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ABREVIATURAS

ABC: Complejo avidin-biotina peroxidasa/ Avidin-biofieroxidase complex
ADN/DNA: Acido dexosirribonucleico/ Deoxyribonucleic Acid.

ARN/RNA: Acido ribonucleico/ Ribonucleic Acid.

BHE/BBB: Barrera hematoencefalica/ Blood brain barrier

ELISA: Ensayo de inmunoabsorbancia enzimatica/ Enzymkeld ImmunoSorbent
Assay.

IDGA : Inmunodifusion en gel agar.

IFN-v: Interferon-gamma.

IHC : Inmunohistoquimica/ Immunohistochemistry.

IL : Interleucina/ Interleukin.

LVPR/SRLV : Lentivirus de los pequefios rumiantes/Small Runtihantivirus Group.
MHC-I1I : Complejo mayor de histocompatibilidad de tipoM&jor histocompatibility
complex.

PCR: Reaccion en cadena de la polimerasa/ Polymehase action.

SNC/CNS Siestema Nervioso Central/ Central Nervous System

SU: Envoltura externa.

TM: Glicoproteina transmenbranal.

VAEC/CAEV : Virus de la Artritis Encefalitis Caprina/ CapriAgthritis Encephalitis.
VIF/FIV : Virus de la inmunodeficiencia felina/ Feline Imnaaeficiency Virus.
VIH/HIV : Virus de la inmunodeficiencia huumana/ Human Imoudeficiency Virus.
VM : Visna/maedi.

VVM : Virus del Visna/maed..

WB: Western Blot.

ZSF: Fijador de sales de zinc/ Zinc Salt Fixative
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PLANTEAMIENTO Y OBJETIVOS.

La ganaderia ovina de alta produccion lechera s denlos recursos mas
importantes en el sector primario del ambito rueslpecialmente en regiones como
Castilla y Ledon con alta densidad de ganado oviw.las ultimas décadas ha
experimentado un notable desarrollo, de la mamcip@lmente de la instauracion de
nuevos sistemas de produccién intensiva y elevatlec@ddn genética. En nuestra
region, la introduccion de una nueva raza ovina adm Assaf Espafola, gran
productora de leche, ha supuesto un cambio raglicids sistemas de explotacion y en
los niveles de productividad del sector, frenteagptoduccion de las razas ovinas
locales. Por el contrario, estas altas presioneslgecion y la introduccion de una raza
foranea han supuesto un incremento en la tasagd@as enfermedades, destacando
entre las de origen infeccioso como el Visna/maedio (VM). Esta enfermedad esta
causada por un Retrovirusentivirus de Pequefios rumiant€dkVPR) y supone
pérdidas econdmicas importantes, principalmentédded descensos en la produccion
lechera asi como al desecho y muerte precoz deabesnadultos en edad de alta
produccion (Peterharet al, 2004).

En Espafa, esta enfermedad fue descrita por verg@ia comienzos de los
afos 80, en el Pais Vasco (Gonzatzal, 1984) y Aragon (Lujaret al, 1991),
confirmandose posteriormente la infeccién en dissirzonas geograficas del pais (Alba
et al, 2008; Lagoet al, 2012; Lujanet al, 1993; Sotelo, 1998). Actualmente, en
Espafa es una enfermedad muy extendida, espectal@erexplotaciones lecheras de
raza Assaf, donde la prevalencia de la infecciGsuegrior al 80% (Leginagoika al,
2006b; Sotelo, 1998). Esta gran importancia y exéendel VM se confirma también
con los datos obtenidos de los animales estudiadogl Servicio de Diagnostico
Anatomopatolégico de la Facultad de Veterinaridadgniversidad de Ledn, donde esta
enfermedad se sitla como la més importante caussodalidad y desvieje prematuro

en ganado ovino adulto en las explotaciones deupridh intensiva de leche.

En el VM ovino se diferencian cuatro formas de @méscion: nerviosa, mamaria,
pulmonar y artritica. La forma nerviosa o Visnasali#a por primera vez en la epidemia
gue tuvo lugar en Islandia a mediados del siglagmgSigurdssoet al, 1957) es de
presentacion muy infrecuente en los paises dontde eedermedad infecciosa se ha
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diagnosticado (De la Concha-Bermejillo, 1997). Layoria de los casos clinicos descritos
son hallazgos esporadicos, coexistiendo con las®pulmonar y mamaria. Sin embargo,
en la comunidad de Castilla y Leodn, existen rebafi®sovino de raza Assaf con
produccion intensiva de leche que presentan ealtiosos afios un nimero muy elevado
de casos nerviosos de Visna (Benavidesl, 2006c; Gomezt al, 1999). Asi, se ha
estimado que un 11,2 % de los animales que prdsantsignos clinicos nerviosos y
eran remitidos al Servicio de Diagndstico Anatontoldgico de la Universidad de
Ledn, éstos se debian a lesiones nerviosas pra@dupar el VVM (Benavidest al,
2009; Benavidest al, 2006c). Este hecho, apoya la existencia decpéatidades en la
presentacion de esta enfermedad en nuestra cordunida

Todo ello hace que, a nuestro juicio, deberia serdéada la forma nerviosa en
ovino, intentado conocer cuales son los factoresiados a su aparicion, constituyendo
éste ebbjetivo generalde esta tesis. Asimismo, el estudio de esta fatingca resulta
de interés como modelo animal de encefalitis caugpad Lentivirus, muy similar a la

descrita en infecciones ponatus de la inmunodeficiencia huma@éH).

Los estudios sobre encefalitis causada por VM lidm escasos. Unicamente
durante la epidemia islandesa, se presentaron casoserta asiduidad y se llevaron a
cabo estudios detallados sobre esta forma de paeg@amn (Georgsson, 1994; Georgsson
et al, 1976; