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APC: Antigen presenting cell (Célula presentadora de antigeno).
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Introduccion

Las leishmaniosis son unas infecciones parasitarias causadas por al menos 20 especies
de protozoos hemotisulares del género Leishmania, transmitidos mediante la picadura

de insectos vectores flebotominos, que afectan al hombre y a diversos animales.

Actualmente, las leishmaniosis presentan una distribucion cosmopolita y son endémicas
en las regiones tropicales y subtropicales de 88 paises, 72 de los cuales en vias de
desarrollo. Ello supone un total de 350 millones de personas en situacion de riesgo,
alcanzédndose una prevalencia mundial de 12 a 14 millones de afectados (Alvar, 2001,
WHO, 2006) y una incidencia anual de entre 1 y 1,5 millones de casos de leishmaniosis
cutaneas y 500.000 casos de leishmaniosis viscerales, causando 70.000 muertes al afio
(Desjeux, 2004, Murray et al., 2005). El1 90% de los casos anuales de leishmaniosis
cutanea se producen en Afganistan, Arabia Saudi, Argelia, Brasil, Iran, Peru y Siria
(Desjeux, 1996) y el 90% de los nuevos casos de leishmaniosis visceral se originan en
Bangla Desh, Brasil, India, Nepal y Sudan (Desjeux, 2004, WHO, 2006). Sin embargo,
solo se declaran oficialmente 600.000 casos, por lo que se subestima enormemente la
realidad de la afeccion humana debida a estos protozoos. Recientemente se han descrito
casos autoctonos en dareas tradicionalmente no endémicas como varios estados de
Estados Unidos y Canadd donde se han encontrado perros con anticuerpos (Enserink,
2000), canguros de la zona norte de Australia con leishmaniosis cutdnea (Rose et al.,
2004) y un caso humano y otro de un caballo en Alemania (Bogdan et al., 2001,
Koehler et al., 2002). Se acepta por tanto que se trata de una enfermedad dindmica y
que las circunstancias de transmision estdn en continuo cambio debido a factores

ambientales, demograficos y de comportamiento humano (Gramiccia y Gradoni, 2005).

La Organizacion Mundial de la Salud la considera una de las diez enfermedades mas
importantes incluidas en el “programa especial de investigacion y formacion en
enfermedades infecciosas” (TDR) y la sefiala como prioritaria para la investigacion y el

control (WHO, 2007).

En los paises industrializados ha aumentado el interés por la leishmaniosis en los
ultimos afios debido, por un lado, al comportamiento oportunista de esta infeccién y su
especial prevalencia en pacientes coinfectados con el virus de inmunodeficiencia
humana (VIH) (Desjeux y Alvar, 2003) y por otro al incremento de los viajes

internacionales a areas endémicas. Por ello, en el area mediterranea, la leishmaniosis,
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que tradicionalmente habia sido una enfermedad infantil, en las ultimas décadas se
diagnostica fundamentalmente en poblacion adulta inmunocomprometida. En febrero de
1982 se incluyo en el Sistema de Declaracion Obligatoria de Enfermedades de Espaiia
(EDO) lo que conllevé un control oficial del nimero de casos. Sin embargo, a partir del
1 de julio de 1996, fecha en la que entr6 en vigor el Real Decreto 2210/1995, por el que
se crea la Red Nacional de Vigilancia Epidemioldgica, la leishmaniosis pasé a ser
considerada enfermedad endémica de dmbito regional por lo que solo las Comunidades
Auténomas que en su ambito tengan casos remiten al Ministerio de Sanidad y Consumo

un informe epidemioldgico anual.

Existen diversos reservorios de la leishmaniosis, de entre los cuales, el perro es el
principal para Leishmania infantum en el drea mediterranea. La leishmaniosis canina en
nuestra zona tiene una gran importancia tanto en el aspecto clinico-veterinario debido a
la creciente demanda de la sociedad de una mayor sensibilidad y atencion hacia los
animales, como en el sanitario por ser, como se ha dicho, el principal reservorio de la

enfermedad.

1. AGENTE ETIOLOGICO DE LAS LEISHMANIOSIS

1.1. POSICION SISTEMATICA Y CLASIFICACION DEL GENERO
LEISHMANIA

La posicion sistematica del género Leishmania es compleja pues presenta pocos
criterios morfoldgicos que ayuden a su clasificacion taxonomica, por ello se ha basado
tradicionalmente en distintos criterios extrinsecos como son el curso clinico de la
enfermedad, los reservorios involucrados, la distribucion geografica y las caracteristicas
morfologicas y bioldgicas (crecimiento del parasito en medios de cultivo, lugar de

desarrollo en el vector...), entre otras (Grimaldi y Tesh, 1993).

Leishmania es un protozoo flagelado perteneciente al orden Kinetoplastida y a la familia

Trypanosomatidae.
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Reino Protista
Subreino Protozoa
Phylum Euglenozoa

Subphylum | Mastigophora

Clase Zoomastigophorea
Orden Kinetoplastida
Suborden Trypanosomatina
Familia Trypanosomatidae
Género Leishmania

En la actualidad se diferencia el género Leishmania en dos subgéneros en funcion de su
localizacion y multiplicacion en el insecto vector:

e Subgénero Leishmania (Ross, 1903) cuyo ciclo bioldgico se desarrolla en la
parte media o anterior del tubo digestivo del vector (reproduccion suprapildrica)
(Alvar, 2001, Molyneux y Killick-Kendrick, 1987).

e Subgénero Viannia (Lainson y Shaw, 1987) que se multiplica en la parte
posterior del tracto digestivo del vector antes de desplazarse a la parte anterior

(reproduccion peripilérica) (Lainson y Shaw, 1987).

Siguiendo la clasificacion de Rioux y Lanotte (1993), se diferencian las siguientes
especies (Dedet y Pratlong, 2003):

Subgénero Leishmania (Presentes en el Viejo y Nuevo Mundo).

e Complejo filogenético L. donovani

L. donovani (Laveran y Mesnil, 1903).

L. archibaldi (Castellani y Chalmers, 1919).
e Complejo filogenético L. infantum

L. infantum (Nicolle, 1908).
o Complejo filogenético L. tropica

L. tropica (Wright, 1903).
e Complejo filogenético L. killicki

L. killicki (Rioux, Lanotte y Pratlong, 1986).
o Complejo filogenético L. aethiopica

L. aethiopica (Bray, Ashford y Bray, 1973).
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Complejo filogenético L. major
L. major (Yakimoff'y Schokhor, 1914).
e Complejo filogenético L. turanica
L. turanica (Strelkova, Peters y Evans, 1990).
o Complejo filogenético L. gerbilli
L. gerbilli (Wang, Qu y Guan, 1964).
o Complejo filogenético L. arabica
L. arabica (Peters, Elbihari y Evans, 1986).
e Complejo filogenético L. mexicana
L. mexicana (Biagi, 1953).
o Complejo filogenético L. amazonensis
L. amazonensis (Lainson y Shaw, 1972).
L. aristidesi (Lainson y Shaw, 1979).
e Complejo filogenético L. enriettii
L. enriettii (Muniz y Medina, 1948).
e Complejo filogenético L. hertigi
L. hertigi (Herrer, 1971).
L. deanei (Lainson y Shaw, 1977).

Subgénero Viannia (Presentes en el Nuevo Mundo).

e Complejo filogenético L. braziliensis
L. braziliensis (Vianna, 1911).
L. peruviana (Vélez, 1913).
e Complejo filogenético L. guyanensis
L. guayanensis (Floch, 1954).
L. panamensis (Lainson y Shaw, 1972).
L. shawi (Lainson et al., 1989).
e Complejo filogenético L. naiffi
L. naiffi (Lainson y Shaw, 1989).
e Complejo filogenético L. lainsoni

L. lainsoni (Silveira et al., 1987).

Se acepta la sinonimia de algunas de ellas como L. infantum = L. chagasi (Cunha y

Chagas, 1937) (Dedet y Pratlong, 2003).
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Dado que los caracteres extrinsecos de clasificacion son variables por depender de las
relaciones entre parasito, vector y hospedador, la necesidad de caracterizar mejor las
diferentes poblaciones de Leishmania hace que se adopten criterios de clasificacion
basados en los datos obtenidos de la aplicacion de técnicas bioquimicas y moleculares
fundamentadas en caracteristicas intrinsecas del parasito. Los dos métodos de
clasificacion mas utilizados en la actualidad son el andlisis electroforético de isoenzimas
que agrupa las poblaciones en zimodemas (Rioux ef al, 1990) y los métodos
genotipicos basados en estudios del ADN parasitario (Hanafi ez al., 2001, Bulle ef al.,
2002, Toledo et al., 2002, Gangneux et al., 2003, Montoya et al., 2007).

1.2. FORMAS EVOLUTIVAS, CICLO VITAL Y TRANSMISION.

Las leishmanias son parasitos diheteroxenos con polimorfismo evolutivo cuyo ciclo

bioldgico se cierra con 3 formas morfoevolutivas:

e Amastigota:
Forma endocelular situada en el citoplasma de los macréfagos del hospedador
vertebrado, de forma ovalada o redondeada y de una longitud de entre 3 y 5 um 'y
una anchura de entre 1,5 y 2,5 um. En su citoplasma contiene un nucleo
voluminoso y esferoidal, generalmente excéntrico, y un kinetontcleo anterior que
es la observacion conjunta del blefaroplasto del flagelo y de una mitocondria
modificada o kinetoplasto (Lainson y Shaw, 1987, Alexander ef al., 1999).

e Promastigota:
Forma extracelular metaciclica infestante presente en el intestino medio del
hospedador invertebrado, fusiforme, mdvil y de un tamafio de entre 10 y 30 pm de
longitud y 1,5 y 3 um de anchura, con un nucleo oval central y un kinetonucleo
bastoniforme claramente prenuclear y flagelo anterior libre (Killick-Kendrick,
1990b).

e Paramastigota:
Forma extracelular alargada de una longitud de entre 5 y 10 pum, con nucleo
anterior, kinetonucleo al lado y flagelo anterior libre, presente en el tubo digestivo
del vector (Killick-Kendrick, 1990b, Molyneux y Killick-Kendrick, 1987).

Aunque la multiplicacidon de Leishmania en el vertebrado y el invertebrado es por fision

binaria longitudinal, existen evidencias obtenidas mediante microscopia (Lanotte y
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Rioux, 1990), analisis de isoenzimas (Maazoun et al., 1981) y andlisis de ADN (Bastien
et al., 1992), que apoyan la hipdtesis de la existencia de intercambios genéticos y fusion

celular.

Las hembras de los flebotomos ingieren el pardsito cuando pican a un hospedador
infectado con el fin de ingerir sangre con la que alimentarse y desarrollar sus huevos. En
su interior, Leishmania se multiplica bajo la forma amastigota y se transforma en la
forma promastigota que se multiplica activamente en su estomago e intestino. El
parasito experimenta una compleja serie de modificaciones morfoldgicas y funcionales
que le llevan a diferenciarse desde un estado promastigote, que evita la expulsion
sujetandose a las microvellosidades intestinales, hasta una forma metaciclica, incapaz de
unirse a las paredes intestinales y que migra a las partes bucales, pasando por el estadio
paramastigote (Walters et al, 1989, Killick-Kendrick, 1990b, Pimenta et al., 1992,
Mahoney et al., 1999). Los promastigotes metaciclicos se sitian en la region bucal o
trompa del vector, desde donde pasardn al hospedador vertebrado a través de la

picadura.

Con cada picadura del flebotomo entran en la dermis del hospedador vertebrado entre
10 y 200 promastigotes metaciclicos, algunos de los cuales son destruidos por los
leucocitos y eosinéfilos, mientras que otros son englobados en una vacuola parasitéfora
en el interior de los macrofagos. Aqui, el pardsito se transforma en forma amastigota y
se divide activamente hasta que dicho macrofago estalla. Los pardsitos se liberan e
invaden otros macrofagos vecinos en el interior de los cuales siguen multiplicandose.
Desde aqui se diseminan a través de la piel o del torrente sanguineo y linfatico por
organos ricos en células macrofagicas como son la médula ésea, el higado y el bazo

principalmente.

Excepcionalmente se ha comunicado la transmisidn mecanica mediante la mosca
Stomoxys calcitrans (contaminada al alimentarse en tlceras infectadas por Leishmania 'y
posarse posteriormente en heridas no infectadas de seres humanos) (citado en Alvar,
2001). También se han observado otras formas de transmisidon entre humanos que no
requieren el paso por el vector. El kala-azar congénito ha sido descrito ocasionalmente
en nifios de madres infectadas con L. donovani en areas endémicas (Low y Cooke,

1926) y por L. infantum en Francia (Blanc y Robert, 1984). La transmision sexual se ha
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descrito en una mujer que no habia salido de las islas britdnicas cuyo marido habia
contraido la leishmaniosis afios antes en el norte de Africa (Symmers, 1960). La
transmision directa entre adictos a las drogas por via parenteral (ADVP) por compartir
jeringas esta ampliamente estudiada (Alvar, 1994, Cruz et al., 2002, Molina ef al., 2003,
Cruz et al., 2006).

En la leishmaniosis canina también se ha descrito la transmision directa a través de
transfusion (Owens et al., 2001) y la vertical en tres cachorros nacidos de una hembra
con leishmaniosis cronica (Mancianti y Sozzi, 1995). El hecho de aislar el parasito en el
semen de perros infectados hace pensar que la transmision sexual puede ser posible en
el perro aunque se desconoce el relieve epidemiologico que ésta pueda tener (Riera y

Valladares, 1996).

2. LOS VECTORES

La vehiculacidon de las especies del género Leishmania se realiza a través de dipteros
nematoceros de la familia Psychodidae, subtamilia Phlebotominae. La identificacion de
los flebotominos como vectores fue llevada a cabo por primera vez por Adler y Theodor
en 1925. Se distribuyen preferiblemente en zonas intertropicales y templadas, aunque
alcanzan los 50° N (Suroeste de Canadd) y los 40° S y entre los 0 y los 3.300 m sobre el
nivel del mar (Killick-Kendrick, 1999).

En el Nuevo Mundo todas las especies pertenecen al género Lutzomyia y en el Viejo
Mundo al género Phlebotomus (WHO, 1990).

Se trata de pequefios dipteros hematéfagos de 2 a 3 mm, con alas peludas y puntiagudas.
Su maximo de actividad en climas mediterraneos va desde el crepusculo hasta la
medianoche, entre los meses de junio a septiembre, siempre que la temperatura no sea

superior a los 18 °C y no sople viento (Killick-Kendrick ef al., 1984).

De las mas de 600 especies de flebotominos descritas, unicamente unas 30 son vectoras
probadas o sospechosas de transmitir las leishmaniosis (Killick-Kendrick, 1990a, WHO,
2006). En Espafia se han descrito un total de 11 especies, 10 de Phlebotomus y 1 de
Sergentomyia (Gil Collado et al., 1989, Gallego et al., 1992). En Catalufia se conocen
cinco especies de flebotomos, Phlebotomus ariasi (Tonnoir, 1921), P. mascittii (Rioux

et al., 1984), P. papatasi (citado en Gil Collado, 1927), P. perniciosus (Najera Angulo,
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1935) y P. sergenti (Najera Angulo, 1943) ademas de Sergentomyia minuta (Najera
Angulo, 1943), aunque Unicamente P. perniciosus y P. ariasi son responsables probados
de la transmision de la leishmaniosis (Rioux ef al., 1967, Rioux et al., 1986a, Bettini et
al., 1986, Lucientes et al., 1988, Gil Collado et al., 1989, Gallego et al., 1992, Guilvard
et al., 1996, Gallego, 1997).

La capacidad transmisora de estas especies esta relacionada, aparte de con los caracteres
intrinsecos 1 extrinsecos, con su tropismo trofico. P. perniciosus, principal vector de L.
infantum en la Peninsula Ibérica, no posee una marcada afinidad por el hospedador sino
que es oportunista y tiende a alimentarse de aquellos animales a los que tiene mayor
acceso (de Colmenares ef al., 1995a, Bongiorno et al, 2003). En areas periurbanas
existe un mayor riesgo de transmision a los humanos por estar éstos en mayor
proporcidn, mientras que en las dreas rurales esta transmision a los humanos se reduce
debido a la mayor proporcién de especies animales. También se ha descrito cierta
zoofilia para P. ariasi y una preferencia por los perros sobre los humanos en aquellos

lugares en los que se encuentran los dos (de Colmenares ef al., 1995a).

3. LEISHMANIOSIS AUTOCTONAS

En la cuenca Mediterranea, las leishmaniosis se comportan como zoonosis
hipoendémicas con el perro como principal reservorio, causadas por una unica especie,
Leishmania infantum (Portis et al., 1982, Portis et al, 1986, Alvar et al., 1990,
Jiménez et al, 1991) transmitida mediante los vectores Phlebotomus ariasi y P.
perniciosus (Rioux et al., 1967, Rioux et al., 1986a, Maroli et al., 1987, Izri et al., 1992,
Gallego, 1997).

3.1. LEISHMANIOSIS HUMANA

En nuestro entorno, la leishmaniosis humana se presenta fundamentalmente bajo dos

formas clinicas, cutanea y visceral.
La practica totalidad de las Comunidades Autdénomas presenta casos, pero su

distribucion es mas significativa en el litoral mediterrdneo y en la meseta central como

en Catalufia, Baleares y Castilla la Mancha.
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3.1.1. DISTRIBUCION E INCIDENCIA

El primer caso de leishmaniosis visceral de la Peninsula Ibérica fue diagnosticado en un
nifio de Tortosa (Tarragona) (Pittaluga, 1912). Durante la primera mitad del siglo XX se
realizaron varios estudios en Catalufia que indicaron la alta prevalencia de la
enfermedad en las comarcas del sur (Baix Ebre, Baix Camp, Ribera d’Ebre, Priorat), en
Barcelona y en el area del Baix Llobregat (Sala Ginabreda, 1947, Perepérez, 1947).
También se reconocidé como un gran problema de salud en toda la costa mediterranea,

centro de la peninsula y Extremadura (Botet y Portas, 1993).

La incidencia de la enfermedad parecio6 reducirse a partir de finales de los afios cuarenta
debido a la disminucion de la densidad del vector tras el uso de insecticidas, sin

embargo en la actualidad se considera una zoonosis reemergente.

Actualmente se notifican oficialmente en todo el pais unos 120 casos al afio de
leishmaniosis humana por L. infantum, lo que equivale a 0,3 casos por cada 100.000
habitantes. Se trata de una enfermedad con una prevalencia con discreta tendencia al
alza, aunque existe una subdeclaracion manifiesta y se estima que los datos reales se
sittan sobre los 300 casos (200 de leishmaniosis visceral y 100 de cutdnea) (Alvar,
2001). En el caso de Catalufia, segin los datos oficiales del Butlleti Epidemiologic de
Catalunya (BEC), la tasa de incidencia anual media se sitia en 0,5 casos/100.000
habitantes, con valores superiores a 1 caso/100.000 habitantes en las comarcas agricolas
del sur (Baix Ebre, Garrigues, Priorat, Ribera d’Ebre), aunque se calcula que la

incidencia real alcanza el 1,3 casos/100.000 habitantes (Portus et al., 2007).

En Espaifia los casos de leishmaniosis declarados son fundamentalmente viscerales. La
mayoria de pacientes hasta 1985 eran nifios menores de 5 afios (N4jera Angulo, 1935,
Botet y Portus, 1993), pero en la actualidad, cerca del 80% de los afectados de
leishmaniosis humana son adultos inmunocomprometidos (Alvar, 1994), la mayoria de
ellos infectados por el VIH. De los 1440 casos declarados entre 1990 y 1998 de
coinfeccion VIH-Leishmania en la regiéon mediterranea, 835 lo fueron en nuestro pais
(Desjeux et al., 2000). Estos elevados niveles de prevalencia en pacientes con SIDA
pueden ser debidos a una primoinfeccion o a la existencia de individuos con infeccion

latente asintomadtica que, al pasar a ser inmunodeficientes, manifiestan la enfermedad,
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cuya frecuencia puede estar incrementada por una transmisién directa en pacientes
adictos a drogas por via parenteral (Alvar ef al., 1992, Lopez-Vélez et al., 1998, Cruz et
al., 2002, Molina et al., 2003, Cruz et al., 2006).

3.1.2. MANIFESTACIONES CLINICAS

La leishmaniosis visceral, también llamada kala azar, es la forma mas severa,
consecuencia del fallo de la respuesta inmune de tipo celular del hospedador.

En muchos casos el punto de inoculaciéon puede pasar inadvertido y en otros puede
aparecer una lesion primaria no ulcerativa. Tras un periodo de incubacion de mas de dos
meses, los protozoos alcanzan los drganos diana (bazo, higado, médula désea y tejido
linfatico). En los 6rganos afectados se forman pequefios granulomas que dafian las
visceras al causar hiperplasia e hipertrofia de los mismos, congestion de los vasos
sanguineos, necrosis de los tejidos y alteraciones de su funcionamiento normal.

La expresion clinica se caracteriza por un sindrome febril, debilidad, sudor nocturno,
pérdida de peso, pancitopenia, leucopenia y anemia, hemorragias, hepatoesplenomegalia
y afectacion renal (Osman et al., 2000, Alvar, 2001, Collin et al., 2004, Murray et al.,
2005). Los nifios afectados pueden sufrir retraso del crecimiento.

Se produce una activacion policlonal de linfocitos B productores de inmunoglobulinas
que provoca un aumento de las proteinas séricas totales, lo que, junto a una pérdida de
albumina por la orina, origina una inversion del cociente albumina/globulina (Alvar,
2001). Los niveles de inmunoglobulina G (IgG) e IgM se elevan lo que conlleva la
aparicion de inmunocomplejos circulantes que pueden causar glomerulonefritis al
depositarse en los rifiones (Kharazmi et al., 1982).

En fases mds avanzadas en ausencia de tratamiento se puede producir caquexia,
sangrado, infecciones secundarias y muerte (Osman et al., 2000, Collin et al., 2004).

En enfermos con coinfeccion VIH-Leishmania el periodo de incubacion puede ser mas
corto si el momento de la infeccion coincide con un periodo de inmunodepresion severa
(Alvar et al., 1997). El cuadro clinico es similar al de los no coinfectados (Montalban et
al., 1989, Alvar, 1994), aunque suelen presentarse localizaciones atipicas como lesiones
nodulares o ulcerativas a nivel del tracto gastrointestinal y pulmonar (Rosenthal ef al.,

1988, Berenguer ef al., 1989, Laguna et al., 1994, Rosenthal et al., 1995).
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La leishmaniosis cutanea, llamada también boton de Oriente, cursa habitualmente de
forma benigna. Se caracteriza por la ausencia de alteraciones hematoldgicas y por la
rapida instauracion de la respuesta celular.

Los parasitos quedan localizados en los fagocitos de la piel, dando origen a una lesion
dérmica en la region de la picadura del flebotomo, una péapula eritematosa inespecifica
similar a cualquier picadura de mosquito, que se resuelve de forma espontdnea o que,
tras un periodo variable de entre una semana y tres meses, da lugar a una lesion
especifica de leishmaniosis cutanea (Garcia-Almagro, 2005).

La invasion de los macréfagos de la zona por parte de los protozoos da lugar a la
formacion de un nodulo con infiltracidon de células plasmaticas, linfocitos y macrofagos
que provoca cambios en la estructura de la piel, como hiperplasia y adelgazamiento de
la piel, ulceracion y desorganizacion del tejido conectivo.

La lesion puede ser unica o multiple (revisado en Garcia-Almagro, 2005)
distinguiéndose formas ulcerativas, papulosas, infiltrativas e impétigo (del Giudice et
al., 1998). Las lesiones no tratadas persisten entre 1 y 3 afios, aunque se suele producir
una curacién espontdnea, pudiendo dejar como secuela una cicatriz. La respuesta
inmune humoral es practicamente ausente (Moriearty et al., 1982) mientras que la
respuesta celular es positiva en los casos de lesiones activas y después de la curacion

(Pampiglione et al., 1975).

3.2. HOSPEDADORES VERTEBRADOS

La leishmaniosis es una zoonosis en la que distintas especies animales actian como
reservorio del parasito. En su inicio, se trataria de una parasitosis de animales salvajes,
con la introduccion accidental del hombre en el ciclo bio-epidemioldgico del pardsito.
Cuando el reservorio salvaje desaparecid del entorno humano se adoptaron animales
domésticos para substituirlos y mantener la enfermedad.

Para L. infantum las especies involucradas como reservorio son fundamentalmente
canidos, entre los que, junto al perro, destacan el zorro (Vulpes vulpes) cuya prevalencia
de infeccidn, en algunas zonas, es similar a la de los perros (Rioux et al, 1968,
Gramiccia et al.,, 1982, Marin Iniesta et al., 1982, Abranches et al., 1983, Fisa et al.,
1999, Portus et al., 2002), el lobo (Canis lupus) (Mohebali et al., 2005) y el chacal
(Canis aureus) (Hervas et al., 1996, Baneth et al., 1998). La baja densidad de estos

13



Introduccion

animales y su lejania del humano los relega a un plano muy secundario como
reservorios. Sin embargo, los recientes héabitos peridomésticos de los zorros sugieren
que estos animales pueden tener un papel mds importante como reservorios que el
tradicionalmente asignado.

Otros reservorios citados son los roedores (Rattus spp., Apodemus sylvaticus...)
(Gramiccia et al., 1982, Gradoni et al., 1983, Morillas Marquez et al., 1985).

A lo largo de los afios L. infantum se ha asociado a distintas especies animales tales
como la salamanquesa (7arentola mauritanica) (citado en Najera Angulo, 1935), la
gallina (Gallus gallus) (citado en Botet y Portis, 1993), el cordero (Ovis aries)
(Gonzalez Barrio, 1931), el huron (Mustela putorius furo) (Orts Ruiz, 1964), el caballo
(Equus caballus) (Solano-Gallego ef al., 2003a, Fernandez-Bellon et al., 2006), las
cabras (Capra aegagrus hircus) y las ovejas (Ovis aries) (Portas et al., 2002) y el gato
(Felis silvestris catus) (Laruelle-Magalon y Toga, 1996, Ozén et al., 1998, Hervas et
al., 1999, Poli et al., 2002, Martin-Sanchez et al., 2007, Solano-Gallego et al., 2007a).
Sin embargo, no esta clara la veracidad de algunas de estas citas, la identidad de la
especie de Leishmania encontrada en algunos casos ni el verdadero papel como
reservorio de algunos de estos animales.

Sin duda, el reservorio doméstico mas importante es el perro (Canis lupus familiaris),
cuyo papel como tal se ha aceptado desde el principio del conocimiento de la
enfermedad en Espaiia (Ferndndez Martinez, 1914). El perro actia como un hospedador
amplificador que durante la infeccion provee al vector de una rica fuente de parasitos

localizados a nivel cutaneo y sanguineo (Lainson, 1988).

3.2.1. LEISHMANIOSIS CANINA

La leishmaniosis canina presenta un cardcter endémico en los paises de la cuenca
mediterranea. Su papel en la transmisidn de la leishmaniosis se conoce desde principios
de siglo, pocos afios después de que se descubriera el pardsito en infecciones humanas.
En 1908, Nicolle hall6 en Tunez perros infectados de manera natural. En Espafia y
concretamente en Catalufia, en 1913, Pittaluga mencion6 el primer caso de
leishmaniosis canina en el Delta del Ebro. Posteriormente, en 1936, Sanchez Botija cit6
el hallazgo de L. infantum en piel sana de perros asintomaticos.

Se ha estudiado la importancia del sexo, la edad y la raza del animal en relacidon con la

presentacion de la enfermedad. Algunos autores no encuentran que el sexo sea un factor

14



Introduccion

determinante (Acedo-Sanchez et al., 1996, Morillas-Marquez et al., 1996, Amusategui
et al., 2004), mientras que otros observan una mayor seroprevalencia en machos que en
hembras, diferencia causada posiblemente por la mayor mortalidad de las hembras
infectadas (Fisa ef al., 1999).

En relacién a la edad, existe una discrepancia de resultados. Algunos autores observan
dos picos de incidencia, uno a los 3 afios y otro cuando el perro comienza su declive
inmunologico (8-10 afios) (citado en Alvar, 2001). En cambio otros autores observan un
incremento de la prevalencia de la enfermedad con la edad y una disminucién en el
grupo de mayor edad explicado por el incremento de la muerte de los animales mas
viejos (Martinez-Cruz et al., 1990, Acedo-Sanchez ef al., 1996, Fisa et al., 1999).

En cuanto a la raza, se considera que todos los perros son susceptibles de infectarse,
aunque se ha encontrado que los animales con mayor grado de seleccion son mads
susceptibles (Abranches et al, 1991b) y, por otro lado, que algunas razas han
desarrollado cierto grado de resistencia como es el caso de los podencos ibicencos

(Solano-Gallego et al., 2000).

El Programa de Control y Prevencion de la Leishmaniosis (PCPL) de 1991 coordinado
por el Ministerio de Sanidad y Consumo, en el que participaron varias Comunidades
Autonomas, reunidé la informacién mas actualizada hasta entonces en cuanto a
prevalencia de la leishmaniosis canina en Espaiia (Alvar, 2001).

La mayoria de los estudios epidemiologicos de prevalencia e incidencia de
leishmaniosis en el perro se basan en encuestas serologicas. Los datos de
seroprevalencia encontrados en dichas encuestas llevadas a cabo en el drea mediterranea
oscilan dependiendo de la regién. En la tabla 1 se exponen algunos de los resultados
encontrados. Estos resultados son dificiles de comparar entre si debido a diversos
factores como son la region estudiada, la técnica diagnostica aplicada, el tamafio de la

muestra, el criterio de seleccion...
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Tabla 1: Prevalencia de la leishmaniosis canina en el area mediterranea y Peninsula

Ibérica segun estudios serologicos:

PAIS AREA PREVALENCIA REFERENCIA
Croacia Split 42,85% Zivi¢njak et al., 2005
Francia Alpes 3,2-17% Jambou et al., 1986
. Atenas 22,4% Sideris et al., 1999
Grecia
Noroeste 24,4% Papadopoulou et al., 2005
Apulia 14,4% Brandonisio et al., 1992
Italia Liguria 30,3% Zaffaroni et al., 1999
Toscana 23,9% Pozio et al., 1981
Marruecos Montafias del Rif 21% Rami et al., 2003
Evora 3,9% Semiao-Santos et al., 1995
Portugal -
Lisboa 8,4% Abranches et al., 1991b
Almeria 15% Morillas Marquez et al., 1992
) Cérdoba 23,7% Martinez Cruz et al., 1990
Andalucia
Granada 8,8% Reyes et al., 1988
Malaga 34,6% Morillas Marquez et al., 1996
. Calatayud 13% PCPL, 1991
Aragbn . .
Zaragoza 8,7% Castillo Hernandez et al., 1985
Castilla la Mancha Toledo 8,7% Benito y Alvar, 1989
Castilla y Ledn Salamanca 10 - 15% Encinas Grandes et al., 1988
Catalufia Barcelona 29.5% Botet et al., 1987
' Alicante 23% Brazal et al., 1990
Comunidad Castellon 5,1% Arnedo Pena et al., 1994
Valenciana
Valencia 12,8% Lluch y Soriano, 1990
Extremadura Caceres 12,6% Nieto et al., 1989
Orense 7,5% Amusategui et al., 2004
Galicia Santiago 1,6% PCPL, 1991
Valdeorras 29,2% Amusategui et al., 2004
Islas Baleares Mallorca 14% Matas y Rovira, 1989
. Madrid 8% PCPL, 1991
Madrid .
Madrid norte 5,25 % Amela et al., 1995
Navarra Navarra 4,4% PCPL, 1991
Regién de Murcia Murcia 2,4% Segovia y Martin-Luengo, 1985

PCPL: Programa de Control y Prevencion de la leishmaniosis de 1991.
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En Catalufia la prevalencia general es de alrededor de un 5%, siendo la comarca del
Priorat una de las mas afectadas, considerandose una seroprevalencia global de un
10,2% (Fisa et al., 1999). Dentro de esta comarca hay localidades en las que la dicha
seroprevalencia alcanza hasta un 20% (Portus et al., 1996). Los veterinarios de esta
zona afirman que los casos han aumentado en gran medida en los ultimos afios, aunque
este hecho puede deberse tanto a que realmente haya un mayor numero de casos como a
la mayor atencion aplicada a los animales y a los mejores métodos diagndsticos

utilizados lo que se manifiesta en un aumento del nimero de casos diagnosticados.

Otros estudios llevados a cabo mediante métodos de deteccion de ADN y de deteccion
de la respuesta celular encuentran tasas mas elevadas como el 80% de los perros
expuestos al parasito en Francia al analizar muestras de piel y conjuntiva mediante PCR
(Berrahal et al., 1996); el 67% de positividad en Mallorca mediante PCR de piel,
conjuntiva o médula dsea (Solano-Gallego, ef al. 2001a); el 27% de los perros de la
Comunidad de Madrid manifiestan una respuesta celular especifica mediante
linfoestimulacién (Fernandez-Pérez et al., 2000); un 65% de los perros asintomaticos de
Portugal evidencian respuesta a Leishmania mediante test de linfoestimulacion (Cabral
et al, 1998) y el 47% de los perros asintomdticos presentan serologia o

hipersensibilidad cutinea retardada especifica (DTH) positiva (Cardoso et al., 1998).

Un gran nimero de los casos infectados se presentan de forma subclinica, lo que ha
dado en llamarse leishmaniosis criptica. La importancia de estas leishmaniosis cripticas
ha originado numerosas controversias. Algunos autores consideran que unicamente los
perros con sintomas son infectivos para los flebotomos y que la capacidad infestante
para el vector por parte de los perros sin sintomatologia aparente es muy reducida
(Rioux ef al., 1972, Gradoni et al., 1987), sin embargo otros no encuentran variaciones
significativas en el porcentaje de flebotomos infectados al ponerlos en contacto con

perros de sintomatologia muy variada (Molina ef al., 1994).

Estudios serologicos han revelado un gran numero de animales seropositivos
asintomaticos (Fisa et al., 1991, Sideris et al., 1999). El seguimiento de estos animales
ha demostrado que varios de ellos se encuentran en la fase prepatente de la infeccion y
que incrementan sus titulos de anticuerpos en subsiguientes extracciones. Otros se

encuentran en la fase regresiva de la enfermedad y sus niveles de anticuerpos decrecen
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en los meses siguientes, y un tercer grupo mantienen sus niveles de anticuerpos sin
desarrollar la enfermedad durante varios afios (Lanotte et al., 1979, Fisa et al., 1991,
Aisa et al., 1998, Fernandez-Pérez et al., 1999). Algunos de estos estudios llevados a
cabo en poblaciones de perros procedentes del Priorat manifiestan que el numero de
animales con tasas bajas de anticuerpos, que no alcanzan el umbral de positividad
establecido, es muy elevado, alcanzando el 40% de la poblacion (Fisa ef al., 1999). La
evolucién cronica de la enfermedad en el perro, la existencia de formas cripticas, la
posibilidad de autolimitarse, la variable respuesta humoral del hospedador y la
frecuencia de la infeccién en el reservorio de zona endémica permite establecer
multiples hipdtesis para explicar esta baja tasa de anticuerpos especificos: fase
prepatente de la enfermedad, leishmaniosis cripticas, débil respuesta inmune, memoria
inmunoldgica de una infeccion autolimitada, respuesta humoral frente al parasito
inoculado repetidamente sin lograr establecerse... La posibilidad de discernir entre una

y otra situacion tiene un valor diagnostico y epidemioldgico notable.

