de Investigaciones Biomédicas de la
Universidad Nacional Auténoma de México, y se obtuvieron particulas de fago
filamentoso que contenian los péptidos vacunales KETc1, KETc12, KETc7 y GK1.
Preparacion de los fagos recombinantes.
1) El antigeno KETc7 de 96 aminoacidos de Taenia crassiceps (FK7). (Manoutcharian
etal., 1996)
2) Del KETc7 se derivo el péptido GKI1 (FGKI1) (69-95 aminodicidos,
GYYYPSDPNTFYAPPYSA) ;
3) El péptido KETcl derivado de antigenos recombinantes de Taenia crassiceps
(APMSTPSATSVRG) (FKETc1)
4) El péptido KETc12 derivado de antigenos recombinantes de Taenia crassiceps
(GNLLLSCLG) (FKETc12)
Todos ellos fueron expresados en la superficie del fago como se reporta en

Manoutcharian et al., 2004.

Se prepararon las dosis de vacuna en la Universidad Nacional Auténoma de México en
frascos de 5 dosis, que se obtuvieron de las particulas de fago filamentoso que
contenian los péptidos vacunales KETcl, KETc12, KETc7 y GKI1. La vacuna fue
previamente inactivado esterilizando la mezcla vacunal (con 4x10' particulas de fago
en 2 ml de solucidn salina) en autoclave durante 1 hora a 121°C y adicionado con 0.05%

de formaldehido (Manoutcharian et al., 2004).



VIL.- RESULTADOS
1. Prevalencia de la cisticercosis porcina en Morelos
Se revisaron 1748 cerdos, de los cuales 1105 (63%) fueron hembras y 643 machos (47%).
La prevalencia de la cisticercosis en el Estado fue de 14.25%, con una rango de variacion

por municipio del 0% en Atlatlahucan y Temoac, al 30% en Zacatepec. (Cuadro I).

Municipio Numero de cerdos Inspeccionados Numero de cerdos
con cisticercos en
lengua (% )

Amacuzac 1967 67 12 (17.9)
Atlatlahucan 306 12 0 (0)
Axochiapan 1783 70 14 (20)
Ayala 3359 128 16 (12.5)
Coatlan del Rio 2146 65 11 (16.9)
Cuautla 1463 35 1(2.8)
Cuernavaca 1390 31 4 (12.9)
E. Zapata 1005 37 0 (0)
Huitzilac 469 18 1(5.5)
Jantetelco 1694 35 5(14.3)
Jiutepec 1480 32 6 (18.7)
Jojutla 1370 35 3(8.6)
Jonacatepec 2336 47 4 (8.5)
Mazatepec 1116 33 6 (18.2)
Miacatlan 3201 115 14 (12.2)
Ocuituco 1413 54 3(5.5)
Puente de Ixtla 3908 133 26 (19.5)
Temixco 2256 27 2(7.4)
Temoac 1525 55 0 (0)
Tepalcingo 3556 99 20 (20.2)
Tepoztlan 1124 35 4(11.4)
Tetecala 1552 34 7 (20.6)
Tetela del Volcan 624 30 1(3.3.)
Tlanepantla 367 22 14.5)
Tlaltizapan 1905 100 17 (17.0)
Tlaquiltenango 4350 135 26 (19.2)
Tlayacapan 651 20 2 (10.0)
Totolapan 515 37 6 (16.2)
Xochitepec 993 34 9 (26.5)
Yautepec 1835 50 8 (16)
Yecapixtla 2597 77 11 (14.3)
Zacatepec 650 10 3 (30.0)

Zacualpan 2605 35 6 (17.1)




Cuadro 1. Frecuencia cisticercosis porcina por Taenia solium en los municipios de
Morelos entre los afios 2002- 2003. Los datos provienen de un inventario de cerdos de
traspatio realizado por la Secretaria de Desarrollo Rural.

2. Determinacion de la prevalencia de cisticercosis y caracterizacion de la produccion
porcina en la region de la Sierra de Huautla

Se visitaron 182 predios de 13 comunidades dentro de la Sierra de Huautla, al Sur de
Morelos, en los que se inspeccionaron 562 cerdos (31% machos y 69% hembras). Se
identificaron 92 cerdos cisticercosos lo que determiné una frecuencia promedio de
cisticercosis en la regiéon e del 13%. La comunidad con la frecuencia méas alta fue Los

Elotes (33%) de un total de 33 cerdos inspeccionados en lengua como se observa en el

Cuadro II.

Comunidad # nimero de # nimero de % de Namerode % de

cerdos total® cerdos cisticercosis habitantes letrinas
inspeccionados

Ajuchitlan 129 73 13.6% 241 60
Huautla 175 60 10.0% 1232 75
Huixastla 37 23 13.0% 274 90

La Era 40 34 12.5% 450 70

El Limén 70 56 28.0% 182 60
Chimalacatlan 80 19 36% 450 60
Los Elotes 35 33 33.0% 85 60
Quilamula 140 134 9.0% 659 67
Rancho Viejo 40 28 3.0% 213 63
San José de Pala 50 41 14.0% 440 53

El Vergel 430 24 12% 798 80
Los Sauces 110 27 22% 279 75
Santiopan 30 25 20.0% 146 80
Tepehuaje 40 26 3.0% 130 85
Huaxtla 30 16 0 % 60 85
Xochipala 30 13 0 % 162 90

*Numero de cerdos estimado en base a los datos sefialados por la Secretaria de Desarrollo Agropecuario,

Gobierno del Estado de Morelos, Departamento de Sanidad Animal. 2004., INEGI, 2000.

Cuadro II. Frecuencia de cisticercosis porcina por Taenia solium en 16 comunidades

de la Sierra de Huautla, Morelos (2004).



Las comunidades estudiadas cuentan con escasos servicios de salud, carecen de red de
drenaje, solo las calles principales de acceso estdn pavimentadas. En general hay energia
eléctrica, telefonia rural, la distribucién de agua en la red publica proviene de pozos a
depdsitos de agua con irregular esquema de potabilizacion. La produccién porcina es en los
traspatios y calles de la comunidad, algunas ocasiones se permiten el pastoreo. La
vacunacion contra Fiebre Porcina Clasica se realiz6 de manera gratuita por las autoridades

de Salud Animal.

Las porcicultura de la regién se caracteriza por mantener a los animales en completa
libertad durante todo el afio, s6lo el 15% de los porcinos son mantenidos en confinamiento
en corrales improvisados y solo al 8% se les da concentrados comerciales, pues es el maiz
en grano, en cantidades reducidas y que se les administrada diariamente, la principal fuente
de nutrientes para los animales. La mayor parte del tiempo los cerdos consumen aguas
residuales principalmente en barrancas, represas y bordos, que son sistemas de captacion de
agua pluvial durante todo el afio y que puede estar contaminada; en algunas comunidades,
cuando escasea, se les suministra agua de la red publica (el 21% de los animales) y de pozo
(17% de los animales). El resto, al mantenerse los cerdos en libertad dentro de la

comunidad, se provee de agua estancada donde se vacian los drenajes.

Otra variable considerada fue el origen de los cerdos, la mayoria nacieron dentro de la

misma comunidad (96%), y s6lo el dos por ciento es introducido de otros municipios (2%)

y el resto de otras entidades federativas.

En cuanto al fenotipo, predominan los cerdos criollos en un 58% y el 42 % es derivado de



razas mejoradas (York, Landrace, Durok, Hampshire y Pietrain), con una alta tendencia a
dejar de pie de cria cerdos sin pigmentacién en la piel y de tipo magro, con menos grasa

dorsal.

De acuerdo a su destino, los porcinos se finalizan para autoconsumo en un 28%; el 13 % es
comercializado con los carniceros de la comunidad. En ambos casos, los cerdos finalizados
son “castrados” meses antes del sacrificio. El 59% de los cerdos restante son vendidos a

intermediarios que los sacan de la region.

3. Efecto de vacunacion determinado por inspeccion en lenguas
El estudio de vacunacién se realizo en las 16 comunidades de la Sierra de Huatla
incluyendo las 13 comunidades estudiadas. La vacunacioén redujo significativamente el

porcentaje de cerdos cisticercosos como se ilustra en el Cuadro III.

Comunidad #-Cerdos # Cerdos % Cerdos con cisticercos ()
incluidost  inspeccionados

Control Inmunizados
S3Pvac-fago

Ajuchitlan 136 113 6.6 (3/45) 4.4%
Chimalacatlan 141 53 10.5 (2/19) 0
El Limon 90 29 27 (3/11) 11.1
Huautla 132 73 7.5 (3/40) 0
Xochipala 12 12 40 2/'5) 0
Huaxtla 24 9 25 (17 4) 0
El Tepehuaje 24 16 20 (1/7°5) 12.5
Huizaxtla 3 3 0 0
La Era 46 34 27.2 (6/22) 8.3
Los Elotes 24 13 0 o7 4) 0
Los Sauces 94 48 10.5 (2/19) 10.3
Quilamula 158 32 7.6 (1/13) 0

(3/68)
(0/34)
(2/18)
(0/33)
o/ 7)
0/ 5)
(1/11)
0/ 3)
(1/12)
0/ 9)
(3/29)
(0/19)



Rancho Viejo 44 25 333 (3/9) 6.2 (1/16)

San Jose de Pala 66 34 6.6 (1/15) 0 (0/19)
Santiopa 44 29 9 (1/11) 55 (1/18)
El Vergel 9 7 0 (@D 0 0/ 6)
Total 1047 530 13 (29/223) 3.9 (12/307)

tTotal numero de cerdos no infectados de 3 -5 meses de edad incluidos en el protocolo de
vacuna de acuerdo a la inspeccidn en lengua.

% Numero de cerdos con cisticercos / numero total de cerdos por inspeccién en lengua en
los grupos testigo y los inmunizados con S3Pvac-fago cada una de las 16 comunidades.
Cuadro III . Frecuencia de cisticercosis por Taenia solium, en los cerdos

diagnosticados por inspeccion en lengua de 7-9 meses de edad, en las 16 comunidades

de la Sierra de Huautla, Morelos, diciembre 2004- diciembre 2005.

4. Efecto de vacunacion determinado por inspeccion en necropsias
Al comparar las prevalencias determinadas por inspeccién en necropsias de 331 de los
cerdos incluidos en el estudio se encontré un 14.2% para el grupo testigo y 6.6% para el

grupo tratado (P=0.036) como se ilustra en el Cuadro IV.

Comunidad tTestigo #Numero de tVacuna +Namero de
cisticercos cisticercos
Ajuchitlan 5/19 265 3/28 25
Chimalacatlan 2/ 9 71 2/10 5
El Limén 1/14 109 1/14 27
Huautla 1/31 69 2/28 21
Xochipala 0/ 1 0 1/ 7 6
Huaxtla 1/ 1 86 0/ 7 0
El Tepehuaje 0/ 2 0 0/ 1 0
Huizaxtla 0/ 0 0 0/ 2 0
La Era 1/ 7 107 1/ 4 2
Los Elotes 0/ 4 0 0/ 7 0
Los Sauces 1/11 40 3/23 49
Quilamula 2/12 44 0/15 0
Rancho Viejo 1/ 7 15 0/24 0
San Jose de Pala 3/10 182 0/13 0
Santiopa 1/ 6 60 0/14 0
El Vergel 0/ 0 0 0/ 1 0



Total 19/134 1048 13/197 135
Prevalencia 14.2% 6.6%
Promedio + SD 95.2+71.6 19.2 £ 16.6

+ Numero de cerdos cisticercosos / nimero total de cerdos inspeccionados a la necropsia en los grupos control
y vacunado en cada una de las 16 comunidades en cada una de las comunidades. Eficiencia de la vacuna: 54%
(reduccién en el nimero de cerdos infectados) o 80% (reduccién en el niimero de cisticercos).

Cuadro IV. Frecuencia de cisticercosis porcina Taenia solium determinadas en la
necropsia de cerdos, en las 16 comunidades de la Sierra de Huautla, Morelos, 2006.

La vacuna fue capaz de reducir el nimero de metacéstodos en estado vesicular en los
animales inmunizados. Se determino en el grupo testigo 65.5+ 74.2 cisticercos y en el
grupo vacunado 8.4+14.4 Las diferencias resultaron altamente significativas (P=0.013)

(Cuadro 1V).

Adicionalmente, la vacuna influye sobre la distribucién que los metacéstodos de T solium
presentaron por sitio anatomico en el hospedero. Cabe sefialar que en todos los casos el
promedio de los cisticercos vesiculares encontrados fue mayor en el grupo control en
comparacion con el vacunado. El musculo del diafragma en el caso de los vacunados fue el
que mas ndmero de pardsitos en estado vesicular presentd. El porcentaje de pardsitos
encontrados en los tejidos indica que el diafragma tuvo el mayor porcentaje de cisticercos
para el grupo control (44.1%) y 45.3% para el grupo vacunado, el corazén mostré el 31%
para ambos grupos, la lengua (14.6% para el grupo testigo y 14% para vacuna) y 9,6% vs

9,3% para el masetero. (Figura 1).
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Figura 1, Frecuencia de cisticercos en los tejidos al momento de las necropsias de los

cerdos de las comunidades de la Sierra de Huautla 2004-2006.

5.-Relevancia de factores de exposicion en la cisticercosis

En el Cuadro V se ilustran los factores de riesgo evaluados y su relacidn con la cisticercosis
en la regién antes de la vacunacion. la cantidad de cisticercos y el nimero de cerdos
parasitados fueron las variables utilizadas para estimar la cisticercosis en el area. Los
factores de exposicion que resultaron asociados significativamente fueron: la ausencia de
letrinas (OR= 2.365, P =0.0008), el permitir a los cerdos deambular libremente (OR= 2.16

P=0.05), el consumo de agua superficial en las barrancas (OR=1.631, P=0.05).



Variable Con Sin cisticercos | Total P OR!
cisticercos
Letrina No 39 153 192 0.0008 2.365
(20%) (80%)
Si 36 334 370
(9.7%) (90.3%)
Confinamiento No 69 410 479 0.0548 2.16
(14.4%) (85.5%)
Si 6 77 83
(7,2%) (92.7%)
Consumo de agua |Si 54 298 352 0.0472 1.631
de barranca (15.3%) (84.6%)
No 21 189 210
(10%) (90%)
Origen del cerdo | Local 74 (13.7%) 465 539 0.16 3.50
(86.7%)
Otro 1 22 23
(4.3%) (95.7%)
Destino del cerdo | Intermediario 38 292 330 0.0814 0.69
(11.5%) (88.5%)
Local 37 195 232
(16%) (84%)

1 7 .
Razén de Momios.

Cuadro V. Identificacion de los Factores de Riesgo asociados a la cisticercosis por

Taenia solium en el aino 2004 en 13 comunidades de la Sierra de Huautla, Morelos

6.-Relevancia de factores biolégicos del hospedero en la cisticercosis

En el Cuadro VI, se presentan los factores asociados al sexo (género) y su relaciéon con
cisticercosis antes de la vacunacién en la region de la Sierra de Huautla. En el caso de los
machos, al comparar el porcentaje de infestacion del total de cerdos castrados contra los no
castrados, no hubo diferencias entre ambos grupos (P =0.9). Lo mismo ocurrié al evaluar
por estratos de edad; sin embargo, al reagrupar como castrados a aquellos cerdos con mas

de 3 meses de castracion contra los castrados con 3 6 menos meses de castrados o no

castrados, se observo una mayor frecuencia en los primeros (OR= 1.8, P=0.0075).




Variable Con cisticercos | Sin cisticercos Total P OR!
Sexo Machos 29 191 220 0.46 1.02
(13.1%) (86.9%)
Hembras 46 296 342
(13.5%) (86.5%)
Castraciéonen | Si 21 137 158 0.87 1.02
machos (13.3%) (86.7%)
No 8 54 62
(10.3%) (89.7%)
Tiempo de > 4 meses 11 47 58 0.007 |1.81
castracion en (19%) (81%)
machos
<3 meses 4 90 94
(4.3%) (95.7%)
Gestaciénen |< 1 parto 6 37 43 0.08 |4.05
hembras (14%) (86%)
1 parto 1 50 52
(4%) (96%)
Fenotipo Mejorado 42 284 326 0.40 [0.91
(12.9%) (87.1%)
Criollo 33 203 236
(14%) (86%)

1 7 .
Razon de Momios

Cuadro VI Caracteristicas de los cerdos en cuanto a genero, estado fisiolégico y

fenotipo, en la Sierra de Huautla, Morelos y la cisticercosis por Taenia solium, 2004.

Con respecto a la edad, la prevalencia se ve incrementada conforme aumenta la edad de los

cerdos.

relacién a los no infectados de la misma edad (Cuadro VII).

Adicionalmente, se observé un menor peso de los cerdos con cisticercos con

Grupos etarios Cisticercosos No cisticercosos P

(meses)

3-5 23.8+9.0° 22.6+11.6 0.69
(16) (137)

6-38 32.9+£10.6 39.9+£21.2 0.14
(21) (118)

9-13 43.1 £20.1 549 +24.6 0.07
(16) (107)

14-18 66.0 +19.5 58.9 +20.3
&) (28)

>19 69.7 +22.5 79.6 +29.7 0.19
a7 o7




* Media + desviacion estandar del peso de los cerdos por grupo. n= numero de cerdos
incluidos en cada grupo etario
Cuadro VII. Composicion etaria y peso en kg de la poblaciéon porcina y su relacion

con la cisticercosis Taenia solium, 2004.

7.-Estudio georeferenciado de la distribucion de la cisticercosis porcina

Con base en ubicacion georeferenciada, la cantidad y la relacién con cerdos infectados con
el cisticerco de T. solium, estos datos se ordenaron por cada una de las comunidades y se
calcularon tres indices de agregacion (Clark y Evans, 1954) que fueron:

1.- Cociente de la varianza con la media RVM1.

2.- Indice del vecino mas cercano IVC

3.- Cociente de la varianza con la media RVM2, conforme al nimero de cerdos por cada
vivienda.

Para cada comunidad la distribucién espacial fue normalizada de 0 a 1 y sobre esa
distribucién una cuadricula fue sobrepuesta, para ser contabilizados los niimero de eventos
en cada cuadrante.

Para el indice de RVM se dividi6 el promedio de los puntos por cada cuadrante y por la
varianza del mismo valor obtenido. Para el RVM2 se calcul6 de la misma manera pero
contando el niimero de cerdos en cada uno de los cuadrantes.

Para el IVC, se calcularon las distancias més cercanas entre los cuadrantes ocupados, y con
este valor se calculé la diferencia entre la distribucién observada y la esperada,
considerando que esta ultima fuera al azar, la interpretacién del valor de cada indice se

observa en el Cuadro VIII.



RVM (VMR) RVM, (VMR,) IVC (NNI)

Comunidad T C E T C E T C E
Ajuchitlan (1)
1.24 ] 1.24 1.14 9.39 8.57 2.29 0.17 0.17 0.22
Huautla (2)
2.33| 2.33 0.83 9.62 8.94 1.14 0.18 0.18 0.22
Huixaztla (3)
1.25| 1.40 0.96 | 10.41 9.27 1.61 0.25 0.29 0.35
Huaxtla (4)
0.87 | 0.87 - 3.63 3.63 - 0.25 0.25 -
La Era (5)
1.67 | 1.67 1.61 6.30 6.07 1.61 0.20 0.20 0.35
El Limén (6)

1.81 ] 1.65 1.46 7.26 4.95 2.98 0.18 0.18 0.20

Los Elotes (7)
1.06 | 0.95 0.97 2.69 1.99 1.34 0.13 0.15 0.20

Quilamula (8)
1.57 | 1.49 098 | 10.26 | 10.03 0.98 0.12 0.12 0.16

Rancho Viejo (9)

1.91 ] 191 - 7.32 7.25 - 0.19 0.19 -
San Jose de Pala (10)

0.89 | 0.89 0.79 3.70 3.10 0.79 0.16 0.16 0.20
Santiopan (11)

0.83 | 0.83 0.87 2.83 3.02 1.25 0.17 0.17 0.25
Tepehuaje (12)

1.25| 1.20 - 4.21 4.33 - 0.16 0.16 -
Xochipala (13)

0.92 | 0.92 - 5.47 5.47 - 0.29 0.29 -

Valores para la interpretacion de los indices

Indices

Distribucién RVM RVM, IvC

Uniforme 0 0 2.14
Aleatoria ~1 ~1 ~1
Agregada >1 >1 ~0

Cuadro VIIL Indices de agrupacion de los datos georeferenciados en las 13
comunidades de la Sierra de Huautla, Morelos 2004.

El tamaiio de los cuadrantes se defini6 calculando los indices para las distintas resoluciones

de la cuadricula y se escogi6 el valor menor después del cual los valores de los indices se



mantienen constantes.

Con este andlisis se observé si las viviendas donde poseen cerdos sanos y cerdos
infectados, guardaron algiin orden o mostraron agregacién en un espacio en particular
dentro de cada comunidad, de primera instancia de observa una distribucién al azar de los
cerdos infectados en relacién con las viviendas donde poseian cerdos y no estaba
infectados. Las diferencias entre todas las viviendas con cerdos infectados en ninguno de
los casos resultaron mas agregadas que el total de las viviendas en su conjunto, lo que
siguiere proponer que la cisticercosis porcina por 7. solium, se encuentra presente de

manera homogénea en este primer anélisis en la region.

8.- Caracteristicas de los cerdos asignados como controles y como vacunados para la
evaluacion de la vacuna S3Pvac-fago
En el Cuadro IX, se presenta la distribucidn de las variables registradas en los cerdos de 3-5

meses de edad y como se asignaron los grupos (Controles n=421, Vacunados=626),

Variables registradas Testigo S3Pvac-Fago P-valor
(n=421) (n=626)

Edad en meses (promedio + SD) 3.08 £1.82 3.15+2.34 0.60

Peso en Kg (promedio + SD) 14.19 £ 8.28 14.62 + 8.55 0.42

Sexo, n (%)

Macho 198 (47.03) 305 (48.72) 0.59

Hembra 223 (52.97) 321 (51.28)

Macho Castracién, n (%)

Si 174 (87.88) 253 (82.95) 0.13

No 24 (12.12) 52 (17.05)

Hembra Castracién, n (%)

Si 11 ( 4.93) 9 ( 2.80) 0.19

No 212 (95.07) 312 (97.20)

Suministro de agua, n (%)

Tuberia 80 (19.00) 142 (22.68) 0.14

Rio 236 (56.06) 356 (56.87)



Pozo 105 (24.94) 128 (20.45)
Confinamiento, n (%)

Libre 408 (96.91) 602 (96.17) 0.52
Atado 13 ( 3.09) 24 ( 3.83)

Letrina en casa de duefios, n (%)

SI 306 (72.68) 441 (70.45) 0.43
No 115 (27.32) 185 (29.55)

Origen de los cerdos, n (%)

Cria propia 359 (85.27) 538 (86.08) 0.71
Comprados 62 (14.73) 88 (13.92)

Destino de los cerdos, n (%)

Autoconsumo 122 (18.98) 186 (29.71) 0.79
Para venta 299 (71.02) 440 (70.29)

Fenotipo predominante, n (%)

Criollo 265 (62.95) 365 (58.31) 0.13
Otro 156 (37.05) 261 (41.69)

Cuadro IX. Variables registradas en los cerdos de 3-5 meses de edad dentro de cada

grupo. Septiembre 2004 a agosto 2005. Sierra de Huautla, Morelos. México

9.-Relevancia de factores de exposicion en la eficiencia de vacunacion contra
cisticercosis

En la Figura 2 se ilustran la eficiencia de vacunacion en condiciones de baja exposicién
(dueiios de los cerdos con casas con letrinas) y de alta exposicion (duefios de los cerdos con
casas sin letrinas relevancia). Se observo una frecuencia de cisticercosis menor en el grupo
de cerdos vacunados que en los controles en condiciones de alta y de baja exposicion. En la
Figura 3 se ilustra que la vacunacién disminuyo la cantidad de pardsitos significativamente

tanto en el grupo vacunado de alto riesgo como en el de bajo riesgo.
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Figura 3. Carga parasitaria de cisticercos por Taenia solium y la relaciéon con el uso
de letrina en los domicilios de los propietarios de los cerdos vacunados y controles en
la Sierra de Huautla, Morelos. 2006. (Mann-Whitney Test).

10.-Relevancia de factores biologicos del hospedero en la eficiencia de vacunacién
contra cisticercosis

Se observa en el Cuadro X las diferentes variables evaluadas y su relaciéon con la
cisticercosis porcina determinada por necropsia. En este andlisis, los siguientes factores
resultaron significativamente asociados a una menor prevalencia de cisticercosis: ser
machos (P = 0.009), ausencia de gestacion (P=0.0001), tiempo mds corto desde la
castracion en machos (P = 0.004), letrina en la casa de los duefios (P=0.001) y vacunacién
(P = 0.036). Se realizo una regresion logistica en la que se incluyeron los factores que se
relacionaron a menor prevalencia de cisticercosis con una P < 0.1 segiin el andlisis
univariado. La presencia de letrina (P = 0.039), gestacién (P <0.0001) y vacunacién (P =

0.004) fueron las variables que se asociaron con proteccion segun este andlisis.

Infectado No infectado P-valor
Género (Macho / Hembra) 9/23 157/142 0.009
Gestacion (si/no) 12/11 20/123 0.0001
Castracién in hembra (si/no) 1/22 4/138 0.53
Castracion in macho (si/no) 9/0 142/15 1
Meses desde la castracién en 12.3+4.2 9.5+54 0.12
macho (promedio+SD)
Libre ambulante (si/no) 32/0 289/10 0.6
Agua contaminada (si/no) 27/5 243/56 0.8
Letrina (presencia/ausencia) 15/17 266/73 0.001
Vacunacion (si/no) 19/13 115/184 0.036

Cuadro X . Variables del hospedero y de la exposicion con relacion a cisticercosis

porcina Taenia solium, determinada por necropsia, en cerdos inmunizados con



S3Pvac-fago y testigos en la Sierra de Huautla, Morelos. 2006.

11. Relevancia de los factores de exposicion y biologicos en la eficiencia de la
vacunacion

En el Cuadro XI se resume el efecto de exposicion y los factores sexuales en la eficacia de
la vacuna determinada por la necropsia, medida en términos de reduccién de cerdos con
cisticercos y reduccion en el nimero de cisticercos en aquellos infectados. Se usaron sé6lo
tres parametros para este andlisis: el sexo de los cerdos, si la hembra tuviera o no una

gestacion, y si los duefios de los cerdos tuvieran o no las letrinas en sus casas.

Testigo Vacuna P1
tFrecuencia 1(X+SD) tFrecuenciade  £(X+SD)
de infeccién infeccién
Sexo
Macho 3/63 54 £ 16 6/103 11 £10 1
Hembra 16/71 55+ 35 7/ 94 10+ 14 0.007
Letrina
Si 8/97 47 £ 39 7/144 7+ 6 0.29
No 11/37 61 £28 6/ 53 14 £ 17 0.05
Gestacion
Si 10/13 51 £33 2/ 19 3+ 1 <0.001
No 6/58 62 £41 5/ 76 13+ 17 0.5

P2

0.02
0.008

0.019
0.003

0.06
0.034

X: promedio; SD: desviacién estandar

P1: Diferencia en la frecuencia entre los cerdos infectados de los grupos testigo y vacuna

P2: Diferencia en el niimero de pardsitos entre los grupos testigo y vacunas

tNumero de cerdos con cisticercosis /numero total de cerdos. f promedio de cisticercos = SD en cerdos.

Cuadro XI. Relevancia de los factores de exposicion y sexuales en la eficiencia de la

inmunizacion con S3Pvac-fago y testigos en 331 necropsias realizadas en la Sierra de



Huautla, Morelos, 2006.

Como en el cuadro IX se ilustra la vacuna redujo significativamente el porcentaje de cerdos
con cisticercos en hembras pero no en machos. La vacuna también redujo la frecuencia de
hembras con cisticercos en aquellas que habian tenido gestacién y en cerdos cuyos duefios

tenian o no letrina en casa.

12. Efecto de la vacunacion en el peso de los cerdos

El cuadro XII, se ilustran los pesos de los cerdos (promedios y la desviacién estandar)
registrados en tres tiempos, al momento de la vacunacién, al momento de la inspeccién en
lengua y al momento del sacrificio en los cerdos vacunados y controles. Como puede
observarse los cerdos controles y vacunados no cisticercosos presentaron una ganancia

similar de peso.

Edad (meses)

3-5 7-9 12 p! *Pp2
Controles
Cisticercosos 11 18 *10.6 43.2424 4 52.1+11.9 0.006 0.29
No-cisticercosos 71 15.1+£ 8.5 45.4+20 63.4+18.4 <0.0001 <0.0001
Vacunados
Cisticercosis 6 6 =2 30.8+18.5 41.7« 7.5 0.004 0.2
No-cisticercosis 127 14.8+ 8.9 43.9+19.8 61.2+19.1 <0.0001 <0.0001

Cuadro XII. Peso en Kg de los cerdos inmunizados con S3Pvac-fago y controles,
Sierra de Huautla, Morelos, 2004-2006

Incremento de peso de 215 cerdos con cisticercosis diagnosticada por inspeccion en lengua
y confirmada en la necropsia.

P': Diferencias en el peso entre 3-4 'y 7 meses,

P”: Diferencias en peso entre 7-9 y 12 meses de edad.



VIL- DISCUSION

La eleccion del Estado de Morelos como drea de estudio se consideré debido a las
facilidades logisticas y los reportes previos que indicaban altas prevalencias de esta
parasitosis en diferentes comunidades del Estado (Sarti et al., 1992, Martinez et al., 2001 y
Morales et al., 2002).

Los resultados obtenidos en este estudio sobre la situacién de la cisticercosis porcina en el
Estado de Morelos indican una prevalencia global del 14%. Estos datos guardan similitud
con los reportados en diferentes partes del mundo (Acevedo-Herndndez, 1992., Aluja S. et
al 1987, Phiri et al, 2002, Nogowi et al, 2004, Garcia et al, 2003?, Eddi et al, 2006, Ito et al,
2003, Domy et al, 2004.,Montresor and Palmer, 2006, Flisser et al, 2006). Como lo indica
el estudio reportado en esta tesis la cisticercosis por Taenia solium continua presente en
México en cifras que justifican esfuerzos para su control (Sarti et al, 1994, 1997, Morales et
al, 2002, Sciutto et al, 2000, Fleury et al, 2006, Martinez, 2000). Cabe mencionar que ese
trabajo representa el primer estudio epidemioldgico a nivel estatal sobre cisticercosis
porcina en México. Las variaciones en la prevalencia de cisticercosis porcina encontradas
en los diferentes municipios no correlacionaron con los niveles socioeconémicos entre los
mismos, probablemente debido a que no fue el objeto de estudio la determinacién de la
prevalencia por comunidad. Esta informacion contrasta con lo reportado en estudios
previos puntuales realizados en diferentes comunidades en los que se encontr asociacion
significativa entre la cisticercosis y los factores de marginacién. La falta de asociacion
entre cisticercosis y marginacion a nivel estatal sefiala la amplia distribucién de la

parasitosis en el Estado de Morelos.



Este estudio permiti6, ademds, identificar una regién adecuada para la evaluacion de la
vacuna. Esta region denominada la "Sierra de Huautla" presentaba en el estudio Estatal
prevalencia al menos el 10% de cisticercosis porcina de manera global. En estas
comunidades en las que se practica extensamente la crianza rustica del cerdo, que ademas
estdn interconectadas por carreteras de terraceria que sirven de manera adecuada para la
logistica de traslado y habitantes interesados en participar. El estudio realizado en esta
region, permitié conocer la magnitud de las condiciones que se deben considerar para una
intervencion de control masivo de la enfermedad y el seguimiento de los cerdos que se
incluyan hasta su evaluacidn, situacidon que puede ser similar y de utilidad en otras
regiones rurales y suburbanas.

Se realiz6 el estudio en el que se revisaron un total de 562 cerdos en 13 diferentes
comunidades para determinar la prevalencia de cisticercosis antes de comenzar el programa
de vacunacion. Se encontrd que el 13 % de los cerdos de los de la "Sierra de Huautla"
presentd cisticercosis en la lengua, con variaciones significantes entre pueblos (0-33%). La
diferente frecuencia de cisticercosis porcina entre las comunidades no se relacioné con
diferentes factores de riesgo ni de exposicién ni con el nimero total de cerdos de cada
pueblo, que podria bien suponer la movilizacién para el comercio y subsecuente sacrificio
de los cerdos y la posible movilidad del portador de la tenia, en las diferentes comunidades.
En este estudio se confirm¢ el hallazgo que sefala la participacion de factores hormonales y
de exposicion en la susceptibilidad a la cisticercosis porcina (Morales et al., 2006).

Este estudio incluye un nuevo abordaje en la epidemiologia de la cisticercosis incluyendo el
uso de GPS. El uso del geoposicionamiento para estudiar la situacion espacial de la
cisticercosis porcina permite un nuevo acercamiento para identificar la existencia de sitios

mads activos de transmision de la cisticercosis porcina en un drea endémica. La técnica ha



contribuido a los estudios epidemiolégicos de diferentes enfermedades (Hay y Lenono et
al., 1999; Smith et al., 2002, Gilbert et al., 2005; Nihei et al., 2006). El uso del GPS para
ubicar y posteriormente analizar los datos y estudiar la posibilidad de agregacion de casos
de cisticercosis porcina (Lescano et al., 2007), es una nueva herramienta que en este estudio
se utiliz para obtener la ubicacion de los predios donde habia cerdos, ordenar los datos,
dividir la regién en cuadrantes y resolver el cuestionamiento sobre si la distribucion de
casos resultaba mayor en alguno de ellos. Utilizando este procedimiento no se encontrd
agregacion de cisticercosis porcina en el drea, hallazgo compatible con una exposicion
uniforme al pardsito de los cerdos de traspatio de esta region y probablemente asociada a la
forma de crianza que permite a los cerdos deambular libremente por la regién en busca de
comida, con la posibilidad de estar en contacto con el pardsito. Por lo que la variable
presencia de letrinas, puede perder importancia, pues sélo es relevante cuando se asocia al
confinamiento de los cerdos. En este sentido, cabe sefialar que los cerdos en su conducta de
forrajeo incluyen recorridos diarios de distancias aproximadas de 2 a 5 km (Copado et al .,
1996). Estos hallazgos contrastan con los obtenidos en otros estudios que reportan la
agregacion de cerdos con cisticercosis en ciertas casas de algunos pueblos (Sarti et al.,
1992, Lescano et al., 2007). Diferencias geogréficas y culturales y las asociadas a la forma
de crianza y la movilizacién de los humanos en las diferentes regiones podrian explicar a
las diferencias encontradas. En este sentido, en la regién de la Sierra de Huautla se
practican extensamente labores agricolas, en los alrededores de las comunidades. Los
trabajadores del campo que atienden las cosechas o cuidan del ganado o esperan en el
camino al escaso transporte urbano, practican frecuentemente el fecalismo a ras del suelo y

probablemente contribuyen a la homogénea dispersion de huevos en el ambiente.



Estos hallazgos sefialan la importancia de la aplicacion de medidas de control amplias y la
inclusién masiva de animales expuestos en los programas propuestos.

Otro aspecto de interés resulta la ausencia de factores de riesgo que justifiquen las
diferentes frecuencias de cisticercosis encontradas entre las diferentes comunidad
estudiadas. Esta observacion podria ser compatible con la presencia de un portador del
pardsito adulto en la vecindad de algunos de ellos que aumentara la frecuencia, aspecto que
no se estudio en el mencionado trabajo. Esta posibilidad resulta congruente con los trabajos
que indican el aumento de seroprevalencia (contacto) con la reduccién de las distancias a

un portador del paréasito adulto (Lescano et al., 2007).

Considerando la informaciéon obtenida se decidié incluir 16 de las comunidades de la
Sierra de Huautla, donde las caracteristicas socioculturales son similares, las redes
carreteras y las caracteristicas de ambiente y de la forma de crianza, comercializacion y
consumo de los cerdos permitieran dar el seguimiento necesario al programa de
vacunacion. Considerando los reportes sobre la alta mortalidad en los primeros meses de
vida de los lechones criados en forma no tecnificada (Morales et al., 2002, Martinez et al.,
1999), se decidi6 incluir en el programa de vacunacion cerdos de entre 3 y 5 meses de edad.
Para el seguimiento oportuno en las visitas continuas a las comunidades, se identificaron
los cerdos con microchips y aretes pldsticos que permitieron la ubicacion més ripida de los
cerdos en los tiempos de inspeccion de los mismos y en los sacrificios. Por ultimo, la
factibilidad de este estudio aumenté debido al interés de los propietarios de los cerdos en
participar en el protocolo de vacunacion sin modificar su manera de crianza de los cerdos.

Se observo que el tiempo desde la castracion y la que tuvieron gestacion puede modificar la

capacidad protectora de la vacuna, en este sentido este estudio de campo ha permitido



evaluar la relevancia de todos los factores de transmision y por ende validar el potencial de
uso de la vacuna en una intervencion de mayor cobertura, como podria ser una campafia de
control oficial. Los resultados obtenidos sefialan que la vacuna redujo significativamente la
cantidad de cerdos cisticercosos y con mayor eficiencia la cantidad de parasitos instalados,
aunque se observaron en estado vesicular en ambos grupos, la cantidad fue notoriamente
menor en el grupo vacunado. Estos resultados indican que la vacunacién puede reducir la
cantidad de pardsitos con mayor eficiencia que la observada en proteger completamente al
cerdo de la instalacidon, resultados similares a los observados durante la evaluacién en
campo con la version sintéticamente producida de S3Pvac (Huerta et al., 2001). En este
estudio se encontrd ademads, que la vacuna resulta altamente eficiente en condiciones de alta
y baja exposicién utilizando como pardmetro de exposicion la presencia o ausencia de
letrinas (Morales et al 2003, Sarti et al., 1988, Keilbach et al., 1989). Este parametro se
emple6 considerando la certidumbre de este dato registrado directamente por los
participantes del trabajo. Esta informaciéon confirma la importancia del correcto
procesamiento de las heces humanas que ademas podria reducir otras zoonosis relacionadas
con contaminacién fecal (Acha, 1986, Eddi 2006).

Al respecto de la relevancia de factores asociados al sexo y la susceptibilidad a la
cisticercosis y la eficiencia de vacunacién cabe mencionar que la participacion de factores
asociados al sexo se ha reportado en diferentes parasitosis (Larralde et al., 2005; Gémez et
al., 2000). En numerosas enfermedades e infecciones parasitarias de los vertebrados es
bien conocida la existencia de un dimorfismo sexual (Ansar et al.,1985). Ademas, las
hormonas sexuales modulan la respuesta inmune y pudieran estar involucradas en la
susceptibilidad a la infeccion asociada al género (Grossman, 1984). En caso de ratones

infectados con cisticercos de Taenia crassiceps, se ha observado mayor susceptibilidad



(Terrazas_et al., 1994) de las hembras, pero conforme avanza la infeccién la carga
parasitaria se incrementa en ratones de ambos sexos llegando a igualarse. Estos eventos se
asocian con importantes modificaciones en los perfiles hormonales de los ratones y en su
comportamiento reproductivo (Sthoeger et al., 1988, Larralde et al,, 1995, Morales-Montor
et al., 1996), asi como el desarrollo y la reproduccién "in vitro" de la fase larvaria de
cestodos en medios con la adicion de hormonas involucradas en la reproduccién (Diaz-
Orea, et al., 2007).