3.2.1.1. Manifestaciones clinicas

El periodo de incubacién de la leishmaniosis canina es muy variable, oscilando entre
pocos meses y varios afios (Ferrer, 2002). La gravedad del cuadro clinico en los
animales afectados es variable, yendo desde los casos asintomaticos a los
polisintomaticos, en funcion de diversos factores dependientes tanto del hospedador
como del parasito como son la virulencia de la cepa causante de la infeccion, el estado
inmunitario del animal, el tiempo de evolucion, los érganos que queden afectados y las
terapias aplicadas (Blackwell et al., 1985, Olivier y Tanner, 1987, Roberts et al., 1989,
Molina et al., 1994).

La leishmaniosis canina se caracteriza por presentar una patologia viscerocutdnea cuyas
lesiones son resultado, principalmente, de dos mecanismos patogénicos, la produccién
de reacciones inflamatorias granulomatosas y la produccion de inmunocomplejos
circulantes (ICC) que se depositan en las paredes de los vasos sanguineos.

El primer mecanismo es responsable de la aparicion de la sintomatologia cutanea, de las
lesiones hepaticas, entéricas y de parte de las oculares y renales (Ridley y Ridley 1983,

Ferrer et al., 1988b).
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Las lesiones cutdneas de caracter cronico consisten en areas depiladas con descamacion
purpirea en articulaciones y pliegues cutdneos, hiperqueratosis y despigmentacion,
ulceraciones en nariz, pabellon auricular... (Ferrer, 1999). Ferrer et al. (1988b) han
considerado que se pueden reconocer cuatro tipos de lesiones cutdneas caracteristicas:
alopecia y descamacion, dermatosis ulcerativa, enfermedad nodular generalizada y
enfermedad pustular generalizada.

A nivel visceral, se produce linfoadenopatia generalizada en la mayoria de casos
(Abranches et al., 1991a), espleno y hepatomegalia, médula désea de consistencia
gelatinosa y de color rojo intenso. Se observan edemas, pérdida de sangre mediante las
heces por degeneracion del epitelio intestinal debido a la inflamacion cronica que
provoca la degeneracion del epitelio del intestino grueso (Gonzalez et al., 1990) o por la
nariz, fruto de una ulceracidon de la mucosa nasal (epistaxis), pérdida de peso, vomitos y
diarrea (Hernandez-Rodriguez et al., 1987, Ferrer, 1999).

Los trastornos oculares que se presentan son conjuntivitis mucosa, blefaroconjuntivitis,
queratitis, uveitis con la deteccion de inmunoglobulinas anti-Leishmania en el humor
acuoso, asi como infiltrados linfocitarios de células plasmaticas y macrofagos
infectados con amastigotes en diferentes estructuras oculares (Garcia-Alonso et al.,

1996).

La deposicion de ICC es responsable de la vasculitis (Cochrane y Koffler, 1973,
Pumarola et al., 1991), poliartritis (Spreng, 1993), uveitis (Dernouchamps et al., 1977,
Garcia-Alonso et al., 1996) y glomerulonefritis (Mancianti ez al., 1989, Poli et al., 1991,
Nieto ef al., 1992). Esta glomerulonefritis, inicialmente reversible, puede evolucionar a
una forma terminal o irreversible en la que el animal presenta una insuficiencia renal
grave con anemia, poliuria, polidipsia, uremia y vémitos (Valladares, 1998, Ferrer,
1999).

Se presenta polipnea, caquexia, trastornos de la locomocion, anormalidades de la forma
o del crecimiento de las ufias (onicogriposis), ulceras interdigitales, astenia, apatia,

somnolencia, anorexia, palidez de mucosas y fiebre (Ferrer, 1999).

También son importantes las alteraciones de la analitica laboratorial, de mayor a menor:
hiperglobulinemia, hipoalbuminemia, aumento de los niveles de proteinas séricas
totales, aumento de los niveles de alanina aminotransferasa, trombocitopenia,

leucopenia, leucocitosis y proteinuria, (Keenan et al., 1984).
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En el periodo de resolucién la mayoria de los 6rganos del perro estan afectados debido a
una diseminacion generalizada del parasito y la muerte se produce por fallo renal

(Ferrer, 1989).

3.2.2. LEISHMANIOSIS FELINA

La leishmaniosis felina es conocida desde antiguo, aunque no ha sido hasta los ultimos
afios cuando se ha empezado a estudiar mas profundamente. Desde 1911 hasta 1996, se
publicaron tan solo 40 casos (revisado en Laruelle-Magalon y Toga, 1996), aunque
recientemente se han encontrado casos en Francia (Ozon et al., 1998, Pratlong et al.,
2004), Espafia (Hervas ef al., 1999, Martin-Sanchez et al., 2007, Solano-Gallego et al.,
2007b) e Italia (Poli et al., 2002, Pennisi et al., 2004).

En los gatos, la leishmaniosis se puede presentar bajo forma cutdnea o visceral, aunque
las formas cutdneas sin localizacion visceral son las mas frecuentemente descritas
(Bonfante-Garrido et al., 1991, Ozon et al., 1998, Hervas et al., 1999), mientras que las
formas viscerales caracterizadas por una leishmaniosis diseminada han sido detectadas
mas raramente (Laruelle-Magalon y Toga, 1996, Hervas et al., 1999).
Desgraciadamente, las alteraciones cutdneas son inespecificas y pueden estar asociadas
con otras alteraciones dérmicas que aparecen frecuentemente en gatos (Laruelle-
Magalon y Toga, 1996). Estas lesiones cutaneas incluyen nodulos localizados, ulceras,
costras o papulas, dermatitis generalizada, alopecia, descamacién, depilaciones y
dermatitis seborreica ulcerativa (Ozon et al., 1998).

La forma sistémica afecta al higado, el bazo, los nddulos linfaticos y los rifiones
(Gramiccia y Gradoni, 2005). Se han encontrado casos de anorexia, pérdida de peso
severa, deshidratacion, inflamacién de los nddulos linfaticos, disnea, hepatomegalia y
uveitis (Pennisi et al., 2004).

En cuanto a las alteraciones hematologicas se han descrito casos de anemia, leucopenia,
hipereosinofilia,  trombocitopenia, creatinina  elevada, hiperproteinemia e
hiperglobulinemia con hipergammaglobulinemia (Ozon et al., 1998, Pennisi et al.,
2004). Generalmente se ha encontrado un menor nivel de anticuerpos anti-Leishmania

en el gato que en el perro (Solano-Gallego et al., 2007b).

20



Introduccion

4. RELACION HOSPEDADOR-PARASITO

En la actualidad son muchos los estudios realizados sobre la relacion entre el
hospedador y Leishmania. Los primeros de ellos se llevaron a cabo con L. major
utilizando modelos murinos (Nasseri y Modabberi, 1979, Howard et al., 1980, Heinzel
et al., 1989, Reiner y Locksley, 1995, Sacks y Noben-Trauth, 2002). Posteriormente se
han realizado otros en humanos y en perros con el fin de esclarecer si el modelo murino
se adapta al resto de hospedadores (Pinelli et al., 1994, Da-Cruz et al., 1994, Martinez-
Moreno et al., 1995, Cabral ef al., 1998, Saha et al., 2006).

Existen factores dependientes del hospedador, del vector y del parasito que condicionan
el éxito de la infeccion. Mientras el hospedador despliega estrategias para eliminar al
parasito, el vector modula su respuesta y Leishmania es capaz de sobrevivir y

reproducirse recurriendo a sus propias defensas y manipulando las del hospedador.

4.1. INOCULACION DEL PARASITO A TRAVES DE LA PIEL E
INICIO DE LA INFECCION

Se ha observado que la cepa, la dosis inoculada, el punto de inoculacion y el numero de
inoculaciones, pueden influir en el desarrollo de la infeccion (Nabors et al., 1995,
Nicolas et al., 2000). Asi, Nabors et al. (1995) han demostrado que, cuando las
inoculaciones experimentales de L. major se realizan en partes del raton como la nariz,
las orejas, el abdomen o la almohadilla plantar, el desarrollo de la leishmaniosis es
menos severa que si se hace en la piel de la base de la columna. Estas diferencias
pueden ser debidas a factores tales como la temperatura de la piel, la microvasculacion

linfatica de la zona o la distribucion de células epidérmicas de Langerhans.

El vector introduce los promastigotes metaciclicos de Leishmania junto con substancias
antiagregantes plaquetarias de su saliva tales como la apirasa (Valenzuela ef al., 2001),
vasodilatadoras como el maxadilan y la adenosina (Lerner et al.,, 1991, Ribeiro et al.,
1999), e inmunosupresoras como la prostaglandina E2 (Lonardoni ef al., 2000), que
provocan alteraciones homeostaticas en la zona cercana a la inoculacion que interfieren

en los mecanismos de defensa del hospedador (Kamhawi, 2000, Alvar, 2001). Se ha
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observado, por ejemplo, que los lisados de glandulas salivales del flebotomo provocan
una disminucion de la secrecion in vitro de citoquinas de tipo 1 (interleucina 12 [IL-12]
e interferén-y [IFN-y]) y un aumento de la produccién de interleucinas tipo 2 (IL-6 e IL-
4) por parte de las células mononucleares humanas (Rogers y Titus, 2003) al igual que
en ratones infectados por L. major (Mbow et al., 1998), lo que se corresponde con una

exacerbacidn de la enfermedad.

La entrada de los promastigotes en el hospedador vertebrado activa la cascada del
complemento, que interviene en la lucha contra Leishmania facilitando su eliminacion
por medio de diferentes procesos como la activacion de leucocitos, la opsonizacion
mediante el recubrimiento del promastigote con proteinas como la Csp y la lisis de los
promastigotes mediante el complejo de ataque a membrana (MAC) (Roitt y Delver,
2001). Leishmania se defiende del sistema del complemento a través de varias
estrategias. El lipofosfoglicano (LPG) secretado por los promastigotes previene el
ataque de varias subunidades del sistema del complemento como la Cs,-Co (Puentes et
al., 1989). El antigeno de superficie glicoproteico gp63 de Leishmania tiene actividad
proteasa convirtiendo Cs, en Csp; (Brittingham e al., 1995) y es capaz de fosforilar

miembros del sistema del complemento e inactivar la cascada (Hermoso et al., 1991).

Una vez en el interior del hospedador, el promastigote interacciona con los neutr6filos
polimorfonucleares (PMN) de la zona de la picadura que tienen un doble papel. Por un
lado, suponen la primera defensa contra el parasito y por otro, en su interior los
promastigotes disfrutan de un refugio que les permite escapar de las acciones adversas
del suero y transformarse en amastigotes (Pearson et al., 1983, Laufs et al., 2002).

Las células fagociticas secretan citoquinas como la IL-8, esencial para atraer nuevos
neutrofilos al lugar de la infeccion (Laufs ef al., 2002). Los PMN circulan por el
torrente sanguineo durante un corto periodo de tiempo (Squier et al., 1995) tras el cual
inician su apoptosis. Sin embargo, Leishmania es capaz de retrasar dicha apoptosis
hasta 24 horas (Aga ef al., 2002) para superar asi las defensas del hospedador. Los PMN
pueden diferenciarse en CD28+ o CD28-. Los PMN CD28+ interaccionan con los
monocitos-macrdfagos, que llegan al lugar de la infeccidn, activan la sintesis de IFN-y
que incrementa la produccion de moléculas del complejo mayor de histocompatibilidad
tipo II (MHC-II) y se transforman en células presentadoras de antigeno (APC) (Awasthi
et al., 2004).
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Por otro lado, los macréfagos fagociticos ingieren PMN CD28- apoptdsicos con los
parésitos en su interior. De esta manera se activa minimamente la funcién microbicida,
ya que el parasito penetra en el macréfago enmascarado por la célula apoptdsica.
Cuando el promastigote es internado en el fagosoma del macréfago, se le fusionan los
lisosomas formando el fagolisosoma final, en el interior del cual, los parasitos son
destruidos por los enzimas proteoliticos y, sobre todo, mediante los 6xidos de nitrégeno
como el 6xido nitrico (NO), el anioén superoxido (O;) y los radicales hidroxilo (OH")
(Locksley y Louis, 1992, Bogdan y Rollinghoff, 1998). Estos radicales libres
oxigenados producen la peroxidacion de los acidos grasos de la membrana del parasito
y malformaciones cromosomicas que provocan su muerte. Leishmania posee varias
estrategias de supervivencia a este nivel valiéndose del lipofosfoglicano (LPG). Es
capaz de evitar la fusién del fagosoma con el endosoma (Desjardins y Descoteaux,
1997), protegerse frente a las enzimas lisosomales (Eilam et al., 1985) y activar el
enzima iNOS (inhibidor del oxido nitrico sintetasa) y de esta manera conseguir dividirse
activamente en el interior de los macrofagos (Proudfoot ez al., 1996).

En este punto, las APC migran llevando los parasitos desde la zona de inoculacion hasta
los ganglios linfaticos regionales donde presentan los antigenos de Leishmania, a través
de las moléculas MHC-II, a los receptores CD4+ de los linfocitos T para estimular la
respuesta de células T (Moll ef al.,, 1993, Axelrod et al., 1994). En esta presentacion
actiian otras moléculas co-estimuladoras como la CD80 y la CD40 que activan la
produccion de IL-12. Esta interleucina incrementa la produccion de IFN-y que se une a
los receptores de los macrofagos e induce la muerte del parasito (Awasthi et al., 2004).
Leishmania es capaz de modular los mecanismos defensivos del hospedador inhibiendo
la expresion de CD8O0 lo que resulta en una falta de respuesta de las células T (Awasthi

et al., 2004).

4.2. MECANISMOS DE DEFENSA DEL HOSPEDADOR

La respuesta del hospedador frente a la invasion por Leishmania viene determinada por
factores de tipo genético (genes de susceptibilidad o resistencia), especie de Leishmania
infectante y su virulencia, via de infeccion e inéculo, tipo de célula presentadora de

antigeno que interviene, adecuadas sefiales de coestimulacion, antigenos parasitarios
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presentados, edad del hospedador, entre otros (Olivier y Tanner 1987, Roberts et al.,
1989, Chang et al., 1990, Nabors et al., 1995).

Hay evidencias extraidas de estudios en modelos experimentales y en pacientes
humanos y caninos, que demuestran que la eliminacion de Leishmania requiere el
desarrollo de una inmunidad mediada por células ya que los anticuerpos especificos no
resuelven la infeccion por microorganismos intracelulares (Carvalho et al, 1989,
Abranches et al., 1991a, Locksley y Louis, 1992, Pinelli ez al, 1994, Akuffo et al.,
1996, Carrera et al., 1996, Cabral et al., 1998, Miles et al., 2005).

4.2.1. RESPUESTA CELULAR

Son varias las células implicadas en la defensa contra Leishmania y varias sus
funciones.

Se ha demostrado que las células citotoxicas (Tc o TCD8+) son necesarias para el
control de la infeccion cutdnea por L. major (Belkaid ef al., 2002) debido a que
producen una proteina formadora de poros que provoca la lisis osmotica del
parasito y a que liberan citoquinas activadoras de macrdéfagos como el IFN-y y
factor de necrosis tumoral (TNF) (Locksley y Louis, 1992, Miiller et al., 1993).

Las Natural Killer (NK) contienen un receptor para el fragmento Fc de las
inmunoglobulinas y cuando reconocen estas inmunoglobulinas unidas a Leishmania
provocan su destruccion mediante lisis osmotica. Se ha demostrado que las NK
también producen IFN-y que influye en el desarrollo de las células Thl, jugando un
importante papel en la resistencia a la infeccion (Laskay et al., 1993). Por otro lado,
el factor de crecimiento transformador y (TGF-y) y la IL-10 inhiben la muerte de
Leishmania a este nivel, pues disminuyen la actividad de las células NK en los
nddulos linfaticos (Bogdan et al., 1990).

Las células cooperadoras (T helper, Th o TCD4+) son las que tiene mayor
relevancia de entre todas las células implicadas. La presentacion de antigenos
mediante las moléculas MHC a estas células Th las activa y ocasiona la
diferenciacion de las células virgenes Thp hacia una subpoblacion Thl o Th2. La
expansion de las células Thl se asocia, en la leishmaniosis, a la inmunidad
protectora y la de Th2 a la progresion o persistencia de la enfermedad (Locksley y
Louis 1992, Akuffo et al, 1996, Alexander et al, 1999, Alexander y Bryson,

2005). Esta decantacion entre una u otra subpoblacién depende de varios factores,
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el mas relevante de ellos es la presencia de unas u otras citoquinas en los primeros
momentos de la infeccidn.

Se ha observado en ratones que la IL-12 producida por macréfagos, y células
dendriticas, junto con la IL-4, secretada por linfocitos, constituyen las principales
interleucinas involucradas en la determinacion temprana de las respuestas Thl y
Th2 respectivamente (Heinzel et al., 1989, Hsieh et al., 1992, Himmelrich et al,
1998, Alexander y Bryson, 2005). Sin embargo, se han demostrado efectos
contrarios para la IL-4 en funcién del momento en que se presente, asi que tanto
puede favorecer la diferenciacion de las células T hacia uno como hacia otro
fenotipo (Biedermann ez al., 2001).

Las células dendriticas presentadoras de antigeno a través de la interaccidon entre
sus moléculas co-estimuladoras y los correspondientes receptores de las células T
helper también tienen la capacidad de decantar la maduracion de células Th hacia
una u otra linea (Sacks y Noben-Trauth, 2002).

En el punto de diferenciacion de las células T helper, Leishmania incide causando
alteraciones en el metabolismo del acido araquidénico de los macréfagos lo que
conlleva una falta de expresion de la molécula MHC-II necesaria para la actividad
Thl (Reiner ef al., 1987, de Almeida ef al., 2003).

Una vez decantadas las células T helper hacia una u otra subpoblacion, producen
citoquinas relacionadas con cada una de ellas que tienen diversas funciones. La
transcendencia de algunas de ellas (IL-2, IL-3, IL-5, IL-9, IL-13, TGF-B) esta

menos estudiada que otras.

e Las células Thl producen TNF-a, IL-12 e IFN-y.

El TNF-a es un potente mediador de la inflamacién capaz de estimular in
vitro funciones de monocitos, eosindfilos, neutrofilos, células endoteliales y
fibroblastos. En el raton infectado por L. major, el TNF-a puede ser
protector a través de su capacidad para inhibir la multiplicacion del parésito
y reduce asi el dafio sobre el hospedador (Titus et al, 1989). Por ello, la
administraciéon de TNF-a recombinante a ratones infectados con L. major
mejora el curso de la enfermedad (Titus ez al., 1989, Liew et al., 1990).

La IL-12 juega un papel esencial en el desarrollo de la lucha frente al

parasito, junto con la IL-18, induce la formacién de IFN-y por parte de los
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linfocitos Tc y las células NK murinas (Kato ef al., 1997, Munder et al.,
1998, Awasthi et al., 2004). Se ha observado que su neutralizacién convierte
los ratones resistentes en susceptibles para la infeccidn por Leishmania
(Hondowicz et al., 1997).

La cantidad de IFN-y estd inversamente relacionada con la gravedad de la
lesion cutdnea manifestada en ratones infectados con L. major. Asi, en las
leishmaniosis cutdneas localizadas autolimitadas existe una elevada
produccion de IFN-y, mientras que en las leishmaniosis viscerales no
controladas se detecta poca o nula cantidad (Akuffo et al., 1996). E1 IFN-y es
capaz de activar los macrofagos infectados tanto de ratones resistentes como
susceptibles para eliminar L. major (Liew y O'Donnell, 1993) e inducir el
enzima oxido nitrico sintetasa (NOS) que cataliza la formacion de NO,
mediador de la destruccion del parasito (Cunningham, 2002, Awasthi et al.,
2004). Existen otras citoquinas que aumentan la produccion de NO en
sinergia con el IFN-y como es el TNF-a (Green ef al., 1990, Moll et al.,
1990).

El IFN-y también actia retreoalimentando su secrecion mediante dos vias.
Por un lado, estimula directamente las células Thl e inhibe las Th2 y por
otro, estimula a los macrofagos para que liberen IL-12, la cual, a su vez,

activa las células Thl.

e Las células Th2 segregan otras citoquinas con actividades distintas y
generalmente contrarias con capacidad estimuladora de la inmunidad
humoral e inhibora de la respuesta tipo Thl.

La IL-6 se considera un marcador de enfermedad activa y de eficacia del
tratamiento en la leishmaniosis visceral humana (van der Poll et al.,, 1995,
Ansari et al., 2006).

La IL-4 desactiva los macrofagos ayudando asi a las células parasitarias a
crecer y hacer progresar la enfermedad (Awasthi et al., 2004), accion que se
ha demostrado en estudios in vifro y en ratones genéticamente susceptibles
(Heinzel et al., 1989, Liew et al., 1989). Estos ratones susceptibles pierden la
respuesta celular mediada por NK tras la infeccion por L. major debido a que

la IL-4 inhibe la IL-12 (Scharton-Kersten ef al., 1995).
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La IL-10 mayoritariamente secretada por los macrofagos, células dendriticas
y linfocitos T habia sido catalogada como citoquina Th2 (Hsieh ez al., 1992),
aunque recientes estudios llevados a cabo en ratones y en humanos han
descubierto su papel supresor en las infecciones parasitarias (Karp et al.,
1993, Murphy et al., 2001, Noben-Trauth et al., 2003, Alexander y Bryson,
2005).

4.2.2. RESPUESTA HUMORAL

La respuesta inmunitaria denominada humoral es aquella mediada por anticuerpos
especificos contra Leishmania segregados por las células B en interaccion con las
células T y con las citoquinas secretadas por éstas. Dichas inmunoglobulinas tienen
diferentes funciones dentro de la defensa inmunitaria como son la citotoxicidad
mediada por células dependiente de anticuerpos (ADCC), la regulacion de
linfocitos B y la opsonizacién de promastigotes para su union y posterior

fagocitosis (Herman, 1980, Roitt y Delver, 2001) entre otras.

En cuanto a los diversos isotipos y subclases de inmunoglobulinas especificas, se
ha encontrado relacion entre su diferente secrecion y las respuestas tipo Th1l y Th2.
Asi, la secrecion de IgA por parte de las células B estd determinada por la presencia
de IL-5 liberada por las células Th2 (Coffman et al., 1987) y la produccion de IgE
especifica en respuesta al antigeno es consecuencia de la presencia de IL-4
secretada por las células Th2 (Yanagihara et al., 1995, Atta et al, 1998). Las
células Thl son inductoras de la produccion de IgG2 e IgG3 a través del IFN-y
mientras que las Th2 inducen la produccion de IgGl e IgG4 mediante la 1L-4
(Snapper y Paul, 1987, Abbas et al., 1996, Afrin y Ali, 1998). Las IgM son
inducidas por ambas células T helper (Stevens et al., 1988).

El papel que desempefian estas inmunoglobulinas en la proteccion o la patogénesis
de pacientes con kala-azar no esta esclarecido atun. Estudios recientes postulan que
las IgG, no solo fracasan en el mantenimiento de la proteccion frente a patdgenos
intracelulares, sino que contribuyen a la progresion de la enfermedad. La
administracion pasiva de 1gG anti-Leishmania resulta en un aumento de la lesion de
los ratones infectados con L. major ya que activa la produccion de IL-10 por parte

de los macrofagos en vez de la de IL-12 (Miles ez al., 2005).
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Se ha observado que la produccion de inmunoglobulinas varia en funcién de varios
factores como son la forma clinica de la enfermedad, la cantidad de parésitos y la
cronicidad de la infeccion (Pinelli ef al., 1994, Carrera et al., 1996, Iniesta et al.,
2002, Reis et al., 2006). Como regla general se observa una fuerte respuesta
humoral con predominio de las IgG en la leishmaniosis visceral y bajos titulos de
inmunoglobulinas en las leishmaniosis cutdneas. En la leishmaniosis canina se ha
asociado la presencia de elevados niveles de anticuerpos especificos IgG con
trastornos patofisioldgicos y fases activas de la enfermedad (Pinelli ef al.,, 1994,
Carrera et al., 1996, Iniesta et al., 2002).

Un estudio mas detallado de dichas inmunoglobulinas y sus funciones se encuentra

en los articulos que conforman esta tesis.

4.3. INMUNOPATOLOGIA

Las reacciones organicas desencadenadas como consecuencia de la parasitacion por
parte de Leishmania de las células del hospedador determinan la aparicion de lesiones y
sintomas en el animal infectado. Su estado inmunitario influye en gran medida en la
patogenia desarrollada pues de ¢l depende la respuesta del organismo. Esta respuesta a
la infeccion cursa con una reaccién inflamatoria tisular en los organos infectados,
constituida fundamentalmente por macréfagos y linfocitos, que provoca alteraciones
estructurales y funcionales en dichos organos, como son degeneracion de los

hepatocitos, tubulonefritis, degeneracion de las células epiteliales, entre otras.

Por otro lado, la activacion de las células B origina una alta concentracion de globulinas
(inmunoglobulinas especificas e inespecificas) y una hiper-y-globulinemia. La gran
cantidad de inmunoclomplejos formados por antigenos, inmunoglobulinas y fracciones
del complemento que se depositan en vasos sanguineos, bazo, higado y rifién causan la
sintomatologia explicada en el apartado de manifestaciones clinicas de leishmaniosis

canina y alteran la capacidad defensiva del organismo.
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5. DIAGNOSTICO DE LA LEISHMANIOSIS

El diagnéstico de la leishmaniosis canina requiere para empezar una buena anamnesis y
exploracion de los signos y sintomas de la enfermedad explicados anteriormente. Sin
embargo, el diagnostico clinico de la leishmaniosis no es fiable, sobre todo en zonas
endémicas, debido a la presencia de animales infectados asintomaticos y a la variedad e
inespecificidad de los signos clinicos. Por ello, para identificar los animales infectados
es necesario realizar pruebas diagndsticas complementarias, independientemente de la
presencia de manifestaciones clinicas.

La prueba diagnodstica inespecifica de primera eleccion ampliamente utilizada por los
veterinarios es la electroforesis de las proteinas del suero, en la que se revela
hiperproteinemia, hipoalbuminemia e hiperglobulinemia debido a un aumento de la
fraccion de las y-globulinas séricas. Aunque no es una prueba concluyente para el
diagnostico, si es util para el seguimiento y control de los animales tratados.

Otras alteraciones hematologicas que pueden orientar en el diagndstico, a pesar de ser
inconstantes, son la anemia, la leucopenia y la granulopenia, la trombocitopenia, el
aumento de la urea y la creatinina séricas, el aumento de enzimas hepaticos,

triglicéridos, colesterol y alteraciones de las fracciones lipoproteicas.

5.1. METODOS PARASITOLOGICOS BASADOS EN LA
DETECCION DEL PARASITO

5.1.1. OBSERVACION DEL PARASITO

El método de diagnostico clasico de la leishmaniosis es la observacidon al microscopio
de las formas amastigotas en preparaciones tefiidas de productos patoldgicos. El
producto patologico utilizado suele ser aspirado de médula dsea condrocostal, aspirado
de nodulos linfaticos, fraccion leucocitaria obtenida de sangre periférica, productos de
puncidn esplénica, biopsia hepatica, biopsia del tracto gastrointestinal, liquido pleural...
aunque las muestras de eleccidn son: fraccion leucocitaria, aspirado ganglionar y

aspirado de médula 6sea.
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En casos de presentarse lesiones cutaneas se parte de muestras del borde indurado de
lesiones activas de piel o mucosa tomadas mediante raspado de la lesion, aspiracidon con
aguja, biopsia con aguja o biopsia con punch.

Las muestras de tejido extraidas se presionan repetidamente por el lado del corte sobre
un portaobjetos. El frotis obtenido se fija con alcohol absoluto y se tifie. Las tinciones
mas utilizadas son el colorante Giemsa, el May Griinwald-Giemsa, el Diff-Quick® y la
tincion hematoxilina-eosina.

Los amastigotes pueden observarse en el interior de las células o dispersos por el campo
ya que los macrofagos cargados de Leishmanias pueden romperse.

La deteccion mediante examen directo es un método de reducida sensibilidad debido a
la irregular distribucion y escasez de parasitos en las muestras obtenidas. Dicha
sensibilidad puede incrementarse mediante técnicas de inmunofluorescencia (Anthony

et al., 1987, Sundar y Rai, 2002) o inmunoperoxidasa (Ferrer et al., 1988a).

5.1.2. CULTIVO

Otro método directo que permite el aislamiento del parasito y facilita su deteccion es el
cultivo de la muestra. Los medios mas utilizados son los difasicos de agar sangre
(medio de Novy-Nicolle-McNeal [NNN] y medio Tobie) y los medios liquidos
(Schneider, RPMI 1640, M 199, Grace etc.), habitualmente enriquecidos con un 10-30%
de suero bovino fetal desactivado (Portas, 1987). Los cultivos se mantienen a 24-26 °C,
se examinan al microscopio en busca de promastigotes una o dos veces por semana
(segun el medio escogido) y se sub-cultivan cada 2 semanas durante tres meses, tiempo
tras el cual se descartan como negativos.

Las muestras mas habituales para el cultivo son las mismas que para la observacion
directa: aspirado de médula 6sea, de nodulos linfaticos, capa de leucocitos obtenida de
sangre periférica... aunque se han encontrado parasitos en otros territorios no tan
habituales para el diagnoéstico como son la orina y el semen de perros infectados
experimentalmente por L. infantum (Riera y Valladares, 1996).

Se trata de una técnica larga y que requiere cierta infraestructura que no todos los
laboratorios poseen, por lo que no se utiliza rutinariamente para el diagndstico mas que
en laboratorios especializados, pero si para la caracterizacion de aislamientos (Portus,

1987).
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5.1.3. INOCULACION EN ANIMALES

La inoculaciéon de muestras a animales de experimentacion (hdmster dorado por via
intraperitoneal), puede ser util en el caso de cepas de dificil crecimiento o de indculos
contaminados ya que el sistema inmune del animal elimina la flora asociada (Marin
Iniesta et al., 1982). El sacrificio del animal dos meses después de la infeccion permite
aislar el parasito del bazo.

Esta técnica presenta el inconveniente de positivizar de manera muy tardia (2-3 meses

desde la inoculacién) y queda restringida generalmente a laboratorios de investigacion.

5.1.4. XENODIAGNOSTICO

Esta técnica consiste en dejar que flebotomos cultivados en laboratorio piquen e
ingieran sangre de un paciente sospechoso y posteriormente diseccionarlos en busca de
Leishmanias en su tubo digestivo.

Se trata de un método muy sensible que se ha utilizado con éxito en el diagnostico de la
leishmaniosis visceral de pacientes inmunodeprimidos (Molina et al., 1999), aunque
requiere el establecimiento de colonias de flebotomos dificiles de mantener en el

laboratorio, por lo que se aplica unicamente en centros de referencia (Molina et al.,

1999, Guarga et al., 2000, Travi et al., 2001).

5.1.5. DETECCION DE ANTIGENOS CIRCULANTES

La busqueda de procedimientos minimamente invasivos ha incentivado el desarrollo de
técnicas diagndsticas que permitan evidenciar la presencia de antigenos o agentes
parasitarios circulantes en fluidos como la orina, muestra especialmente util en
pacientes humanos con baja produccidén de anticuerpos, aunque no tan practica en el

caso de los perros debido a la dificultad que conlleva su obtencion.

Cabe destacar la deteccion de parésitos en orina de pacientes afectados de leishmaniosis
visceral en Kenia (Mebrahtu ef al., 1993), de fracciones proteicas de 72-75 y 123 kDa
de L. infantum en la orina de enfermos coinfectados por el VIH y de pacientes

inmunocompetentes mediante western blot (de Colmenares et al., 1995b), asi como la
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presencia de ADN del parasito en orinas de perros determinada mediante PCR (Solano-

Gallego et al., 2007b).

Un nuevo test de aglutinacion de latex (KAtex) para la deteccion de antigenos de
Leishmania en orina muestra una deteccion temprana del antigeno y una desaparicion
rdpida tras el tratamiento por lo que la hace especialmente 1til en el control
posterapéutico en humanos, aunque no ha sido estudiada en profundidad su aplicacion
en la deteccion de animales asintomaticos (Attar et al., 2001, Sundar y Rai, 2002, Riera

et al., 2004a).

5.1.6. PCR

Desde los afios 80 se han desarrollado nuevas técnicas de biologia molecular como es la
reaccion en cadena de la polimerasa (PCR) basada en la deteccion, la amplificacion y el
analisis de acidos nucleicos del parésito. Ultimamente se han realizado numerosos
trabajos de determinacion de Leishmania en perros utilizando esta técnica, aunque ain
no esta estandarizada por lo que cada laboratorio lleva a cabo su propio ensayo con
diferentes muestras, métodos de extraccion, cebadores... (Lachaud et al, 2001,
Lachaud et al., 2002) lo que influye en el resultado. Las muestras utilizadas para
aplicarla pueden ser sangre periférica (Mathis y Deplazes, 1995, Fisa et al,, 2001),
aspirado ganglionar (Mathis y Deplazes, 1995, Reale ef al., 1999, Ozbel et al., 2000),
médula dsea (Ashford et al., 1995, Roura et al., 1999b, Solano-Gallego et al., 2001a),
biopsias tisulares (Roura ef al., 1999a, Solano-Gallego ef al., 2001a) y conjuntiva ocular
(Solano-Gallego et al., 2001a, Strauss-Ayali et al., 2004). Los primeros estudios
llevados a cabo mediante esta técnica permitieron diagnosticar gran numero de perros
negativos mediante serologia (Ashford et al., 1995, Berrahal et al., 1996), demostrando
asi la importancia de los animales portadores asintomaticos y el interés de la PCR en los
estudios epidemiologicos.

Las secuencias de acidos nucleicos escogidas son variadas en funcidén del nivel de
especificidad que se busque. Se han utilizado cebadores o primers frente a secuencias de
ADN de kinetoplasto (Ashford ef al., 1995, Reale ef al., 1999, Roura et al., 1999b,
Ozbel et al, 2000). También se ha utilizado como diana el fragmento ITS (internal

transcribed spacer), que separa los genes que codifican el acido ribonucleico ribosomal
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(ARNr) (el Tai et al., 2000), los fragmentos que codifican la proteina gp63 (Button y
McMaster, 1988) o el antigeno 51 kDa (Berrahal et al., 1996).

Ademas de la PCR convencional, se han desarrollado otros métodos para incrementar la
sensibilidad y mejorar el diagnéstico como la PCR anidada (PCR-nested) que realiza
dos amplificaciones consecutivas, la segunda de las cuales utiliza como molde el
producto de la primera e incorpora cebadores muy especificos (Katakura et al., 1998,
Fisa et al., 2001, Fisa et al., 2002) o la PCR a tiempo real (PCR-real-time) que permite
la cuantificacién relativa del ADN presente al principio de la reaccion.

Otras técnicas permiten caracterizar especies como la PCR-hibridacién que combina la
PCR con la de hibridacion con sondas especificas en membranas de nylon o
nitrocelulosa, de manera que se consigue distinguir entre los subgéneros Viannia y
Leishmania (Rodriguez et al., 1994) y la PCR-multiple que utiliza dos o mds parejas de
cebadores simultaneamente y amplifica en la misma reaccion varios fragmentos de
distinto tamafio (Harris ef al., 1998).

Las mayores ventajas que presenta la técnica de PCR son su sensibilidad, la ausencia de
interferencias de otros organismos y la automatizacion de la mayoria de las etapas,
aunque los mayores inconvenientes son el riesgo de contaminacidon de las muestras y la
necesidad de infraestructura especializada lo que dificulta que se utilice en estudios de
campo, sumado al hecho de su extrema sensibilidad que puede suponer un dilema en el

momento de aplicar el tratamiento.

5.2. METODOS BASADOS EN LA DETECCION DE LA RESPUESTA INMUNE

El diagnostico indirecto de las leishmaniosis se basa en la puesta en evidencia de la

respuesta inmune del hospedador, ya sea de tipo humoral o celular.

52.1. DETECCION DE ANTICUERPOS MEDIANTE TECNICAS
SEROLOGICAS

Los métodos seroldgicos se basan en la deteccion de anticuerpos especificos producto
de la respuesta inmunitaria humoral del animal frente al agente infeccioso. Es necesario
tener en cuenta que la presencia de anticuerpos no implica que el animal manifieste
signos clinicos y que, por el contrario, no todos los animales infectados presentan

anticuerpos.
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Existe una amplia gama de técnicas seroldgicas, entre las que destacan la aglutinacion
directa (DAT), la immunofluorescencia indirecta (IFI), la enzyme-linked immunosorbent
assay (ELISA), el Dot-ELISA y el western blot. La sensibilidad y la especificidad de
cada una de ellas no dependen Uinicamente de las caracteristicas inherentes a la propia
técnica, sino, en gran medida, del antigeno utilizado.

Para la IFI se utilizan promastigotes enteros lo que aporta una estabilidad de
composicién al antigeno y, por lo tanto, homogeneidad de resultados. El resto de
técnicas pueden utilizar como antigeno el parasito entero o mas o menos dividido y/o
fraccionado mediante sonicacidon, congelacion-descongelacion, uso de tensioactivos...
El principal inconveniente de la utilizacién de estos extractos, solubles o no, radica en la
heterogénea composicion del antigeno obtenido, que puede variar entre laboratorios y
también entre lotes, asi como en su estabilidad. Este escollo es salvado mediante las
formas liofilizadas de antigeno, estables en ausencia de refrigeracion, utilizadas por el
DAT en trabajos de campo (el Harith ef al., 1988, Neogy et al., 1992, Boelaert et al.,
1999, Oskam et al., 1999).

En la actualidad varios laboratorios han desarrollado y probado antigenos
recombinantes como el rGBP (proteina recombinante del gen B) de L. donovani que ha
dado una alta sensibilidad para la deteccion de leishmaniosis visceral humana y cutdnea
post kala-azar mediante ELISA (Jensen et al., 1999), el rORFF (proteina recombinante
marco abierto de lectura F) de L. infantum también mediante ELISA (Raj et al., 1999) o
K9, rK26 de L.chagasi mediante western blot (Bhatia et al., 1999).

El rk39 ha sido considerado una herramienta muy util para el diagnostico de la
enfermedad y ha sido ampliamente utilizada tanto en humanos como en perros (Badar6
et al., 1996, Scalone et al., 2002). El ELISA utilizando rk39 es un método rapido y
simple, aunque se ha encontrado cierta falta de sensibilidad (Igbal ef al., 2002) y, en
algunas ocasiones, se ha visto que permanece positivo hasta dos afios después del

tratamiento exitoso (Zijlstra et al., 1998).

a.- Contrainmunoelectroforesis (CIEF)
Técnica cualitativa de inmunoprecipitacion de alta especificidad y baja sensibilidad util
por tanto como técnica confirmativa en leishmaniosis canina (Mancianti y Meciani,

1988) que estd practicamente en desuso.
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b.- Immunofluorescencia indirecta (IFT)

Es la técnica diagnéstica considerada de referencia recomendada por la oficina
Internacional des Epizooties, manual para el test diagndstico (Gradoni y Gramiccia,
2000) debido a que es la mas antigua y mdas extensamente utilizada incluso en la
actualidad. El inconveniente que presenta la IFI es la subjetividad en la lectura, la poca
idoneidad de la técnica para estudios epidemiologicos debido al gran nimero de
muestras que se deben analizar en estos casos y la existencia de diferentes criterios para
establecer el limite de positividad de la muestra relacionado a menudo con los diferentes
aislamientos de Leishmania utilizados (Pozio et al, 1981, Gradoni et al, 1988,
Mancianti y Meciani, 1988, Dye ef al., 1993, Pinelli et al., 1994, Martinez-Moreno et
al., 1995, Carrera et al., 1996, Acedo-Sanchez et al., 1998, Cabral et al., 1998) sumado

a la necesidad de un microscopio de fluorescencia para la determinacion.

c.- Aglutinacion directa (DAT)

Es una técnica de bajo coste y de uso sencillo que permite detectar niveles bajos de
anticuerpos en estadios iniciales y en leishmaniosis cripticas (el Harith ef al,, 1989).
Esta técnica utiliza antigeno entero por lo que posee las mismas ventajas que la IFI

relacionadas con el antigeno.

d.- Hemaglutinacion indirecta (HAI)
Esta es una prueba de aglutinacion actualmente poco utilizada por presentar
heterogeneidad de resultados como consecuencia de las variaciones antigénicas

obtenidas al utilizar diferentes métodos de extraccidn del antigeno (Mancianti y

Meciani, 1988).

e.- Aglutinacion con particulas de latex
Presenta la ventaja de ser una técnica muy rdpida y sensible que se aplica de manera

habitual en la actualidad.

f.- ELISA o enzima-inmunoensayo

Presenta una gran sensibilidad y especificidad, asi como una elevada reproducibilidad
de resultados. La mayor ventaja de esta técnica es su automatizacion, lo cual permite
procesar gran numero de muestras a la vez haciendo de ella una técnica apropiada para

estudios epidemioldgicos, ademds de la objetividad que presenta la lectura realizada
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mediante el espectrofotometro. Otra ventaja que ofrece este test es la posibilidad de

utilizar diferentes antigenos lo que le imprime una gran versatilidad.

Existen diversas modificaciones que imprimen mejorias sobre la técnica de ELISA
como son el FAST-ELISA (Falcon Assay Screening Test-ELISA) que permite reducir el
tiempo de obtencidn de resultados (Ashford ef al., 1993) o el ELISA de competicion,
técnica sensible y especifica para el diagndstico precoz (Rachamim et al., 1991,

Chatterjee et al., 1999).

g.- Dot-ELISA

Es una técnica muy indicada para trabajos de campo por permitir procesar gran nimero
de muestras y no requerir ningtn instrumental ya que la lectura se realiza visualmente
(Scott et al, 1991, Fisa et al., 1997). Vercammen et al. (1998) describieron su alta
sensibilidad y especificidad y la ausencia de reacciones cruzadas con otras infecciones

parasitarias como babesiosis 0 tripanosomosis.

h.- Western blot

Se trata de una técnica muy sensible y especifica util para detectar fases iniciales de la
infeccion, momento en el que la respuesta de anticuerpos es muy ligera, ya que su
lectura diferencia fracciones antigénicas que permiten detectar reacciones cruzadas
frente a otras infecciones y descartar respuestas inespecificas. Por ello se ha propuesto
el uso del western blot en perros de zonas endémicas cuando los titulos obtenidos
mediante IFI y ELISA muestran valores proximos al umbral de positividad (Aisa et al.,
1998). Las desventajas del western blot radican en el coste, las dificultades técnicas y la
heterogeneidad de patrones de inmunodetecciéon observados debidos a factores de
tratamiento del antigeno y de la metodologia de trabajo utilizada por diferentes
laboratorios (promastigotes en diferentes fases de crecimiento, diferentes grados de
reduccion, separacion de fracciones solubles, concentraciones de acrilamida...)
(Abranches ef al., 1991a, Rolland et al., 1994, Mancianti et al., 1995, da Costa et al.,
1996, Aisa et al., 1998, Fernandez-Pérez et al., 2003, Almeida et al., 2005).

i.- Estudios comparativos
Se han establecido numerosas comparaciones entre distintas técnicas seroldgicas, a

pesar de que es muy dificil compararlas ya que las diferencias entre ellas son debidas
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tanto a factores intrinsecos como al antigeno utilizado, como se ha explicado
anteriormente. Entre otras, Semiao-Santos e al. (1995) obtuvieron seropositividades
semejantes mediante IFI y ELISA en poblacion canina previamente diagnosticada por
DAT. Rachamin et al. (1991) hallaron buena correlacion entre los sueros de perros
identificados como positivos por IFI, ELISA y ELISA de competicion, aunque
destacaron la falta de correlacidon entre el titulo obtenido por IFI y la intensidad de la
reaccion de ELISA o la inhibicion de la misma en ELISA competitivo. Mancianti et al.
(1996) obtuvieron buenos niveles de sensibilidad y valor predictivo positivo para el
Dot-ELISA al compararlo con la IFI, aunque ligeramente inferior a ésta. También
encontraron una especificidad inferior en Dot-ELISA que en IFI (86% frente al 100%) y
cierta reaccion cruzada para el Dot-ELISA que plantea la dificultad de establecer

diagndsticos en fases tempranas de la infeccion mediante esta técnica.

5.2.3. METODOS DIAGNOSTICOS BASADOS EN LA VALORACION DE LA
RESPUESTA INMUNE CELULAR

La respuesta celular frente a Leishmania juega un papel importante, aunque no existen

demasiados métodos para evaluarla.

a.- Linfoestimulacion

Es una técnica que confirma y mide la reaccion de proliferacion de los linfocitos en
cultivo frente a la estimulacion antigénica. La linfoestimulacion ha sido utilizada en
humanos (Moreno et al., 2000), en caballos (Fernandez-Bellon ef al., 2006) y en perros
(Fernandez-Pérez et al., 2003) lo que ha permitido identificar animales asintomaticos
pero infectados ya sea en condiciones naturales como experimentales (Cabral et al.,
1992, Pinelli ef al., 1994, Cabral et al., 1998). En el caso de la leishmaniosis canina, la
linfoestimulacion se ha mostrado menos sensible que otros métodos de diagnostico
como la intradermorreaccién (Fernandez-Bellon et al, 2005). Algunos autores han
detectado una supresion de la respuesta linfoproliferativa al principio de la infeccién (de
Luna et al., 1999) y otros una reaccion positiva en individuos no expuestos (Kemp et
al., 1992). El mayor inconveniente de esta técnica es su gran complejidad lo que no la

hace ttil para la practica diaria.
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b.- Test de Montenegro

El test de Montenegro o intradermorreaccion (Montenegro, 1926), es util para el
diagnéstico clinico pero, sobre todo, para los estudios epidemiologicos. Se ha utilizado
extensamente para determinar la exposicion al parasito y también para evaluar la
evolucidn de una leishmaniosis visceral tratada (Pampiglione et al., 1975, Miles et al.,
2005). Este test mide la respuesta de hipersensibilidad cutdnea retardada especifica
(DTH) frente a una suspension estéril de promastigotes de Leishmania lisados y
fenolizados en solucion salina (leishmanina) que pone de manifiesto la presencia de
respuesta celular frente a este parasito. Es una técnica sencilla y barata, aunque su
mayor desventaja radica en la dificultad de conseguir antigeno estandarizado dado que
no existe de manera comercial.

Se ha utilizado tradicionalmente en encuestas epidemiologicas de poblacion humana
(Rioux et al., 1986b, Dereure et al., 1989, Souza et al., 1992) y canina (Pinelli et al.,
1994, Cardoso et al., 1998, Solano-Gallego et al., 2000, Iniesta et al., 2002, Solano-
Gallego et al., 2005, Fernandez-Bellon ef al., 2005) y recientemente en estudios con
donantes de sangre en los que se ha encontrado buena relacion con ELISA y western
blot (Riera et al., 2004b). Se obtiene un resultado positivo en la leishmaniosis cutanea y
mucocutanea y negativo en las fases activas de la leishmaniosis visceral. En el caso de
la leishmaniosis canina, los animales con sintomatologia muestran una DTH negativa al
contrario que los infectados asintomaticos que manifiestan una fuerte reaccién a la
leishmanina (Cabral et al., 1992, Pinelli et al., 1994, Martinez-Moreno et al., 1995,
Cardoso et al., 1998).
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Hipotesis y objetivos

Los trabajos realizados sobre la leishmaniosis canina ya expuestos en el capitulo de
Introduccién han permitido observar que el perfil clinico de esta infeccion es variable,
yendo desde la forma asintomatica hasta la patologia grave polisintomatica y de una
evolucién con cura espontanea a una resolucion fatal. Esta distinta evolucion clinica se
relaciona fundamentalmente con la respuesta inmune que el hospedador desarrolla a lo
largo de la infeccién y, en consecuencia, con las citoquinas que se producen. La
expresion isotipica e idiotipica de anticuerpos durante la infeccion por Leishmania
puede estar relacionada con dicha evolucidn clinica, por lo que su determinacion puede

proporcionar marcadores de evolucion.

Por otro lado, el conocimiento cada vez mayor de la elevada prevalencia de la
leishmaniosis canina criptica hace necesario disponer de técnicas capaces de detectarla
0, como minimo, conocer la utilidad (grado se sensibilidad y especificidad) de las
existentes para este menester. En efecto, estudios realizados en zonas endémicas de
leishmaniosis indican que existe un gran numero de perros seropositivos asintomaticos.
El seguimiento de estos animales muestra que algunos de ellos se encuentran en la fase
prepatente de la infeccion, que otros se encuentran en la fase regresiva y que otros
presentan formas cripticas, sin desarrollar la enfermedad durante varios afios (Lanotte et
al., 1979, Fisa et al, 1991, Aisa et al, 1998). Estos animales seropositivos
asintomdticos cursan generalmente con una baja respuesta de anticuerpos, situada
alrededor del umbral de positividad, donde las técnicas serologicas convencionales no

distinguen posibles inespecificidades y reacciones cruzadas de verdaderas infecciones.

Por todo ello y en el marco de los estudios que el Grup de Parasitologia Clinica de la
Universitat de Barcelona realiza sobre la leishmaniosis en Catalufla, se plante6 el

presente trabajo con los siguientes objetivos:

e Determinar la utilidad que puedan tener distintas técnicas parasitoldgicas,
inmunologicas y moleculares para detectar la leishmaniosis criptica en el perro.

e Determinar la expresion de IgG, IgG1, 1gG2 e IgE especificas durante distintas
fases de la infeccion por Leishmania y su posterior utilidad como marcadoras de

evolucion en la leishmaniosis canina.
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e Determinar si la expresion idiotipica de IgGl e IgG2, frente a las diferentes
fracciones del antigeno de Leishmania, puede ser usada como marcador de
estadio y de evolucién en la leishmaniosis canina.

e Determinar el significado clinico y diagndstico de la excrecion mediante la orina

de anticuerpos frente a Leishmania por parte de perros infectados.

Otros trabajos realizados con relacion a la tesis:

Estudios de epidemiologia molecular realizados en areas endémicas de Catalufia para la
leishmaniosis indican que la variabilidad genética de las cepas que circulan por
determinados focos es superior a la que se encuentra al analizar las cepas presentes en el
perro, por lo que se sospecha que otras especies animales pueden actuar como
reservorio (Montoya et al,, 2007). Debido a que el gato constituye una importante
fuente de alimentacion para los flebotomos de estas zonas (de Colmenares et al., 1995a)
y a que se conocen citas esporadicas de leishmaniosis felina en la literatura (Laruelle-
Magalon y Toga, 1996, Oz6n et al., 1998, Hervas et al., 1999, Poli et al., 2002), se
planted

e un estudio seroepidemioldgico de la leishmaniosis felina para determinar la

extension de esta infeccidon en nuestro entorno.
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Resultados

Leishmania infantum-SPECIFIC IgG, IgG1 AND IgG2 ANTIBODY RESPONSES IN
HEALTHY AND ILL DOGS FROM ENDEMIC AREAS. EVOLUTION IN THE
COURSE OF INFECTION AND AFTER TREATMENT

RESPUESTA ESPECIFICA IgG, IgG1 E IgG2 FRENTE A Leishmania infantum EN PERROS
SANOS Y ENFERMOS DE AREAS ENDEMICAS. EVOLUCION A LO
LARGO DE LA INFECCION Y TRAS EL TRATAMIENTO.

Laia Solano-Gallego, Cristina Riera, Xavier Roura, Laura Iniesta, Montserrat Gallego,
Josep Enric Valladares, Roser Fisa, Soledad Castillejo, Jordi Alberola, Lluis Ferrer,
Margarita Arboix y Montserrat Portls

VETERINARY PARASITOLOGY 2001, Vol. 96, p. 265-276.

En este trabajo realizado conjuntamente con investigadores de diversos departamentos
de la Facultat de Veterinaria de la Universitat Autonoma de Barcelona, se estudian
cinco grupos de perros: 1) asintomadticos de area endémica (infectados y no infectados)
2) con infeccion natural, sintomaticos, no tratados 3) asintomaticos de area endémica
seguidos durante varios afios durante los cuales la serologia revirti6 de negativa a
positiva 4) con infeccidn natural, sintomaticos que recibieron tratamiento especifico y 5)
con infeccion experimental, sintomdticos y con tratamiento especifico, con el objetivo
de determinar la relacion entre el nivel de IgG totales, IgG1 e IgG2 especificas anti-
Leishmania con la evolucion de la infeccidn, la respuesta al tratamiento y su valor

prondstico.

Los resultados del ELISA demuestran que las tasas de IgG e IgG2 estan correlacionadas
entre si en todos los grupos estudiados y son mayores en perros sintomaticos que en
asintomaticos. En cambio el nivel de IgG1 no se correlaciona con el de IgG totales ni
con las IgG2.

Tanto en la infeccion natural como en la experimental, la tasa de IgG1 en el momento
del diagnéstico es mayor en el grupo de animales que responden positivamente al
tratamiento farmacoldgico que en los que no responden. El descenso de todas las
inmunoglobulinas (IgG, IgG1 e IgG2) es mayor cuando la evolucidn tras el tratamiento
es favorable. Por ello, se considera que bajos niveles de IgG1 post-tratamiento en

animales con tasas previas elevadas es un indicador de buen-prondstico.
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Abstract

The expression of IgG, IgG1 and [gG2 specific antibodies for Leishmania infantum was studied
in five groups of dogs in Catalonia (Spain): I, 99 asymptomatic dogs (infected and uninfected)
from a highly endemic area for leishmaniosis; II, 139 untreated dogs with clinically patent leish-
maniosis; III, 11 naturally infected asymptomatic dogs monitored for up to 5 years since they were
found seropositive to Leishmania antigen and without treatment; IV, 25 naturally infected dogs
with clinically patent leishmaniosis and treated with either meglumine antimoniate and allopurinol
or allopurinol alone and 'V, six experimentally infected dogs, treated with meglumine antimoni-
ate and controlled for 5 years. The levels (ELISA units) of IgG, IgG1 and IgG2 in asymptomatic
dogs (group I) were very variable (24 £ 33, 32 £ 31 and 26 £ 31, respectively), and, as expected,
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lower than in ill dogs (group II) (168 £ 34, 84 £ 71 and 172 =+ 31, respectively). In both groups,
the correlation between IgG and IgG2 levels (r = 0.95, P < 0.001 in group I and r = 0.63,
P < 0.001 in group II) was higher than between IgG and IgGl1 levels (r = 0.01, P > 0.05 in
group [ and r = 0.31, P < 0.001 in group II). In group III, IgG and IgG2 expression increased
during infection, while IgG1 expression remained the same. In dogs of group IV, IgG levels after
1 year of treatment decreased more in responsive (mean values, 163 £ 42 before treatment (b.t.)
and 100 £ 36 after treatment (a.t.)) than in unresponsive dogs (158 + 29 b.t. and 124 + 51 a.t),
especially for IgG1 (94 £ 89 b.t. and 20 £ 21 a.t. in responsive dogs and 35 25 b.t. and 22 £+ 13
a.t. in unresponsive dogs) rather than for IgG2 (156 £ 16 b.t. and 114 & 45 a.t. in responsive and
1514+ 11Db.t. and 125 £ 36 a.t. in unresponsive dogs). Similar results were observed in the evolution
of experimentally infected animals after consecutive and specific treatments. Overall results show
the great variation in Leishmania-specific IgG1 expression in asymptomatic and symptomatic dogs,
their lack of correlation with that of IgG2 and chemotherapy is more effective in dogs with initially
high expression of IgG1. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Leishmania infantum; Immunoglobulins; Response to treatment; Dog

1. Introduction

Canine leishmaniosis, caused by Leishmania infantum, is endemic in the Mediterranean
basin and its seroprevalence ranges from 10 to 37% (Bettini and Gradoni, 1986; Amela
et al., 1995; Fisa et al., 1999). The clinical features of such infection are variable. Some
dogs develop active disease, whereas others do not or the disease resolves spontaneously.
The immune response to L. infantum in the dog is humoral and cellular, which results
in a wide array of responses: from resistant dogs with predominant cellular response to
susceptible dogs with exaggerated humoral response (Abranches et al., 1991; Pinelli et al.,
1994; Carrera et al., 1996; Cabral et al., 1998).

The serological follow-up of natural and experimental Leishmania infections in dogs,
with or without treatment, has been reported elsewhere. Treatment of ill dogs induces
temporary clinical improvement, often accompanied by a decrease in the specific antibody
levels (Lanotte et al., 1979; Mancianti et al., 1988; Riera et al., 1999). However, in other
cases clinical improvement has not been associated with decrease in the titre of specific
antibodies (Ferrer et al., 1995).

Various studies have described the levels of specific Leishmania I1gG subclasses (IgG1 and
1gG2) in ill, asymptomatic and treated dogs, sometimes with conflicting results (Deplazes
etal., 1995; Bourdoiseau et al., 1997). The varying immunoresponse of infected animals and
the small number of animals studied may account for this controversy. This study aimed
to determine the level of Leishmania-specific total IgG (IgG), IgG1 and IgG2 antibody
responses in the sera of a wide range of canine populations: symptomatic and asymptomatic
dogs from endemic areas and naturally and experimentally infected, as well as the evolution
of the infection in animals that were either treated with anti-Leishmania specific drugs or
not. The results of this study may clarify the significance and prognostic value of the
Leishmania-specific IgG subclasses in canine leishmaniosis.
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2. Material and methods
2.1. Animals and sera

Five groups of dogs were established.

Group I. Ninety-nine asymptomatic dogs, infected or not, living in an endemic area (the
Priorat, a rural region in the north-east of Spain). Examination for external signs of
disease and peripheral blood collection were carried out during the anti-rabies vaccination
campaign performed during spring and early summer, coincidental with the start of the
phlebotomine season.

Group II. One hundred and thirty-nine naturally infected symptomatic dogs without pre-
vious specific chemotherapy. They were examined at the Veterinary Teaching Hospital,
Facultat de Veterinaria (UAB), and routinely checked for parasitological, serological and
general biochemistry analyses (total protein concentration, protein serum electrophore-
sis, urea nitrogen and creatinine values). Dogs were from 7 months to 11 years old with
a mean =+ standard deviation age of 5 & 3.6 years.

Group 11I. Eleven asymptomatic dogs from the Priorat area that seroconverted to Leish-
mania antigen. They were monitored for Leishmania-specific antibodies and external
clinical signs of disease at annual intervals for up to 6 years since they had been found
seropositive.

Group IV. Twenty-five naturally infected symptomatic dogs treated at the Veterinary Teach-
ing Hospital, Facultat de Veterinaria (UAB). One blood sample was collected before
chemotherapy and at least two sera samples were taken during a follow-up of at least
1 year, after specific chemotherapy. Either meglumine antimoniate (20 mg Sb>/kg every
24h x 30days) and allopurinol (10 mg every 12h x 12 months) (16 dogs) or allopuri-
nol alone (10 mg every 12 h x 12 months) (9 dogs) were administered, according to the
clinician criteria. All dogs were routinely checked for signs of disease and for general
biochemistry analyses (total protein concentration, protein serum electrophoresis, urea
nitrogen and creatinine values).

Group V. Six beagle dogs experimentally infected by intravenous inoculation of 5 x 107 pro-
mastigotes in 0.5 ml of saline solution of L. infantum (MCAN/ES/92/BCN-83/MON-1).
They were kept at the Animalarium in the Facultat de Veterinaria (UAB). All were sub-
jected to treatment with meglumine antimoniate (20 mg Sb°/kg every 12 h x 20 days); four
received a second treatment with liposome-encapsulated meglumine antimoniate (9.8 mg
Sb>/kg every 24 h x 20 days) and one was treated again with liposome-encapsulated meg-
lumine antimoniate and allopurinol (10 mg every 12 h x 8 months). They were monitored
for 5 years, during which clinical, haematological and parasitological controls were per-
formed under the auspices of the UAB animal care committee.

The sera were stored at —40°C until analyzed.

2.2. ELISA

The ELISA was performed as described elsewhere (Riera et al., 1999). Anti-dog IgGl1,
IgG2 and IgG conjugated to horseradish peroxidase (Bethyl Laboratories, Montgomery,
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TX) were used as second antibodies. The working dilutions for each conjugated antibody
were determined according to the titration performed for the lot (1:2000 for anti-dog IgGl1,
1:2000 and 1:5000 for anti-IgG2 and 1:15000 and 1:20 000 for anti-IgG). The reaction
was quantified as units (U) related to a positive serum used as calibrator and arbitrarily set
at 100 U. The cut-off was established at 20 U for IgG, 22 U for IgG1 and 11 U for IgG2
(mean + 4 standard deviations of 32 dogs from non-endemic areas).

2.3. Delayed test of hypersensitivity

Delayed test of hypersensitivity (DTH) was performed by injection of leishmanin reagent
as described elsewhere (Solano-Gallego et al., 2000).

2.4. Statistical analysis

Statistical analysis, Student’s 7-test (paired and independent) and coefficient r of Pearson
were performed by using the SPSS programme.

3. Results

3.1. Leishmania-specific IgG, IgG1 and IgG2 in asymptomatic and symptomatic dogs
(groups I and 1)

The level of Leishmania-specific IgG in asymptomatic dogs from the Priorat endemic area
(group I) was very variable and ranged from 1 to 242 U (Fig. 1, Table 1). Only 62 animals
were considered seronegative for total IgG (<20 U) according to the cut-off established.
The level of the IgG subclasses was also very variable and ranged from 1 to 219U for
IgG1 and from 2 to 229 U for IgG2. The IgG2 rate was correlated with that of total 1gG
(r =0.948, P < 0.001) but the IgG1 rate was neither correlated with IgG2 nor with IgG
(r = 0.086, P = 0.395; r = 0.008, P = 0.934, respectively). In these dogs, when the
levels of IgG and IgG2 were low, that of IgG1 was variable, but when the levels of IgG and
IgG2 were high, that of [gG1 was always low.

Table 1

Anti-Leishmania specific immunoglobulins (mean and standard deviation) in different groups of dogs®

Groups of dogs Total IgG IgG1 1gG2

1. Assymptomatic, n = 99 24433 32 +£31 26 +31
II. Symptomatic, n = 139 168 +£34 84 £ 71 172 £31
IV. Pre-treatment, n = 25 164 +35 76 £ 77 156 + 14
IV. Post-treatment, n = 25 111+41 22+18 121 +£40
IV.A. Pre-treatment responsive, n = 16 163 +42 94 £ 89 156+ 16
IV.A. Post-treatment responsive, n = 16 100+ 36 20 +£21 114 £45
IV.B. Pre-treatment unresponsive, n = 9 158 £29 35425 15111
IV.B. Post-treatment unresponsive, n = 9 124 £51 22 +13 125+36

2 ELISA values quantified as units (U) related to a positive serum used as calibrator that was considered to
have 100 U.
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Fig. 1. Anti-Leishmania specific immunoglobulins in 99 asymptomatic ((J) (group I) and in 139 symptomatic (@)
(group IT) dogs. Long dash lines, cut-off absorbances for each immunoglobulin.
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Table 2
Abnormal clinical and biochemical features in 139 dogs with patent leishmanial disease

% of dogs
Physical
Skin involvement 79.7
Lymphadenomegaly 49
Weight loss 35.7
Somnolence (apathy) 33
Abnormal locomotion 16
Diarrhoea 13
Vomiting 10
Ocular lesions 10
Pale mucoses 10
Hyperthermia 10
Abnormal nails 8
Epistaxis 8
Biochemistry
Ratio albumina/globulines less than 0.59 63.2
Hypergammaglobulinemia 57.8
Hypoalbuminemia 60.1
Hypergammaglobulinemia and hypoalbuminemia 52
Azotemia 24.2
Hypercreatinemia 18.7
High total serum protein 49.2

In ill dogs (group II), the levels of IgG, IgG1 and IgG2 were higher than for group I
(P < 0.001), as expected. High correlation between IgG and IgG2 levels (r = 0.631,
P < 0.001) and a weaker correlation between IgG and IgG1 (r = 0.310, P < 0.001) were
found, whereas no correlation was observed between IgG1 and 1gG2 levels (r = 0.063,
P = 0.460).

The clinical and biochemical features of 139 ill dogs are recorded in Table 2.

3.2. Longitudinal analysis of Leishmania-specific IgG, IgG1 and IgG2 in animals that
seroconverted (group I11)

Eleven dogs from the Priorat region seroconverted to the Leishmania antigen during the
serological control of leishmaniosis performed in this area every year (Fig. 2). They were
followed up until 5 years after seroconversion and showed no external clinical signs of the
disease. They were considered infected after detection of seroconversion. The mean values
of the antibody response showed that the level of IgG and IgG2 increased during infection.
However, the level of I[gG1 remained roughly the same.

3.3. Longitudinal analysis of Leishmania-specific IgG, IgG1 and IgG2 in treated dogs
(group IV)

Leishmania-specific immunoglobulins were measured in 25 ill dogs that were monitored
over 1 year a.t. (Tables 1 and 3). Both the antibody level and response kinetics varied between
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Fig. 2. Anti-Leishmania specific immunoglobulins in 11 apparently healthy dogs over time after seroconversion.
ELISA: 1gG (@), 1gG1 (V) and 1gG2 (O) (group III).

the groups studied. We classified the 25 dogs into two groups according to the clinical status
of the animal 1 year a.t., irrespective of the treatment received: group IV.A, responsive
animals, apparently healthy and with normal biochemistry values (10 were treated with Sb
and allopurinol and six with allopurinol alone), and group IV.B, unresponsive animals with
signs of disease and/or abnormal biochemistry values (six treated with Sb and allopurinol
and three with allopurinol alone). The mean values for total IgG, and IgG2 at diagnosis in
groups IV.A and IV.B were not different (Student’s #-test, P > 0.05). However, the mean
value for IgG1 at diagnosis in group IV.A (94 £ 89) was higher than in group IV.B (35 £25)
(Student’s t-test, P = 0.02). When the 25 treated dogs were considered, the mean rates of

Table 3
Leishmania-specific immunoglobulins levels and clinical outcome in 25 treated dogs
Levels of Leishmania-specific immunoglobulins Treatment outcome
Before treatment After treatment Responsive, Unresponsive,
n=16 n=9
High level of IgG, 1gG1 High level of IgG and IgG2 re- 3 1
and IgG2, n = 12 mained. IgG1 level decreased
High level of IgG, IgG1 and IgG2 remained 1 0
Level of IgG, 1gG1 and 1gG2 decreased 6 1
High level of IgG and 1gG2 Level of IgG, I1gG1 and 1gG2 remained 2 5

and low level of IgG1l, n = 13
Level of IgG, I1gG1 and 1gG2 decreased 4 2
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total IgG, IgG1 and IgG2 significantly decreased a.t. (paired Student’s #-test, P < 0.001).
In group IV.A, the mean levels of IgG, IgG1 and IgG2 also decreased notably a.t. (paired
Student’s #-test, P < 0.01). The decrease was less obvious in dogs from group IV.B (paired
Student’s #-test, P = 0.048 for IgG, P = 0.053 for IgG2 and P = 0.112 for IgG1).
Individual results are shown in Table 3.

3.4. Longitudinal analysis of IgG, IgG1 and IgG2 in experimental canine leishmaniosis
after infection and treatment (group V)

Fig. 3 represents the evolution of the total IgG, IgG1 and IgG2 of six dogs experimentally
infected with L. infantum. After inoculation, once the animals showed a pathological protein
serum electrophoresis, they were treated with a free form of meglumine antimoniate.

Dogs 2¢29 and 6839 showed high levels of IgG and IgG2 but low levels of IgG1, once
the disease appeared. Both animals died of renal failure, one immediately a.t. and the other
1 year later.

Dogs 6835 and 4103 showed high levels of IgG and IgG subclasses at the beginning
of the disease. After repeated treatments and a lengthy and extensive follow-up, the levels
of IgG and IgG2 decreased slowly. IgG and IgG2 levels remained positive throughout the
study, while IgG1 decreased to background levels. These dogs did not have clinical relapses
after the second treatment and the DTH to Leishmania antigen was positive at the end of
the follow-up.

Dog 312854 first presented high levels of IgG and IgG subclasses, which did not decrease
after two treatment regimes with free and encapsulated meglumine antimoniate. A third
treatment with meglumine antimoniate and allopurinol resulted in a clinical and biochemical
improvement. The level of IgG1 decreased but IgG and IgG2 remained high.

Dog 2c61 had high levels of IgG and IgG2 but low levels of IgG1 at the beginning of
the disease. Its IgG profile remained the same until the end of the follow-up. The disease
evolved gradually and became chronic after the second treatment. Its DTH to Leishmania
antigen and that of dog 312854 at the end of the study were negative.

4. Discussion

Many studies have aimed to associate the polarised T-cell helper responses with Leish-
mania infections. Cytokines, T-cell subsets and immunoglobulin classes and subclasses
have been examined in murine experimental models and in human leishmaniosis in order
to understand the immunological mechanisms that control parasite persistence and multi-
plication.

Specific Leishmania 1gG subclasses (IgG1 and IgG2) were first described in dogs with
clinical patent disease and in treated dogs by Deplazes et al. (1995), who report that ill
animals initially present high levels of both L. infantum-specific IgG1 and IgG2. After long
treatment and clinical improvement, the level of IgG1 decreases and that of IgG2 remains
constant. These authors suggest that titres of specific IgG1 and IgG2 are more reliable
indicators of disease status than total IgG. They also hypothesise the association of IgG2
with an asymptomatic infection and that of IgG1 with the development of the disease.
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Fig. 3. Anti-Leishmania specific immunoglobulins in six experimentally infected dogs after infection and treatment.
ELISA: IgG (@), 1gG1 (V) and IgG2 (O). Dotted lines, first treatment; heavy lines, second treatment; extra heavy
line, third treatment. Y-axis, ELISA; X-axis, days after infection (group V).
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This expression of IgG subclasses in asymptomatic and symptomatic dogs, b.t. and a.t. is
not described by Bourdoiseau et al. (1997). Nieto et al. (1999) report a direct correlation
between the appearance of clinical signs of canine leishmaniosis and high levels of both
IgG1 and IgG2 in experimental infections.