En la cisticercosis por 7. solium se ha observado mayor prevalencia de la parasitosis
en hembras gestantes que en no gestantes. La castracion en los machos aumenta también la
prevalencia de cisticercosis porcina en cerdos criados en condiciones no tecnificadas
(Morales et al., 2002). Recientemente Pefia et al, 2007 reportaron que sementales rusticos
infectados naturalmente presentaban niveles reducidos de testosterona respecto a los no
infectados con cisticercos. Si bien en este trabajo los cerdos machos incluidos fueron
castrados en su totalidad por sus propietarios aunque en diferentes edades, considerando
como enteros aquellos cerdos que se castraron de 30 a 15 dias antes del sacrificio, se
encontraron diferencias en la eficiencia de vacunacién asociadas a sexo. Cuando se calcul6
la eficiencia de vacunacién en funcién del porcentaje de cerdos totalmente protegidos se
observa que la vacuna reduce significativamente el porcentaje de hembras con cisticercosis
del 22 al 7.4% mientras no modifica el porcentaje de cerdos con cisticercosis. Cuando se
observa el efecto de la vacuna en la disminucion de la cantidad de parésitos recuperados, la
vacuna reduce la cantidad de parésitos recuperados tanto en machos como en hembras en
proporcion similar. Estos resultados indican que en un ambiente sexual de las hembras se
induce una respuesta esterilizante por vacunacién que no se induce en los machos. Estos

datos indican que los factores asociados al sexo participan en la proteccion total del cerdo a



la parasitosis e indican el interés bioldgico de ahondar en la relacion entre inmunidad

inducida por vacunacién con S3Pvac-fago y factores asociados al sexo.

Considerando que existe gran posibilidad de que la mayoria de los cisticercos en estado
vesicular puede transformarse en una tenia, el efecto de la vacuna en reducir en mas del
80% la cantidad de pardsitos instalados sefnala su potencial en interrumpir la transmision de
la parasitosis. El bajo costo de esta version de vacuna aumenta la factibilidad de su
aplicacion masiva y la posibilidad de incorporarlo como una herramienta de utilidad en
campafas de control. Los resultados obtenidos permiten recomendar la utilizacion de esta
vacuna, para su aplicacion en campafias de control adicionando el uso de letrinas,
confinamiento de las cerdas en estado reproductivo hasta el destete, castracion tardia de los
machos y principalmente abordar el problema de manera integral con campafias

permanentes enfocadas a mejorar la salud humana y animal.

Por ultimo cabe sefialar algunos aspectos marginales resultado de este trabajo al respecto de
la validez del método de inspeccion de lenguas para el diagndstico de la cisticercosis
porcina. En este trabajo de tesis se utiliza el método de diagnostico basado en la inspeccion
de lenguas en cerdos en pie. Este procedimiento, es una herramienta diagndstica practica,
poco invasiva, de bajo costo y accesible de utilizarse en poblaciones extensas de cerdos,
que ha sido utilizado en multiples estudios realizados en México y todo el mundo. Cuando
se practica por individuos entrenados adecuadamente, el ensayo presenta alta especificidad
(>90%). Al respecto de sensibilidad, se reportan valores desde el 30 (Acevedo-Hernéndez
1992) al 70 % (Sciutto et al., 1998). Es factible que esta variacién dependa de la cantidad

de pardsitos que se presenta en la poblacion estudiada, considerando que la probabilidad de



que un cerdo cisticerco tenga cisticercos en lengua es baja en cerdos que solo presentan
algunos cisticercos en su conjunto. En estas variaciones probablemente también participen
el nimero de animales estudiados, el adiestramiento del personal y las condiciones de la
inspeccién (Viljoen, 1937; Molinari et al., 1997; Sciutto et al., 1998; Ngowi et al., 2004).
La prueba confirmatoria o definitiva para comparar con la inspeccién en lengua es la
inspeccidn de la carne al sacrificio, aunque esta resulta dificil de realizar, sobre todo porque
la mayoria de estos animales son sacrificados sin inspeccion; por lo que se hace necesario
el convencimiento de los productores, intermediarios y carniceros para permitir presenciar
y obtener las muestras de los cerdos. En este estudio se utilizaron ambos criterios de
diagndstico (inspeccion en lenguas y necropsias) por lo que fue factible estimar la
sensibilidad y especificidad del diagndstico por inspeccion en lenguas practicada por los
técnicos que participaron en este estudio. La sensibilidad de la inspeccion en lengua en el
grupo control fue del 78%, con una especificidad del 93%, mientras que para el grupo
inmunizado con la vacuna S3Pvac-fago se observé una menor sensibilidad de la prueba
diagnéstica (66%) y una especificidad similar del 90%. La menor sensibilidad observada en
el grupo vacunado podria ser consecuencia de la menor cantidad de pardsitos en este grupo.
En cualquier caso, los resultados obtenidos validan el método de diagnostico por inspeccion
de lenguas con un método altamente especifico y valido para la realizacién de estudios
epidemioldgicos. Recientemente se han reportado el método de ultrasonido como una
prueba alternativa de interés por su bajo costo y factibilidad para aplicar en forma masiva
aunque requiere aun ser validado para su uso extensivo en campo (Herrera et al., 2007,

Mata-Miranda et al., 2007).
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Hoja de Registro

1. Fecha

2. Clave GPS:

3. Nombre del propietario

4. Municipio

5. Localidad

6. Los cerdos deambulan libremente? 1=si 2= no 3= temporalmente

7.  Suministro de agua (1 = tuberia 2 = Pozo

3 =.Barranca y rio)

8.  Tipo de alimentacion : (1= Concentrado 2= Escamocha 3=Maiz y otros granos)

9. Origen del cerdo (1=Local 2 =Otro municipio 3= Otro Estado 4= Apoyo de gobierno)

10. Destino (1= Autoconsumo 2 =enlacomunidad 3 =Rastro

11. Informacién de los credos

4 = intermediario)

Fecha de | Sexo

nacimiento | M=macho

H=hembra

Fenotipo
predomi

nante

Diagnéstico
en lengua
1 =neg

2 = post

Fecha de
castracion

(en su caso)

Fecha de
monta (en
su caso)

Diagnostico en

lengua
1 =neg
2 = post

Instructivo: Razas: 1: criollo, 2: Landrace, ham etc.

Figural.Ejemplo del cuestionario que se empleo.
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If a programme for the control of pig cysticercosis is to be effective it has to be based on good data on the local
epidemiology of Taenia solium. In 2002—-2003, in a cross-sectional study of pig cysticercosis in the Mexican state of
Morelos, 1747 pigs that had been born and reared in rural areas of the state were checked for T. solium infection by
tongue inspection. The prevalence of cysticercosis in the pigs was found to vary from 0% to 30% according to the
municipality from which the pigs came. Although prevalence appeared to be unaffected by the socio—economic
status of the municipality, it was relatively high in areas that lacked latrines, and in pigs that were castrated,
pregnant and/or of the native (rather than an imported) breed. The results of questionnaire-based interviews with
pig owners revealed that most (64.5%) of the rural pigs, whether infected or not, are slaughtered and consumed
within the locality where they were reared. The other pigs are sold at low prices to organised traffickers who take the
uninspected pigs to neighbouring urban areas for sale.

The observed complexity in the factors affecting the transmission of 7. solium to the pigs of Morelos state calls for
an intervention strategy of matching complexity, initially targeted at those villages with the highest prevalences of
pig cysticercosis. The road transport of pigs needs to be better regulated, and the vaccination and genetic
improvement of the rural pigs, and delaying the castration of the boars, should all be considered.

In many developing countries, Taenia solium
seriously affects human health and pig-
rearing and leads to much human suffering
and high costs for public-health institutions
(Sciutto et al., 2000; Garcia et al., 2003a). It
is perhaps only over the last two decades
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E-mail: edda@servidor.unam.mx; fax: +52 55 5622
3369.

© 2006 The Liverpool School of Tropical Medicine
DOI: 10.1179/136485906x86275

that the true magnitude of the problem
posed by cysticercosis in Latin America,
Asia and Africa, and the need for effective
control of the disease in pigs and humans,
have been truly appreciated (Aluja, 1982;
Rodriguez-Canul ez al., 1999; Carrique-Mas
et al., 2001; Morales er al., 2002; Garcia
et al., 2003a, b; Ito et al., 2003a, b; Mafo-
jane et al., 2003; Rajshekhar ez al., 2003).
In many regions where pig cysticercosis is
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endemic, too little is known about the
transmission dynamics of the disease, or
the biological, social or economic risk
factors for infection (Boa ez al., 2003), to
make rational plans for the control of the
disease or to allow the effectiveness of any
control interventions to be fully evaluated.
Taenia solium cysticercosis has affected
the people and pigs of Mexico since colonial
times (Crosby, 1972; Nieto 1982; Larralde
et al.,, 1992). In Mexico, human neurocys-
ticercosis is currently the primary cause of
adult-onset epilepsy (Medina ez al., 1990;
Del Brutto er al., 1994) and is responsible
for 11% of all neurological consultations
(Vazquez and Sotelo, 1992) and 25% of
craniotomies (Sotelo ez al., 1985). Cysticerci
can be detected, at autopsy, in the brains of
2%-3% of the general population (Villagran
and Olvera, 1988). Although once consid-
ered primarily a problem of rural areas,
human cysticercosis appears to be increas-
ingly common in urban areas of Mexico,
perhaps largely because of human migration
from rural communities to the cities
(Shandera er al.,, 1994; Rosenfeld ez al.,
1996). The main risk factors for the human
disease have been identified (Sanchez ez al.,
1999; Fleury er al., 2003) but the relative
impact of each probably varies according to
whether the setting is rural or wurban,
whether the community of interest has
generally good or poor levels of education
and socio—economic status, the local pig-
rearing practices, and the local levels of
endemicity for pig cysticercosis, human
cysticercosis and human  taeniasis.
Relatively little is known about the risk
factors for pig cysticercosis and this may
partly explain why interventions to control
this pig disease have met with only limited
success. There are probably important but
as yet unrecognized risk factors for pig
cysticercosis and/or the interactions between
the known risk factors are more complex
than has been assumed. The migration of
people carrying adult 7. solium is of great
importance in the incidence of human
cysticercosis in non-endemic countries

(Schantz er al., 1992), and probably also in
endemic countries that are undergoing rapid
urbanization. The possible role of the
shipment of cysticercotic pigs in the devel-
opment of the complete life-cycle of
T. solium in previously °‘naive’ areas is,
however, largely unexplored.

Following on from a long-term study on
the epidemiology, immunology and patho-
genesis of cysticercosis in pigs and humans
(Sciutto et al., 2003a), a programme to
control the disease in the Mexican state of
Morelos is currently being planned. Morelos
was chosen because focal epidemiological
studies in the past have revealed worryingly
high prevalences of cysticercosis in the pigs
in the state (Sarti ez al., 1992; 1997; Morales
et al., 2002) and because the local govern-
ment authorities have recently developed an
active interest in supporting a first attempt
at state-wide control of the disease. The aim
of the present study was to provide some
baseline data on pig cysticercosis in rural
areas of Morelos (against which post-control
data could be compared) and further eval-
uate the associated risk factors. As part of
this study, the relevance of the growing road
network within and between the different
regions of the state, which may greatly
facilitate the commercial and unregulated
trafficking of infected pigs, was investigated.

ANIMALS AND METHODS

In a cross-sectional survey that ran from July
2002 to March 2003, the prevalences of
cysticercosis in samples of the pigs raised in
rural areas of the state of Morelos were
estimated by the examination and palpation
of the tongues of the living animals. Pigs
from each of the 33 municipalities into
which the state is divided were investigated.
Attempts were then made to link the
geographical variation seen in these preva-
lences to certain geographical, social and
biological variables, and to determine
how the destinations of the rural pigs,
the places of their consumption and their
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road transport might contribute to the
spread and prevalence of pig and human
cysticercosis.

Geography

The state of Morelos occupies 4950 km? in
the centre of Mexico, surrounded by the
Distrito Federal (Mexico City), and the states
of Puebla, Guerrero and Mexico. The
state’s economy was, until recently, largely
based on agriculture but tourism now brings
thousands of Mexican and international
visitors and much cash into the area. Many

TABLE 1.

of those born in the state migrate to nearby
urban areas and to the U.S.A., in search of
employment. Of the 1342 villages in the
state in 2002, 1136 each had <500 inhabi-
tants and only 15 had >15,000 inhabitants
each.

Socio—-economic Status

An index of socio—economic status (ISS) for
each of the 33 municipalities that form the
state of Morelos (see Table 1) was extracted
from the records of the Instituto Nacional de
Geografia Estadistica e Informatica (Anon.,

The indices of socio—economic status (ISS) and the numbers of pigs, numbers of pigs examined, and

numbers of pigs found to have cysticercosis, in each of the municipalities forming the Mexican state of Morelos

No. of pigs and (% of examined pigs)

Municipality ISS In municipality Examined With tongue cysticerci
Amacuzac —0.66 1967 67 12 (17.9)
Atlatlahuacan —0.60 306 12 0 (0.0)
Axochiapan —0.30 1783 70 14 (20.0)
Ayala —0.62 3359 128 16 (12.5)
Coatlan del Rio -0.51 2146 65 11 (16.9)
Cuautla —1.32 1463 35 1(2.8)
Cuernavaca —1.82 1390 31 4 (12.9)
Emiliano Zapata -0.97 1005 37 0 (0.0)
Huitzilac —0.86 469 18 1 (5.5)
Jantetelco —-0.50 1694 35 5 (14.3)
Jiutepec —-1.53 1480 32 6 (18.7)
Jojutla —1.30 1370 35 3 (8.6)
Jonacatepec —-0.61 2336 47 4 (8.5)
Mazatepec —0.87 1116 33 6 (18.2)
Miacatlan —0.20 3201 115 14 (12.2)
Ocuituco —-0.02 1413 54 3 (5.5)
Puente de Ixtla —-0.75 3908 133 26 (19.5)
Temixco —1.17 2256 27 2 (7.4)
Temoac 0.07 1525 55 0 (0.0)
Tepalcingo —0.09 3556 99 20 (20.2)
Tepoztlan -1.10 1224 35 4 (11.4)
Tetecala -0.83 1552 34 7 (20.6)
Tetela del Volcan 0.08 624 30 1 (3.3)
Tlalnepantla 0.26 367 22 1 4.5)
Tlaltizapan —-0.83 1905 100 17 (17.0)
Tlaquiltenango —0.60 4350 135 26 (19.2)
Tlayacapan —0.42 651 20 2 (10.0)
Totolapan —-0.11 515 37 6 (16.2)
Xochitepec —0.60 993 34 9 (26.5)
Yautepec —1.12 1835 50 8 (16.0)
Yecapixtla —-0.47 2597 77 11 (14.3)
Zacatepec —1.53 650 10 3 (30.0)
Zacualpan 0.00 2605 35 6 (17.1)
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2000). This index is based on a number of
characteristics of the population, such as
adult illiteracy, the percentage of children
who complete their basic education, the
availability of electricity, latrines or drai-
nage, the levels of overcrowding, and house-
hold incomes. The latest estimates of ISS
for all Mexican municipalities vary from
—2.44 (the value for the most developed
municipality, which is located in Mexico
City) to 2.76 (the value for the least
developed municipality, which is in the state
of Chiapas). The mean ISS for the muni-
cipalities of Morelos (—0.35) lies about
mid-way between these two extremes.

Sampling of Rural Pigs

According to the unpublished records of the
state’s Department of Animal Health, there
were about 58,000 pigs scattered through-
out the rural areas of Morelos in 2002-2003
(see Table 1). The local pig owners, who are
generally extremely poor, usually allow their
pigs to range freely in search of food. This
practice, combined with human defecation
in the open, leads to high levels of contact
between pigs and the eggs of 7. solium
that have been excreted by infected
villagers. All the pigs investigated in the
present study were animals from rural
settings that were allowed to roam freely
most of the time (with occasional tethering)
or all of the time. These rural pigs are
generally of mixed breed, and many are
small, undernourished and unhealthy. Most
are slaughtered at about 12 months of age,
to be consumed during local festivities or to
be sold to rural pork dealers and traffickers.
The boars are commonly castrated (at
various ages) and the sows are inseminated
by the free-ranging boars while roaming in
search of food.

The sample size for the present study (at
least 300 pigs/municipality) was based on
the assumption that about 15% of the pigs
would have cysticercosis — an assumption
based on the results of previous, more
focal studies in the state of Morelos and

neighbouring areas (Huerta ez al., 2001;
Morales er al.,, 2002) — and calculated
using the Martin—-Meek—Willerberg equa-
tion (Martin et al., 1987). Pigs younger than
2 months of age were not examined. Three
hundred and twenty nine of the 1342
villages in Morelos in 2002 were considered
to be at relatively high risk of pig cysticer-
cosis because their inhabitants had relatively
low standards of personal hygiene, were
familiar (and apparent unconcerned by) pig
cysticercosis, were unaware of the transmis-
sion routes of 7. solium, had no system or
meat inspection, had no latrines, and had
predominantly free-ranging pigs. For the
present study, 115 villages were selected at
random from the ‘high-risk® villages.
Attempts were then made to check each
pig that was aged at least 2 months, free-
ranging and owned by an inhabitant of one
of the 115 study villages, for cysticerci in its
tongue (see below).

Detection of PPig Cysticercosis

Each pig of interest was caught so that its
tongue could be checked (in the living
animal), by visual inspection and palpation,
for sub-epithelial cysticerci. [Tongue
inspection is a highly specific method that
is widely employed for detecting pig cysti-
cercosis, even though some lightly infected
pigs may be missed (Viljoen, 1937; Molinari
et al., 1997; Sciutto et al., 1998; Ngowi et al.,
2004). This detection method was selected
for the present study because it is the most
feasible and least invasive method of in-vivo
diagnosis, and the only practical one to use
when studying >1000 free-roaming and
almost wild pigs, over quite an extensive
geographical area. Few of the pigs could
have been bought and necropsied, since
many of their owners were raising the pigs
to feed their families, or simply declined to
sell them to the research team. There was
also far too little research funding to allow
each pig to be checked by nuclear-
mass-resonance imaging or computed tomo-
graphy, and immunodiagnosis has proven
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unreliable in studies of the rural pigs of
Mexico (Sciutto er al., 1998).]

The pigs were checked by 23 thoroughly
trained animal-health technicians, under the
constant supervision of one of the two
veterinarians on the research team.

Biological Variables

The age (months), weight (kg) and pheno-
type (native or including characteristics of
the imported York, Landrace, Hampshire,
Duroc, Poland China and/or Pietrain
breeds) of each pig investigated, whether it
was pregnant if a sow, or castrated if a boar,
whether its drinking water came from a well,
river or tap, whether its owner’s household
had a latrine, whether the pig was always
allowed to roam freely or was occasionally
tethered, and whether it was positive or
negative for cysticercosis, by tongue inspec-
tion, were recorded. As pregnancy was
detected only by physical inspection, early
pregnancies probably passed unnoticed.

Consumption and Road Transport of
Pigs

The owner of each pig investigated was
questioned about the origin of the pig [local,
from another Morelos municipality, or from
another state (as the result of a govern-
mental programme)]. The owners were also
asked if their pigs were reared to feed
themselves and their families, or for sale to
neighbours or to dealers, local processors or
abattoirs.

Road transport of rural pigs was also
investigated but only in terms of the
pigs observed at the seven sanitary check-
points that are regularly maintained, by
the Department of Animal Health, on
the main highways of Morelos. Between
January 2002 and July 2003, the number
of rural pigs coming into or leaving
Morelos, and the municipalities of origin
and of destination for each of the pigs being
moved were recorded at each of these
checkpoints.

Statistical Analysis

Univariate and multivariate statistical ana-
lyses by logistic regression and y? tests were
performed, as appropriate. The effects of
castration and pregnancy were investigated,
using the prevalence data stratified by age,
by calculating the relevant odds ratios (OR)
in Mantel-Haenszel tests. A Pearson’s
correlation coefficient was calculated to
evaluate the strength of the relationship
between the prevalence of pig cysticercosis
in a municipality and the corresponding
ISS. A #* test was used to compare the
overall prevalence of pig cysticercosis
recorded in northern Morelos with that
recorded in the southern half of the state.
All the numerical data were stored and
analysed using version 7.0 of the Excel
software package (Microsoft) and version
10.0 of the SPSS for Windows package
(SPSS Inc, Chicago, IL).

RESULTS AND DISCUSSION

Prevalences

The main aim of the present study was to
provide much more baseline information on
the transmission of 7. sohum to pigs in
Morelos and on the prevalences and epide-
miology of the resultant disease (pig cysti-
cercosis), so that the control programme
planned for the near future could be made
effective and monitored well.

The prevalence of the disease did show
marked geographical variation, ranging from
0% in the municipalities of Atlatlahuacan
and Temoac to 26% in Puente de Ixtla and
Tlaquiltenango (Table 1 and Figure 1).
Most of the low-prevalence municipalities
were in the north of Morelos (Fig. 1) and
the overall prevalence for the northern half
of the state was significantly lower than that
for the southern half (P=0.093). It seems
likely that the southern area of relatively
high prevalence (>10%) continues into the
neighbouring states of Guerrero and Puebla.
Morelos, Guerrero and Puebla have had
strong demographic and cultural links for
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FIG. 1. A map of the Mexican state of Morelos, showing the boundaries of the 33 municipalities, the areas where
>10% (M), 5%—-10% (M) or <5% (L) of the rural pigs examined were found to have cysticercosis, and the main
routes (arrowed) for the pigs moved by road transport. Zacatepec alone was the destination of at least 80% of all the
rural pigs that were moved by road between January 2002 and July 2003.

centuries and are now linked by ever-busier
roads.

Although the overall prevalence of cysti-
cercosis in the 1747 rural pigs that were
checked was worryingly high (14.25%) —
especially considering the low sensitivity of
tongue inspection as a detection method —
it was very close to the value expected from
the results of more focal studies in the state
or areas nearby (15%; Huerta ez al., 2001;
Morales ez al., 2002). It was also similar to
the values recorded in more distant areas of
Mexico (Sarti er al.,, 1992; Morales er al.,
2002; Fleury ez al., 2003) and in Honduras
(Sanchez er al., 1999), Bolivia (Carrique-
Mas er al., 2001), and India (Singh, 1997).
In several and perhaps most endemic
countries, the prevalences of 7. solium
taeniasis and cysticercosis are so high
(Carrique-Mas et al., 2001; Morales et al.,

2002; Garcia et al., 2003b; Ito et al., 2003a,
b; Mafojane er al., 2003; Rajshekhar ez al.,
2003) that these diseases pose a serious
threat to human health that merits much
more attention from national health services
and international agencies.

Since southern Morelos seems more
badly affected by pig cysticercosis that the
north of the state, it would presumably be
more cost-effective to focus any (resource-
limited) control interventions on the south
rather than to apply them in random sites or
scatter them thinly throughout the state.

Exposure Factors

At municipality level, surprisingly, the
prevalence of pig cysticercosis was not
correlated with socio—economic status as
evaluated in the ISS (Table 1 and Figure 2).
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FIG. 2. A graph showing the lack of correlation between the index of socio—economic status for a municipality in
the state of Morelos and the prevalence of cysticercosis in the rural pigs from that municipality. A regression line

has been plotted through the points (r=-0.086; P=0.63).

The failure to see the expected link between
the prevalence of pig cysticercosis in a
municipality and socio—economic status of
the corresponding human population may
be the result of the increasingly intense
migration of poor people, and their diseases
and life-styles, from rural areas into the
richer and more developed, urban areas of
Morelos. A link between pig cysticercosis
and poor sanitation, which has been
observed in many other studies (Sarti ez al.,
1992; Morales et al., 2002; Phiri ez al., 2002;
Ngowi er al, 2004), may also exist in
Morelos, even though there is no statistically
significant relationship between the preva-
lence of the disease and the ISS; the ISS is
not merely a measure of the quality of
sanitation but is based on many other socio—
economic indicators. It seems clear, how-
ever, that pig cysticercosis in Morelos is not
confined to the municipalities that are
relatively socially deprived but also occurs
in the more affluent areas.

In the univariate analyses, the prevalence
of cysticercosis was found to be relatively
high among the pigs whose owners lived in
households without latrines (21.0% w.
13.1%; P=0.001) or without an indoor
supply of drinking water (23.0% v. 12.0%;
P<0.0001), and among the pigs that are
always allowed to roam freely (20.4%,
compared with 10.3% among the pigs that
are sometimes tethered; P=0.00001). In the
multivariate analysis, however, only being
allowed to roam freely at all times
(OR=1.64; P=0.001) or having an owner
who lacked an in-house source of drinking
water (OR=1.63; P=0.007) were found to
be significant cysticercosis-risk factors for a
pig.

Biological Factors

AGE OF PIG

As seen previously in Morelos (Morales
et al., 2002), prevalence increased with age
both in the male and female pigs (Fig. 3).
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FIG. 3. The age-specific prevalences of cysticercosis recorded in the male (M) and female ([]) pigs from rural
areas of Morelos state. In both sexes, prevalence increased significantly with age (P=0.0001 for each). The female
pigs aged 7-12 months were significantly more likely to be cysticercotic than the male pigs of the same age

(P=0.016).

Prevalence in the pigs aged <6 months was
significantly lower than that in the older pigs
(11.9% v. 17.0%; P=0.0028). In the multi-
variate analyses too, pig age was found to
have significant effect on prevalence (OR=
1.02; P=0.04).