Here, the study of several large cohorts of dogs highlights these discrepancies. The levels
of total IgG and IgG2 were correlated in all the groups studied (asymptomatic, symptomatic
and naturally and experimentally infected treated dogs) and, as expected, they were signifi-
cantly higher in symptomatic than in asymptomatic dogs. However, the correlation between
IgG1 and IgG was very variable, in agreement with a previous report (Solano-Gallego et al.,
2000), which has failed to correlate IgG subclasses in an asymptomatic canine population.
Here, the asymptomatic canine population is composed by uninfected and infected dogs with
differential immune responses to the parasite. If the cut-off for IgG (>20 U) is considered a
tool for distinguishing infected and uninfected animals, non-infected animals (IgG < 20 U)
have a variable IgG1 response, but asymptomatic infected animals (IgG > 20U) have a
low IgG1 response (Fig. 1). This low IgG1 response remains during the infection even when
IgG and IgG2 responses significantly increase (Fig. 2).

In the naturally and experimentally infected symptomatic dogs, total IgG and 1gG2 were
high, as reported (Deplazes et al., 1995; Bourdoiseau et al., 1997; Cavaliero et al., 1999),
whereas [gG1 was extremely variable, ranging from background to high levels. Cavaliero
et al. (1999) reported that IgG1 concentrations at the beginning of treatment were not as
high as described by other authors (Deplazes et al., 1995).

After treatment, anti-parasite IgG and 1gG2 levels decrease very slowly and IgG1 ex-
pression drops quickly in responsive dogs (Deplazes et al., 1995), whereas the decrease in
unresponsive dogs is less marked or only temporary. In addition, IgG1 levels at diagno-
sis were significantly higher in responsive (group IV.A) than in unresponsive dogs (group
IV.B), which also showed a large decrease in all immunoglobulins, similarly to experimen-
tally infected dogs. Thus, low levels of IgG1 (Deplazes et al., 1995; Cavaliero et al., 1999)
are valuable good prognosis indicators only if detected a.t. in animals with high expression
of this immunoglobulin before chemotherapy.

The predominance of levels of specific IgG isotypes should be carefully associated with
Th1- or Th2-like activity. The immunological mechanisms that regulate the susceptibility
or resistance to visceral parasitism by Leishmania are still unclear. The polarised Th1-Th2
response reported in the infection by L. major in mice (Locksley and Reiner, 1995; Reed and
Scott, 1993) is not so clear in human visceral leishmaniosis (Anam et al., 1999; Mary et al.,
1999), in L. infantum-infected mice (Kaye et al., 1991; Miralles et al., 1994; Honore et al.,
1998), or in L. infantum-infected dogs (Cabral et al., 1998). A mixed Th1-Th2 response or
other T-cell clones are probably involved. A CD4™ T-cell population produces IL-5 and
IFN-v in asymptomatic human leishmaniosis (Mary et al., 1999). Other accessory cells
and signals, such as CD8" T cells, diverse antigen-presenting cells, variable interleukin
interactions and chronicity may be key factors in the modulation of the IgG isotype response
in dogs.

Data on the mechanisms that control residual intracellular L. infantum infection after
chemotherapy and the function of cytokines in this regulation are scarce. However, this
study suggests that control of infection after successful chemotherapy in dogs involves an
antibody response.
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DIAGNOSTIC TECHNIQUES TO DETECT CRYPTIC LEISHMANIASIS IN DOGS
TECNICAS DIAGNOSTICAS PARA DETECTAR LEIHSMANIOSIS CRIPTICA

Laura Iniesta, Salceda Fernandez-Barredo, Béatrice Bulle, M* Teresa Gomez,
Renaud Piarroux, Montserrat Gallego, José M* Alunda y Montserrat Portis

CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Sept. 2002, Vol. 9, No. 5 p. 1137-1141.

Este estudio, realizado en colaboracion con la Facultad de Veterinaria de la Universidad
Complutense de Madrid y el laboratorio de Parasitologie-Mycologie de la Université de
Franche-Comté de Besangon (Francia), tiene como objetivo determinar el valor de las
diferentes técnicas parasitoldgicas, moleculares e inmunoldgicas en el diagnostico de la
leishmaniosis criptica. Para ello se aplican técnicas de examen directo, cultivo, PCR,
IFI, ELISA-Proteina A, ELISA-IgG2, western blot, DTH y linfoproliferacion a 72

perros de zonas endémicas para esta enfermedad.

Se observa que el nivel de IgG2, detectado mediante ELISA, estd directamente

relacionado con la presencia de desérdenes patofisioldgicos en los animales.

Se detecta asociacion entre los resultados obtenidos mediante IFI, ELISA-Proteina A y
ELISA-IgG2. Sin embargo, el western blot y el ELISA-IgG2 aportan resultados
independientes entre si debido posiblemente al diferente tratamiento que sufre el

antigeno, lo que provoca que cada técnica identifique una bateria de epitopos diferentes.

Los niveles de IgG2 se asocian a las pruebas parasitologicas y a la PCR en los grupos de
animales no infectados y con infeccioén evolutiva. Por el contrario, dicha asociacion no
se observa en el grupo de animales asintomdticos como consecuencia de la baja
respuesta humoral en la infeccion criptica. Por ello se concluye que las técnicas
inmunolédgicas no discriminan claramente entre animales infectados y no infectados y

son los métodos parasitologicos y la PCR los que ofrecen resultados mas fiables.
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This study of several techniques for detecting cryptic leishmaniasis in dogs from areas in Spain where
Leishmania infantum is highly endemic concludes that immunological techniques (enzyme-linked immunosor-
bent assay, immunofluorescence antibody test, Western blotting, delayed-type hypersensitivity reaction, and in
vitro lymphocyte proliferation assay) do not clearly differentiate between noninfected and infected asymptom-
atic dogs and that culture and PCR are more reliable diagnostic tools.

Seroepidemiological studies of canine leishmaniasis have re-
vealed a large number of asymptomatic seropositive animals
(20, 24). Moreover, in areas where leishmaniasis is highly en-
demic, a high proportion of apparently healthy animals show
low levels of anti-Leishmania antibodies. Serological follow-up
of these animals has revealed that some of them are in the
prepatent infection period, which will lead to increased anti-
body titers in subsequent blood extractions. Others have re-
gressive forms of the disease, and their antibody levels will
decrease in the following months or years; still others maintain
low levels of antibodies without developing the disease for
many years (1, 11, 12, 17). However, the total number of
infected animals is unknown.

The detection of the extent of the infection, particularly
among asymptomatic dogs, is of great importance for the con-
trol of leishmaniasis. Most epidemiological and control studies
of canine leishmaniasis are performed by serological methods.
Although such methods are traditionally considered to be
more sensitive than parasitological techniques for the diagno-
sis of the disease, they underestimate the prevalence and inci-
dence of the infection relative to those estimated by culture
(10) and PCR (26). Indeed, experimentally infected dogs that
develop the disease have an anti-Leishmania humoral immu-
noresponse while those that remain asymptomatic present a
cellular response (19). The application of highly sensitive tech-
niques, such as PCR (3, 13) and Western blotting (WB) (1, 8,
11), as well as the optimization of culture (14), have improved
the rate of detection of leishmaniasis. Here, we compare the
results obtained by various diagnostic methods (direct exami-
nation, culture, PCR, enzyme-linked immunosorbent assay
[ELISA], WB, delayed-type hypersensitivity reaction [DTH],
and a lymphocyte proliferation assay [LPA]) for dogs from two
areas in Spain where canine leishmaniasis is endemic, and we

* Corresponding author. Mailing address: Laboratori de Parasitolo-
gia, Facultat de Farmacia, Universitat de Barcelona, Avda. Diagonal
s.n., E-08028 Barcelona, Spain. Phone: 34 93 402 45 00. Fax: 34 93 402
45 04. E-mail: mportus@farmacia.far.ub.es.
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consider the results in the context of the clinical status of the
animals.

The study was carried out with 72 animals, 38 of which were
from the Priorat, an area in northeast Spain where leishman-
iasis is highly endemic. The remaining 34 dogs were from an
animal protection society in Madrid, Spain. Animals were se-
lected for the study after extensive serological screening for
anti-Leishmania-specific antibodies, and subjects were some-
times chosen for screening because of the presence of sick
animals in the kennel. In other cases, we picked asymptomatic
animals with specific antibodies or under other irregular cir-
cumstances. Thus, the dog samples were biased and cannot be
considered representative of the whole dog population in the
areas studied. Clinical symptoms and lesions consistent with
canine leishmaniasis (skin abnormalities, onychogryposis,
weight loss, epistaxis, apathy, ocular and other lesions, lymph
node and spleen enlargement, etc.) were recorded for all dogs.

Blood was collected by cephalic or jugular venipuncture for
complete blood count and biochemical analysis (serum pro-
teins, the renal markers urea and creatinine, and the hepatic
markers aspartate aminotransferase and alanine aminotrans-
ferase), for detection of anti-Leishmania antibodies, and for
PCR and LPA. Popliteal lymph node aspirates were obtained
for direct examination, culture, and PCR. Needle aspiration
skin microbiopsy was also performed to obtain samples for
PCR.

Anti-Leishmania antibodies were quantitatively detected by
an immunofluorescence antibody test (IFAT) and an ELISA
for immunoglobulin G2 (ELISA-IgG2) for dogs from Madrid
and by ELISAs for protein A (ELISA-protein A) and for IgG2
for dogs from the Priorat. The IFAT was performed by stan-
dard methods (8) using a fluorescent conjugated anti-dog IgG
(heavy plus light chains; Jackson ImmunoResearch, West
Grove, Pa.) at a 1:50 dilution. ELISAs were performed as
described elsewhere (22). Horseradish peroxidase-conjugated
protein A (dilution, 1:30,000; Sigma, St. Louis, Mo.) and anti-
dog IgG2 (dilutions, 1:2,000 to 1:5,000; Bethyl Laboratories,
Montgomery, Tex.) were used as second antibodies. The reac-
tion results were quantified in units relative to those of a
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positive serum sample that was used as a calibrator and arbi-
trarily set at 100 U.

WB analyses of sera from the Priorat area were performed
at the Faculty of Pharmacy, Barcelona, Spain, as described
elsewhere (1). Those sera that developed any of the polypep-
tide fractions of 14 or 16 kDa, previously reported as 12 and
14 kDa (1), were considered positive. WB analyses of sera from
the Madrid area were performed at the Faculty of Veterinary
Science, Madrid, as described previously (8). The sera that
revealed the polypeptide fractions of 30, 42, 50, and 57 kDa
were considered positive, as reported previously (8, 11). The
correspondence between positive results detected by each
method has been established (S. Méndez, M. J. Aisa, F. J.
Fernandez-Pérez, L. Iniesta, M. Portuds, J. M. Alunda, and
M. T. Gémez-Munoz, submitted for publication).

DNA for PCR analysis was extracted with a PCR template
preparation kit (Boehringer Mannheim, Mannheim, Germa-
ny). Leishmania-specific oligonucleotide primers A2 (5'-GGG
AGAAGCTCTATTGTG-3') and B1 (5'-ACACTCAGGTCT
GTAAAC-3") were used to amplify a 650-bp fragment in the
internal transcribed spacer region of genomic DNA (4a).

The DTH was performed by inoculation into the skin of the
groin of 0.1 ml of Leishmania infantum antigen (3 X 10® pro-
mastigotes/ml), which was kindly supplied by the Instituto de
Salud Carlos III, Majadahonda, Spain. Reactions were read
after 48 h and measured by the ballpoint pen method. The
LPA was performed with peripheral blood mononuclear cells
as described elsewhere (19).

Crude results are shown in Table 1. Each laboratory (Ma-
drid and Barcelona) applied its current serological tests in
addition to the ELISA-IgG2, which was performed in both
laboratories with the same conjugates, the same quantification
system, and the same calibrator serum. The IgG2 results cor-
related highly with the ELISA-protein A results (Spearman’s
rank correlation coefficient, 0.950; P = 0.000) and the IFAT
results (Spearman’s rank correlation coefficient, 0.627; P =
0.000). Therefore, to simplify this discussion, only results from
the ELISA-IgG2 were included in the statistical analysis
and comparison of techniques. In contrast, no correlation was
observed between the techniques for detecting the cellular
immunoresponse, DTH, and LPA (Spearman’s rank correla-
tion coefficient, 0.052; P = 0.75), and so the results obtained in
each determination were analyzed independently. Attempts to
link DTH and LPA findings for use in detecting human leish-
maniasis have led to contradictory results. DTH and LPA
results correlated in L. major-infected children of Jericho (2)
and Tunisia (23). Nevertheless, the lymphoproliferative re-
sponse to the L. major antigen by peripheral blood mononu-
clear cells from Sudanese individuals with a positive leishmania
skin test and no history of cutaneous leishmaniasis was similar
to the response observed in Danish people with no reported
exposure to Leishmania parasites (16).

The dogs that were positive by direct examination, culture,
PCR, or at least two immunological methods were considered
probably infected. Among them, those with external signs of
leishmanial disease were considered to be symptomatic and
those without external signs of disease, despite the detection of
biochemical and hematological (analytical) disorders, were
considered to be asymptomatic or to have cryptic infections.

The specific IgG2 levels detected by ELISA were directly
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related to the pathophysiological disorders detected during the
physical and analytical examinations (Fig. 1). All symptomatic
dogs (10 of 10) had high antibody titers as determined by the
ELISA-IgG2, while only 35 of 51 animals with cryptic infec-
tions were positive by this technique.

The positive and negative results obtained with the tech-
niques were compared two by two by the McNemar and Pear-
son tests in the whole dog sample studied, in animals consid-
ered to be infected (symptomatic and asymptomatic animals)
and in those found to have cryptic infections (Table 2). Culture
and PCR provided very similar results; they gave the same
proportion of positives (McNemar test, P = 0.629) and a high
degree of association (Pearson test, P < 0.001). The culture
and PCR results differed for 17 of the 72 dogs studied (10
animals positive by PCR and negative by culture and 7 animals
positive by culture and negative by PCR). In 11 of these ani-
mals, immunological techniques confirmed the presence of
parasites. In three cases PCR was the only positive test, and in
two cases only the culture was positive, as confirmed by new
samples and repeated analyses.

The humoral immunoresponse, detected as L. infantum-spe-
cific IgG2 expression, was also associated with PCR and cul-
ture results when the whole dog population was considered
(Pearson test, P =< 0.001) but was independent of those results
when only the animals with cryptic infections were considered.
The results obtained by immunological techniques were inde-
pendent when compared two by two, even when these tech-
niques were considered to have the same target as those of
antibody detection (ELISA-IgG2 and WB) or cellular immu-
noresponse (DTH and LPA) techniques.

The lack of a “gold standard” for diagnosis of asymptomatic
infections caused by L. infantum is a drawback to epidemio-
logical studies of the disease. Parasitological techniques like
direct microscopic examination and culture offer the only re-
liable evidence of the presence of parasites in a sample. How-
ever, direct examination lacks sensitivity when the parasite
number is small, and the growth capacity in vitro varies from
one Leishmania strain to another. Other analytical techniques,
such as PCR and immunological methods, lack some specificity
and sensitivity.

There is evidence of Leishmania persistence inside the host
after recovery from the disease (4, 9, 22), and a positive re-
sponse to Leishmania antigen detected by DTH and LPA has
been associated with asymptomatic infection (19, 21). How-
ever, cellular immunoresponse or low antibody levels may be
due to immunological memory rather than to the presence
of the parasite in the host, especially in areas of endemicity.
Moreover, positive lymphoproliferative responses to Leish-
mania antigen have been observed in nonexposed humans
(15).

Whether a dog can be considered infected or uninfected is
the key determinant of parameters such as sensitivity, spec-
ificity, and predictive values for diagnostic techniques. If
we consider that only those animals that are positive by
direct examination or culture are parasitized, the sensitivi-
ties and specificities of other methods such as PCR and
immunological techniques are affected. Therefore, these pa-
rameters were not determined in the present study. The
arbitrary definition of a cutoff in the ELISA and the lack of
a clear separation between positive and negative results
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TABLE 1. Clinical and laboratory findings and results of diagnostic methods for visceral leishmaniasis in dogs

Clinical findings Test results

Do

¢ Signs” Analytical® Direct ex/culture? PCR¢ ELISA-protein A" ELISA-1gG2¢ IFAT-1gG" WB' DTH LPAF
B1 + + + + 337 293 + 0
B2 — + + + 31 21 - 48
B3 - - - — 40 40 — 80
B4 + + + + 177 177 + 132
B5 - + - + 58 51 + 462
B6 + + — + 174 159 + 100
B7 + + + + 247 231 + 80
B8 — — — + 17 11 - 0
B9 - + - + 13 7 — 0
B10 — + + + 252 229 + 0
B11 - + + — 209 184 + 30
B12 - - - - 33 37 + 0
B13 - - - — 8 15 — 0
B14 — + — - 11 13 - 0
B15 - - + — 30 30 — 117
Bl16 — + — - 27 27 - 132
B17 - - - — 2 18 — 132
B18 — + — — 12 12 - 100
B19 + + + + 118 123 + 0
B20 - + + + 16 24 + 100
B21 - + - + 24 34 + 144
B22 — — + + 69 59 + 64
B23 - + + — 42 59 + 594
B24 — — + + 20 27 + 675 1.44
B25 + + + + 40 42 — 144 2.02
B26 — — — + 75 72 + 30
B27 - - - + 29 36 — 360 1.33
B28 — — + + 90 85 + 0 1.36
B29 - + - + 24 27 — 120
B30 - + + + 69 78 + 418 6.85
B31 - - - + 12 10 + 110 1.85
B32 — — — - 13 16 + 150
B33 + + + + 258 175 + 400
B34 — + + + 348 169 + 0
B35 - + + — 11 4 — 0
B36 — + + - 12 6 — 0
B37 - - - — 18 16 + 0
B38 + + + - 375 173 + 0
M2 - - - — 56 100 + 75 18.3
M4 - + + - 28 100 - 0 66
M5 - - - — 29 200 + 0 10.7
M7 - - - - 23 100 0 4.93
M10 - - - — 10 100 + 0 2.71
Mi11 - - - - 16 100 0 9.01
M12 - - - — 16 200 + 0 3.86
M16 — — — - 17 50 + 100 1.01
M19 - - - — 21 100 - 0 5.85
M20 — — — - 14 100 - 0 2.20
M21 - - + + 107 200 + 0 3.99
M23 — — — - 12 100 + 80 3.13
M24 - + - — 16 50 - 460 433
M27 — — — - 14 100 + 0 3.72
M29 + + + + 101 400 + 0 1.19
M30 - + - 44 200 - 0 2.53
M35 - - - — 4 100 + 0 3.28
M36 - - - - 18 100 + 0 1.26
M37 + + - — 63 200 0 2.21
M46 - + - - 36 100 + 0 31.1
M52 - + - + 19 50 - 0 1.57
M57 - + + 64 400 + 0 1.53
M59 - + - — 23 50 + 0 1.25
M65 - + - 38 400 + 0 1.19
M71 - + + + 16 50 + 0 6.25
M72 - + — - 25 50 + 0 0.94
M78 - - - — 14 100 + 0 2.37
M79 - - - - 10 100 + 100 5.68

Continued on following page
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TABLE 1—Continued

Clinical findings Test results

Dog”

Signs® Analytical® Direct ex/culture? PCR* ELISA-protein A’ ELISA-IgG2¢ IFAT-1gG" WB' DTH LPAX
MB80 - + - - 74 400 + 0 1.8
M84 - + — 48 100 + 0 4.17
M85 - + + + 107 400 + 0 0.71
MO5 - + - - 11 50 0 222
M101 - + + + 124 400 0 9.12
M106 - + - - 16 50 + 0 1.19

“ Designations indicate dogs from Barcelona (B) and Madrid (M).

® Clinical signs of leishmaniasis.

¢ Analytical (biochemical and hematological) disorders.

4 Results of the direct examination and/or culture.

¢ PCR was considered positive when one or more samples (blood, skin, and/or lymph node aspirate) were positive.
/ Positivity was established at values of =24 U.

& Positivity was established at values of =20 U.

" One per dilution of serum. Positivity was established at values of =200.

“ WB results were considered positive when they showed any of the polypeptide fractions of 14 or 16 kDa (Barcelona) or of 30, 42, 50, and 57 kDa (Madrid).
/DTH induration area (square millimeters). Positivity was established at values of =25 mm?.

KLPA (stimulation index). Positivity was established at values of =2.5.

entail a lack of specificity when this cutoff is established to (Pearson test, P > 0.05) provided by the ELISA-IgG2 and
improve the sensitivity of the technique. The low humoral WB. Moreover, since the antigen treatments in the ELISA and
immunoresponse characteristic of asymptomatic animals (4, WB differed strongly, each technique identified a different set
19) frequently places their antibody levels at the borderline of of epitopes, and this explains the lack of association in animal
detectability, and positive results may be caused by artifacts cohorts with a predominance of individuals with low humoral
and cross-reactions. This may account for the association be- immunoresponses. In conclusion, visceral leishmaniasis in sick
tween the PCR and ELISA-IgG2 results for the total dog dogs from areas of endemicity can be easily diagnosed. It is
sample (Pearson test, P = 0.001) and for their independence characterized by a high humoral immunoresponse that is mea-

for the sample comprising only animals with cryptic infections. surable by conventional serological techniques (e.g., IFAT
WB analysis is regarded as a highly specific technique, when and ELISA) and a high parasite burden that is detectable by
the specific bands are considered, and is very useful with sam- parasitological and PCR methods. However, when we deal
ples with low antibody concentrations (1, 8, 11, 18). How- with asymptomatic animals, particularly in epidemiological

ever, bands are difficult to identify, since several antigen studies, immunological techniques do not discriminate be-
fractions have similar molecular weights and subjectivity in tween infected and noninfected animals. Antibody detection
reading the results cannot be avoided when very weak bands alone and DTH or LPA, which are used to estimate the
are detected. This may explain the independent results infected dog population (5, 6, 7, 25), are not suitable tools,

TABLE 2. Statistical analysis of results (positive/negative) obtained by various diagnostic techniques in three dog cohorts: (i) the whole dog
population studied, (ii) dogs considered to be infected with L. infantum, and (iii) asymptomatic dogs with a cryptic Leishmania infection

Whole dog sample Infected dogs Dogs with cryptic infections
Technique(s)

n¢ PP® cce PMCcN¢ n PP CcC PMcN n PP CcC PMcN
Culture-PCR 66 0.000 0.432 0.629 56 0.003 0.369 0.629 47 0.017 0.329 0.607
Culture-1gG2 72 0.000 0.389 0.000 61 0.017 0.293 0.000 51 0.065 0.251 0.001
Culture-WB 67 0.245 0.140 0.001 58 0.489 0.091 0.004 49 0.743 0.047 0.002
Culture-DTH 72 0.577 0.066 0.860 61 0.980 0.003 1 51 0.909 0.016 0.690
Culture-LPA 40 0.583 0.087 0.052 34 0.397 0.144 0.115 31 0.675 0.075 0.031
PCR-1gG2 66 0.001 0.380 0.027 56 0.052 0.252 0.027 47 0.183 0.191 0.041
PCR-WB 62 0.304 0.129 0.008 54 0.636 0.064 0.043 45 0.885 0.035 0.021
PCR-DTH 66 0.086 0.205 1 56 0.280 0.143 0.839 47 0.491 0.100 1
PCR-LPA 35 0.070 0.291 0.210 29 0.020 0.396 0.383 27 0.058 0.343 0.167
1gG2-WB 67 0.085 0.206 0.541 58 0.297 0.136 1 49 0.466 0.104 1
1gG2-DTH 72 0.154 0.166 0.007 61 0.526 0.081 0.001 51 0.583 0.077 0.015
IgG2-LPA 40 0.491 0.108 0.832 34 0.171 0.228 0.503 31 0.332 0.172 1
WB-DTH 67 0.628 0.059 0.008 58 0.745 0.043 0.011 49 0.869 0.024 0.029
WB-LPA 35 0.927 0.016 0.049 31 0.889 0.025 0.118 29 0.653 0.083 0.180
LPA-DTH 40 0.855 0.029 0.027 34 0.656 0.076 0.064 31 0.675 0.031 0.075

“n, number of dogs.

» PP, Pearson test P value.

¢ CC, Pearson contingency coefficient.
¢ PMcN, McNemar test P value.

64



VoL. 9, 2002

250 - n=10
200

150 - n=61

n=27

n=24

0 - T T -"“1

1 2 3 4 5

ELISA-lgG2 (U)

Cohorts

FIG. 1. IgG2 expression in L. infantum-infected dogs is related to
the pathophysiology. Columns indicate mean values, and error bars
indicate standard deviations. Dogs are divided into cohorts as follows:
(column 1) symptomatic dogs, i.e., infected animals with external signs
of leishmanial disease; (column 2) infected dogs, i.e., animals found
positive by direct examination, culture, PCR, or at least two immuno-
logical techniques; (column 3) infected asymptomatic dogs with bio-
chemical alterations; (column 4) infected asymptomatic dogs without
biochemical alterations; (column 5) noninfected dogs. n, number of
dogs in each cohort. The dotted line indicates the cutoff separating
positive and negative results.

and parasitological methods and PCR offer more accurate
results.
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En este trabajo se analizan los niveles de IgG, IgGl, IG2 e IgE especificas anti-
Leishmania en 109 sueros procedentes de animales de zona de alta endemia (no
infectados, con infeccion asintomadtica y con infeccion clinica) y zona no endémica de
leishmaniosis, con el fin de determinar la expresion de dichas clases y subclases de

inmunoglobulinas en las distintas formas clinicas de la infeccion.

Los resultados muestran que los niveles de IgGl e IgE tnicamente varian
significativamente entre los animales infectados sintomaticos y asintomadticos, pero no
entre los infectados asintomaticos y no infectados de areas endémicas.

Por otro lado, el nivel de IgG e IgG2 desciende consecutivamente entre los grupos de
animales infectados sintomaticos, infectados asintomaticos, no infectados de zona
endémica y no infectados de zona no endémica. Estas inmunoglobulinas presentes en
animales considerados no infectados de zona endémica pueden reflejar la memoria
inmunolodgica de pasadas infecciones o la respuesta frente a inoculaciones parasitarias

en animales resistentes que desarrollan una respuesta Thl.
La expresion de IgG e IgG2 se detecta en todos los animales infectados, mientras que la

de IgG1 e IgE unicamente se detecta en animales que desarrollan la enfermedad lo que

sefiala su potencial papel como marcadoras de leishmaniosis canina activa.
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Abstract

Pathogenesis in visceral leishmaniosis is associated with depressed cellular immunity and a significant rise of antileishmanial
antibodies. We assessed the relative levels of immunoglobulin E anti-Leishmania infantum, together with those of IgG, IgG1 and
1gG2, using the enzyme-linked immunosorbent assay (ELISA) test, in non-infected and infected dogs with or without symptoms,
and their association with symptoms to differentiate the stages of the infection. The expression of all immunoglobulins (IgG,
IgG1, IgG2 and IgE) was higher in symptomatic dogs than in all other categories. IgG and IgG2 expression was higher in the
infected asymptomatic group than in the non-infected group, whereas IgG1 and IgE expression was only higher in symptomatic
animals. This correlation between the expression of IgG1 and IgE and the pathology of leishmaniosis points to their potential

role as markers of the active disease.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Leishmania infantum; Dog; 1gG; 1gG1; 1gG2; IgE

In canine leishmaniosis, high levels of specific IgG
antibodies have been associated with pathophysiolo-
gical disorders and active phases of the disease (Pinelli
et al., 1994; Carrera et al., 1996; Iniesta et al., 2002).
Nevertheless, the lack of these immunoglobulins does
not rule out leishmanial infection, and positive
cultures have been obtained from dogs without or

Abbreviations: DTH, delayed type hypersensitivity test; PBS-
TM, phosphate-buffered saline tween 1% milk; WB, Western blot
* Corresponding author. Tel.: +34 934024500;
fax: +34 934024504.
E-mail address: mportus@ub.edu (M. Portus).

with low IgG levels (Ashford et al., 1993; Pinelli et al.,
1994; Iniesta et al., 2002). Seroepidemiological
studies carried out in endemic areas have demon-
strated that many asymptomatic dogs have anti-
Leishmania antibodies (Portus et al., 1987; Abranches
etal., 1991; Sideris et al., 1999) that can be maintained
for years without leishmanial disease developing
(Lanotte et al., 1979; Fisa et al., 1991).

Human visceral leishmaniosis may become firmly
established and progress to a symptomatic state
associated with Th2-cell type response (Carvalho
et al., 1985, 1992; Sundar et al., 1997). The IgG
subclasses in Sudanese, Venezuelan and Indian

0165-2427/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
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patients are significantly over expressed, especially
IgG1, during the active phase of human visceral
leishmaniosis (Elassad et al., 1994; Ulrich et al., 1995;
Anam et al., 1999a, 1999b). Also, high values of
specific IgE have been reported during acute phases of
disease for Indian kala-azar patients (Anam et al.,
1999b) and patients with L. chagasi (Atta et al., 1998).

Most studies dealing with immunoglobulins expres-
sion in dogs have focused on the IgG, IgG1 and 1gG2
response (Deplazes et al., 1995; Cavaliero et al., 1999;
Solano-Gallego et al., 2001; Quinnell et al., 2003), but
there are no data about the expression of other immuno-
globulins during Leishmania infection. Here, we study
the level of IgG, IgGl, IgG2, and IgE in naturally
infected symptomatic and asymptomatic dogs from the
northeast of Spain to improve our understanding of the
immunoresponse of dogs during the infection and to
diagnose the stage of the disease using serology.

We examined 109 dog serum samples, 90 from
highly endemic areas in the northeast of Spain and 19
from a non-endemic area in France (Besangon). These
sera, from our serobank, corresponded to dogs included
in a large survey of animals from endemic areas that had
been screened for leishmaniosis in previous studies,
through various parasitological (direct examination and
culture of popliteal lymph node aspirate), immunolo-
gical (ELISA and Western blot with protein A and
delayed type hypersensitivity tests) and molecular
(PCR) techniques. These techniques are described in
Iniesta et al., 2002. Clinical signs, consistent with
canine leishmaniosis (skin abnormalities, onychogry-
posis, weight loss, epistaxis, apathy, ocular and other
lesions and lymph node enlargement, among others)
were also recorded. Animals with at least two of these
clinical signs were considered symptomatic. Animals
were considered infected by Leishmania when they
were positive by direct examination, culture or PCR or
at least two immunological techniques (ELISA and
WB, ELISA and DTH or WB and DTH). Fifty-two sera
corresponded to animals considered infected when
sampling was performed, and 57 to non-infected
animals. Dogs were classified in four categories: (1)
19 animals from non-endemic areas; (2) 38 non-
infected animals from endemic areas; (3) 29 infected
asymptomatic animals; (4) 23 infected symptomatic
animals.

Anti-Leishmania antibodies were quantitatively
detected by ELISA as described by Riera et al.
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(1999) with some modifications regarding the dilu-
tions and conjugates used.

Sera and conjugate concentrations were deter-
mined by a checker-board titration method with four
sera (two from infected animals and two from dogs
from the non-endemic zone). Anti-dog IgG perox-
idase, anti-dog IgGl peroxidase, anti-dog IgG2
peroxidase and anti-dog IgE peroxidase (Bethyl
Laboratories, Montgomery, TX, USA) were used as
second antibodies. The concentration of serum was
1:400 in phosphate-buffered saline-tween 1% milk
(PBS-TM) (Sigma, St Louis, MO, USA), for IgG
detection; 1:200 for IgG1l and IgG2 detection and
1:100 for IgE detection. The conjugate working
dilution was 1:5000 in PBS-TM for anti-dog IgG
peroxidase; 1:200 for anti-dog IgGl peroxidase;
1:7500 for anti-dog IgG2 peroxidase and 1:100 for
anti-dog IgE peroxidase. The reaction was quantified
in ELISA units (U) by reference to a positive serum,
obtained from a euthanized infected dog in the acute
phase of disease and used as calibrator and arbitrarily
set at 100 U. The mid point optical density obtained
with the calibrator was 1.000 for IgG, 1.300 for IgG2,
0.350 for IgG1 and 0.550 for IgE.

Student’s r-test was performed by using the SPSS
programme.

When analysing the antibody response in the
different groups of animals (Fig. 1), in infected dogs
IgG1 and IgE are only significantly high in sympto-
matic animals (Student’s #-test, P = 0.002 to IgG1 and
P =0.000 to IgE) while IgG and IgG2 are high in both,
asymptomatic (P =0.000 to IgG and P =0.001 to
IgG2) and symptomatic (P =0.000 to IgG and
P =0.000 to IgG2) animals. This is the consequence
of the different Th-cell type response in symptomatic
and asymptomatic animals. In mice infected by L.
major and L. donovani, the progression of the disease
and the Th2 response (IL-4, IL-5 and IL-10 and IgG1)
are clearly associated, as are resistance and Th1 (IFN-
v and IgG2a) (Bretscher et al., 1992; Afrin and Ali,
1997, 1998). Also in human visceral leishmaniosis, the
relationship between the Th-cell type response and the
evolution of the disease have been reported (Carvalho
et al., 1985, 1992; Elassad et al., 1994; Ulrich et al.,
1995; Sundar et al., 1997; Atta et al., 1998; Anam
et al., 1999a, 1999b).

In dogs high levels of specific antibodies, mainly of
IgG class, have been related with pathophysiological
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Fig. 1. Specific anti-Leishmania immunoglobulins detected by
ELISA units (U) in non-infected (from non-endemic and endemic
areas) and infected (asymptomatic and symptomatic) dogs. Solid
bars indicate mean value and error bars indicate S.D. of immuno-
globulins expressed by ELISA units in each cohort. Dogs are divided

71

disorders and active phases of the disease (Pinelli
et al., 1994; Carrera et al., 1996; Iniesta et al., 2002).
The relationship between high IgG2 expression with
asymptomotic infections and high IgGl expression
with disease have been stated (Deplazes et al., 1995;
Bourdoiseau et al., 1997; Solano-Gallego et al., 2001)
associated with upregulation of specific IgG1 (Quin-
nell et al., 2003), as it is observed in our dogs.

IgE in dogs is classically associated with atopic
(IgE-mediated hypersensitivity to environmental
allergens) (Halliwell and DeBoer, 2001; Foster
et al., 2003) and worm diseases (Snowden and
Hammerberg, 1987; Gasser et al., 1993), but there
is no information on IgE in dogs infected by L.
infantum. We found high values of specific IgE only in
symptomatic infected dogs as reported for Indian kala-
azar patients (Anam et al., 1999b).

IgE and IgG1 expression in asymptomatic infected
dogs and non-infected animals from endemic areas
were not significantly different (P = 0.718 for IgE and
P =0.079 for IgGl). In contrast, non-infected dogs
from endemic areas, in our study, had higher IgG
expression than dogs from non-endemic areas
(P=0.000 for IgG and P =0.001 for IgG2). In
endemic areas, low levels of specific antibodies are
found in healthy animals that do not develop the
disease for many years, if at all (Lanotte et al., 1979;
Fisa et al., 1991). This causes one of the main
problems in epidemiological studies on canine
leishmaniosis in such areas: how to identify infected
animals. In the present study the antibodies found
were of the IgG2 subclass and may reflect the
immunological memory from past infections or just
the response of antibodies to parasite inoculations in
resistant animals that develop a Thl response.