The prevalences of both pig and human
cysticercosis seem to increase generally as
the simple result of cumulative exposure,
but this trend may be confounded by
biological deterioration (Fleury et al.,
2003, 2004) and by hormonal factors (in
pigs, for example, it is the older pigs that are
more likely to be pregnant if female, or
castrated if male). In most studies of
domestic pigs, the effects of age on pre-
valence appear relatively small because few
pigs are allowed to become old. Pigs are
usually slaughtered at about 12 months of
age and therefore they die young and with
an apparently functional immune reactivity
(Huerta ez al., 2001).

In the present study, the age-stratified
bodyweights of the pigs did not appear to
have any effect on the prevalence of cysti-
cercosis. Although under-nourishment is
thought to be related to increased suscept-
ibility to infection (Keusch, 2003), it is
possible that there is a cut-off level of
under-nourishment below which all animals
are equally sensitive to infection. Morales

(2003) found that the rural pigs of Morelos
were generally malnourished, having body-
weights at an age of 1 year (22-72 kg) that
were much lower than the 100- to 120-kg
‘target’ values for Mexican pigs of this age
(Trujillo and Flores, 1988).

CASTRATION OR PREGNANCY

After stratifying according to age, castration
— if performed at least 4 months before the
inspection — was found to nearly double the
frequency of cysticercosis in the boars
(22.0% wv. 10.1%; P=0.0001; Fig. 4), and
pregnancy was found to nearly double the
frequency of the disease in the sows (29.9%
v. 16.9%; P=0.018). The statistical signifi-
cance of castration and pregnancy upon
prevalence disappeared in the multivariate
analysis, however, probably because the
sample sizes (of female pigs old enough to
be pregnant or male pigs old enough to have
been castrated at least 4 months before the
inspections) were too small, and because of
the time necessary for endocrinological
changes to have a measurable impact on
susceptibility (Morales ez al., 2002). Besides
indicating some sort of hormonal regulation
of the host—parasite relationship (Morales
et al., 2001), the effects of castration and
pregnancy on cysticercosis point to possible
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FIG. 4. The effects of castration on the prevalence of cysticercosis, among male pigs stratified by age. The
prevalence seen in the boars that had been castrated for at least 4 months was higher than that seen in the boars that
had been castrated more recently (P<<0.001) or in the uncastrated boars (’<0.001).

ways of lowering transmission. Delaying
castration, for example, might reduce the
prevalence of cysticercosis in the male pigs
without giving the impoverished rural pig-
owner, who usually castrates his or her own
pigs, much extra work or expense. It may
well prove difficult to change castration
practices but the simple expectation of
higher gain without additional work or
expense may defeat any indolence.

There seems little chance of exploiting the
effects of pregnancy on pig cysticercosis, to
control the disease, because pig owners
generally want their pigs to breed and it
would be almost impossible to control the
impregnation of the sows when they and the
boars are free to roam in search of food.

PHENOTYPE

About 44% of the rural pigs investigated
were of mixed breeds and the rest appeared
to be purely of the native breed. The
prevalence of cysticercosis in the pigs with
the native phenotype was significantly
higher than that in the pigs with some
recognizable trait of more recently imported
stock (17.3% 9. 11.9 %; P=0.0013;
Table 2). This difference remained signifi-
cant in the multivariate analysis (OR=1.36;
P=0.04), indicating that a pig’s susceptibil-
ity to infection with 7. solium and/or the

development of detectable cysticercosis
once it ingests eggs of the cestode is, at
least partly, dependent on its genetic make-
up (Sciutto er al., 2003b). It may therefore
be beneficial to replace the native pigs with
animals of an imported breed or cross-breed
that is more resistant, although clearly many
other factors and pathogens would have to
be considered before this change could be
recommended.

Consumption, Distribution and
Marketing of Rural Pigs

Most (65%) of the rural pigs investigated in
Morelos were to be consumed within the
communities in which they were kept, by
their owners or their owners’ neighbours
(Table 3). The other pigs were to be
transported elsewhere and consumed, by
people from urban areas. Only nine of the
1498 rural pigs that were not found to have

TABLE 2. The effects of breed on the prevalence of
cysticercosis in the pigs of Morelos

No. of pigs and (% of pigs of breed)

Breed Cysticercotic Non-cysticercotic  All
Native 133 (17.3) 636 (82.7) 769
Cross-breed 116 (11.9) 859 (88.1) 975
Any 249 (14.3) 1495 (85.7) 1744
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cysticercosis and none of the 249 found to
have cysticerci in their tongues were taken to
abattoirs by their owners, to be inspected
(Table 3). In Morelos, as in many other
endemic areas (Anon. 1993), most cysticer-
cotic pork is eaten by the largely rural
communities it which the pigs have been
raised — communities that are very familiar
with the cysticerci and tolerate them rather
than attempting to control them. The
transport of some pigs with cysticercosis
and the migration of villagers with taeniasis,
from rural communities to urban areas,
helps distribute 7. solium — and the risks
of further human taeniasis and pig cysticer-
cosis, respectively — throughout the state of
Morelos and into neighbouring areas. In the
present study, 94 (5.4%) of the 1747 pigs
investigated were animals with cysticercosis
destined for consumption in urban areas
(Table 3). If these data are representative of
the entire state of Morelos, then about 3240
cysticercotic pigs (i.e. 5.4% of the 60,000
pigs slaughtered each year in the state) are
consumed in urban areas of the state each
year. In such areas, most pork is bought
from food vendors or market butchers.

In Morelos, as in many other endemic
areas, very few rural pigs, with or without
cysticercosis, are made available for inspec-
tion at abattoirs (Table 3), partly because
the dealers who buy such pigs do not want
to risk the loss of a cysticercotic animal. This
would explain why estimates of pig cysti-
cercosis that are based on routine meat
inspection are often far lower than those

TABLE 3.

observed in wider, cross-sectional studies,
both in Mexico (Aluja, 1982; present study)
and elsewhere (Anon., 1993). Inspection in
the abattoirs, at least as performed now,
would appear to be a very ineffective
method of cysticercosis control in Mexico.
Although meat-inspection programmes in
the late 1800s and early 1900s did appear to
be successful in eradicating cysticercosis
from most of Europe (Hitchcock, 1987),
their success may have been partially attri-
butable to the relatively small numbers of
pigs then moved between endemic and non-
endemic regions.

The confiscation of infected meat in
abattoirs, with no attempt at compensation,
has undoubtedly promoted the transmission
of T. solium by encouraging the clandestine
and unregulated marketing of pork. In
Mexico, most rural pigs that travel beyond
the communities in which they have been
reared are bought by freelance dealers who
comb rural areas in search of low-priced
livestock. The data collected at the sanitary
checkpoints on the main roads of Morelos
(Table 4 and Figure 1) indicate that the
purchase and transport to urban areas of
rural pigs, though often clandestine, is quite
well organized and far from random. A
single city in Morelos, Zacatepec, is the
destination of most (>80%) of the travelling
rural pigs. A little detective work revealed
that a small group of dealers from Zacatepec
were responsible not only for most of the
rural-urban transport of pigs in the state but
also for organizing some of the pig breeding

Places of consumption of the cysticercotic and non-cysticercotic pigs from Morelos

No. and (%) of:

Cysticercotic pigs Non-cysticercotic pigs All pigs
CONSUMED IN COMMUNITY 155 (62.2) 972 (64.9) 1127 (64.5)
By the owners 79 447 526
By others 76 525 601
CONSUMED BEYOND COMMUNITY 94 (37.8) 526 (35.1) 620 (35.5)
Via abattoirs, with inspection 0 9 9
Sold in urban areas, without inspection 94 517 611
All 249 1498 1747
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TABLE 4. Mowvements of rural pigs along the main roads of Morelos, as recorded at seven sanitary checkpoints

between Fanuary 2002 and June 2003

No. of pigs in transit

Direction of

movement Site of checkpoint Any Rural Place(s) of origin Place(s) of destination
Into Morelos Any 5800 464
Amayuca, Jantetelco 1270 82 Puebla Zacatepec, Cuautla,
Tlaltizapan
Atlatlahucan 600 54 México state Cuautla, Zacatepec
Michapa, Coatlan 200 120 México state, Zacatepec, Coatlan
del Rio Jalisco
La Pera, Tepoztlan 2900 3 Jalisco, México  Cuernavaca, Cuautla,
state Cocoyoc
El Capote, Cuernavaca 100 47 Meéxico state Zacatepec
Amacuzac 130 74 Guerrero Zacatepec, Puente
de Ixtla, Amacuzac
Cazahuatlan, Amacuzac 600 84 Guerrero Cuernavaca, Zacatepec,
Puente de Ixtla
Out of Morelos Any 1930 188
Cazahuatlan, Amacuzac 500 63 Zacatepec, Taxco, Iguala
Temixco
Amacuzac 140 51 Zacatepec Meéxico state, Guerrero
Atlatlahucan 1000 53 Tepalcingo, México state
Atlatlahucan
Michapa, Coatlan del Rio 290 21 Zacatepec México state

in the rural areas. When approached, these
dealers appeared to be quite willing to co-
operate in the treatment-based control of
pig cysticercosis, and in the vaccination of
pigs in the animals’ villages of origin.

Conclusions and Perspectives

The present results highlight some of the
complexity behind the transmission of
T. solium to rural pigs, strengthen the notion
that rural areas form the main reservoir for
taeniasis/cysticercosis, and indicate some
methods for controlling these diseases, in
Morelos and similar settings. In Morelos, a
control programme to be launched in the
near future will be targeted, at least initially,
on those areas where the prevalence of pig
cysticercosis is highest. Surveillance at the
sanitary checkpoints will also be improved,
to try to minimise the geographical spread of
cysticercotic pigs.
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In search of reducing vaccine production costs’, a recombinant M13 phage version of the anti-cysticercosis
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Introduction with the conditions of low cost and feasible application to the mil-

Taenia solium cysticercosis still affects humans and rustic pigs
living in Mexico [1-3] and in several other developing countries
of Latin America, Asia and Africa [4-6], as well as in the coun-
tries of destiny of their migrant workers [7-9]. Albeit transitorily
effective in focal situations, traditional measures to control cys-
ticercosis transmission (i.e., health education, sanitation, meat
inspection, ...) are impractical to apply in the large scale and long
enough to change the conditions that support parasite transmis-
sion [10]. Hopes of quicker, more general and lasting solutions, lie
in the development of several technologically based approaches to
control the endemia, while the definitive solution of social devel-
opment finally comes [11]. Research for better and less costly
diagnostic and therapeutic agents and protocols is nowadays get-
ting some attention [12-14]. And so is the development of an
effective vaccine against porcine cysticercosis, one that can meet
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lions of practically feral pigs exposed to acquire cysticercosis in
impoverished nations [15].

The rationale for vaccination of pigs to curtail T. solium transmis-
sion rests on the expectation that reducing the number of infected
pigs and/or their load of metacestodes would lead to a decrease in
the number or viability of pig’s cysticerci and thus to a reduction in
the number of adult tapeworms, the stage of the parasite with the
highest potential of spreading the infection [10].

In pursuit of such goal we first developed and successfully
tested in the field the anti-cysticercosis S3Pvac synthetic vaccine
composed by the protective peptides KETc12, KETc1 and the GK1
derived from the KETc7 [16]. However, the huge costs of syn-
thetic peptide technology make S3Pvac production unaffordable
in the massive amounts needed by nation-wide and sustained
pig vaccination programs in the weak economies of endemic
countries. Recombinant phage technology offered to cut down
costs. S3Pvac recombinantly expressed in M13 filamentous phage
(S3Pvac-Phage) exhibited high levels of protection against pig
cysticercosis under experimental conditions [17]. However, when
approaching natural infections we realized that experimentation
in pigs under controlled laboratory conditions could hardly imitate
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the natural pressures of cysticercosis transmission. The diversity of
genetic backgrounds of the rural pigs, their meagre diets, their life-
long continuous exposure to varied numbers of eggs coming from
various tapeworms and the inevitable energy costs from the con-
comitant stress of living in the wild [18] could all lead to unreliable
conclusions. The vaccine had to be tested under natural conditions
of transmission and in the genetic type and lifestyles of the pigs
exposed to infection [19].

Here, we inform of the efficacy of this novel vaccine candidate
(S3Pvac-Phage) tested against naturally acquired pig cysticerco-
sis in 16 rural communities of “Sierra de Huautla” in the State of
Morelos, Mexico. The findings support the usefulness of this new,
effective and inexpensive anti-cysticercosis vaccine.

Materials and methods
Construction of recombinant S3Pvac-Phage

Four different peptide-phage recombinants were prepared: (1)
from Taenia crassiceps 96 aa long antigen KETc7 (FK7) (Manoutchar-
ian et al., 1996) and (2) KETc7-derived peptide GK1 (FGK1) (aa
69-95, GYYYPSDPNTFYAPPYSA); (3) the T. crassiceps recombinant
antigen-derived peptides KETc1 (APMSTPSATSVRG) (FKETc1) and
(4) KETc12 (GNLLLSCLG) (FKETc12) [16]. They were all expressed
on the phage surface by cloning the corresponding DNA fragments
in phage/phagemid vectors as previously reported [17].