Our data demonstrate that IgG and IgG2 anti-
bodies in canine leishmaniosis are expressed by all
infected animals, both asymptomatic and sympto-
matic, whereas IgG1 and IgE are only expressed by
animals that develop the pathology, which points
to their potential role as markers of the active
disease.

into cohorts as follows: (1) animals from non-endemic area; (2) non-
infected animals from endemic area; (3) infected asymptomatic
dogs; (4) symptomatic dogs, infected animals with external signs of
leishmanial disease.
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En este estudio se analiza mediante ELISA y western blot la expresion de I1gG1 e IgG2
especificas en perros naturalmente infectados por Leishmania infantum para detectar
marcadores relacionados con la infeccidn, el estado clinico y las fases tempranas de la
enfermedad. Se estudian 109 sueros procedentes de 50 perros de zonas de alta endemia
del noreste peninsular en su mayoria pertenecientes a un grupo de animales a los que se
realizd un seguimiento, habitualmente anual, durante un periodo de tiempo variable
(entre dos y nueve afios). El diagndstico de la leishmaniosis se realizé mediante pruebas
inmunologias (ELISA y DTH), parasitoldgicas (examen directo y cultivo) y moleculares

(PCR).

El numero de fracciones polipeptidicas reconocidas por IgG1 e IgG2 en el antigeno de
Leishmania es similar y disminuye de forma paralela a los valores relativos de ambas

inmunoglobulinas detectadas mediante ELISA.

El calculo de la especificidad y la sensibilidad de cada banda en relacién al andlisis
parasitolégico, permite considerar un western blot positivo aquel que detecta alguna de
las siguientes bandas 24, 20, 18, 16 6 14 kDa para IgG1 y 48, 31, 24, 18, 16 6 14 kDa
para IgG2.

El reconocimiento de fracciones polipeptidicas de bajo peso molecular 14, 16 y 18 kDa
para IgGl y 14 y 16 kDa para IgG2 permite detectar diagndsticos falsos negativos
mediante pruebas parasitologicas y moleculares en las fases tempranas de la infeccion,

fundamentalmente por parte de las IgG1.
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Abstract

Here we analyzed, by Western blot analysis, the idiotype expression of IgG1 and IgG2 in 109 canine sera corresponding to 50
dogs from endemic areas of leishmaniosis in order to detect markers related to Leishmania infantum infection and clinical condition
(asymptomatic or symptomatic). Twenty-four dogs from an area free of leishmaniosis were used as controls.

IgG1 and IgG2 responses in symptomatic and asymptomatic L. infantum infections differed mainly in subclass production
(ELISA values), with higher IgG2 production occurring particularly in symptomatic dogs. Nevertheless, we observed little
difference in the idiotype expression of these IgG subclasses, which, in general, recognized the same antigenic fractions. While
early L. infantum infection was characterized by recognition of polypeptide fractions of low molecular weight, mainly fractions of
14, 16 and 18 kDa by IgG1 and 14 and 16 kDa by IgG2, symptomatology was associated with recognition by both IgG subclasses of

a 24 kDa fraction and other antigens belonging to the AG24 family.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Leishmania infantum; Dog; 1gG1; 1gG2; Western blot

1. Introduction

Canine leishmaniosis (CaL), is a severe systemic
disease caused by Leishmania infantum with a high
prevalence in Mediterranean countries (Bettini and
Gradoni, 1986; Amela et al., 1995; Fisa et al., 1999).
Sero-epidemiological studies on Cal have reported a
large number of asymptomatic seropositive animals
(Lanotte et al., 1979; Portus et al., 1987; Abranches
et al., 1991; Fisa et al., 1999; Sideris et al., 1999)
exhibiting antibody levels at the detection threshold

Abbreviations: CC, contingency coefficient; Cal, canine leish-
maniosis; PBS-TM, phosphate-buffered saline-Tween 1% milk; TS-
T, Tris-Tween; WB, Western blot
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where artefacts and crossed reactions are also
commonly found. Moreover, longitudinal studies have
demonstrated that, in many cases, antibodies remain at
this threshold for years without the development of
leishmanial disease (Lanotte et al., 1979; Fisa et al.,
1991). Thus, conventional serological techniques
using whole L. infantum antigen (immunofluorescent
antibody test, direct agglutination test, ELISA, among
others) performed during clinical and epidemiological
studies often fail to distinguish between non-infected
and infected animals when a low level of antibodies is
detected, or to differentiate between disease phases
(Ashford et al., 1995; Iniesta et al., 2002; Mettler
et al., 2005). Recombinant antigen rK39 is a useful
tool in diagnosing active phases of leishmaniosis
(Badaro et al., 1996); however, it sometimes lacks
sensitivity (Igbal et al., 2002) and occasionally
remains positive for up to 2 years after treatment
(Zijlstra et al., 1998).
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Western blot (WB) analysis is a sensitive and specific
technique that has improved diagnostic capabilities for
canine (Aisa et al., 1998; Carrera et al., 1996;
Fernandez-Pérez et al.,, 1999) and human (Mary
et al., 1992; Cardefosa et al., 1995) leishmaniosis,
mainly in subjects with low antibody expression, such
as in Leishmania/HIV co-infected patients. IgG1 and
IgG2 expression during CaL has been related to host
Th1/Th2 response and disease evolution (Deplazes
et al., 1995; Cavaliero et al., 1999; Solano-Gallego
et al., 2001; Quinnell et al., 2003). In infections of L.
donovani in humans, qualitative analyses of immuno-
blot data indicate that certain leishmanial antigens are
recognized mainly by a particular subclass of IgGs
during distinct phases of the disease (Ghosh et al.,
1995).

Here we used WB to analyze the idiotype expression
of IgG1 and IgG2 in dogs naturally infected with L.
infantum in order to detect markers that are related to
infection, mainly when a low level of antibodies is
detected, to clinical status (asymptomatic or sympto-
matic) and also to early phases of disease and, in
consequence, to improve the diagnosis.

2. Materials and methods
2.1. Animals and sera

One hundred and nine sera samples from 50 dogs
were used. These samples in our serobank were from
dogs included in a study of highly endemic areas of CalL
in northeastern Spain (Priorat and Sant Jaume de
Llierca). Most animals were recruited between dog
pounds and hunting societies that were screened for
leishmaniosis at yearly intervals. As a result, repeated
samples were obtained from several of these animals
(only 1 sample was taken from 25 dogs, 2 samples from
11 dogs, 3 from 9 dogs, 4 from 2 dogs and 9 from 3
dogs). In previous studies, these dogs had been screened
for leishmaniosis using various parasitological (direct
examination and culture), molecular (PCR), and
immunological techniques (ELISA-Protein A, Western
blot-Protein A and delayed-type hypersensitivity). The
techniques and results for most samples are described in
Iniesta et al. (2002). External signs consistent with CalL
(skin abnormalities, onychogryposis, weight loss,
epistaxis, apathy, ocular and other lesions, and lymph
node enlargement, among others) were recorded.
Biochemical analysis was also performed. Animals
with two or more external signs and/or highly altered
biochemical parameters (serum proteins >8 g/dl, urea
>52 mg/dl, creatinine >1.8 mg/dl and aspartate ami-
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notransferase and alanine aminotransferase >42 U/)
were considered symptomatic. However, it should be
noted that animals in this study were not recruited in
veterinary surgeries due to an ill condition. They were
selected at random during epidemiological studies and
therefore only a few classified as symptomatic were
seriously 1ill.

Sixty-four samples were from dogs that tested
negative during parasite detection (direct examination,
culture, and PCR) (cohort 2). The remaining 45 were
from animals that tested positive using the parasitolo-
gical or molecular techniques. Twenty-one of these
positive dogs exhibited either two or more external
symptoms or altered biochemical parameters at the time
blood samples were obtained and were considered
symptomatic (cohort 4). The remaining 24 were
considered asymptomatic (cohort 3). Animals, from
which repeated samples were obtained, were included
in the cohort corresponding to their clinical status at the
time of taking the sample was. In all cases where a
change of cohort was produced, it was in an ascendant
sense (from cohort 2 to cohort 3, or from cohort 3 to
cohort 4).

A control group of 24 sera samples from 24 dogs
from a non-endemic area (Franche-Comté, France) was
also studied (cohort 1).

2.2. Antibody response study by ELISA

Anti-Leishmania antibodies were detected by ELISA
as described by Riera et al. (1999), with some
modifications as regards the conjugates and dilutions
used. Anti-dog IgG1 peroxidase (1:200 for lot A40-
120P-8) and anti-dog IgG2 peroxidase (1:5000 and
1:7500 for two distinct lots, A40-121P-6 and A40-
121P-7, respectively) (Bethyl Laboratories, Montgom-
ery, TX, USA) were used as secondary antibodies. Sera
were tested at 1:200 dilution in PBS-Tween 1% milk
(PBS-TM) for IgGl and IgG2 determinations. The
reaction was quantified in units (U), based on a positive
serum used as a calibrator, and then arbitrarily set at
100 U. The cut-off was established at 40 U for IgG1 and
20U for IgG2 (mean + 4 standard deviations for 39
dogs from various non-endemic areas—Belgium,
Franche-Comté and the Canary Islands).

2.3. Immunoblot analysis

Western blot (WB) was performed as described by
Aisa et al. (1998). Antigen for immunoblot analysis was
obtained during the logarithmic growth phase of
promastigotes cultured in Schneider’s medium. Cells
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were washed, counted, adjusted to a concentration of
3 x 10® promastigotes/ml in sample buffer (0.5 M Tris—
HCI, pH 6.8, 0.01 M EDTA, 5% sodium dodecylsulfate
[SDS], 5% 2-mercaptoethanol, 0.0125% bromophenol
blue), and boiled for 5 min. Electrophoresis was
performed on 0.1% SDS-13% polyacrylamide gels.
Polypeptides were trans-blotted onto nitrocellulose
sheets (Millipore, Bedford, USA). Immunoblot was
carried out with sera at 1:100 dilution in 20 mM Tris,
0.13 mM NaCl, pH 7.6, containing 0.05% Tween 20
(TS-T) and 1% dry skimmed milk. Anti-dog IgG1
peroxidase and anti-dog IgG2 peroxidase (Bethyl
Laboratories, Montgomery, TX, USA) were used as
secondary antibodies. The working dilutions for these
secondary antibodies were 1:100 and 1:1000, respec-
tively. Color was developed with 4-chloro-1-naphthol
(Sigma, St. Louis, USA) and H,O,, and the reaction was
stopped with tap water, The relative molecular weights
of the bands detected were calculated with Quantity
One software™ (version 4.1.1. Bio-Rad, Italy).

3. Statistical analysis

The Student’s #-test of independence and Pearson’s
correlation coefficient were performed using the SPSS
program.

The relationship between the WB bands and the
ELISA, and also that of each band with the infection or
symptomatology was determined by the x*-test and the
contingency coefficient (CC).

4. Results

Sera from infected animals recognized 33 polypep-
tide fractions of the L. infantum antigen, with molecular
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Fig. 1. Pattern of bands recognized in the Leishmania infantum
antigen in IgGl (1) and IgG2 (2) WB analysis of sera from five
infected symptomatic dogs, and IgG1 and IgG2 ELISA units for each
serum.

weight ranging from 14 to 69 kDa, using anti-IgG1 and
anti-IgG2 conjugates (Fig. 1).

The mean ELISA values (Table 1) for IgG1 differed
only between dogs from non-endemic (cohort 1) and
endemic (cohorts 2—4) areas (p = 0.000), and between
dogs with negative (cohort 2) and positive (cohorts 3
and 4) parasite detection values (p = 0.007). However,
no statistical differences between asymptomatic (cohort
3) and symptomatic (cohort 4) animals were found
(p =0.223). In contrast, ELISA IgG2 values clearly
differed between the cohorts (non-endemic and
endemic, p =0.000; negative and positive parasite
detection, p = 0.000; symptomatic and asymptomatic,
p = 0.000).

The mean number of polypeptide fractions detected
in the overall dog cohort was similar for [gG1 and IgG2
antibodies (p =0.270). The recognition of antigenic
fractions was higher in animals from endemic than
from non-endemic areas (p = 0.000 for IgG1 and IgG2)
and it was also higher in dogs with positive than with
negative parasite detection (p =0.000 for IgGl and
IgG2). Differences in the number of bands detected
between symptomatic and asymptomatic dogs were
only significant for IgG2 (p=0.011 for IgG2 and
p =0.101 for IgG1) (Table 1).

A comparison of the results obtained by ELISA and
WB for each serum showed that the number of bands
detected in the immunoblot increased, as expected, with
the ELISA value, with better correlation observed in
these two parameters for IgG2 (r = 0.605) than for IgG1
(r=0.378). The WB reactivity of sera that yield low
ELISA values for [gG1 was in most cases characterized
by low band intensity rather than low band recognition.
Good correlation (r=0.704) was observed between
the number of bands identified by IgGl and IgG2
conjugates.

The specificity for each band revealed in the WB
analysis was established with the sera of animals from
the negative control group (cohort 1). Sera from 8 dogs
in this group showed a weak immunoreactivity to 1-3
polypeptide fractions of the L. infantum antigen (69, 63,
60, 52, 46, 45, 43, 40, 38, 36, 33 or 30 kDa for IgG1, and
69, 63, 60, 36 or 33 kDa for IgG2).

Sensitivity for each band was calculated using the
positive dogs obtained by direct examination, culture, or
PCR testing (cohorts 3 and 4, Tables 2 and 3). The
highest sensitivity was for bands of 69 kDa (49%),
48 kDa (49%), 30 kDa (64%), 24 kDa (49%), 20 kDa
(44%), 18 kDa (64%), 16 kDa (71%) and 14 kDa (60%)
for IgG1 and 69 kDa (62%), 36 kDa (51%), 31 kDa
(40%), 30 kDa (51%), 24 kDa (38%), 18 kDa (44%),
16 kDa (71%) and 14 kDa (67%) for 1gG2. Sensitivity
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Table 1
Leishmania infantum IgG1 and IgG2 ELISA (U) and WB (number of bands) analysis in sera of different cohorts of dogs (mean values + standard
deviation)

Cohort 1 (n =24) Cohort 2 (n = 64) Cohort 3 (n =24) Cohort 4 (n=21)
ELISA
IgGl1 79 +4.1 19.5 £ 159 254+ 19.1 31.9+153
IgG2 36+£33 22.5 £20.7 50.2 +£29.2 102.8 £ 55.6
WB
1gGl1 0.7+1.1 45+34 7.8+3.8 9.7+3.7
1gG2 0.3+0.6 3.6 +33 7.7 +35 10.8 4.3

Cohort 1: dogs from a non-endemic area. Cohort 2: dogs from endemic areas that tested negative in any of the parasitological or molecular techniques
performed (direct examination, culture, and PCR). Cohort 3: asymptomatic dogs positive in any of the parasitological or molecular techniques
performed. Cohort 4: symptomatic dogs positive in any of the parasitological or molecular techniques performed. n: number of sera from dogs in
each cohort.

Table 2

Western blot IgG1 response

Band Cohort 1 Cohort 2 Cohort 3 Cohort 4 Parasite detection Symptoms

(kDa) (n=24) (n=64) (n=24) n=21) » ccP » ccb
69 8.3 20.8 32.5 57.1 0.000 0.306 0.300 0.153
66 0 14.6 12.5 9.5 0.816 0.020 0.751 0.047
63 4.2 16.7 15 14.3 0.626 0.042 0.826 0.033
62 0 0 2.5 4.8 0.046 0.170 0.923 0.014
60 4.2 8.3 22.5 19 0.306 0.088 0.835 0.031
58 0 2.1 7.5 9.5 0.392 0.074 0.472 0.107
56 0 229 7.5 23.8 0.527 0.055 0.322 0.146
54 0 12.5 5 9.5 0.668 0.037 0.889 0.021
52 4.2 16.7 27.5 28.6 0.139 0.127 0.787 0.040
50 0 12.5 15 14.3 0.336 0.083 0.234 0.175
48 0 31.3 475 429 0.004 0.245 0.449 0.112
46 12.5 2.1 5 19 0.261 0.097 0.113 0.230
45 4.2 18.8 15 28.6 0.025 0.191 0.787 0.040
43 8.3 6.3 7.5 4.8 0.974 0.003 0.632 0.071
42 8.3 8.3 225 9.5 0.217 0.106 0.176 0.198
40 4.2 8.3 10 9.5 0.395 0.074 0.751 0.047
39 0 8.3 2.5 4.8 0.261 0.097 0.280 0.159
38 4.2 12.5 7.5 23.8 0.090 0.145 0.322 0.146
36 4.2 12.5 15 19 0.075 0.153 0.881 0.022
34 0 6.3 12.5 14.3 0.029 0.186 0.826 0.033
33 4.2 42 32.5 33.3 0.003 0.253 0.763 0.045
32 0 8.3 12.5 14.3 0.060 0.161 0.826 0.033
31 0 42 2.5 333 0.001 0.268 0.011 0.356
30 4.2 18.8 60 57.1 0.000 0.410 0.338 0.141
28 0 10.4 17.5 23.8 0.004 0.242 0.926 0.014
26 0 12.5 12.5 23.8 0.010 0.219 0.811 0.036
24 0 6.3 25 71.4 0.000 0.439 0.005 0.389
22 0 229 15 9.5 0411 0.071 0.176 0.198
21 0 8.3 15 47.6 0.000 0.306 0.025 0.316
20 0 10.4 27.5 52.4 0.000 0.394 0.316 0.148
18 0 18.8 50 81 0.000 0.410 0.030 0.307
16 0 20.8 57.5 76.2 0.000 0.453 0.482 0.104
14 0 18.8 40 76.2 0.000 0.412 0.038 0.295

Percentage of sera in each cohort recognizing polypeptide fractions in L. infantum antigen. Relationship of band recognition with parasite detection
(cohorts 3 and 4) and symptoms (cohort 4). In bold, bands with the strongest relationships with parasite detection and symptoms (p < 0.05,
CC > 0.350).

* p, Pearson’s test p-value.

® CC, Pearson’s contingency coefficient.
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Table 3
Western blot IgG2 response
Band Cohort 1 Cohort 2 Cohort 3 Cohort 4 Parasite detection Symptoms
(kDa) (n=24) (n=064) (n=124) (n=21) »” cc » ccb
69 8.3 25 525 61.9 0.000 0.342 0.967 0.006
66 0 6.3 7.5 4.8 0.604 0.045 0.632 0.071
63 8.3 20.8 25 28.6 0.256 0.098 0.787 0.040
62 0 2.1 2.5 0.308 0.088 - -
60 4.2 14.6 12.5 28.6 0.061 0.160 0.338 0.141
58 0 6.3 7.5 14.3 0.154 0.123 0.526 0.094
56 0 12.5 15 333 0.004 0.245 0.344 0.140
54 0 42 12.5 14.3 0.069 0.156 0.860 0.026
52 0 20.8 10 23.8 0.765 0.026 0.153 0.208
50 0 42 12.5 28.6 0.001 0.287 0.338 0.141
48 0 6.3 22.5 429 0.000 0.361 0.114 0.229
46 0 2.1 12.5 23.8 0.029 0.186 0.545 0.090
45 0 25 35 429 0.016 0.204 0.714 0.054
43 0 14.6 12.5 0.548 0.052 0.027 0.314
42 0 8.3 20 28.6 0.000 0.345 0.731 0.051
40 0 8.3 5 19 0.012 0.213 0.545 0.090
39 0 8.3 5 19 0.395 0.074 0.113 0.230
38 0 42 10 19 0.001 0.268 0.835 0.031
36 83 20.8 375 47.6 0.000 0.348 0.661 0.065
34 0 8.3 10 19 0.012 0.213 0.835 0.031
33 4.2 8.3 22.5 429 0.000 0.290 0.205 0.186
32 0 6.3 225 4.8 0.261 0.097 0.205 0.186
31 0 6.3 20 47.6 0.000 0.429 0.329 0.144
30 0 25 375 57.1 0.000 0.324 0.449 0.112
28 0 14.6 15 19 0.493 0.059 0.545 0.090
26 0 6.3 10 23.8 0.002 0.264 0.550 0.089
24 0 6.3 15 57.1 0.000 0.396 0.012 0.350
22 0 2.1 7.5 4.8 0.766 0.026 0.923 0.014
21 0 2.1 7.5 333 0.004 0.240 0.011 0.356
20 0 2.1 17.5 333 0.001 0.285 0.194 0.190
18 0 0 20 61.9 0.000 0.490 0.027 0.312
16 0 18.8 52.5 81 0.000 0.472 0.173 0.199
14 0 18.8 425 76.2 0.000 0.475 0.205 0.186

Percentage of sera in each group of dogs recognizing polypeptide fractions in L. infantum antigen. Relationship of bands with parasite detection
(cohorts 3 and 4) and symptoms (cohort 4). In bold, bands with the strongest relationships with parasite detection and symptoms (p < 0.05,

CC > 0.350).
* p, Pearson’s test p-value.
b CC, Pearson’s contingency coefficient.

of WB analysis increased when a combination of bands
was considered, reaching 89% for the two immunoglo-
bulin subclasses when a band of 24, 20, 18, 16 or 14 kDa
for IgGl, and 24, 18, 16 or 14 kDa for IgG2 was
detected.

The relation of each band to positive parasitological
analysis ( Xz), and the intensity of this relation (CC-—
Pearson’s contingency coefficient) were then calculated
(Tables 2 and 3). The strongest relationships (p < 0.05,
CC > 0.350) occurred in the following bands: 30, 24,
20, 18, 16 and 14 kDa for IgG1 and 48, 31, 24, 18, 16
and 14 kDa for IgG2. On the basis of these results, we
considered the WB to be positive when any of the latter
bands were present, with the exception of the 30 kDa for
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IgG1, which was detected in the sera of one dog from a
non-endemic area. Sera from symptomatic dogs (cohort
4) recognized more frequently than sera from asympto-
matic dogs (cohort 3) bands of 24 kDa (IgG1 and IgG2),
31 kDa (IgG1) and 21 kDa (IgG2).

A comparison of qualitative results (positive/
negative) obtained with ELISA and WB is shown in
Table 4. A large number of sera from dogs from
endemic areas which had tested negative for parasite
detection (cohort 2) were positive to IgG1 and/or IgG2
specific antibodies using one or both serological
techniques.

In most cases, dogs had a positive culture or PCR at
their subsequent examination, often 1 year later,
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Table 4 . exhibited this reversion from negative to positive

Positive/negative rest}lts for ELISA and WB-IgG1 and -IgG2 for sera parasitological results. Nineteen sera from infected
of dogs from endemic areas . .

asymptomatic dogs (cohort 3) were negative to one or

Cohort 2 (n=64) both serological techniques, WB-IgG1 being more

ELISA-IgG1*  WB-IgG1°® ELISA-IgG2*  WB-IgG2° sensitive than ELISA-IgG1. The sensitivity of ELISA

- — and WB was similar for IgG2 detection. Also, in

neg pos neg pos . .
symptomatic dogs (cohort 4), WB analysis proved
neg 35 19 neg 29 6 more sensitive than ELISA in discriminating between
pos 4 6 pos 10 19 .. . . .
positive and negative results in sera with low IgG1l
levels.
Cohort 3 (n =24) In 8 of the 25 animals from which repeated yearly
ELISA-IgGI®  WB-IgG1° ELISA-IgG2"  WB-IgG2° samples were obtained, a negative-to-positive reversion
neg  pos neg  pos of serological and parasitological results occurred. In
five, early diagnosis was made using WB and the
neg 2 17 neg 1 1 . . . .
pos ) 4 pos 2 20 polypeptide fractions that were identified early were
those of 18, 16 and 14 kDa for IgG1, and 16 and 14 kDa
Cohort 4 (n = 21) for IgG2 (Fig. 2).
ELISA-IgGI*  WB-IgG1® ELISA-IgG2*  WB-IgG2° 5. Discussion
neg pos neg pos
neg 0 4 neg 0 0 Here we studied IgG1 and IgG2 expression in dogs
pos 2 15 pos 2 19 naturally infected with L. infantum to identify markers
* ELISA was considered positive when it was >22 U for IgG1 and of infection and disease evolution. Quantitatively, IgG1
>20 U for IgG2. response to leishmanial antigens in infected dogs was
® WB was considered positive when any of fractions (24, 20, 18, 16 variable, generally low and with no clear relationship

and 14 kDa for IgGl1, and 48, 31, 24, 18, 16 and 14 kDa for IgG2) of

the L. infantum antigen was recognized. with the disease, while IgG2 response directly

correlated with pathophysiological status, and higher

although in exceptional cases parasitological positiv- levels of this immunoglobulin subclass were detected in
ity lasted many years. Sixteen sera in cohort 2, positive symptomatic than in asymptomatic dogs. Many studies
to IgG1 (5/6 positive with ELISA and WB, 2/4 positive have attempted to associate polarized T-cell helper
only with ELISA and 9/19 positive only with WB), responses with the clinical evolution of Leishmania
and 26 sera positive to IgG2 (16/19 positive with infections. Presumably, the immune response of dogs to
ELISA and WB, 7/10 positive only with ELISA and L. infantum is not exclusively cellular or humoral, but
3/6 positive only with WB) corresponded to dogs that rather a combination of Thl and Th2, and animals
(a) 1zG1 18G2 () 161 12G2
abocd e f MW (kDa) e b il N MW (kDa) &b & a b ¢ MWD
-974 -974 i
0 g B -66
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Fig. 2. IgG1 and IgG2 WB and ELISA analysis of sera from two dogs in which a parasitological reversion was detected. (1) Early identification of
polypeptide fractions 16 and 14 kDa for IgG1 and IgG2. Lane (a) corresponds to year 1995; lane (b), 1997; lane (c), 1998; lane (d), 1999; lane (e),
2001; lane (f), 2002. Culture was positive in lane (e). The dog remained asymptomatic throughout the study period (1995-2002). Lanes correspond to
three distinct nitrocellulose sheets (lanes a—d, lane e and lane f). (2) Early identification of polypeptide fractions 16 for IgG1 and 14 for IgG2. Lane
(a) corresponds to year 2000; lane (b), 2001; lane (c), 2002. Culture was positive in lane (c). The dog remained asymptomatic throughout the study
period (2000-2002). Lanes correspond to three distinct nitrocellulose sheets.
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present a wide spectrum of responses (Abranches et al.,
1991; Pinelli et al., 1994; Carrera et al., 1996; Cabral
etal., 1998). Various studies have described the levels of
specific Leishmania 1gG subclasses (IgG1 and IgG2) in
sick, asymptomatic, and treated dogs. However,
conflicting results regarding the up-regulation of these
subclasses have been reported. Most of these studies
used the same commercial polyclonal antisera as
reported here and concluded that the main humoral
immunological response in Cal belongs to an IgG2
subclass (Bourdoiseau et al., 1997; Boceta et al., 2000,
Solano-Gallego et al., 2001; Leandro et al., 2001;
Iniesta et al., 2002). In contrast, Quinnell et al. (2003),
using a monoclonal antibody panel, concluded that CaL.
is associated with the up-regulation of specific
antibodies, particularly the IgGl, IgG3 and IgG4
subclasses.

In our study, the number of polypeptide fractions that
reacted with IgG1 and IgG2 was similar. A previous
report on human L. donovani infection (Ravindran et al.,
2004) indicates a greater number of polypeptides
reacting with the former, while more polypeptides are
recognized by anti-leishmanial IgG2 antibodies than by
IgG1 in infected dogs (Nieto et al., 1999; Vercamen
et al., 2002; Fernandez-Pérez et al., 2003). In our
opinion, the small sample of dogs examined in some of
these studies and the differences in sensitivity of the
used technique, mainly because of varying sera and
conjugate concentrations, may explain the lack of
consistency between findings.

The low IgGl response detected in most infected
dogs places their ELISA values in a narrow margin
around the threshold, often in a grey zone in which it is
very difficult to distinguish between positives and
negatives. The qualitative character of WB analysis
allows distinguishing between specific and crossed
reactions when such low antibody level is present (Mary
et al., 1992; Carrera et al., 1996; Aisa et al., 1998;
Fernandez-Pérez et al., 1999) which increases the
sensitivity. The high sensitivity of WB analysis, mainly
in early phases of the infection, may explain that most
diagnostic bands were also recognized by some sera
from dogs from endemic areas that tested negative to
parasite detection (cohort 2).

We observed that symptomatic infection coincided
with a high humoral immuno-response, characterized
by a highly polyclonal antigenic stimulation despite the
low IgG1 response. Antigens belonging to the AG24
family (Couvreur et al., 1997) (31 and 24 kDa for IgG1
and 24 and 21 kDa for IgG2) previously described for
their high immunicity and sensitivity for diagnosis (Le
Ray et al., 1975) were those mainly related with
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symptoms (p < 0.05, CC > 0.350) and were consid-
ered clinical markers.

The polypeptide fractions recognized by IgG1 and
IgG2 during early humoral immuno-response in
infected dogs were, as has been previously reported
for IgG in canine (Aisa et al., 1998) and human (Mary
et al., 1992) visceral leishmaniosis, antigenic fractions
of low molecular weight. Both IgG subclasses were
expressed from the beginning of the infection in
response to 14 and 16 kDa antigenic fractions, while the
IgG1 subclass also exhibited an early response to the
18 kDa fraction.

In conclusion, the present study shows that IgG1 and
IgG2 responses in asymptomatic and symptomatic L.
infantum infections in dogs differs mainly in the amount
of each subclass produced, with higher IgG2 production
occurring particularly in symptomatic dogs. Never-
theless there is scant difference in the idiotype
expression of these two subclasses, which, in general,
recognize the same antigenic fractions. While the early
L. infantum infection is characterized by the recognition
of polypeptide fractions of low molecular weight,
mainly fractions of 14, 16 and 18 kDa by IgG1 and 14
and 16 kDa by IgG2, the symptomatology is related to
recognition by both IgG subclasses of antigens
belonging to the AG24 family.

Acknowledgements

This study was supported by the EU project FAIR
CT98-4104. Financial support was also obtained from
the Spanish and Catalan governments; projects PB94-
0865 and 1999SGR00072. We thank Prof. R. Piarroux
from the Laboratoire de Parasitologie-Mycologie,
Faculté de Médecine et de Pharmacie, Université de
Franche-Comté, Besancon (France) for providing sera
from Franche Comté (France), and the veterinarians and
dog owners for their collaboration in sampling. Special
thanks go to Dr. J. Cair6 and Miss R. Ferrer for their
help. It has been followed the ethical process described
in the Spanish RD 1201/2005, 10th October, about
protection of animals used for experimentation and
other scientific purposes.

References

Abranches, P., Silva-Pereira, M.C., Conceicao-Silva, F.M., Santos-
Gomes, G.M., Janz, J.G., 1991. Canine leishmaniasis: pathologi-
cal and ecological factors influencing transmission of infection. J.
Parasitol. 77, 557-561.

Aisa, ML.J., Castillejo, S., Gallego, M., Fisa, R., Riera, C., de Colme-
nares, M., Torras, S., Roura, X., Sentis, J., Portds, M., 1998.
Diagnostic potential of Western blot analysis of sera from dogs



196

with leishmaniasis in endemic areas and significance of the
pattern. Am. J. Trop. Med. Hyg. 58, 154-159.

Amela, C., Méndez, 1., Torcal, J. M., Medina, G., Pachon, 1., Cafiavate,
C., Alvar, J., 1995. Epidemiology of canine leishmaniasis in the
Madrid region, Spain. Eur. J. Epidemiol. 11, 157-161.

Ashford, D.A., Bozza, M., Freire, M., Miranda, J.C., Sherlock, 1.,
Euldlio, C., Lopes, U., Fernandes, O., Degrave, W., Barker Jr.,
R.H., Badaré, R., David, J.R., 1995. Comparison of the polymer-
ase chain reaction and serology for the detection of canine visceral
leishmaniosis. Am. J. Trop. Med. Hyg. 53, 251-255.

Badaro, R., Benson, D., Euldlio, M.C., Freire, M., Cunha, S., Netto,
E.M., Pedral-Sampaio, D., Madureira, C., Burns, J.M., Houghton,
R.L., David, J.R., Reed, S.G., 1996. rK39: a cloned antigen of
Leishmania chagasi that predicts active visceral leishmaniasis. J.
Infect. Dis. 173, 758-761.

Bettini, S., Gradoni, L., 1986. Canine leishmaniasis in the Mediterra-
nean area and its implications for human leishmaniasis. Insect Sci.
Appl. 7, 241-245.

Boceta, C., Alonso, C., Jiménez-Ruiz, A., 2000. Leucine-rich repeats
are the main epitopes in Leishmania infantum PSA during canine
and human visceral leishmaniasis. Parasite Immunol. 22, 55-62.

Bourdoiseau, G., Bonnefont, C., Hoareau, E., Boehringer, C., Stolle,
T., Chabanne, L., 1997. Specific IgG1 and IgG2 antibody and
lymphocyte subset levels in naturally Leishmania infantum
infected treated and untreated dogs. Vet. Immunol. Immunopathol.
59, 21-30.

Cabral, M., O’Grady, J.E., Gomes, S., Sousa, J.C., Thompson, H.,
Alexander, J., 1998. The immunology of canine leishmaniosis:
strong evidence for a developing disease spectrum from asympto-
matic dogs. Vet. Parasitol. 76, 173-180.

Cardefiosa, N., Riera, C., Cortés, P., March, F., Mufioz, C., Portis, M.,
Prats, G., 1995. Detection and characterization by immunoblot
analysis of potentially diagnostic Leishmania infantum polypep-
tides in human visceral leishmaniasis. Parasite Immunol. 17, 509—
516.

Carrera, L., Fermin, M.L., Tesouro, M., Garcia, P., Rollan, E.,
Gonzalez, J.L., Méndez, S., Cuquerella, M., Alunda, J.M.,
1996. Antibody response in dogs experimentally infected with
Leishmania infantum: infection course antigen markers. Exp.
Parasitol. 82, 139-146.

Cavaliero, T., Arnold, P., Mathis, A., Glaus, T., Hofmann-Lehmann,
R., Deplazes, P., 1999. Clinical, serologic, and parasitologic
follow-up after long-term allopurinol therapy of dogs naturally
infected with Leishmania infantum. J. Vet. Intern. Med. 13, 330-
334.

Couvreur, B., Jacquet, D., Bollen, A., Le Ray, D., 1997. Molecular
characterization of antigen 24, a specific immunodominant anti-
gen family from Leishmania infantum. Parasitology 115, 611-619.

Deplazes, P, Smith, N.C., Arnold, P., Lutz, H., Eckert, J., 1995.
Specific IgG1 and IgG2 antibody responses of dogs to Leishmania
infantum and other parasites. Parasite Immunol. 17, 451-458.

Fernandez-Pérez, F.J., Méndez, S., de la Fuente, C., Cuquerella, M.,
Gomez, M.T., Alunda, J.M., 1999. Value of Western blotting in the
clinical follow-up of canine leishmaniasis. J. Vet. Diagn. Invest.
11, 170-173.

Fernandez-Pérez, F.J., Gomez-Mufioz, M.T., Méndez, S., Alunda, J M.,
2003. Leishmania-specific lymphoproliferative responses and
1gG1/1gG2 immunodetection patterns by Western blot in asympto-
matic, symptomatic and treated dogs. Acta Trop. 86, 83-91.

Fisa, R., Gallego, M., Portuis, M., Gallego, J., 1991. Evolucién de la
leishmaniosis canina en zona endémica a través de su seguimiento
serologico. Cienc. Vet. 4, 69-76.

84

L. Iniesta et al./Veterinary Immunology and Immunopathology 119 (2007) 189-197

Fisa, R., Gallego, M., Castillejo, S., Aisa, M.J., Serra, T., Riera, C.,
Carrio, J., Gallego, J., Portds, M., 1999. Epidemiology of canine
leishmaniosis in Catalonia (Spain). The example of the Priorat
focus. Vet. Parasitol. 83, 87-97.

Ghosh, A.K., Dasgupta, S., Ghose, A.C., 1995. Immunoglobulin G
subclass-specific antileishmanial antibody responses in Indian
kala-azar and post-kala-azar dermal leishmaniasis. Clin. Diagn.
Lab. Immunol. 2, 291-296.

Iniesta, L., Fernandez-Barredo, S., Bulle, B., Gomez, M.T., Piarroux,
R., Gillego, M., Alunda, J.M., Portis, M., 2002. Diagnostic
techniques to detect cryptic leishmaniasis in dogs. Clin. Diagn.
Lab. Immunol. 9, 1137-1141.

Igbal, J., Hira, PR., Saroj, G., Philip, R., Al-Ali, F., Madda, P.J., Sher,
A., 2002. Imported visceral leishmaniasis: diagnostic dilemmas
and comparative analysis of three assays. J. Clin. Microbiol. 40,
475-479.

Lanotte, G., Rioux, J.A., Périéres, J., Vollhardt, Y., 1979. Ecologie des
leishmanioses dans le sud de la France. 10. Les formes évolutives
de la leishmaniose viscérale canine. Elaboration d’une typologie
bio-clinique a finalité épidémiologique. Ann. Parasitol. Hum.
Comp. 54, 277-295.

Leandro, C., Santos-Gomes, G.M., Campino, L., Romao, P., Cortes,
S.,Rolao, N., Gomes-Pereira, S., Rica Capela, M.J., Abranches, P.,
2001. Cell mediated immunity and specific IgG1 and I1gG2 anti-
body response in natural and experimental canine leishmaniosis.
Vet. Immunol. Immunopathol. 79, 273-284.

Le Ray, D., Afchain, D., Capron, A., 1975. Contribution de la
connaissance des antigenes de Leishmania a I'immunologie des
Trypanosomatidae. Colloques Internationaux du CNRS n° 239.
Ecologie des Leishmaniosis, pp. 63-73.

Mary, C., Lamouroux, D., Quilici, M., 1992. Western blot analysis
of antibodies to Leishmania infantum antigens: potential of the
14-kDa and 16-kDa antigens for diagnosis and epidemiologic
purposes. Am. J. Trop. Med. Hyg. 47, 764-771.

Mettler, M., Grimm, F., Capelli, G., Camp, H., Deplazes, P., 2005.
Evaluation of enzyme-linked immunosorbent assays, an immuno-
fluorescent-antibody test, and two rapid tests (immunochromato-
graphic-dipstick and gel tests) for serological diagnosis of
symptomatic and asymptomatic Leishmania infections in dogs.
J. Clin. Microbiol. 43, 5515-5519.

Nieto, C.G., Garcia-Alonso, M., Requena, J.M., Mirén, C., Soto, M.,
Alonso, C., Navarrete, 1., 1999. Analysis of the humoral immune
response against totals and recombinant antigens of Leishmania
infantum: correlation with disease progression in canine experi-
mental leishmaniasis. Vet. Immunol. Immunopathol. 67, 117—
130.

Pinelli, E., Killick-Kendrick, R., Wagenaar, J., Bernadina, W., del
Real, G., Ruitenberg, J., 1994. Cellular and humoral immune
responses in dogs experimentally and naturally infected with
Leishmania infantum. Infect. Immun. 62, 229-235.

Portus, M., Fisa, R., Serra, T., Gallego, M., Mora, M., 1987. Estudios
seroepidemioldgicos sobre la leishmaniosis canina en Cataluiia.
Med. Vet. 4, 569-575.

Quinnell, R.J., Courtenay, O., Garcez, L.M., Kaye, PM., Shaw, M.A.,
Dye, C., Day, M.J., 2003. IgG subclass responses in a longitudinal
study of canine visceral leishmaniasis. Vet. Immunol. Immuno-
pathol. 91, 161-168.

Ravindran, R., Anam, K., Bairagi, B.C., Saha, B., Pramanik, N., Guha,
S.K., Goswami, R.P., Banerjee, D., Ali, N., 2004. Characterization
of immunoglobulin G and its subclass response to Indian kala-azar
infection before and after chemotherapy. Infect. Immun. 72, 863—
870.



L. Iniesta et al./Veterinary Immunology and Immunopathology 119 (2007) 189-197

Riera, C., Valladares, J.E., Gallego, M., Aisa, M.J., Castillejo, S., Fisa,
R., Ribas, N., Carri0, J., Alberola, J., Arboix, M., 1999. Serolo-
gical and parasitological follow-up in dogs experimentally
infected with Leishmania infantum and treated with meglumine
antimoniate. Vet. Parasitol. 84, 33—47.

Sideris, V., Papadopoulou, G., Dotsika, E., Karagouni, E., 1999.
Asymptomatic canine leishmaniasis in Greater Athens area,
Greece. Eur. J. Epidemiol. 15, 271-276.

Solano-Gallego, L., Riera, C., Roura, X., Iniesta, L., Gallego, M.,
Valladares, J.E., Fisa, R., Castillejo, S., Alberola, J., Ferrer, L.,
Arboix, M., Portds, M., 2001. Leishmania infantum-specific IgG,

197

IgG1 and IgG2 antibody responses in healthy and ill dogs from
endemic areas. Evolution in the course of infection and after
treatment. Vet. Parasitol. 96, 265-276.

Vercamen, F., Fernandez-Pérez, F., del Amo, C., Alunda, J.M., 2002.
Follow-up of Leishmania infantum naturally infected dogs treated
with allopurinol: immunofluorescence antibody test, ELISA and
Western blot. Acta Trop. 84, 175-181.

Zijlstra, E.E., Daifalla, N.S., Kager, P.A., Khalil, A.G., El-Hassan,
AM., Reed, S.G., Ghalib, HW., 1998. rK39 enzyme-linked
immunosorbent assay for diagnosis of Leishmania donovani
infection. Clin. Diagn. Lab. Immunol. 5, 717-720.

85






Resultados

DETECTION OF ANTI-LEISHMANIA IMMUNOGLOBULIN G ANTIBODIES IN
URINE SPECIMENS OF DOGS WITH LEISHMANIASIS

DETECCION DE INMUNOGLOBULINAS G ANTI-Leishmania EN
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En este trabajo, realizado con juntamente con miembros del Departamento de
Farmacologia de la Facultat de Veterinaria de la Universitat Autonoma de Barcelona,
se analiza la presencia de anticuerpos especificos anti-Leishmania en orina de perros
con el fin de determinar su valor en el diagnostico de la enfermedad. Se estudian
mediante ELISA (proteina A e IgG2) 95 orinas pertenecientes a 30 perros con
leishmaniosis confirmada, 20 con otras patologias y 45 animales de los que se carece de

informacion.

La presencia de anticuerpos especificos en orina se detecta en 35 de los animales con
diagnéstico de leishmaniosis o sin informacion.

El nivel de proteina/creatinina en orina se correlaciona con la tasa de anticuerpos en la
orina. El célculo del coeficiente de anticuerpos urinarios con relacion a los anticuerpos
séricos (C) y el andlisis de las fracciones proteicas reveladas mediante western blot,
sugieren que la presencia de anticuerpos anti-Leishmania en orina estd causada
mayoritariamente por un fallo del filtrado glomerular y, en menor medida, por una

produccion local.
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For years, anti-Leishmania immunoglobulin G (IgG) antibodies have been detected in the sera of dogs living
in areas of leishmaniasis endemicity. They have also been found in the aqueous humor and cerebrospinal fluid.
In contrast, a review of the literature failed to identify the detection of anti-Leishmania antibodies in urine
samples from dogs with leishmaniasis. Ninety-five dog urine samples were examined for the presence of
anti-Leishmania antibodies by using a protein A enzyme-linked immunosorbent assay (ELISA). Twenty addi-
tional urine samples were collected from healthy dogs as controls. An IgG2 ELISA was performed on 26 urine
samples found positive by the protein A ELISA. Twenty-three urine samples found positive to anti-Leishmania
antibodies were tested for the local production of anti-Leishmania antibodies in the urinary tract by means of
the urine antibody coefficient. Ten urine samples (and the corresponding serum samples) were compared by
Western blot (WB) analysis. Thirty-five out of the 95 urine samples were found positive, 57 were found negative,
and 3 were found inconclusive for antibody detection by the protein A ELISA. A high correlation between
protein A and IgG2 levels was found in positive urine samples. Anti-Leishmania antibodies were present in the
urine of dogs that had leishmaniasis, urinary protein/creatinine (U P/C) ratios of greater than one, and normal
urinary sediment. A statistically significant correlation was observed between the U P/C ratios and the levels
of anti-Leishmania antibodies in positive urine samples. In general, WB analysis and the urine antibody
coefficient suggested that the presence of anti-Leishmania antibodies in urine was the consequence of an
impairment of filtration of the glomerular barrier. However, in some dogs, WB analysis could be interpreted
as suggesting that the presence of anti-Leishmania antibodies was caused, to a lesser extent, by local antibody
production in the urinary tract. Antibody detection in urine could be a noninvasive method for leishmaniasis
diagnosis and prognosis in dogs with glomerulonephropathies.

Canine leishmaniasis, caused by the protozoan parasite
Leishmania infantum, is a severe systemic disease highly prev-
alent in the Mediterranean basin. Clinical manifestations of
the disease include nonpruritic skin lesions, such as exfoliative
dermatitis and ulcerations; local or generalized lymphadenop-
athy; loss of weight; poor appetite; ocular lesions; epistaxis;
lameness; renal failure; and diarrhea (8, 12, 21, 36). Dogs with
leishmaniasis have high anti-Leishmania immunoglobulin G
(IgG) antibody levels in sera (23), and clinicopathological find-
ings include anemia, hypoalbuminemia, hyperglobulinemia,
hypercreatinemia, and proteinuria (22).

In the vast majority of cases, the fatal course of canine
leishmaniasis is due to renal involvement (5, 32). The major
renal lesion in canine (32) and human (7, 11) leishmaniasis is
glomerulonephritis. However, interstitial nephritis, tubular ne-
phropathy, and glomerular amyloidosis in conjunction with
glomerulonephritis have also been found in dogs with leish-
maniasis (30). The pathogenesis of renal lesions in both human
(7, 40) and canine (38) visceral leishmaniasis is mainly attrib-
uted to immune complex deposition and subsequent glomeru-
lar injury. There have been reports of immunoglobulins and
immune complex deposition in the glomerular capillaries and
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mesangial matrix of human (7) and canine (28, 32) patients
with leishmaniasis. Moreover, immune complexes have been
found in the sera of human (19) and canine (26, 32) patients.

Because of the importance of glomerular injury in canine
leishmaniasis, several tests, such as protein/creatinine (U P/C)
ratios (31) and enzymuria (30), have been used to detect early
renal damage in canine leishmaniasis to establish a prognosis
and appropriate treatment. A recent study demonstrated that
a large number of dogs with leishmaniasis (46%) have U P/C
ratios of greater than one (22).

For years, anti-Leishmania 1gG antibodies have been de-
tected in the sera of dogs living in areas of leishmaniasis en-
demicity (6). They have also been found, but less frequently, in
the aqueous humor (14) and cerebrospinal fluid (39). More-
over, investigators have detected anti-Leishmania antibodies in
the urine of human patients with visceral leishmaniasis (20)
and in the urine of Leishmania donovani-infected hamsters in
association with glomerulonephritis (34). Nevertheless, a re-
view of the literature failed to identify the detection of anti-
Leishmania antibodies in urine samples from dogs with leish-
maniasis.

We hypothesized that in dogs with Leishmania-associated
glomerular injury, anti-Leishmania antibodies can pass through
the glomerular barrier and therefore that urine from these
dogs may contain anti-Leishmania antibodies. The first objec-
tive of this study was to investigate the presence of anti-Leish-
mania antibodies in the urine of dogs with leishmaniasis. The
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second objective was to determine whether the presence of
anti-Leishmania antibodies in the urine was caused by an im-
pairment of the charge and/or size selectivity of the glomerular
capillary wall or whether the antibodies were locally produced
in the urinary tract.

MATERIALS AND METHODS

Urine and serum samples. Ninety-five dog urine samples collected from pa-
tients examined for a variety of diseases or disorders at the Veterinary Teaching
Hospital of the Universitat Autonoma de Barcelona (VTH-UAB) between the
years 2000 and 2002 were obtained from the sample bank kept at the Veteri-
narian Clinical Biochemistry Service of the Universitat Autdonoma de Barcelona.

The urine samples were analyzed at the Veterinarian Clinical Biochemistry
Service for U P/C ratios. For the 95 urine samples, we were able to obtain
clinicopathological data for 50 dogs from complete records maintained at the
VTH-UAB (30 dogs with leishmaniasis and 20 dogs with other disorders). Partial
information for 6 of the remaining 45 dogs was obtained from a database
developed at the Serological Diagnostic Laboratory of Leishmaniasis of the
Universitat Autonoma de Barcelona. For urine samples from 39 dogs, we had no
information at all.

The 95 dog urine samples were examined for the presence of anti-Leishmania
antibodies by a protein A enzyme-linked immunosorbent assay (ELISA). Twenty
urine samples were collected from healthy dogs as controls.

In order to ensure the detection of Leishmania-specific IgG by the protein A
ELISA, 26 urine samples positive for protein A were screened for the presence
of anti-Leishmania 1gG2 antibodies. Twenty-three urine samples had anti-Leish-
mania antibodies, and their corresponding serum samples were used to assess the
local production of anti-Leishmania antibodies in the urinary tract. Ten urine
samples (and the corresponding serum samples) were used for immunoblot
analysis.

All urine and serum samples used in this study were stored frozen at —20°C
until assayed.

ELISA for the detection of anti-Leishmania antibodies in urine samples. All
urine samples were tested for the presence of anti-Leishmania antibodies by the
protein A ELISA. An ELISA that had been used for dog serum samples was
adapted for urine samples (33). Microtiter plates were coated with 20 pg of L.
infantum antigen ml~! in 0.1 ml of coating buffer (0.1 M carbonate-bicarbonate
[pH 9.6]) and incubated overnight at 4°C. One hundred microliters of dog urine,
diluted 1:100 in phosphate-buffered saline (PBS)-0.05% Tween 20 (PBST)-1%
dried skim milk (PBST-M), was incubated in each well for 1 h at 37°C. After
three washes with PBST and one wash with PBS, 100 pl of protein A (1:5,000
dilution in PBST-M) conjugated to horseradish peroxidase (HRPO) (Sigma, St.
Louis, Mo.) was added to each well. The plates were incubated for 1 h at 37°C
and then rewashed. The substrate solution (ortho-phenylenediamine [0.4 mg/ml]
[Sigma]-H,O, [0.4 wl/ml] in 0.1 M phosphate-citrate buffer [pH 5.0]) was added
at 200 wl/well and developed for 20 min at 24°C. The reaction was stopped with
50 pl of 3 M H,SO,. Absorbance values were read at 492 nm with an automatic
microELISA reader (Anthos 2001; Anthos Labtec Instruments GmbH, Wales,
Austria).

An anti-dog IgG2-HRPO conjugate (1:2,500 dilution in PBST-M) (Bethyl
Laboratories, Montgomery, Ala.) was also used with some of the urine samples
to verify that the results were mainly due to IgG. The Bethyl anti-dog antisera
specific to IgG2 react with the four fractions of IgG so that the anti-dog IgG2-
HRPO conjugate can be considered a reagent that measures total IgG (27).

The reaction was quantified as units relative to a positive urine sample used as
a calibrator and arbitrarily set at 100 U. The cutoff values were established at 10
U for protein A and 16 U for IgG2 (mean and 4 standard deviations for 20 urine
samples from healthy dogs). Negative results were established at 6 U for protein
A and 10 U for IgG2 (mean and 2 standard deviations for 20 urine samples from
healthy dogs). Uncertain results were established between positive and negative
ELISA results for both conjugates.

All determinations included one serum sample from a sick dog with confirmed
infection as a positive control.

Demonstration of the local production of anti-Leishmania antibodies in the
urinary tract. Twenty-three urine samples found positive for anti-Leishmania
antibodies were tested for local production in the urinary tract. The testing was
performed as follows.

An ELISA to detect anti-Leishmania antibodies was performed with urine and
serum samples from the same animal as described before but with some modi-
fications. To assess the relative concentrations of antibodies in the two samples,
the quantification was expressed as a titer (maximal dilution at which the sample
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gave the same optical density as the negative control). A 1:15,000 dilution of
protein A-HRPO was used for urine and serum samples from each dog. Urine
and serum samples from each dog were assessed on the same microtiter plate.

Total IgG amounts in both serum and urine samples from the same dog were
measured by a sandwich ELISA. The ELISA was performed according to the
manufacturer’s instructions (Dog IgG ELISA; Bethyl Laboratories) but with
some modifications. Briefly, microtiter plates were coated with affinity-purified
sheep anti-dog IgG at 10 pg ml~! in 0.1 M carbonate-bicarbonate buffer and
incubated overnight at 4°C. Serum and urine samples were diluted 1:28,000 and
1:1,786, respectively, in PBST-M and were additionally diluted twofold four
times for each tested sample. One hundred microliters of diluted dog serum or
urine sample was incubated in each well for 1 h at 37°C. Reference serum
dilutions were used to construct the standard curve. After three washes with
PBST and one wash with PBS, 100 pl of sheep anti-dog IgG (1:80,000) conju-
gated to HRPO was added to each well and incubated for 1 h at 37°C. The
substrate solution contained ortho-phenylenediamine. The reaction was stopped
with 3 M H,SO,. Absorbance values were read at 492 nm with an automatic
microELISA reader. Urine samples from eight healthy dogs were also tested.

The results for titers and total amounts of IgG in urine and serum samples
from each dog were used to calculate the urine antibody coefficient (C) with the
following formula adapted from previous studies of feline (24) and human (10)
toxoplasmosis: C = (anti-Leishmania antibody titer for urine X total IgG con-
centration in serum)/(anti-Leishmania antibody titer for serum X total IgG
concentration in urine).

Test results were interpreted as follows (10, 24): a C of <1 did not support the
local production of antibody, a C of between 1 and 8 was suggestive of the local
production of antibody, and a C of >8 was definitive evidence of the local
production of antibody.

Immunoblot analysis. Western blot (WB) analysis was performed as described
elsewhere (1) to confirm the positive results found for urine samples and to
identify and compare the parasite antigens recognized by urine and serum sam-
ples from dogs with leishmaniasis. Immunoblotting was performed for 10 protein
A ELISA-positive urine samples and for four protein A ELISA-negative urine
samples. Urine and serum samples were collected on the same day from each
patient. Antigen for immunoblot analysis was obtained from cultures of promas-
tigotes in the logarithmic growth phase in Schneider’s medium. Promastigotes
were washed, counted, adjusted to a concentration of 3 X 10%/ml in sample buffer
(0.5 M Tris-HCI [pH 6.8], 0.01 M EDTA, 5% sodium dodecyl sulfate, 5%
2-mercaptoethanol, 0.0125% bromophenol blue), and boiled for 5 min. Electro-
phoresis was performed with 0.1% sodium dodecyl sulfate-13% polyacrylamide
gels. Polypeptides were transblotted onto nitrocellulose sheets (Millipore, Bed-
ford, Mass.). Immunoblot analysis was carried out with serum samples at a 1:100
dilution and urine samples at a 1:25 dilution in 20 mM Tris-0.13 mM NaCl (pH
7.6) containing 0.05% Tween 20 and 1% dry skim milk. Protein A-HRPO and
anti-dog IgG2-HRPO were used at 1:1,000 dilutions. Color was developed with
4-chloro-1-naphthol (Sigma) and H,O,, and the reaction was stopped with tap
water. The relative molecular weights of the detected bands were calculated with
Quantity One software (version 4.1.1; Bio-Rad, Hercules, Calif.).

Statistical analysis. The Student ¢ test of independence and the Pearson
coefficient r analysis were performed by using the SPSS program.

RESULTS

Detection of anti-Leishmania antibodies in urine samples by
ELISA. Of the 95 urine samples tested, 35 were found positive,
57 were found negative, and 3 were found inconclusive for
antibody detection by the protein A ELISA. For the 35 positive
urine samples, we had records from the VTH-UAB for 20 dogs
(20 out of 30 dogs with leishmaniasis), and we had a diagnosis
of leishmaniasis for six more dogs from the Serological Diag-
nostic Laboratory of Leishmaniasis of the Universitat Au-
tonoma de Barcelona. The remaining nine dogs with positive
urine samples were from the 39 dogs for which we had no
information at all.

The levels of anti-Leishmania antibodies in positive urine
samples ranged from 10.9 to 268.1 ELISA units, with a mean
and standard deviation of 84.3 = 81.5 ELISA units. The levels
of anti-Leishmania antibodies in negative urine samples
ranged from 0 to 5.6 ELISA units, with a mean and standard
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TABLE 1. Clinicopathological data for 30 leishmaniasis patients”
Value for tl_le fol.lowing_grpup of dogs
Type of analysis Parameter with leishmaniasis: Normal range t test value
1(n = 20) 2 (n = 10)
Serum Urea (mg/dl) 57.4 = 46.0 53.6 =239 21.4-59.9 NS
Creatinine (mg/dl) 12+08 12+0.6 0.5-1.5 NS
Total protein (g/dl) 8+ 1.6° 7.6 +1.3° 54-71 NS
Gamma globulin (g/dl) 34+15° 21+1° 0.5-1.3 P < 0.05
Beta globulin (g/dl) 2+04° 1.9 0.5 0.9-1.6 NS
Alpha 2 globulin (g/dl) 0.8 0.2 0.8 0.2 0.3-1.1 NS
Alpha 1 globulin (g/dl) 0.3 = 0.08 04 +0.1 0.2-0.5 P <0.01
Albumin (g/dl) 1.6 = 0.4° 23+04 2.6-3.3 P < 0.001
A/G ratio 0.26 = 0.11° 0.5+0.2 >0.45 P < 0.001
Urine U P/C ratio 5.8 =5 0.7 = 0.6 <1 P < 0.01
Density (g/ml) 1,031 = 8.8 1,030 = 9.8 >1,020 NS
pH 7+ 0.6 ND

¢ Data are reported as means and standard deviations. NS, not significant; ND, not determined.

® Altered parameter.

deviation of 1.5 = 1.5 ELISA units. The levels of anti-Leish-
mania antibodies in inconclusive urine samples ranged from
8.3 to 10 ELISA units, with a mean and standard deviation of
8.9 = 0.9 ELISA units.

The IgG2 ELISA was performed for 26 out of 35 urine
samples found positive by the protein A ELISA. All 26 urine
samples were also found positive by the IgG2 ELISA. The
levels of anti-Leishmania 1gG2 in urine samples ranged from
22.6 to 324.0 ELISA units, with a mean and standard deviation
of 149.0 = 105.0 ELISA units. The levels of anti-Leishmania
antibodies detected by the protein A ELISA in the 26 urine
samples ranged from 13.6 to 300.0 ELISA units, with a mean
and standard deviation of 103.0 = 87.6 ELISA units. A high
correlation between protein A and IgG2 ELISA results (r =
0.9, P < 0.001) was found for the 26 positive urine samples.

Clinicopathological data for dogs. The records kept at the
VTH-UAB showed that 30 urine samples were from leishman-
iasis patients and that 20 were from patients with other disor-
ders.

All 30 leishmaniasis patients showed high anti-Leishmania
antibody levels in sera. Twenty out of these 30 leishmaniasis
patients were also positive for antibody detection in urine
(designated group 1), while the remaining 10 were negative for
antibody detection in urine and positive for antibody detection
in sera (designated group 2). All 20 patients with other disor-
ders were negative for antibody detection in both urine and
sera.

Dogs with leishmaniasis and with antibodies in urine had
nonspecific clinical signs related to glomerulonephritis or renal
involvement, such as loss of weight, lethargy, anorexia, poly-
dipsia-polyuria, and vomiting. Dogs with leishmaniasis and
without antibodies in urine had nonspecific clinical signs of
leishmaniasis, such as loss of weight, cutaneous and ocular
lesions, and lymphadenopathy.

The results of serum and urine analyses for dogs previously
diagnosed with leishmaniasis are recorded in Table 1. Serum
analysis showed that in both leishmaniasis groups, the altered
parameters were higher concentrations of gamma globulin and
beta globulin and a lower concentration of albumin. However,
dogs in group 1 had a statistically significant higher concentra-
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tion of gamma globulin and a lower concentration of albumin
than those in group 2. In addition, dogs in group 1 had an
altered albumin/globulin (A/G) ratio and a significantly lower
A/G ratio than dogs in group 2. In the urine analysis, dogs in
group 1 had a U P/C ratio of greater than one and normal
urinary sediment. Dogs in group 1 had a statistically significant
higher U P/C ratio than dogs in group 2. In summary, as shown
in Table 1, dogs with antibodies in urine had clinicopatholog-
ical abnormalities related to glomerulonephritis or renal in-
volvement, such as hypoalbuminemia, hyperglobulinemia, and
proteinuria (U P/C ratio of greater than one).

A statistically significant correlation between U P/C ratios
and levels of anti-Leishmania antibodies was found for the 20
positive urine samples (r = 0.72, P < 0.0001). The results are
shown in Fig. 1.

Local production of anti-Leishmania antibodies in the uri-
nary tract. Twenty-three urine samples positive for anti-Leish-
mania antibodies were tested for local production in the uri-
nary tract, and only one had a C of greater than 1 (1.036). As
expected, the anti-Leishmania antibody titers and concentra-
tions of IgG in the urine samples were much lower than the
anti-Leishmania antibody titers and concentrations of IgG in
the serum samples for all dogs (Table 2).

The IgG concentration in the urine of eight healthy dogs
showed a mean and standard deviation of 0.0026 = 0.0036
mg/ml. This IgG concentration in the urine of healthy dogs was
significantly lower than that in the urine of dogs with leish-
maniasis (P value determined by the # test, 0.05).

Immunoblot analysis. All positive samples (urine and serum
samples) recognized numerous polypeptide fractions of the L.
infantum antigen with masses ranging from 12 to 85 kDa, with
most bands at 16 to 69 kDa. The most frequent polypeptide
fractions observed in both urine and serum samples were those
of 14, 16, 20, 30, 31, 48, and 69 kDa. The immunoblot analysis
did not reveal any polypeptide fractions of the L. infantum
antigen in ELISA-negative urine samples.

The band pattern revealed by urine from dogs with high
levels of specific anti-Leishmania antibodies detected by the
ELISA was more intense than the pattern revealed by urine
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FIG. 1. Relationship between U P/C ratios and anti-Leishmania antibody levels, as determined by the protein A ELISA, for 20 positive urine

samples.

from dogs with low levels of anti-Leishmania antibodies de-
tected by the ELISA.

In general, when the patterns obtained by immunoblotting
for the urine and serum samples from the same dog were
compared, we found that the number of bands revealed by
serum antibodies and the intensity of those bands were higher
than those of bands revealed by urine antibodies. The patterns
of bands revealed by protein A and IgG2 conjugates showed
slight differences. When the anti-IgG2 conjugate was used,
some differences were observed in the patterns of bands re-
vealed by urine and serum antibodies over the molecular mass
range. In some cases, urine antibodies revealed bands that
were not observed with the corresponding serum antibodies,
and in other cases, some bands revealed by urine antibodies
showed a higher intensity than the homologous bands in the
serum strips (Fig. 2). When the protein A conjugate was used,
some additional differences were observed, mainly in the re-
gion of low molecular mass (less than 30 kDa).

TABLE 2. Antibody detection and C for 23 dogs with leishmaniasis

Anti-Leishmania IgG concn
Parameter antibody titer in: (mg/ml) in: C
Urine Serum Urine Serum
Mean 3,791 799,165 0.707 46.618 0.397
SD 5,956 616,092 0.913 25.485 0.258
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DISCUSSION

Immunoglobulins have been found in the urine of human
patients with glomerular disease in a variety of disorders (4, 3,
25, 29). Moreover, several infectious diseases are diagnosed by
the finding of specific antibodies in urine, such as Helicobacter
pylori infection (18), filariasis (17), or schistosomiasis (35). The
presence of anti-Leishmania antibodies in the urine of human
patients with visceral leishmaniasis (16, 20) and in the urine of
L. donovani-infected hamsters (34) has also been described. In
contrast, there is a lack of information about immunoglobulins
in the urine of healthy and sick dogs. In this study, we report
the presence of anti-Leishmania antibodies in the urine of dogs
with leishmaniasis. In addition, we describe, for the first time,
the detection of total IgG concentrations in the urine of
healthy dogs and dogs with leishmaniasis.

One of the common features of canine leishmaniasis is the
development of hyperglobulinemia, and the elevation occurs in
the IgG fraction. Dogs with leishmaniasis have high Leishma-
nia-specific IgG levels in sera (23). The diagnosis of canine
leishmaniasis can be performed by serological tests, such as the
dot ELISA (13), the ELISA (33), and WB (1), with protein A
as the detection probe to detect Leishmania-specific immuno-
globulins. The reactivity of protein A with immunoglobulins
from dogs is quite strong. Protein A reacts with all subclasses
of IgG and partially reacts with dog IgA and IgM (15). To
verify that the results found for urine by the ELISA and WB
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FIG. 2. Results of WB analysis with an IgG2-HRPO conjugate. U, urine; S, serum. Or7, Or8, Or12, Or18, Or25, Or38, O1, Or89, and O17
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Leishmania-specific IgG detected by the ELISA. The urine from dogs Orl18, Or25, and Or38 had medium levels of Leishmania-specific IgG. The
urine from dogs O1, Or89, and O17 had high levels of Leishmania-specific IgG. Arrows indicate idiotype differences between serum and urine

samples from the same dog. Numbers at right are kilodaltons.

were mainly due to the detection of IgG, an anti-dog IgG2-
HRPO conjugate was also used with some of the urine sam-
ples. Previous studies demonstrated that the anti-dog IgG2-
HRPO conjugate used (Bethyl) reacts with all subclasses of
IgG (27) and that the levels of anti-Leishmania antibodies
detected with this conjugate correlate with those detected with
an anti-dog IgG-HRPO conjugate (37).

The correlation found between protein A and IgG2 ELISA
units in positive urine samples was high. Therefore, we could
consider that the anti-Leishmania antibodies found in urine
were predominantly IgG. Immunofluorescence studies of
pathological kidneys from dogs with leishmaniasis have de-
scribed IgG and other immunoglobulins, such as IgM and IgA,
in the affected glomeruli (28). Further studies are needed to
determine the importance of other immunoglobulins in dogs
with leishmaniasis.

For clinical veterinarians, it is very important to check the
renal status of dogs with leishmaniasis in order to provide
appropriate prognosis and treatment. The U P/C ratio has
proven useful for detecting proteinuria as an index of renal
failure in dogs (41). Furthermore, it has been demonstrated
that the total urinary protein level and the U P/C ratio have
better diagnostic value than a serum biochemical renal profile
for detecting early renal lesions in canine leishmaniasis (31).
For these reasons, clinician veterinarian practitioners use the
U P/C ratio to detect proteinuria in dogs with leishmaniasis
both at diagnosis and during follow-up treatment. However,
few extensive studies are available concerning U P/C ratios in
dogs with leishmaniasis at diagnosis and during follow-up
treatment (22). A recent study demonstrated that a large num-
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ber of dogs with leishmaniasis (21 out of 45) had U P/C ratios
of greater than one. After 4 months of allopurinol treatment,
most of the proteinuric dogs (15 of 17) not only did not expe-
rience any further deterioration of their renal function but also
showed a decrease in (8 of 15) or even a disappearance of (4 of
15) proteinuria at the end of the trial (22). This previous study
demonstrated the usefulness of assessing proteinuria at the
time of diagnosis and during treatment to obtain an accurate
prognosis for a patient with leishmaniasis. However, infection
and marked blood contamination of urine samples could result
in an abnormal U P/C ratio in the absence of glomerular
disease. Consequently, the U P/C ratio alone does not distin-
guish between the types of proteinuria. Total serum protein,
albumin, and urinary sediment evaluations would complete the
screening profile to differentiate prerenal, renal, or postrenal
proteinuria (2). Therefore, techniques that evaluate the renal
status of dogs with leishmaniasis are of great value.

As we expected, dogs that had anti-Leishmania antibodies in
their urine had U P/C ratios of greater than one and urinary
sediment findings compatible with renal disease. Moreover, we
found a statistically significant correlation between U P/C ra-
tios and anti-Leishmania antibody levels in urine. In contrast,
dogs that had leishmaniasis demonstrated by high anti-Leish-
mania antibody levels in sera but that were nonproteinuric
were found negative for anti-Leishmania antibodies in urine.
Because the detection of anti-Leishmania antibodies in urine is
a more specific test than the U P/C ratio, it might be a useful
tool for establishing appropriate prognosis and treatment. Fur-
ther studies are needed to investigate the usefulness of detec-
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tion of anti-Leishmania antibodies in urine samples for the
follow-up of treated dogs with leishmaniasis.

Due to the clinical and retrospective points of view of this
study, we did not perform histopathological studies of the
kidneys from any of the dogs. However, for 23 dogs, we tried to
predict whether the presence of anti-Leishmania antibodies in
the urine was caused by an inability of the glomeruli to prop-
erly filter or by local production in the urinary tract. In the
majority of cases (22 out of 23), C was suggestive of passage
from plasma through the glomerular barrier. None of the dogs
had a C of greater than eight, which is considered strong
evidence of local production (10). Therefore, our results com-
pared favorably with those of previous histopathological stud-
ies. Because the major renal lesion in canine leishmaniasis is
glomerulonephritis (32), most dogs appear to have glomerular
injury. This nonselective proteinuria can explain the finding of
IgG in the urine. Nonselective proteinuria in human patients
has been defined as increased urinary excretion of high-molec-
ular-weight plasma proteins, such as IgG, and this finding is a
good indicator of renal disease progression (3).

Studies that have compared the WB patterns in different
samples from patients with Toxoplasma gondii infections (9)
have considered the detection of specific oligoclonal IgG bands
in cerebrospinal fluid to be indicative of a local immune re-
sponse. In the present study, slight differences were observed
in the patterns of polypeptide fractions in the Leishmania
antigens recognized by urine and serum samples from dogs
with leishmaniasis. The passage of IgM through the glomerular
barrier may be restricted due to its high molecular weight, thus
resulting in differences in the patterns revealed by urine and
serum samples when protein A is used. Nevertheless, this re-
striction will not be evident when only the IgG2 isotype is
investigated. In this situation, if all specific antibodies present
in urine were of blood origin, the proportions of the different
idiotypes in serum and urine would be the same. Consequently,
the findings observed suggest that the presence of Leishmania-
specific antibodies in urine is mainly caused by the passage into
the urinary tract of blood-derived immunoglobulins and, to a
lesser extent, by the local production of antibodies. This local
production of anti-Leishmania antibodies in the urinary tract
might be explained by the presence of a predominant tubulo-
interstitial nephritis lesion in dogs (32) or by lesions in other
urinary or genital organs, such as the bladder, urethra, or
prostate.