The ligation mixtures of the recombinant phagemids FK7, FGK1
and FKETc12 (fused the foreign peptides to M13 cpVIII) were
rescued and amplified by superinfection with M13KO7 helper
phage (Invitrogen) from transformed Escherichia coli TG-1 cells as
described previously [20]. KETc1 was cloned into the M13KE phage
vector and the recombinant phage clone FKETc1 was amplified
by infecting TG-1 cells as described elsewhere [20]. Recombinant
phagemids/phage particles were recovered from the supernants of
the cultures at 10'2 to 10 particles per ml and inactivated and
sterilized by autoclave during 30 min at 121 °C. Each pig-dose of
the S3Pvac-Phage vaccine contained, in a total volume of 2 ml, 10'2
formaldehyde-heat inactivated phage particles of each of the four
different recombinant phage particles.

Design of the vaccine trial

The objective of this work was to evaluate the efficacy of the
S3Pvac-Phage vaccine on real conditions of use: that is, on piglets
usually encountered in rural communities of Mexico. The vaccine
trial lasted from April 2004 to July 2006. The procedures and exper-
iments reported herein were conducted according to the principles
set forth by the Mexican Ethical Committee for the care and use of
farm animals.

Selection of rural area and communities

The rural area selected for the vaccination trial (Sierra de
Huautla, Morelos, localized in the south of the state between coor-
dinates 18° 20’ and 18° 31’ north altitude and 98° 51’ and 98°
53’ west longitudinal) had immediately before been shown was
endemic for porcine cysticercosis. About a year before starting the
vaccination program, from August to December 2003, tongue cys-
ticercosis was found in 73 (13%) of the randomly selected 562
pigs from the 926 pigs older than 3 months living in 13 of the
16 communities planned to be included. The pigs’ sample in this
previous assessment of the local endemia represented 62% of the
total population of pigs bred in these communities at that time,
according to data from the Secretaria de Desarrollo Rural, More-
los. These previous findings documented active transmission of
porcine cysticercosis in the communities and triggered the vacci-

Table 1
Baseline characteristics

Placebo (n=421) S3Pvac-Phage (n1=626) P-Value

Age in month (mean +S.D.) 3.08 £1.82 3.15+2.34 0.60
Weight in kg (mean+S.D.) 14.19+8.28 14.62 +8.55 0.42
Sex, n (%)
Male 198(47.03) 305(48.72) 0.59
Female 223(52.97) 321(51.28)
Male castration, n (%)
Yes 174(87.88) 253(82.95) 0.13
No 24(12.12) 52(17.05)
Female castration, n (%)
Yes 11(4.93) 9(2.80) 0.19
No 212(95.07) 312(97.20)
Water supply, n (%)
Well 80(19.00) 142(22.68) 0.14
River 236(56.06) 356(56.87)
Tap-water 105(24.94) 128(20.45)
Confinement, n (%)
Loose 408(96.91) 602(96.17) 0.52
Tethered 13(3.09) 24(3.83)
Latrine in owner’s households, n (%)
Yes 306(72.68) 441(70.45) 0.43
No 115(27.32) 185(29.55)
Origin of pigs, n (%)
Household 359(85.27) 538(86.08) 0.71
Purchased 62(14.73) 88(13.92)
Destinations of pigs, n (%)
Self-consumption 122(18.98) 186(29.71) 0.79
For sale 299(71.02) 440(70.29)
Piglets’ breed, n (%)
Criollo 265(62.95) 365(58.31) 0.13
Other 156(37.05) 261(41.69)

nation program which lasted from April 2004 to July 2006. This
program included a total of 1047 pigs as shown in Table 1.

Sixteen rural communities were selected from the 25 in the area
(Table 2). The conditions which favour the transmission of T. solium
were present in all communities selected: a high prevalence of cys-
ticercosis in live pigs (13%, as cited above), open air defecation,
rustic pig rearing where pigs are allowed to roam free in search of

Table 2

Vaccination reduced 70% of the infected pigs diagnosed by tongue inspection at 7-9 Q2

months of age

Community No of pigs No of pigs % of infected pigs®
included? inspected Control Vaccinated
Ajuchitlan 136 113 6.6 (3/45) *4.4 (3/68)
Chimalacatlan 141 53 10.5 (2/19) 0(0/34)
El Limon 90 29 27 (3/11) 11.1 (2/18)
Huautla 132 73 7.5 (3/40) 0(0/33)
Xochipala 12 12 40(2/5) 0(0/7)
Huaxtla 24 9 25(1/4) 0(0/5)
El Tepehuaje 24 16 20(1/5) 12.5(1/11)
Huizaxtla 3 3 0 0(0/3)
La Era 46 34 27.2 (6/22) 8.3(1/12)
Los Elotes 24 13 0(0/ 4) 0(0/9)
Los Sauces 94 48 10.5 (2/19) 10.3 (3/29)
Quilamula 158 32 7.6 (1/13) 0(0/19)
Rancho Viejo 44 25 33.3(3/9) 6.2 (1/16)
San Jose de Pala 66 34 6.6 (1/15) 0(0/19)
Santiopa 44 29 9(1/11) 5.5(1/18)
El Vergel 9 7 0(0/ 1) 0(0/6)
Total 1047 530 13(29/223)  3.9(12/307)

2 Total number of not infected pigs of 3-4 months of age included in the vaccina-
tion trial according to tongue inspection.

b Number of infected pigs/total number of pigs inspected by tongue inspection in
the control and in the vaccinated group in each of the 16 communities.

Please cite this article in press as: Morales |, et al., Inexpensive anti-cysticercosis vaccine: S3Pvac expressed in heat inactivated M13 filamentous
phage proves effective against naturally acquired Taenia solium porcine cysticercosis, Vaccine (2008), doi:10.1016/j.vaccine.2008.03.042

123
124
125
126
127
128
129


dx.doi.org/10.1016/j.vaccine.2008.03.042

130
131

132

133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

149

150
151

G Model
JVAC79661-7

J. Morales et al. / Vaccine xxx (2008) XxXx—XXx 3

food, extensive domestic pig slaughtering and local consumption
of non-inspected pork with cysticerci.

Statistical design

Considering a vaccine efficacy of 50%, a minimum of 225 piglets
in each vaccinated and control group would be required for confi-
dent statistical inferences [21,22]. In order to minimize differences
related to hosts’ genetic and exposure factors, half the members of
each litter were immunized with S3Pvac-Phage vaccine described
above and half with placebo (saline). The additional pig of litters
with odd number of piglets was vaccinated. The owners were kept
unawares of the treatment received by each pigs in the litter and
were instructed to raise the pigs as accustomed.

The response variables were: (a) cysticercosis prevalence by
tongue inspection; (b) cysticercosis prevalence at necropsy (the
number of infected pigs with at least one parasite in masseters or
tongue or diaphragm or heart/the total number of pigs inspected in
the group); and (c) the number of cysticerci found in each individual
pig carcass, macroscopically distinguishing whether the parasites
were damaged or vesicular.

Pigs included in the study

For vaccination, 1127 piglets of 3-4 months of age and appar-
ently healthy were eligible for inclusion. From these, 80 were

excluded because they were found to be already positive for tongue
cysticercosis. The remaining 1047 negative for tongue cysticercosis
were included (Fig. 1). The owners of all piglets included accepted
to participate in the study and gave their informed consent. All
pigs included were labelled using a numbered microchip for their
individual identification.

Pig-associated variables

The study recorded for each individual pig: age (months), weight
(kg), and pregnancy (yes/no), male and female castration (yes/no),
age (months) of castration, confinement (loose, tethered), source of
animal drinking water supply (well, river, or tap water), latrine in
the owners’ household (yes/no) and whether it was positive or neg-
ative by tongue inspection. The pigs’ sex, castration and pregnancy
status were verified by veterinarian inspection. Pregnancy was con-
firmed by the birth of the piglets. Pregnant sows were slaughtered
by their owners 2-3 months after parturition.

Vaccination of pigs

Half of the piglets in each litter received two subcutaneous injec-
tions of S3Pvac-Phage at 3-4 months of age and 1 month later, and
the other half of the litter received only saline as placebo. When
litters were composed by an odd number of piglets, the additional
pigs were vaccinated. The pigs’ age at vaccination (3-4 months)

1127 piglets
assessed for
eligibility

Excluded (n=80)
Presence of cysticerci in the tongue

1047 piglets
randomized

'

!

421 allocated placebo
All received allocated intervention

626 allocated S3Pvac-Phage
All received allocated intervention

198 lost to follow up:
87 due to self consumption
78 due to selling
6 natural death
27 female for reproduction

Tongue examination
n=530
3 to 5 months of follow-up

223 analyzed

319 lost to follow up:
178 due to self consumption
95 due to selling
4 natural death
42 female for reproduction

307 analyzed

89 lost to follow-up:
37 due to self consumption
52 due to selling

Necropsy
n=331
5 to 27 months of follow-up

134 analyzed

110 lost to follow-up:
41 due to self consumption
69 due to selling

197 analyzed

Figure 1. Flow chart, vaccination survey in 16 Mexicans communities (April 2004-July 2006).
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was chosen considering that high mortality (up to 50%) is expected
in rural piglets before 2 months of age [19]. The S3Pvac-Phage vac-
cine composed by the four recombinant phages was autoclaved and
adjusted to 4 x 1012 phage particles in 2ml of media containing
0.05% of formaldehyde. Two millilitres of such vaccine preparation
were injected subcutaneously at the base of the pigs’ ears. The vac-
cine was maintained at 4-10 °C until used. Control pigs were each
injected with 2 ml of saline only.

Follow-up of the vaccination trial

The 16 communities included in this study were visited weekly
to look after the pigs included in the trial and to identify any modifi-
cation in their localization in the community or disappearance due
to their selling or death and to determine their reproductive status.
For this purpose pigs were double-labelled using a microchip and
an earring that permitted the visual identification of those included
in the vaccination trial. After 7-9 months of age (3-5 months after
vaccination), their tongues were inspected for cysticercosis. At 5-27
months of age, when their owners slaughtered the pigs for con-
sumption, cysticercosis was diagnosed at necropsy by dissecting
masseters, tongue, diaphragm, heart and the liver in search of vis-
ible cysticerci by making scalpel slices every half-centimetre. The
number of cysticerci found in each pig was registered and the own-
ers were instructed not to consume the meat if the pig was infected.
Diagnosis of porcine cysticercosis was performed by six thoroughly
trained technicians from Direccién General de Ganaderia, directly
supervised by one of veterinarians of our research team. Following
the instructions of the veterinarians the infected carcasses were
not consumed by the owners or were extensively cooked before
consumed.

Statistical analysis

Data were processed in Excel 7.0 (Microsoft). Statistical calcu-
lations were performed using the computer program Statistica 9.0
(StataCorp LP, College Station, USA) and the statistical program of
EPI-Info, SPSS (SPSS Inc, Chicago, USA) and SAS 9.1.3 (SAS Institute
Inc., Cary, USA). Descriptive analyses were based on frequencies and
percentages for qualitative variables and means and standard devi-
ations for quantitative variables. Comparisons were made using the
Student’s t-test or the Mann-Whitney U-test. Frequencies were
compared using the x2-test, with Yates’ correction or two-tailed
Fisher’s exact tests when necessary. Adjusted relative risks (RRa)
with the corresponding 95% confidence interval (95% CI) and P
values were estimated by a multivariate logistical regression. We
incorporated in the multivariate model, all variables of interest for
which we found a P value of less than 0.25 in univariate analyses,
by a backward stepwise procedure. All analyses of efficacy, using
tongue examination or necropsy, as criteria of diagnosis were made
at the end of study.

A two-sided P value of less than 0.05 was considered to indicate
statistical significance.

Results
Sample size changes during the vaccine trial

A total of 1127 piglets of 3 months of age were examined by
tongue inspection before vaccination. Eighty pigs (7.1%) were found
infected and excluded from the study. Of the other 1047 not-
cysticercotic piglets 626 were vaccinated and 421 were used as
controls. Baseline characteristics of the 1047 pigs were not sig-
nificantly different between control and vaccinated pigs (Table 1).
Most male pigs (n=427) and few sows (n=20) were castrated by

their owners at different times prior to slaughter arguing it quickens
weight gain and improves the quality of the meat.

Changes in sample size occurred as the trial proceeded, as shown
in Fig. 1 according to CONSORT Statement [23]. Because of the
extremely harsh social and economic conditions of the commu-
nities involved, by the end of the trial, 49% of the pigs originally
included were missing, mostly on account of their being consumed
or sold. The diagram in Fig. 1 shows in detail the number and design
allocation of the missing pigs.

Tongue inspections were made at 3-5 months after vaccina-
tion on 530 of the piglets included in the trial. Nearly half of the
included pigs (n=517) could not be inspected because they had
been consumed or sold by their owners or were sacrificed without
timely notice to the project’s personnel (198 and 319, respectively
in placebo and in the S3Pvac-Phage group). The residual 102 pigs
(44 controls and 58 vaccinated) were not examined because of con-
sumption. Necropsies were performed at 5-27 months of age on
331 pigs (197 and 134 pigs in the vaccinated and control group,
respectively) because the residual 199 pigs (89 controls and 110
vaccinated) were consumed or sold without timely notice to the
project’s personnel.