In conclusion, this is the first study that describes the detec-
tion of anti-Leishmania IgG antibodies in urine samples from
dogs with leishmaniasis. Our results showed that urine anti-
bodies were found only in proteinuric dogs. Further studies are
needed to evaluate the meaning and usefulness of the presence
of anti-Leishmania 1gG antibodies in urine. However, the find-
ings suggest that anti-Leishmania antibody detection in urine is
a more specific and more reliable noninvasive method for
leishmaniasis diagnosis and prognosis than is the U P/C ratio
for dogs with glomerulonephropathies.
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Universitat Autonoma de Barcelona, se analizan mediante ELISA y western blot los
anticuerpos especificos anti-Leishmania de 445 sueros de gatos de zona endémica para
la leishmaniosis con el objetivo de determinar el papel del gato como reservorio de esta

ZOONOSIS.

Los resultados muestran una alta prevalencia de seropositividad que alcanza el 6,29 %,
si bien con una tasa de anticuerpos especificos mucho menor a la encontrada en perros,
lo que se corresponde a los pocos casos clinicos descritos en la zona. El patréon de
fracciones proteicas revelado por el western blot concuerda con el encontrado en
humanos y en perros. Estos resultados apoyan la hipotesis de que el gato actia como
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Abstract.

A cross-sectional serosurvey using Leishmania infantum ELISA was performed on 445 cats living in

ecoregions around the Northwestern Mediterranean basin; 58 cats from an area of the US where leishmaniasis is not
endemic were used as negative controls. ELISA results were further confirmed in 69 cats by Western blot (WB). Finally,
76 of them were also tested for FeLV and FIV. Seroprevalence by ELISA-prot A was 6.29%, and that by ELISA-IgG
was 5.25%. Positive cat sera recognized patterns of polypeptides in WB, including L. infantum-specific antigenic frac-
tions. There was no association with retroviruses. Leishmania-specific antibodies are prevalent in cats living in ecore-
gions around the Northwestern Mediterranean basin; thus, leishmaniasis must be included in the differential diagnosis
of diseases in cats living in these ecoregions. Their role as peridomestic reservoirs for L. infantum needs further
characterization, but it could be hypothesized that the cat is a secondary reservoir host, rather than an accidental one.

INTRODUCTION

Leishmaniases are endemic in 88 countries on 4 continents.
In terms of global disease load, the leishmaniases are the third
most important vector-borne disease, after malaria and lym-
phatic filariasis, causing 2.4 million disability-adjusted life
years lost and 59,000 deaths in 2001." The causative agents are
parasitic protozoan of the genus Leishmania. Over 20 species
and subspecies of Leishmania infect human beings, and sand
flies from the genus Phlebotomus spp. and Lutzomyia spp. are
the proven vectors of human visceral and cutaneous and also
of canine (CaL) leishmaniases. Leishmania can cause a broad
spectrum of clinical outcomes, ranging from self-healing skin
ulcers, to severe, life-threatening disease. Some leishmaniases
are a widespread serious zoonotic disease with a great impact
on public health. Understanding how the disease behaves in
domestic and wild animals is therefore of great value both in
human and veterinary medicine.

Dog is the main peridomestic reservoir for zoonotic leish-
maniasis caused by Leishmania infantum (= L. chagasi) in
the Pelearctic and in the Neotropic ecozones. The prevalence
of infection in dogs living in the ecoregions around the North-
western Mediterranean basin reaches a remarkable 67% in
areas where it is highly endemic,” much higher than previ-
ously published results. Because of the feeding habits of sand
flies and marked lack of host preference,’ other vertebrate
species are potential reservoir hosts. In fact, strains of L.
infantum have been isolated and identified in mammals other
than humans and dogs living in Western Palearctic, such as
foxes,*> rats,® horses,” and cats.®

Leishmaniasis in cats was first described in 1912 in Algeria
in a sample of bone marrow from a 4-month old kitten® living
as a pet in the same house where a dog suffered from Cal. and
a child was affected by visceral leishmaniasis. Since then,
asymptomatic infection or clinical disease in domestic cats
caused by L. infantum has been reported in ecoregions

* Address correspondence to Jordi Alberola, Departament de Far-
macologia, Terapeutica i Toxicologia, Facultat de Veterinaria, Uni-
versitat Autonoma de Barcelona, 08193 Bellaterra, Barcelona, Spain.
E-mail: Jordi.Alberola@uab.es.
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around the Mediterranean basin sporadically. Cutaneous
forms consisting of ulcerocrusted dermatitis, nodular derma-
titis, alopecia, and scaling are those most frequently described
in feline leishmaniasis,'®'* and visceral forms with liver,
spleen, lymph nodes, and kidney involvement have been less
commonly described.'!"'>7¥ Coinfection with immunosup-
pressive viruses, both feline leukemia virus (FeLV) and feline
immunodeficiency virus (FIV), has been recently con-
firmed."? Experimental infection with L. infantum has also
been achieved with cats showing serum antibody titers but
without clinical symptoms.*®

Little information is available about epidemiology of feline
leishmaniasis caused by L. infantum in the Southwestern
Palearctic.? Over the past years, 8 epidemiologic studies have
been carried out in these ecoregions.'**' 27 with seropreva-
lences ranging from 62% to 0.9%. In Spain, 115 of 117
cats screened using enzyme-linked immunosorbent assay
(ELISA) were negative and 2 were uncertain for L. infantum
antibody detection.?®

The aim of the present study was to characterize the epi-
demiology of feline leishmaniasis in ecoregions around the
Northwestern Mediterranean basin by means of a broad
cross-sectional serosurvey, to gain an understanding of the
role of the cat in this zoonosis.

MATERIAL AND METHODS

Study subjects. Sera collected from 445 cats from the
Northeastern Iberian Peninsula and Balearic Islands were
studied. Cats were from three different areas: Barcelona
(N = 390), Tarragona (N = 12), and the island of Mallorca
(N = 43). Clinical veterinarians collected all samples.
Samples from Barcelona had two different origins: 255 stray
cats from the animal pound of Barcelona and 135 cats exam-
ined at the Veterinary Teaching Hospital of the Universitat
Autonoma de Barcelona.

Complete history was not available for all cats. One hun-
dred and one were male and 76 cats were female. Ninety-
three were clinically healthy and 63 presented clinical signs
for a variety of diseases. The mean + SD age for 134 cats was
4.1 + 4.1 years, ranging from 3.6 months to 17 years. Breed
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was known for 168 cats with 152 European, 9 Persian, and 7
Siamese. No other information was available.

Sera collected from 58 cats seen for medical reasons at the
North Carolina State University Veterinary Teaching Hospi-
tal, Raleigh, NC, where leishmaniasis is not endemic, were
used as negative controls to establish the cut-off for serologi-
cal techniques.

ELISA. To increase the robustness of the serosurvey re-
sults, 2 different ELISAs were carried out. ELISA-protein A
(prot A) was performed on all cat samples, and ELISA-
Immunoglobulin (Ig) G was performed on a subset of 305
samples.

An ELISA previously described for dog sera was adapted
to cat sera.”® Briefly, microtiter plates were coated with 0.1
mL of L. infantum (MHOM/FR/78/LEM-75 zymodeme
MON-1) antigen (20 wg mL~' in 0.1 M carbonate-
bicarbonate, pH 9.6) and incubated overnight at 4°C. One
hundred microliters per well of cat sera, diluted 1:200 in PBS-
0.05% Tween 20 (PBST)-1% dried skimmed milk (PBST-M),
was incubated for 1 h at 37°C. After 3 washes with PBST and
1 wash with PBS, 100 wL per well of protein A (prot A) (0.2
wg mL~" dilution in PBST-M buffer; Sigma, St. Louis, MO) or
anti-cat IgG (1:5000 in PBST-M; Cappel, Durham, NC), both
conjugated to horseradish peroxidase (HRPO), was added.
These conjugates were incubated for 1 h at 37°C, and then the
plates were rewashed. The substrate solution (ortho-
phenylenediamine, 0.4 mg mL™'; Sigma) plus H,O, (0.4 pL
mL ™) in 0.1 M phosphate/citrate buffer, pH 5.0, was added at
200 pL per well and developed for 20 min at 24°C. The re-
action was stopped with 50 pL of 3 M H,SO,. Absorbance
values were read at 492 nm in an automatic micro-ELISA
reader (Anthos 2001, Anthos Labtec Instruments, GmbH,
Eugendorf, Austria). The reaction was quantified as ELISA
units (EU) related to a positive cat sera used as a calibrator
and arbitrarily set at 100 EU. This cat has confirmed leish-
maniasis by bone marrow cytology, inmunohistochemistry
staining of ocular tissues, and bone marrow polymerase chain
reaction.'® All determinations included the calibrator serum
as a positive control and serum of a cat from an area where
leishmaniasis is not endemic as a negative control.

The cut-off was established at 44 EU for prot A and at 53
EU for IgG (mean + 4 standard deviations of sera of 58 cats
from an area where leishmaniasis is not endemic). Negative
results were established at 29 EU for prot A and at 36 EU for
IgG (mean + 2 standard deviations of sera of 58 cats from an
area where leishmaniasis is not endemic). Uncertain results
were established between positive and negative results for
both conjugates.

Immunoblot analysis. To confirm ELISA results, 25 posi-
tive cat sera by ELISA and 44 negative cat sera from an area
where leishmaniasis is not endemic were assessed by Western
blot (WB). WB was performed as described elsewhere.?* An-
tigen (3 x 10® promastigotes mL ') in sample buffer (0.5 M
Tris-HCI, pH 6.8, 0.01 M EDTA, 5% sodium dodecylsulfate
(SDS), 5% 2-mercaptoethanol, 0.0125% bromophenol blue)
was run in 0.1% SDS-13% polyacrylamide gels. Immunoblot
was carried out with sera at 1:50 dilution in 20 mM Tris, 0.13
mM NaCl, pH 7.6, containing 0.05% Tween 20 (TST) and 1%
dry skimmed milk. Prot A-HRPO (Sigma) at 1:1000 dilution
was used as secondary detection probe. Color was developed
with 4-chloro-1-naphthol (Sigma) and H,0O,, and the reaction
was stopped with tap water. The relative molecular weights of

the bands detected were calculated with Quantity One® soft-
ware (version 4.1.1, Bio-Rad, Segrate, Italy) related to the
biotinylated SDS-PAGE standard (Low Range, Bio-Rad
Laboratories, Hercules, CA).

Detection of FeLV antigen and FIV antibody. To evaluate
the impact of immunosuppressive retroviruses, 76 of them
were tested for FeLV antigen and for FIV antibody. Detec-
tion of FeLV antigen (p27) and FIV antibody was performed
with a commercial assay kit (SNAP® FIV Antibody/FeLV
Antigen Combo Test; IDEXX Laboratories, Westbrook, ME).

Statistical analysis. Chi square was used to test for associa-
tions, and McNemar’s test to look at the agreement of the
tests. Differences were considered significant if the P value
was < 0.05. The program WinEpinfo 5.0 was used to test for
agreement between tests.

RESULTS

ELISA. The seroprevalence by ELISA-prot A was 6.29%,
and the seroprevalence by ELISA-IgG was 5.25%. There
were also 13.03% and 6.56% of uncertain results for ELISA-
prot A and ELISA-IgG, respectively. Levels of Leishmania-
specific antibodies using prot A in positive cat sera ranged
from 44.3 EU to 296.3 EU, with a mean of 79.5 EU (95%
confidence interval [CI]: 59.1-99.9), and uncertain levels of
Leishmania-specific antibodies ranged from 28.6 to 42.9 EU,
with a mean of 34.4 EU (95% CI: 33.3-35.5). Levels of Leish-
mania-specific IgG antibodies in positive cat sera ranged from
53.5 to 213.7 EU, with a mean of 88.0 EU (95% CI: 67.4—
108.6), and uncertain levels of anti-Leishmania 1gG antibod-
ies ranged from 36.3 to 52.0 EU, with a mean of 43.5 EU
(95% CI: 41.4-45.6). There was an overall good agreement
between tests (McNemar’s test, P = 0.7389). There was not a
statistical association between geographical origin, clinical
status, age, or sex and positive results for L. infantum ELISA.

Immunoblot analysis. ELISA-positive cat sera, including
the calibrator cat, recognized variable patterns of polypep-
tides with molecular masses ranging from 14 through 69 kDa,
which included L. infantum specific antigen fractions (Figure
1). The highest sensitivity was found for bands of 69 (this
value includes fractions of this and higher masses), 54, 34, 28,
and 16 kDa (Table 1). Specificity of the bands was determined
with those sera from areas where leishmaniasis is not en-
demic. Sera samples from areas where leishmaniasis is not
endemic reacted with 1-5 polypeptides of L. infantum anti-
gen, with the most frequent band being detected at 69 kDa
(Table 1). No sera from cats living in areas where leishma-
niasis is not endemic reacted with polypeptides of low mo-
lecular mass (< 26 kDa) that are considered to be the most
specific in diagnosis of human and canine leishmaniasis (Fig-
ure 1).29°°

Detection of FeLV antigen and FIV antibodies and rela-
tionship with Leishmania antibodies. FeLV antigens were de-
tected in 7.8% of the cats (6 out of 76), and FIV-specific
antibodies were found in 6.5% of the cats (5 out of 76). Both
retroviruses were detected in 1.3% of the cats (1 out of 76).
Only one cat that was positive to FeLV antigen was also
positive to L. infantum serology, both by ELISA-prot A and
ELISA-IgG. No cat presented FIV- and L. infantum-specific
antibodies. Therefore, no association was found between
FeLV antigens or FIV-specific antibodies and L. infantum-
specific antibodies.
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FIGURE 1. PAGE of ELISA-positive cat sera.

DISCUSSION

The main peridomestic reservoir for L. infantum in the
ecoregions around the Mediterranean basin is the dog, with a
seroprevalence ranging from 2% to 30%. In endemic focuses
of leishmaniasis in the Northeastern Iberian Peninsula, the
seroprevalence of CaL approaches 10%,>" and in the island of
Mallorca it reaches 30%.% In contrast with the large studies
performed in dogs, little information is available about the
role of other mammals in the life cycle of L. infantum. Spo-
radic cases of feline leishmaniasis have been reported in the
Southwestern Palearctic.®'''*'7 The present study reports
seroprevalences for cats living in ecoregions around the
Northwestern Mediterranean basin of 6.29% and 5.25% when
using ELISA-prot A and ELISA-IgG, respectively. There-
fore, the result shows that L. infantum-specific antibodies are
prevalent in cats from these ecoregions. The ELISA condi-
tions required a 4-fold increase in serum and 3-fold increase
in conjugate concentrations as compared with the ELISA
routinely used in our laboratory to detect canine antibodies to
L. infantum. Thus, the actual antibody levels detected in cats
are putatively much lower than those observed in dogs. This
finding is in agreement with those few clinical feline leishma-
niasis cases reported in areas where the disease is endemic.

Data on seroprevalence for feline leishmaniasis are very
disparate. In Italy, using indirect fluorescent antibody test,
seroprevalence in Liguria and Tuscany was 0.9%,'? but in
Sicily it was 62%.?> However, the cat populations studied
were different: the first study was performed on clinically
healthy cats, and the second was performed on FIV-positive
cats. These different results obtained in the same biogeo-
graphical area could be related to the ELISA conditions used.
The higher dilutions of sera and conjugate used in the former
study, similar to those used for CaL, possibly prevented the
detection of the low rate of antibodies present in feline infec-
tions.

WB has shown high sensitivity and specificity for the diag-
nosis of leishmaniasis in humans and dogs. The pattern of
bands observed in ELISA-positive cats is in concordance with
that observed in human visceral leishmaniasis and in Cal,

TABLE 1
Recognition of L. infantum antigens by sera of cats

Total Endemic Non-endemic
(N = 69) (N = 25) (N = 44)
Band (kDa) n %o n % n %
69 31 44.9 16 64.0 15 34.1
67 6 8.7 1 4.0 4 9.1
66 6 8.7 2 8.0 4 9.1
64 8 11.6 5 20.0 3 6.8
63 6 8.7 4 16.0 2 4.5
62 2 2.9 0 0.0 2 4.5
60 4 5.8 0 0.0 4 9.1
59 2 2.9 1 4.0 1 2.3
56 14 20.3 6 24.0 8 18.2
54 13 18.8 10 40.0 3 6.8
52 9 13.0 3 12.0 6 13.6
50 14 20.3 6 24.0 8 18.2
48 9 13.0 6 24.0 3 6.8
46 5 72 3 12.0 2 4.5
45 2 2.9 1 4.0 1 2.3
43 4 5.8 3 12.0 1 23
42 4 5.8 2 8.0 2 4.5
40 3 43 1 4.0 2 4.5
39 1 14 1 4.0 0 0.0
36 5 7.2 3 12.0 2 4.5
34 9 13.0 8 32.0 1 23
33 6 8.7 4 16.0 2 4.5
32 4 5.8 4 16.0 0 0.0
31 1 14 1 4.0 0 0.0
30 8 11.6 5 20.0 3 6.8
28 7 10.1 7 28.0 0 0.0
26 3 4.3 2 8.0 1 2.3
24 6 8.7 6 24.0 0 0.0
22 2 2.9 2 8.0 0 0.0
21 4 5.8 4 16.0 0 0.0
20 3 43 3 12.0 0 0.0
18 5 7.2 5 20.0 0 0.0
16 8 11.6 8 32.0 0 0.0
14 4 5.8 4 16.0 0 0.0
Mean number
of bands 3.17 5.52 1.84

with no sera collected from cats living in areas where leish-
maniasis is not endemic reacting with low molecular weight
polypeptides, which are considered the most specific,>*° thus
confirming ELISA results. The significance of bands of high
molecular mass, in particular that of 69 kDa, is not clear as it
appears both in cats from areas where leishmaniasis is en-
demic and also in those from areas where it is not endemic;
however, this same finding has been described for dogs and
humans.?’ One possible explanation could be the presence of
cross-reactive antibodies to heat shock protein 70 family in
the sera of some cats living in areas where leishmaniasis is not
endemic, the occurrence of which has been described in a
wide variety of medical problems.

The rate of infection among dogs living in an area of leish-
maniasis endemicity is considerably higher than previously
described in seroepidemiological studies,** as serology is of-
ten not sensitive enough to detect every infection. Other ap-
proaches used to determine the rate of infection, such as mo-
lecular techniques®* or cellular immunity tests,***> resulted in
higher rates of prevalence than conventional serological stud-
ies. In this manuscript, we studied Leishmania exposure in
cats only by means of serology, so it is possible that we have
underestimated the actual rate of infection. Therefore, fur-
ther broad surveys using other techniques, such as polymer-
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ase chain reaction and cellular immunity tests, should be per-
formed in cats to better estimate Leishmania infection and/or
exposure.

Whether the low prevalence of infection or disease in cats
from areas where leishmaniasis is endemic may be due to
underreporting or to the fact that cats have a high degree of
natural resistance to L. infantum is unknown. On the one
hand, the most common manifestation of feline leishmaniasis
is not the severe visceral form but the cutaneous one, with
cats showing low levels of specific antibodies. On the other
hand, naturally infected cats do not recover without specific
antileishmanial therapy;'® furthermore, co-infection with im-
munosuppressive retroviruses leads to parasite dissemination
and visceralization. These findings are in concert with the
situation that occurs in humans,>® and also in other mammals
such as horses,”” or in the subgroup of resistant dogs living in
areas where leishmaniasis is endemic.> Thus, our hypothesis
is that the immune response in cats, mainly cellular immunity,
is effective enough to control the infection and confer a cer-
tain degree of natural resistance, if there are not immunosup-
pressive events.

Viral, bacterial, rickettsial, fungal, and protozoan opportu-
nistic infections have been associated with retroviral infec-
tions in cats because of the immunosuppressive stage that
both FeLV and FIV can induce. The prevalence of infection
for FeLV and FIV in the present study was comparable to
that observed in other studies in the same ecozone, but no
association between these retroviruses and Leishmania-
specific antibodies was found. Because the infection rate was
so low, and the numbers of positive FeLV and FIV cats were
so small, any association between leishmaniasis and FeL'V or
FIV—if it exists—will be very difficult to find. In the study on
FIV-positive cats in Sicily, associated seroreactivity to Leish-
mania was much higher (62%) than our results,”® suggesting
that in areas where the disease is endemic there may be ret-
roviral infections in the origin of opportunistic infections like
leishmaniasis, as is the case for HIV-infected human pa-
tients.>® However, future studies should investigate in greater
depth the possible association between Leishmania, FeLV,
and FIV infections.

Transmission of feline leishmaniasis is presumed to be sand
fly-related. Trophotaxis in sand flies depends on the species
involved, and sand flies can also behave with a marked lack of
host preference.*® Lutzomyia spp. sand flies, vectors of leish-
maniasis in the Neotropic ecozone, have been reported feed-
ing on cats in Peru.*® Studies performed in the Iberian Pen-
insula on host-feeding patterns of Phlebotomus perniciosus,
one of the main vectors of L. infantum in the Palearctic ecore-
gions of the Mediterranean biome, identified cat blood meals
in all locations studied.*® Consequently, the possibility of sand
flies feeding on domestic cats is real. However, to resolve the
issue of transmission it should be studied by means such as
xenodiagnosis, evaluating the infectiousness of cats to phle-
botomine vectors feeding on them.

The present study is by far the largest seroepidemiological
survey on feline leishmaniasis to date. On the basis of the
results of this and other studies,'®'® leishmaniasis must be
included in the differential diagnosis of dermatoses or sys-
temic disease in cats living in biogeographical areas of leish-
maniasis endemicity. From an epidemiologic point of view,
environmental changes, growing demographics, and human
and animal mobility are contributing factors to the modifica-

tion of the biogeographical distribution and also to the incor-
poration of new hosts. These changing features confirm leish-
maniases as reemerging zoonoses.*! In this setting, the role of
the cat as a peridomestic reservoir for L. infantum remains
controversial and warrants further research, but, according to
the reported prevalence and other evidence,** it could be
hypothesized that cats are a secondary reservoir host rather
than simply an incidental one, as has been suggested.**

Received March 29, 2006. Accepted for publication October 21, 2006.

Acknowledgment: This work was supported in part by grant
BI102004-03893 from the Spanish Government to Jordi Alberola.

Authors’ addresses: Laia Solano-Gallego, Alheli Rodriguez-Coertés,
Josefina Quintana, and Jordi Alberola, Departament de Farmacolo-
gia, Terapeutica i Toxicologia, Facultat de Veterinaria, Universitat
Autonoma de Barcelona, 08193 Bellaterra, Barcelona, Spain, Tele-
phone: +34 935811532, Fax: +34 935812059, E-mail: Jordi.Alberola@
uab.es. Laura Iniesta and Montserrat Portus, Laboratori de Parasi-
tologia, Departament de Microbiologia i Parasitologia Sanitaries,
Universitat de Barcelona, 08028 Barcelona, Spain, Telephone: +34
934024497, Fax: +34 934024498, E-mail: mportus@ub.edu. Joseph
Pastor and Yvonne Espada, Departament de Medicina i Cirurgia
Animals, Facultat de Veterinaria, Universitat Autonoma de Barce-
lona, 08193 Bellaterra (Barcelona), Spain, Telephone: +34 935811091,
Fax: +34 935812006, E-mail: d.med.cirurgia.animal@uab.es.

Reprint requests: Jordi Alberola, Departament de Farmacologia,
Terapeutica i Toxicologia, Facultat de Veterinaria, Universitat Au-
tonoma de Barcelona, 08193 Bellaterra, Barcelona, Spain, Tele-
phone: +34 935811532, Fax: +34 935812059, E-mail: Jordi.Alberola@
uab.es.

REFERENCES

1. World Health Organization, 2002. Annex 3: Burden of Disease in
DALYs by Cause, Sex and Mortality Stratum in WHO Re-
gions, Estimates for 2001. The World Health Report. Geneva:
WHO, 192-197.

2. Solano-Gallego L, Morell P, Arboix M, Alberola J, Ferrer L,
2001. Prevalence of Leishmania infantum infection in dogs liv-
ing in an area of canine leishmaniasis endemicity using PCR on
several tissues and serology. J Clin Microbiol 39: 560-563.

3. Bongiorno G, Habluetzel A, Khoury C, Maroli M, 2003. Host
preferences of phlebotomine sand flies at a hypoendemic focus
of canine leishmaniasis in central Italy. Acta Trop 88: 109-116.

4. Gramiccia M, Maazoun R, Lanotte G, Rioux JA, Leblanco S,
Evans DA, Peters W, Bettini S, Gradoni L, Pozio E, 1982.
Enzymatic typing of 11 isolates of Leishmania collected from
visceral infections in rodents, dogs and foxes on the Italian
mainland: demonstration of an enzyme variant in the parasite
of the fox (Vulpes vulpes) and dog. Ann Parasitol Hum Comp
57: 527-531.

5. Abranches P, Silva FMC, Ribeiro MMS, Lopes FJ, Gomes LT,
1983. Kala-Azar in Portugal. 4. The wild reservoir—the Isola-
tion of a Leishmania from a fox. Trans R Soc Trop Med Hyg
77: 420-421.

6. Gonzélez-Castro J, Morillas-Marquez F, Benavides-Delgado I,
1987. Leishmania infantum s. str., parasite du rat noir (Rattus
rattus). A propos du typage enzymatique d’une souche isolée
en Espagne, dans la province de Grenade. Ann Parasitol Hum
Comp 62: 101.

7. Koehler K, Stechele M, Hetzel U, Domingo M, Schonian G,
Zahner H, Burkhardt E, 2002. Cutaneous leishmaniosis in a
horse in southern Germany caused by Leishmania infantum.
Vet Parasitol 109: 9-17.

8. Ozon C, Marty P, Pratlong F, Breton C, Blein M, Lelievre A,
Haas P, 1998. Disseminated feline leishmaniosis due to Leish-
mania infantum in southern France. Vet Parasitol 75: 273-2717.

9. Sergent E, Sergent E, Lombard J, Quilichini M, 1912. La leish-
maniose a Alger. Infection simultanée d’un enfant, d’un chien
et d’un chat dans la méme habitation. Bull Soc Pathol Exot 5:
93-98.



680

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dunan S, Mary C, Garbe L, Breton Y, Olivon B, Ferrey P, Cabas-
sus JP, 1989. A propos d’un cas de leishmaniose chez un chat
de la région marsiellaise. Bull Soc Frangaise Parasitol 7: 17-20.

Hervas J, Chacon-M De Lara F, Sanchez-Isarria MA, Pellicer S,
Carrasco L, Castillo JA, Gomez-Villamandos JC, 1999. Two
cases of feline visceral and cutaneous leishmaniosis in Spain. J
Feline Med Surg 1: 101-105.

Poli A, Abramo F, Barsotti P, Leva S, Gramiccia M, Ludovisi A,
Mancianti F, 2002. Feline leishmaniosis due to Leishmania in-
fantum in Italy. Vet Parasitol 106: 181-191.

Pennisi MG, Venza M, Reale S, Vitale F, Lo Giudice S, 2004.
Case report of leishmaniasis in four cats. Vet Res Commun
28(Suppl 1): 363-366.

Rufenacht S, Sager H, Muller N, Schaerer V, Heier A, Welle
MM, Roosje PJ, 2005. Two cases of feline leishmaniosis in
Switzerland. Vet Rec 156: 542-545.

Denuziere C, 1977. Un chat leishmanien. Sem Ver 32: 1-2.

Laurelle Magalon C, Toga I, 1996. Un cas de leishmaniose féline.
Pract Med Chir Animal Comp 31: 261-266.

Hervas J, de Lara FCM, Lopez J, Gomez-Villamandos JC, Guer-
rero MJ, Moreno A, 2001. Granulomatous (pseudotumoral)
iridociclitis associated with leishmaniasis in a cat. Vet Rec 149:
624-625.

Leiva M, Lloret A, Pena T, Roura X, 2005. Therapy of ocular and
visceral leishmaniasis in a cat. Vet Ophthalmol 8: 71-75.

Kirkpatrick CE, Farrell JP, Goldschmidt MH, 1984. Leishmania
chagasi and L. donovani: experimental infections in domestic
cats. Exp Parasitol 58: 125-131.

Mancianti F, 2004. Feline leishmaniasis: what’s the epidemiologi-
cal role of the cat? Parasitologia 46: 203-206.

Bez M, 1992. La Leishmaniose chez le Chat. Enquete Seroepi-
demiologique dans les Alpes-Maritimes. Doctoral thesis.
Lyon: Ecole Nationale Veterinaire de Lyon.

Marechal M, 1993. La Leishmaniose Feline: Cas Sporadique ou
Réalité Ignorée? (Etude dans la Région Marseillaise). Doc-
toral thesis. Lyon: Ecole Nationale Veterinaire de Lyon.

Pennisi MG, Masucci M, Catarsini O, 1998. Presenza d’anticorpi
anti-Leishmania in gatti FIV che vivono in zona endemica. Atti
Soc Ital Sci Vet 52: 265-266.

Ozon C, Marty P, Lelievre A, Biorgalli J, Corniglion A, Giacomo
A, Lamothe J, 1999. Le chat reservoir de Leishmania infantum
dans le sud de la France? Proceedings of the 24th WSAVA
Congress. Lyon.

Pennisi MG, Maxia L, Vitale F, Massucci M, Borruto G, Cara-
cappa S, 2000. Studio dell’infezione de Leishmania mediante
PCR in gatti che vivono in zona endemica. Atti Soc Ital Sci Vet
54: 215-216.

Portis M, Gallego M, Riera C, Aisa MJ, Fisa R, Castillejo S,
2002. Wild and domestic mammals in the life cycle of Leish-
mania infantum in Southwest Europe. A literature review and
studies performed in Catalonia (Spain). Rev Iber Parasitol 62:
72-76.

Vita S, Santori D, Aguzzi I, Petrotta E, Luciani A, 2005. Feline
leishmaniasis and ehrlichiosis: serological investigation in
Abruzzo region. Vet Res Commun 29(Suppl 2): 319-321.

Riera C, Valladares JE, Gallego M, Aisa MJ, Castillejo S, Fisa R,
Ribas N, Carrio J, Alberola J, Arboix M, 1999. Serological and
parasitological follow-up in dogs experimentally infected with

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

103

SOLANO-GALLEGO AND OTHERS

Leishmania infantum and treated with meglumine antimoni-
ate. Vet Parasitol 84: 33-47.

Aisa MJ, Castillejo S, Gallego M, Fisa R, Riera MC, De Col-
menares M, Torras S, Roura X, Sentis J, Portus M, 1998. Di-
agnostic potential of Western blot analysis of sera from dogs
with leishmaniasis in endemic areas and significance of the
pattern. Am J Trop Med Hyg 58: 154-159.

Mary C, Lamouroux D, Dunan S, Quilici M, 1992. Western-Blot
analysis of antibodies to Leishmania infantum antigens: poten-
tial of the 14-kD and 16-kD antigens for diagnosis and epide-
miologic purposes. Am J Trop Med Hyg 47: 764-771.

Fisa R, Gdllego M, Castillejo S, Aisa MJ, Serra T, Riera C, Carrio
J, Gallego J, Portus M, 1999. Epidemiology of canine leish-
maniosis in Catalonia (Spain): the example of the Priorat fo-
cus. Vet Parasitol 83: 87-97.

Ben Said M, Jaiem A, Smoorenburg M, Semiao-Santos SJ, Ben
Rachid MS, el Harith A, 1992. Canine leishmaniasis in the
region of Enfidha (Central Tunisia). Assessment of seropreva-
lence with direct agglutination (DAT) and indirect immuno-
fluorescence (IFAT). Bull Soc Pathol Exot 85: 159-163.

Berrahal F, Mary C, Roze M, Berenger A, Escoffier K, Lamour-
oux D, Dunan S, 1996. Canine leishmaniasis: identification of
asymptomatic carriers by polymerase chain reaction and im-
munoblotting. Am J Trop Med Hyg 55: 273-2717.

Solano-Gallego L, Llull J, Ramos G, Riera C, Arboix M, Al-
berola J, Ferrer L, 2000. The Ibizian hound presents a pre-
dominantly cellular immune response against natural Leishma-
nia infection. Vet Parasitol 90: 37-45.

Cabral M, O’Grady JE, Gomes S, Sousa JC, Thompson H, Al-
exander J, 1998. The immunology of canine leishmaniosis:
strong evidence for a developing disease spectrum from
asymptomatic dogs. Vet Parasitol 76: 173-180.

Alvar J, Canavate C, Gutierrez Solar B, Jimenez M, Laguna F,
Lopez Velez R, Molina R, Moreno J, 1997. Leishmania and
human immunodeficiency virus coinfection: the first 10 years.
Clin Microbiol Rev 10: 298-319.

Fernandez-Bellon H, Solano-Gallego L, Bardagi M, Alberola J,
Ramis A, Ferrer L, 2005. Immune response to Leishmania
infantum in healthy horses in Spain. Vet Parasitol 135: 181-185.

Guy MW, Killickkendrick R, Gill GS, Rioux JA, Bray RS, 1984.
Ecology of Leishmaniasis in the south of France. 19. Determi-
nation of the hosts of Phlebotomus ariasi Tonnoir, 1921 in
Cevennes by bloodmeal analyses. Ann Parasitol Hum Comp
59: 449-458.

Ogusuku E, Perez JE, Paz L, Nieto E, Monje J, Guerra H, 1994.
Identification of bloodmeal sources of Lutzomyia spp. in Peru.
Ann Trop Med Parasitol 88: 329-335.

De Colmenares M, Portiis M, Botet J, Dobano C, Gallego M,
Wolft M, Segui G, 1995. Identification of blood meals of Phle-
botomus perniciosus (Diptera: Psychodidae) in Spain by a
competitive enzyme-linked immunosorbent assay, biotin/
avidin method. J Med Entomol 32: 229-233.

Ashford RW, 2000. The leishmaniases as emerging and reemerg-
ing zoonoses. Int J Parasitol 30: 1269-1281.

Gramiccia M, Gradoni L, 2005. The current status of zoonotic
leishmaniases and approaches to disease control. /nt J Parasitol
35: 1169-1180.






DISCUSION






Discusion

1. UTILIDAD DIAGNOSTICA Y PRONOSTICA DE LA RESPUESTA
INMUNE FRENTE A LEISHMANIA EN EL PERRO

La respuesta inmune juega un papel fundamental en la defensa del hospedador frente a
Leishmania. En modelos murinos experimentales y en pacientes humanos y caninos, se
ha observado que la eliminacion de este pardsito requiere el desarrollo de una
inmunidad mediada por células ya que los anticuerpos especificos no resuelven la
infeccion por microorganismos intracelulares (Carvalho et al.,, 1989, Abranches et al.,
1991a, Locksley y Louis, 1992, Pinelli et al., 1994, Akuffo et al., 1996, Carrera et al.,
1996, Cabral et al., 1998, Miles et al., 2005).

Existen varias células implicadas en la defensa contra Leishmania, de entre las cuales,
las células T helper son las més relevantes. Varios trabajos intentan asociar la respuesta
de estas células T helper con las diferentes fases de la infeccion. Se han estudiado
citoquinas y clases y subclases de inmunoglobulinas y su asociacidn con el perfil clinico
de diferentes poblaciones murinas, humanas y caninas para intentar entender los
mecanismos que controlan la persistencia y la multiplicacion del parésito en el interior
de los hospedadores.

En ratones infectados con L. major se ha encontrado una respuesta polarizada Th1/Th2
(Reed y Scott, 1993, Reiner y Locksley, 1995). En estos animales la progresion de la
enfermedad se asocia claramente a un predominio Th2, con la secrecion propia de IL-4,
IL-10 e IgGl, y la resistencia a Thl caracterizada por una secrecion de IFN-y e IgG2
(Bretscher et al., 1992, Afriny Ali, 1997, Afrin y Ali, 1998).

En humanos se ha observado una relacion inversa entre la respuesta celular y la
evolucion de la enfermedad (Carvalho et al., 1985, Elassad et al., 1994, Ulrich et al.,
1995, Sundar et al., 1997, Atta et al., 1998, Anam et al., 1999a, Anam et al., 1999b),
aunque la polarizacion Th1/Th2 no esté4 clara (Anam ef al., 1999b, Mary et al., 1999) al
igual que en ratones infectados con L. infantum (Kaye et al., 1991, Miralles et al., 1994,
Honoré et al., 1998) y en perros (Cabral et al., 1998). En estos casos se aboga por una
respuesta mixta, una combinacion de ambos clones, Th1 y Th2, con un amplio espectro
de respuestas (Abranches et al., 1991a, Cabral ef al., 1992, Pinelli ef al., 1994, Carrera
et al., 1996, Cabral et al., 1998).
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La utilidad diagndstica que pueda tener esta respuesta inmune en el perro y su capacidad
para detectar distintas formas y fases de la infeccion ha sido el objetivo global de este
trabajo.

La aplicacion de diferentes técnicas inmunoldgicas (ELISA, western blot, 1FI,
intradermorreaccidn y linfoestimulacion) junto con el estudio de las inmunoglobulinas
especificas tipo IgG, I1gG1, IgG2 e IgE en busca de marcadores de evolucion, realizado

en el transcurso de este trabajo, permite observar que:

La mayoria de los perros estudiados muestran una mezcla de respuesta inmune

celular y humoral.

Se considera que la inmunidad mediada por células es el mecanismo de defensa
primario contra la infeccidn por Leishmania. Para poner de manifiesto esta respuesta
celular especifica se aplican técnicas como el test de Montenegro o la linfoestimulacion,
aunque este ultimo método se considera poco util para trabajos de campo dado que
requiere una infraestructura sofisticada. En cambio el test de Montenegro o
intradermorreaccion es mucho mas util en estudios epidemiologicos por lo que es la
técnica que hemos aplicado fundamentalmente en la elaboracion de esta tesis.

En humanos, una respuesta celular positiva se asocia a infecciones pasadas y curadas
(Pampiglione et al., 1975, Sacks et al., 1987), a pesar de que se han observado casos de
individuos no expuestos a Leishmania que han desarrollado una respuesta
linfoproliferativa positiva a este antigeno (Kemp et al., 1992).

En perros, la respuesta positiva al antigeno de Leishmania detectada mediante
intradermorreaccidn y/o linfoestimulacion se ha asociado a infecciones asintomaticas vy,
al contrario, esta respuesta celular positiva no se muestra en los animales con
leishmaniosis canina activa (Pinelli ez al., 1994, Cardoso et al, 1998, Rhalem et al,,
1999). En consecuencia, se apuesta por una dicotomia en la respuesta inmune de las
infecciones caninas.

Al analizar los resultados extraidos de las diferentes poblaciones de perros estudiadas en
este trabajo, se observa que algunos perros asintomaticos cursan con una respuesta DTH
positiva y sin expresion significativa de anticuerpos. También se han encontrado varios
casos de animales sintomaticos que cursan con una elevada respuesta humoral a la vez
que una intradermorreaccion y/o linfoestimulacion positiva y animales infectados

asintomaticos que expresan niveles de IgG2 por encima del cut-off de positividad
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(Iniesta et al., 2002). Estos resultados demuestran que no existe tal dicotomia
humoral/celular en la respuesta inmunitaria relacionada con la infeccion sintoméatica o
asintomatica de los perros, sino que la mayoria de los animales presentan una mezcla de
respuesta inmune celular y humoral. Nuestros resultados corroboran que, al igual que
ocurre en la leishmaniosis humana (Badaré et al., 1986), la leishmaniosis canina cursa
con un abanico de manifestaciones clinicas que abarcan desde las formas

polisintomaticas a los casos asintomaticos.

Respuesta humoral

La leishmaniosis visceral es una enfermedad que cursa con una elevada producciéon de
anticuerpos (Abranches et al.,, 1991a). Al tratarse de una infeccion parasitaria cronica,
los anticuerpos mayoritarios y, en consecuencia, los mas estudiados, son las
inmunoglobulinas tipo G. Sin embargo, la interpretacién de la presencia de estas
inmunoglobulinas es compleja y su papel en pacientes con kala-azar aun no esta
esclarecido. Las IgG fracasan en el mantenimiento de la proteccion frente a patdgenos
intracelulares y, ademas, contribuyen a la progresion de la enfermedad que tiene
mayoritariamente una base inmune. En ratones se ha observado que la administracion
pasiva de IgG anti-Leishmania aumenta la lesion cutdnea (Miles et al., 2005).

Los diferentes isotipos y subclases de inmunoglobulinas especificas segregadas por las
células B en interaccion con las células T y con las citoquinas secretadas por éstas se
han relacionado, en modelos murinos, con la dicotomia Th1/Th2. Se ha observado que
el clon Thl es inductor de la produccidn de IgG2 e 1gG3, mientras que el Th2 lo es de
IgA, IgE, IgG1 e IgG4 (Coffman et al., 1987, Snapper y Paul 1987, Yanagihara ef al.,
1995, Abbas et al., 1996, Afriny Ali, 1997, Atta et al., 1998).

En perros, la produccion de inmunoglobulinas varia en funcidén de varios factores como
son la forma clinica de la enfermedad, la cantidad de parésitos y la cronicidad de la
infeccion (Pinelli et al., 1994, Carrera et al., 1996, Reis et al., 20006).

En todos los grupos de perros de zonas endémicas analizados en este trabajo se han
detectado, en mayor o menor medida, anticuerpos especificos anti-Leihsmania. Como
era de esperar y como se ha observado con anterioridad (Deplazes et al., 1995,
Bourdoiseau et al., 1997, Cavaliero et al, 1999), la produccion de anticuerpos

especificos es mayor en los animales sintomaticos que en los asintomaticos, aunque el
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hecho de encontrar estas IgG no es sinonimo de enfermedad manifiesta. Ademas, la
ausencia de estos anticuerpos tampoco indica ausencia de infecciéon como demuestra la
existencia de animales seronegativos con pruebas de cultivo y/o PCR positivas (Iniesta

et al., 2002).

La respuesta de anticuerpos en la infeccion por Leishmania en el perro es
fundamentalmente de tipo IgG2 y su expresion esta directamente relacionada con

la presencia de desordenes patofisiolégicos.

En cuanto a las subclases de inmunoglobulinas tipo G, varios estudios llevados a cabo
con animales en distintas situaciones clinicas (asintomaticos, enfermos, sometidos o no
a tratamiento) describen sus niveles, aunque se han obtenido resultados no concordantes
entre si. Una de las causas de esta falta de concordancia puede ser el material utilizado,
dado que los estudios realizados con el mismo antisuero comercial concluyen que la
respuesta inmunoldgica humoral mayoritaria es de tipo IgG2 (Bourdoiseau ef al., 1997,
Boceta et al., 2000, Leandro ef al., 2001), mientras que otros que utilizan anticuerpos
monoclonales encuentran asociacion entre la leishmaniosis canina y la sobre-expresion
de IgGl, IgG3 e IgG4 (Quinell ef al., 2003). Esta diferencia en el protocolo de
actuacion sumada al pequefio nimero de animales estudiados en algunos de estos
trabajos y las diferentes técnicas aplicadas puede explicar la falta de coherencia entre

resultados.

Los resultados sobre la expresion de anticuerpos de este trabajo no se basan en medidas
absolutas de densidad dptica, sino que estan cuantificados en unidades referidas a los
valores, arbitrariamente situados en 100 U, obtenidos del suero de un perro
experimentalmente infectado, eutanasiado en la fase aguda de la enfermedad y
considerado calibrador. El hecho de que se trate de valores relativos, sumado a otros
factores como son la diferente afinidad del conjugado, la concentracion utilizada de
dicho conjugado, la presencia de otras inmunoglobulinas que puedan unirse al antigeno
de la placa, entre otras, dificultan la comparacion cuantitativa de las diversas
inmunoglobulinas, ya que en ningun caso se trata de niveles absolutos. Esta dificultad,
ya de por si importante para la discusion de resultados de un mismo trabajo, lo es atin

mayor cuando se trata de relacionar valores obtenidos por autores distintos.
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La utilizacion de un suero calibrador para la cuantificacion de los niveles de
inmunoglobulina en ELISA versus la utilizacién de valores de densidad dptica presenta
la ventaja de obviar los sesgos o variaciones producidas en la reaccién enzimatica,
ajenos a la reaccidon inmune. Sin embargo, presenta el inconveniente de no detectar la
intensidad de la reaccion global. De esta manera, los resultados de densidad optica
obtenidos mediante la técnica de ELISA para las inmunoglobulinas especificas de tipo
IgG1 e IgE son mucho menores que para las IgG2. Estos mayores valores de 1gG2,
sumados al hecho de que los resultados de IgG anti-Leishmania son paralelos a los de
IgG2 (r = 0,948, p < 0,001), hace pensar que la mayoria de los anticuerpos especificos
expresados por los perros analizados en este trabajo son de tipo 1gG2 (Solano-Gallego
et al., 2001b).

Este nivel de IgG2 especificas es mayor en perros infectados sintomdticos que en
asintomaticos (t de Student, p = 0,000), éste mayor que en perros de zona endémica con
pruebas parasitologicas negativas (t de Student, p = 0,001) y éste a su vez mas elevado
que en el grupo de perros de zona no endémica (t de Student, p = 0,001) (Iniesta et al.,
2005). Esta baja tasa de IgG2 encontrada en perros de zona endémica considerados no
infectados puede reflejar la memoria inmunologica de pasadas infecciones o la fase
inicial de infecciones recientes que ain no se detectan mediante las técnicas
parasitoldgicas.

Existen trabajos que asocian la tasa de IgG2 con una respuesta inmune Thl ligada a
infecciones asintomaticas (Deplazes et al, 1995). Sin embargo, en nuestro estudio
observamos que estas [gG2 especificas anti-Leishmania, no sdlo estan expresadas por
todos los animales infectados (tanto asintomaticos como sintomadticos), sino que estan
directamente relacionadas con la presencia de desordenes patofisioldgicos detectados
durante los examenes fisicos y analiticos de los perros (Iniesta et al., 2002, Iniesta et al.,
2005), lo que rechaza la idea anterior de que las IgG2 son marcadoras de infeccion

asintomatica.

En el caso de los animales sintomaticos a los que se les aplica tratamiento
farmacologico especifico, aquellos que respondieron de manera positiva a dicho
tratamiento, tanto los natural como los experimentalmente infectados, mostraron un
descenso significativo en todas las inmunoglobulinas. Concretamente, el nivel de 1gG2

en animales que responden al tratamiento desciende notablemente (t de Student, p <
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0,001) mientras que en los que no responden el descenso es menos marcado (t de

Student, p = 0,053) (Solano-Gallego et al., 2001b).

La expresion de IgG1l e IgE especificas unicamente se detecta en animales que
desarrollan la enfermedad lo que sefiala su potencial papel como marcadoras de

leishmaniosis canina activa.

Al contrario de lo que ocurre con las IgG2, cuya expresion guarda relacion directa con
la sintomatologia, la tasa de IgG1 es muy variada y, ademas, no guarda relacién con la
de IgG totales detectada (r = 0,008, p = 0,934) (Solano-Gallego et al., 2001b). En los
casos de perros asintomadticos con tasas de IgG e IgG2 bajas, el nivel de IgGl es
variable, mientras que para animales asintomaticos con elevados niveles de IgG e 1gG2
las IgG1 siempre resultan bajas. Estos animales asintomaticos permanecen con tasas
bajas de IgG1 durante su seguimiento a lo largo de varios afios, incluso cuando las IgG

y las IgGG2 aumentan significativamente (Solano-Gallego et al., 2001b).

Estas IgG1 especificas, junto con las IgE, unicamente se detectan en animales que
desarrollan sintomas de la enfermedad. Al calcular el valor medio de ELISA para cada
inmunoglobulina en los diferentes grupos de animales analizados, se observa que la
expresion de ambas en perros infectados sintomadticos es significativamente mayor que
en infectados asintomaticos (t de Student, p = 0,002 para las IgG1 y p = 0,000 para las
IgE), mientras que los valores de IgG1 e IgE son similares entre los animales infectados
asintomaticos y los no infectados de zona endémica (t de Student, p = 0,079 para IgGl y
p = 0,718 para IgE) (Iniesta et al., 2005).

Por tanto, esta elevada expresion de IgG1 especificas anti-Leishmania se asocia con la
enfermedad al igual que se habia observado anteriormente (Deplazes et al., 1995,
Bourdoiseau et al., 1997, Quinnell et al., 2003).

Por su parte, las IgE se han asociado tradicionalmente a enfermedades atdpicas como la
hipersensibilidad a alergenos ambientales (Halliwell y DeBoer, 2001, Foster et al.,
2003) y a enfermedades helminticas (Snowden y Hammerberg, 1987, Gasser et al.,
1993). Ultimamente también se ha relacionado la expresion de IgE con el kala-azar
humano en el que se detecta una elevada expresion de IgGl e IgE durante las fases
activas de la enfermedad (Elassad et al., 1994, Atta et al., 1998, Anam et al., 1999b).

Esta observacion concuerda con los resultados obtenidos en los perros analizados en
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este trabajo los cuales muestran una sobre-expresion de IgGl e IgE durante la
leishmaniosis activa, lo que permiten sefialar a ambas inmunoglobulinas como

marcadoras de leishmaniosis canina activa.

El numero de fracciones polipeptidicas del antigeno de Leishmania reconocidas
por las IgG1 y las IgG2 es similar y disminuye de forma paralela a los valores

relativos de ambas inmunoglobulinas detectadas mediante ELISA.

En cuanto a los idiotipos de estas inmunoglobulinas, estudios anteriores realizados en
humanos infectados con L. donovani observan que el subtipo que reacciona con un
mayor nimero de polipéptidos es la IgG1 (Ravindran ef al., 2004). Por el contrario, en
el caso de los perros, existe un mayor nuimero de polipéptidos del antigeno de
Leishmania reconocidos por el subtipo 1gG2 que por el IgGl (Nieto et al., 1999,
Vercammen et al., 2002, Fernandez-Pérez et al., 2003). Quiza el reducido nimero de
animales que conforman la muestra de algunos de estos estudios o la diferente
sensibilidad de las técnicas debido a las concentraciones de suero y conjugado utilizadas
puedan explicar la falta de similitud entre dichos resultados y los encontrados en nuestro
estudio. En este trabajo se observa que el nimero de fracciones polipeptidicas del
antigeno de Leishmania reconocidas en el inmunoblot por IgGl e IgG2 es similar y
disminuye de forma paralela a los valores relativos de ambas inmunoglobulinas
detectadas mediante ELISA, siendo la correlacion entre los valores de ELISA (U) y el
numero de bandas detectadas mediante el western blot mayor para las IgG2 que para las
IgG1 (r = 0,605 para IgG2 y r = 0,378 para IgG1). La diferencia entre los patrones de
fracciones polipeptidicas revelados por una y otra inmunoglobulina, tanto para los
animales asintomdticos como para los sintomaticos, estriba en la intensidad de las
bandas reveladas por cada subclase pero no en la variedad ni el nimero de fracciones
antigénicas reconocidas (Iniesta et al., 2007).

Los antigenos pertenecientes a la familia AG24 (Couvreur et al., 1997) (31 y 24 kDa
para IgGl y 24 y 21 kDa para IgG2) previamente descritos por su elevada
inmunogenicidad y sensibilidad para el diagnostico (Le Ray ef al., 1975) son los que
estan mas relacionados con la sintomatologia, por lo que son considerados marcadores

de leishmaniosis canina activa (Iniesta et al., 2007).
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Bajos niveles de IgG1 post-tratamiento en animales con elevados niveles de IgG1

previos al tratamiento son un indicador de buen prondstico.

Al comparar la expresion de IgG1 en respuesta al tratamiento especifico se observa que,
en los animales que responden positivamente al tratamiento, el nivel de IgG1 desciende
de manera brusca (t de Student, p < 0,01), mientras que el descenso mostrado en los
animales que no responden es menos marcado (p = 0,112) (Solano-Gallego et al.,
2001b), de manera similar a lo que ocurre en casos descritos con anterioridad (Deplazes
et al., 1995). Ademas, el nivel de IgGl en el momento del diagnéstico fue
significativamente mayor en los que respondieron (X = DE =94 U + 89) que en los que
no respondieron (X + DE =35 U + 25) (p = 0,02). Por todo ello, se considera que bajos
niveles de IgG1 post-tratamiento son indicadores de buen pronostico, siempre y cuando

los niveles de IgG1 previos al tratamiento sean elevados (Solano-Gallego et al., 2001b).

El dafio glomerular presente en perros polisintomaticos puede manifestarse

mediante la eliminacion de anticuerpos por la orina.

Entre el amplio abanico de manifestaciones clinicas con las que cursa la leishmaniosis
canina activa, la mayor complicacion y la principal causa de muerte en los animales
infectados es la afectacion renal (Benderitter ez al., 1988, Poli et al., 1991), la cual es
debida mayoritariamente a la deposicion de inmunocomplejos que provocan lesiones
glomerulares (Tafuri et al., 1989). Este dafio glomerular puede manifestarse mediante la
eliminacion de anticuerpos por la orina, hecho que se ha demostrado anteriormente en
pacientes humanos con leishmaniosis visceral (Kohanteb ez al., 1987) y en hamsters
experimentalmente infectados con L. donovani (Sartori et al., 1987). El andlisis
mediante ELISA (proteina A e IgG2) de 95 orinas pertenecientes a 30 perros con
leishmaniosis confirmada, 20 con otras patologias y 45 animales de los que se carece de
informacion, demuestra la presencia de inmunoglobulinas especificas anti-Leishmania,
mayoritariamente de tipo IgG2, en la orina de 35 de los perros analizados (Solano-

Gallego et al., 2003Db).

La presencia de anticuerpos anti-Leishmania en orina es debida mayoritariamente

a un fallo en la filtracion glomerular y, en menor medida, a una produccion local.
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Para determinar si la presencia de estos anticuerpos especificos encontrados en las
muestras de orina es debida a un fallo en la filtracion glomerular o a una produccioén
local en el tracto urinario, se analiz6 el coeficiente de anticuerpos urinarios (C) y el
patrén de fracciones proteicas del antigeno de L. infantum reveladas para cada pareja
orina-suero de los perros positivos mediante ELISA. Para todos los animales, el titulo
de IgG especificas en las muestras de orina fue mucho menor que en las del suero
correspondiente.

Los polipéptidos més frecuentemente revelados por ambas muestras fueron los de 14,
16, 20, 30, 31, 48 y 69 kDa. Las orinas con resultados negativos mediante ELISA no
revelaron ninguna fraccion polipeptidica del antigeno de L. infantum.

Al comparar los patrones de ambas muestras del mismo animal encontramos que, en
general, el numero y la intensidad de las bandas reveladas por los anticuerpos presentes
en el suero es mayor que las reveladas por los anticuerpos presentes en la orina. Sin
embargo, se observaron ligeras diferencias entre los patrones revelados. En algunos
casos los anticuerpos de la orina revelaron fracciones polipeptidicas no observadas para
el correspondiente suero y en otros casos algunas bandas reveladas por los anticuerpos
de la orina mostraron una mayor intensidad que las del suero homdlogo, lo que indica
una produccion local.

Por tanto, los resultados obtenidos sugieren que la presencia de anticuerpos anti-
Leishmania en la orina de los perros estd causada mayoritariamente por un fallo en la
filtracién glomerular y, en menor medida por una produccion local (Solano-Gallego et

al., 2003b).

2. DIAGNOSTICO DE LA LEISHMANIOSIS CANINA CRIPTICA

Investigaciones llevadas a cabo sobre la leishmaniosis canina han demostrado que el
nimero de perros infectados en areas endémicas es mucho mayor del que se obtiene al
considerar unicamente los animales clinicamente enfermos (Fisa ez al., 1999).

Estudios seroepidemiologicos en zonas de alta endemia para esta enfermedad han
demostrado la existencia de un gran niimero de animales asintomaticos seropositivos
(Portus et al., 1987, Fisa et al., 1991, Sideris et al., 1999). El seguimiento a lo largo del
tiempo de estos animales seropositivos asintomaticos muestra que algunos de ellos se

encuentran en la fase prepatente de la infeccion, que otros se encuentran en la fase
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regresiva de la enfermedad y que un tercer grupo mantiene sus niveles de anticuerpos
sin desarrollar la enfermedad durante varios afios, lo que se ha dado en llamar
leishmaniosis criptica (Lanotte ez al., 1979, Fisa et al., 1991, Aisa et al., 1998).

Estos animales seropositivos asintomaticos generalmente cursan con una baja respuesta
humoral con una tasa de anticuerpos situada alrededor del umbral de positividad (Pinelli
et al., 1994, Cardoso et al., 1998), zona gris donde coinciden también las reacciones
cruzadas e inespecificidades de la técnica. En estos casos, los test serologicos
convencionales no distinguen si se trata de animales infectados o no, ni diferencian las
fases de la enfermedad en la que se encuentran.

Por su parte, las técnicas parasitoldgicas ofrecen la unica evidencia incuestionable de la
presencia del parésito en la muestra y proporcionan unos resultados muy especificos,
aunque de menor sensibilidad cuando el nimero de pardsitos es escaso. Incrementa el
problema la variable capacidad de crecimiento de las diferentes cepas de Leishmania.
La aplicacion de técnicas mas sensibles como la PCR y la optimizacion del cultivo
mejoran la tasa de deteccion aunque sigue sin encontrarse una técnica diagnostica
definitiva que pueda ser considerada un gold standard, lo cual es un inconveniente para
los estudios epidemiologicos de la enfermedad. La identificacion de los animales con
leishmaniosis criptica tiene un valor diagnostico y epidemioldgico notable, ya que la
deteccidon de la extension de la infeccion es de gran importancia para el control de la
enfermedad. Ademads, la clave determinante de pardmetros como la sensibilidad, la
especificidad y el valor predictivo para las técnicas diagnosticas es la determinacion de

si un perro se encuentra o no infectado.

Con el objetivo de determinar la utilidad de diferentes técnicas parasitologicas,
inmunoldgicas y moleculares para detectar estas leishmaniosis caninas cripticas se
aplicaron varias pruebas diagndsticas a un grupo de perros de zonas endémicas para esta
zoonosis. Al analizar los resultados se observa que existe asociacion entre la tasa de
IgG2 detectada mediante ELISA y los resultados obtenidos mediante PCR cuando se
tienen en cuenta el conjunto total de perros (Pearson, p = 0,001) y la cohorte de
animales considerados infectados (tanto sintomaticos como asintomaticos) (Pearson, p =
0,052). En cambio, los resultados obtenidos de la PCR y el ELISA-IgG2 son
independientes cuando se considera el grupo de animales con infeccidon criptica
(infectados asintomaticos) (Pearson, p = 0,183) (Iniesta et al., 2002). Esto puede ser

debido a la baja respuesta inmune humoral de dichos animales asintomaticos (Mary et
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al., 1992, Berrahal et al., 1996) que sitia el nivel de anticuerpos en la regién gris
borderline de deteccion ya comentada anteriormente, donde los resultados positivos
pueden incluir artefactos y posibles reacciones cruzadas.

Los resultados obtenidos mediante ELISA y el western blot también son independientes
cuando se consideran los animales infectados asintomaticos (Pearson, p > 0,05), debido
posiblemente a la poca capacidad del ELISA para discernir anticuerpos especificos
cuando hay una baja respuesta humoral y diversidad idiotipica.

Esta ultima técnica de western blot se viene utilizado desde hace ya unos afios y se
considera que es muy especifica cuando se tienen en cuenta unas bandas concretas y
determinadas, consideradas como especificas de Leishmania, lo que permite distinguir
entre reacciones especificas y cruzadas (Mary et al., 1992, Carrera et al., 1996, Aisa et
al., 1998, Fernandez-Pérez et al., 1999). No hay un acuerdo unanime sobre la
interpretaciéon de los resultados a la hora de establecer cudles son las bandas
diagnosticas mas especificas tanto en humanos como en perros debido
fundamentalmente al grado de subjetividad en la lectura y a los distintos protocolos
técnicos llevados a cabo que utilizan diferentes antigenos, fracciones, grados de
reduccion, concentracion de SDS, concentracion de poliacrilamida, substrato, dilucién
de suero y conjugado, entre otros (Abranches et al., 1991a, Mary et al., 1992, Rolland e?
al., 1994, Mancianti et al., 1995, Marty et al., 1995, da Costa ef al., 1996, Couvreur et
al., 1997, Aisa et al., 1998, Fernandez-Pérez et al., 2003, Almeida et al., 2005).

Las fracciones polipeptidicas de 14, 16 y 18 kDa para IgG1 y las de 14 y 16 kDa

para IgG2 se expresan precozmente en perros infectados por L. infantum.

La especificidad de las bandas reveladas en el western blot se establecio tras el analisis
de 24 sueros de perros de zonas no endémicas, ocho de los cuales mostraron ligera
inmunoreactividad frente a algunos polipéptidos del antigeno de L. infantum (69, 63, 60,
52, 46, 45, 43, 40, 38, 36, 33 6 30 kDa para IgG1 y 69, 63, 60, 36 6 33 kDa para 1gG2),

por lo que dichos polipéptidos se descartaron para el diagnostico.

La sensibilidad de cada banda se calculdé utilizando 45 perros con pruebas
parasitologicas o de PCR positivas. Tras los célculos, se considerd un western blot
positivo aquel que detectaba alguna de las siguientes bandas: 24, 20, 18, 16 6 14 kDa
para IgG1 y 48, 31, 24, 18, 16 6 14 kDa para IgG2.
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Las fracciones polipeptidicas consideradas diagnosticas en nuestro estudio para IgGl e
IgG2 en perros coinciden con las anteriormente descritas cuando se utiliza proteina A o
anti-IgG como conjugado. En humanos, los sueros de pacientes con leishmaniosis
visceral analizados por Mary et al. (1992) reconocen los antigenos de 68, 46, 30, 28, 16
y 14 kDa y en el caso de los perros, las bandas consideradas mas sensibles son las de
70, 65, 46, 30, 28, 14 y 12 kDa (Aisa et al., 1998). Las fracciones de 14 y 12 kDa
anteriormente descritas por Aisa et al. (1998) se consideran homdlogas a las de 16 y 14

kDa descritas por Mary et al. (1992) y en este trabajo.

También se observa que las primeras fracciones polipeptidicas del antigeno de
Leishmania reconocidas por IgG1 e IgG2 durante la respuesta inmunitaria temprana en
perros infectados son de bajo peso molecular, coincidiendo también con los resultados
previamente descritos en humanos (Mary et al., 1992) y en perros (Aisa et al., 1998).
También se encuentra en este rango de bajo peso molecular el antigeno de 21 kDa de L.
infantum, reconocido de forma precoz por anticuerpos totales de perros natural y
experimentalmente infectados (Rhalem ez al., 1999). Las bandas de 50-57, 42 y 29 kDa
también han sido detectadas de manera precoz en animales experimentalmente
infectados (Carrera ef al., 1996). Posiblemente las diferencias de pesos moleculares de
las fracciones polipeptidicas detectadas por diferentes autores radique en el método de
obtencién del antigeno, mas reductor en unos casos (Mary et al., 1992, Aisa et al.,

1998) que en otros (Carrera ef al., 1996).

Al realizar un seguimiento de los perros a lo largo del tiempo, se observa que un gran
nimero de perros, considerados negativos mediante técnicas parasitoldgicas expresan
anticuerpos frente a las fracciones polipeptidicas de bajo peso molecular.
Concretamente, se detectan las fracciones de 14 y 16 kDa mediante IgG1 e 1gG2 y la
fraccion de 18 kDa mayoritariamente mediante IgG1 (Iniesta et al., 2007). Muchos de
estos animales positivizaron mediante PCR, cultivo o examen directo en muestras
subsiguientes lo que nos hace pensar que el animal ya se encontraba infectado en
determinaciones anteriores cuando cursaba con una baja tasa de infeccion no detectable
mediante técnicas parasitologicas y desarrollaba una respuesta inmune débil, lo que
demuestra la alta sensibilidad del western blot en estas fases tempranas de la infeccion,

siendo mas sensible que el ELISA cuando se determinan IgG1 (Iniesta et al., 2007).
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3. OTRAS ESPECIES ANIMALES RESERVORIOS DE LEISHMANIA

Sin lugar a dudas, el perro es el reservorio peridoméstico de L. infantum con mayor
trascendencia en la zona mediterranea por lo que no hay demasiados estudios dedicados
a otros mamiferos posibles reservorios. Los habitos alimenticios de los flebotomos, con
falta de una marcada preferencia de hospedador a la hora de alimentarse (de Colmenares
et al., 1995a, Bongiorno et al., 2003), sumado al hecho de que la variabilidad genética
de las cepas de algunos focos es superior a la encontrada en el perro (Montoya et al.,
2007), hacen sospechar que otras especies puedan ser reservorios de la leishmaniosis
como ya se ha demostrado en el caso del zorro (Gramiccia et al., 1982, Marin Iniesta et
al., 1982, Abranches et al., 1983, Fisa et al., 1999), las ratas (Gramiccia ef al., 1982,
Morillas-Marquez et al., 1985), los caballos (Solano-Gallego et al., 2003a, Ferndndez-
Bellon et al., 2006) y el gato (Ozon et al., 1998, Hervas et al., 1999, Pennisi et al.,
2004). La leishmaniosis felina ya se describi6 a principios del siglo XX y desde
entonces se ha ido publicando de manera esporddica. La mayoria de los casos
estudiados son cutaneos (Ozon et al., 1998, Hervas et al., 1999, Poli et al., 2002), con
abundantes pardasitos en piel y con una tasa de anticuerpos muy baja, siendo los casos

viscerales muy poco frecuentes.

La falta de evidencia experimental de que los gatos infectados fueran infecciosos para
los vectores hacia dudar sobre el papel de este animal como hospedador, aunque
recientemente se ha demostrado, a través de xenodiagnostico, la capacidad de un gato
con infeccion crénica por la cepa MON-1 de L. infantum para infectar Phlebotomus

perniciosus (Maroli et al., 2007).

La elevada prevalencia de la leishmaniosis felina apunta a esta especie como

posible reservorio de Leishmania en la zona mediterranea.

En el estudio seroldgico llevado a cabo con un grupo de gatos del noroeste mediterraneo
para determinar la extension de esta infeccion en nuestro entorno, encontramos
anticuerpos en el 6,29% de los animales analizados (Solano-Gallego ef al., 2007b) lo
que apoya la hipétesis de que el gato actua como un verdadero reservorio y no como un
hospedador accidental. No obstante, la tasa de anticuerpos detectada es habitualmente

baja y puede estar sesgada debido a que se cuantifica mediante un calibrador (véase

119



Discusion

discusion de pagina 111) correspondiente al suero de un gato con leishmaniosis
confirmada mediante examen directo y PCR (Leiva ef al., 2005).

Similares resultados se observan en un reciente estudio llevado a cabo en animales del
sur de Espafia donde se detectan anticuerpos especificos anti-Leishmania mediante
técnica de IFI en el 60% de los gatos analizados, aunque tan solo un 6,1% presenta un
nivel de anticuerpos elevado (dilucidén > 1/160) (Martin-Sanchez et al., 2007). Teniendo
en cuenta que la mayoria de los casos analizados son cutdneos o asintomaticos con baja
respuesta inmune humoral y la baja sensibilidad de las técnicas seroldgicas en estos
casos, podemos pensar que, al igual que ocurre con los perros, la tasa de gatos
infectados en zonas endémicas sea considerablemente mayor que la detectada mediante
los estudios seroepidemioldgicos, como se demuestra al aplicar la PCR (Martin-Sanchez
et al., 2007).

Esta baja tasa de anticuerpos hallada, que como ya se ha discutido repetidamente puede
incluir artefactos y reacciones cruzadas, nos indujo a confirmar su positividad mediante
western blot. El patron de fracciones proteicas del antigeno de Leishmania revelado por
los gatos positivos concuerda con el encontrado en los casos humanos y caninos.
Ademas, ningun suero perteneciente a los animales de zona no endémica reacciond con
los polipéptidos de bajo peso molecular (< 26 kDa) considerados especificos, lo cual
confirma la especificidad de los anticuerpos determinados mediante el ELISA (Solano-

Gallego et al., 2007b).

El hecho de que la mayoria de los casos de leishmaniosis felina descritos hasta el
momento sea cutaneo, que los gatos infectados no se recuperen sin un tratamiento
especifico (Leiva ef al, 2005), sumado a los bajos datos de prevalencia de la
enfermedad encontrados en animales de zonas de alta endemia, plantea la hipdtesis de
que estos animales desarrollen una respuesta mayoritariamente celular. Respuesta
efectiva que les confiera cierto grado de resistencia natural a Leishmania y que limite su
localizacion a nivel cutaneo, siempre y cuando no se produzca una inmunosupresion del
animal. Las condiciones inmunosupresoras causadas por la co-infeccidon de Leishmania
con un retrovirus inmunosupresor, como pueda ser el virus de la leucemia felina (FeLV)
o el virus de inmunodeficiencia felina (VIF), podrian permitir la multiplicacion y
visceralizacion del pardsito en el gato igual que ocurre en ratas (Gradoni et al., 1983) y

humanos co-infectados con el VIH (Alvar et al., 1997).
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1. La mayoria de los perros estudiados muestran una mezcla de respuesta inmune

celular y humoral.

2. La respuesta de anticuerpos en la infeccion por Leishmania en el perro es
fundamentalmente de tipo IgG2 y su expresion esta directamente relacionada con la

presencia de desordenes patofisioldgicos.

3. La expresion de IgGl e IgE especificas Uinicamente se detecta en animales que
desarrollan la enfermedad lo que sefiala su potencial papel como marcadoras de
leishmaniosis canina activa.

4. El ntimero de fracciones polipeptidicas del antigeno de Leishmania reconocidas por
las IgG1 y las IgG2 es similar y disminuye de forma paralela a los valores relativos de

ambas inmunoglobulinas detectadas mediante ELISA.

5. Bajos niveles de IgG1 post-tratamiento en animales con elevados niveles de IgGl

previos al tratamiento son un indicador de buen prondstico.

6. El dafio glomerular presente en perros polisintomdticos puede manifestarse mediante

la eliminacion de anticuerpos por la orina.

7. La presencia de anticuerpos anti-Leishmania en orina es debida mayoritariamente a

un fallo en la filtracion glomerular y, en menor medida, a una produccién local.

8. Las fracciones polipeptidicas de 14, 16 y 18 kDa para las IgG1 y las de 14 y 16 kDa

para IgG2 se expresan precozmente en perros infectados por L. infantum.

9. La determinacion de IgG1 mediante western blot presenta una alta sensibilidad.

10. La elevada prevalencia de la leishmaniosis felina apunta a esta especie como posible

reservorio de Leishmania en la zona mediterranea.
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