Considering the high number of piglets lost during the two
stages of follow-up (tongue inspection, necropsy), analyses of effi-
cacy were adjusted to ensure the statistical representation of the
initial population. The variables of adjustment were identified
using a logistic regression of the initial variables and the initial
number of observations done (1047). Variables significantly linked
with pig loss at tongue inspection were: origin (household, pur-
chased), castration (yes, no), Piglets’ breed (Criollo, other) and
sex (male, female). Variables significantly linked with pig loss at
the necropsy examination were: weight and castration (yes, no).
Neither vaccination nor placebo were linked with loss at tongue
inspection

Effect of vaccination as determined by tongue inspection

Table 2 shows the effect of vaccination on the number of
infected pigs in the 530 pigs examined by tongue inspection at
7-9 months of age: cysticercosis was diagnosed in 12 pigs (3.9%)
of the vaccinated group and in 29 pigs (13.0%) of the control group,
corresponding to a vaccine efficacy of 70%. In the SP3Vac-Phage
group an adjusted relative risk (adjustment on origin, castra-
tion, piglets’ breed and sex as previously described) of 2.7 (Clgs:
[1.8-4.2], P<0.0001) was estimated, which means that cysticerco-
sis frequency in vaccinated pigs are nearly threefold less that of the
placebo group (number of observations used =530, RZ =0.32).

Effect of vaccination as determined by necropsy

Table 3 shows that vaccination significantly decreases the
number of infected pigs (13/197=6.6% in vaccinated group vs.
19/134=14.2% in control group, P=0.036) and also significantly
reduces the number of cysticerci counted at necropsy (8.4 + 14.4 in
vaccinated group vs. 65.5 4+ 74.2 in control group, P=0.013). All the
cysticerci detected were macroscopically vesicular. The relative risk
of vaccinated pigs at necropsy was 2.3 (Clgs: [1.2-4.3], P=0.0113,
adjustment on weight and castration as previously described),
which means that frequency of cysticercosis in vaccinated pigs
is nearly half that of placebo controls (number of observations
used =331, R2=0.48).

Relevance of biological and exposure factors on cysticercosis
prevalence

Table 4 shows the different pig-associated factors and their rela-
tion with cysticercosis as determined by necropsy. In the univariate
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Table 3

Effect of vaccination on the number of pigs infected and the parasite load according to necropsy at 5-27 months of age

Community aControl bNumber of cysticerci aVaccinated bNumber of cysticerci
Ajuchitlan 5/19 265 3/28 25
Chimalacatlan 2/9 71 2/10 5

El Limon 1/14 109 1/14 27
Huautla 1/31 69 2/28 21
Xochipala 0/1 0 1/7 6
Huaxtla 1/1 86 0/7 0

El Tepehuaje 0/2 0 0/1 0
Huizaxtla 0/0 0 0/2 0

La Era 1/7 107 1/4 2

Los Elotes 0/4 0 0/7 0

Los Sauces 1/11 40 3/23 49
Quilamula 2/12 44 0/15 0

Rancho Viejo 1/7 15 0/24 0

San Jose de Pala 3/10 182 0/13 0
Santiopa 1/6 60 0/14 0

El Vergel 0/0 0 0/1 0

Total 19/134 1048 13/197 135
Prevalence 14.2% 6.6%

Mean £ S.D. 65.5+74.2 8.4+144

2 Number of infected pigs/total number of pigs inspected by necropsy in the control and in the vaccinated group in each of the 16 communities.
b Number of cysticerci recovered in the control or vaccinated pigs infected in each community. Vaccine efficiency: 54.15% (reduction in the number of infected pigs) or

87.1% (reduction in the number of cysticerci).

Table 4
Effect of biological and exposure variables on infection determined by necropsy
Infected Infected P-Value
Gender (male/female) 9/23 157/142 0.009
Gestation (yes/no) 12/11 20/123 0.0001
Castration in female (yes/no) 1/22 4/138 0.53
Castration in male (yes/no) 9/0 142/15 1
Month since castration in male 12.3+4.22 9.5+54 0.12
Free roaming (yes/no) 32/0 289/10 0.6
Open water (yes/no) 27/5 243/56 0.8
Latrine (presence/absence) 15/17 266/73 0.001
Vaccination (yes/no) 19/13 115/184 0.036

2 Mean +S.D.

analysis, male (P=0.009), absence of gestation (P=0.0001), lower
time since castration in males (P=0.004), latrine in the owners’
household (P=0.001) and vaccination (P=0.036) were related to
a lower prevalence of cysticercosis. A multivariate logistic regres-
sion was performed including those factors that were related to
infection with a significance under P<0.1 in univariate analysis.
The presence of latrine (P=0.039), gestation (P<0.0001) and vac-
cination (P=0.004) were factors that significantly associated with
protection according to this multivariate analysis.

Relevance of biological and exposure factors in the vaccine efficacy

Table 5 summarizes the effect of exposure and sexual factors on
the vaccine efficacy as determined at necropsy and measured in
terms of reduction of infected pigs and reduction in the number of
the cysticerci in those infected. Only the three parameters signifi-
cantly related to cysticercosis (Table 4) were used for this analysis:
the sex of the pigs, if female had or not one gestation, and if the
pigs’ owners had or not latrines in their houses. As Table 5 shows,
the vaccine significantly reduced the percent of infected pigs in
females but not in males. The vaccine also reduced the frequency
of cysticercosis in females that that had been pregnant and to sim-
ilar extents in pigs whose owners had or had not latrines at home.
In addition, the vaccine significantly reduced the number of cys-
ticerci in vaccinated pigs disregarding any of the other variables
considered.

Weight gain and age

Table 6 shows the weight gain of pigs in which tongue and
necropsy diagnosis coincided. Their weights increased similarly
between 3-4 and 7-9 months of age, regardless of whether they
were vaccinated or controls and whether infected or not. However,

Table 5
Relevance of exposure and sexual factors in the vaccine efficacy in the 331 pigs diagnosed at necropsy
Controls Vaccinated P< Pl
2Frequency of infection b(X+S.D.) 2Frequency of infection b(X+S.D.)
Sex
Male 3/63 54 + 16 6/103 1+ 10 1 0.02
Female 16/71 55 + 35 7/94 10 + 14 0.007 0.008
Latrines
Yes 8/97 47 £ 39 7/144 7+6 0.29 0.019
No 11/37 61 + 28 6/53 14 +£ 17 0.05 0.003
Gestation
Yes 10/13 51 &+ 33 2/19 3+1 <0.001 0.06
No 6/58 62 + 41 5/76 13 +17 0.5 0.034

X: mean; S.D.: standard deviation.
2 Number of infected pigs/total number of pigs.
b Mean of cysticerci + S.D. in infected pigs.

¢ Difference in the frequency of infected pigs between control and vaccinated groups.

d Difference in the number of parasite between control and vaccinated groups.
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Table 6 ) o ) ) contaminated meats but, for lowering transmission in a defined
Weight of the control and vaccinated pigs included in the trial endemic region, a reduction of 87% in the number of parasite larvae
Age (months) pa pb that may eventually transform into tapeworms could significantly
3.4 7.9 12 impact the endemia to the low levels of impending extinction of
E— the parasite [24].
ontrols . . .
e Ml R TOE 4594DA4 SN 4 e GG 058 . Thg efﬁcagy of the 53Pvac.—Phage vaccine reporteq in this stqdy
Not-infected 71 151+85 454+20 6344184 <0.0001 <0.0001 is similarly high to that obtained using the synthetic first version
. of the anti-cysticercosis vaccine (S3Pvac) when also tested under
Vaccinated . . L. . . .. .
Infected 6 642 3084185 417+75 0004 02 realistic conditions of rural Mexico [16]. We believe this is a major
Not-infected 127 14.8 +89 439+ 198 612+ 191 <0.0001 <0.0001 achievement since the significant lower cost of this new version

Increase of the weight of 215 pigs in which cysticercosis was diagnosed by tongue
inspection and necropsy.

2 Differences in the weight between 3-4 and 7-9 months.

b Differences in the weight between 7-9 and 12 months of age.

after 7-9 months of age, a non-significant 28% increase in weight
was detected in control or vaccinated pigs if they had acquired
cysticercosis, while those healthy still significantly increased their
weight by 39%.

Discussion

This study shows the extent of the protective capacity of the
S3Pvac-Phage vaccine against naturally acquired porcine cysticer-
cosis under realistic conditions of transmission in a highly endemic
region of Mexico [1].

A high number of pigs were lost for follow-up despite close
weekly surveillance. This is neither surprising nor novel for
in-the-field evaluation trials in underdeveloped regions [15].
Undisciplined human behaviour is emblematic of communities
under pressure by harsh social and economic conditions, as they
occur in rural Mexico. However, the number of pigs lost during the
trial from the control and the vaccinated group did not significantly
differ at tongue examination (P=0.21) nor at necropsy (P=0.90),
indicating unbiased withdrawal of the pigs. That is, infected pigs
were not preferentially withdrawn from the initial sample.

However, in order to examine the effect of pig loss upon the
validity of our statistical conclusions, an independent research
group (co-authors from Université de Limoges), expert in sta-
tistical analysis, was invited to more thoroughly examine the
database, reduce bias and improve the robustness of the conclu-
sions reached. All their statistical approaches performed (Student’s
t-test, Mann-Whitney U or x2 with Yates’ correction or two-tailed
Fisher’s exact tests or the logistic analysis) confirmed that vaccina-
tion significantly reduced the prevalence and intensity of porcine
cysticercosis in the sample studied by tongue inspection and by
necropsy at time of slaughter. Also, when using the most rigor-
ous maximum Bias Approach to statistical analysis of trials with
numerous missing data, in two of its modalities, it confirmed sig-
nificant protective effects of vaccination. However, no differences in
prevalence due to vaccination were significant in its most stringent
modality of considering as cysticercotic all missing pigs, vaccinated
or not. An unlikely possibility since similar numbers of vaccinated
and not vaccinated pigs were documented as missing and because it
would imply a cysticercosis prevalence level close to 50% among the
included pigs. Their results showed that S3Pvac-Phage significantly
reduced the prevalence of cysticercosis among the vaccinated pigs
by 54.2% and, most significantly, reduced the intensity of infection
with vesicular cysts by 87.1%. It is important to note that a pig was
considered infected regardless of its total parasite load: the pig
was scored as positive even if only one cysticercus was found in
its muscles. Thus, the higher efficacy of a vaccine in reducing the
parasite load is a more sensitive response variable than the strin-
gent goal of sterile immunity. The latter may perhaps be of use
for negotiations dealing with international import of potentially

makes its application feasible for extensive control programs in
undeveloped countries.

Other important findings are also disclosed by this trial.

The vaccine significantly reduced the number of cysticerci in
pigs exposed to different levels of exposure: high (absence of
latrines) or low (presence of latrines). Indeed, in the absence of
vaccination, cysticercosis prevalence changed from 8.2 to 29.8%
if the owners of the pigs had or not latrines in their households,
the relevance of improving sanitary conditions in the rural areas.
However, vaccination plus latrines dropped down the overall cys-
ticercosis prevalence further, from 29.8 (without both variables) to
4.8% (with both of them): a prime example of positive interactions
between control measures aimed against porcine cysticercosis.

The roles of sexual factors upon cysticercosis prevalence and
vaccination effects are also emphasized by this study. A higher
prevalence of cysticercosis was found in females (22.5%) vs. cas-
trated male pigs (4.8%). The vaccine did not modify the percentage
of male pigs totally protected possibly because castration inhibits
the effective TH1 mediated immune response to vaccination, as
it happens in murine cysticercosis [25]. Nevertheless, the vaccine
significantly reduced the number of cysticerci established in both
females and castrated males to a similar relative extent (81% of
reduction vs. controls). The increase of cysticercosis prevalence in
pregnant sows is also intriguing. Ten of the thirteen pigs that were
pregnant in the control group became infected. Albeit the low num-
ber of pigs included in this group, the significant relation between
pregnancy and cysticercosis points to a role of hormonal factors in
cysticercosis, very much in line with the consistently higher preva-
lence of cysticercosis in sows found in different epidemiological
studies [1,26]. Nonetheless, the vaccine managed to reduce the par-
asite loads even in the more permissive pregnant sows. Clearly, the
relevance of sexual factors merits further studies considering their
prominent role under experimental conditions in murine cysticer-
cosis caused by the closely related cestode Taenia crassiceps [25]
and earlier epidemiological hints coming from porcine and human
cysticercosis [26-30].

Another finding of practical importance is that vaccination did
not reduce the weight gain of pigs but cysticercosis did (Table 6).
So that, the net effect of vaccination not only lowers prevalence of
porcine cysticercosis but also implies economic benefit by allowing
for a normal weight gain in the protected pigs.

In summary, this article exhibits clear evidence of the useful-
ness and limits of the newly developed and less costly vaccine
S3Pvac-Phage under realistic conditions of porcine-cysticercosis
transmission.
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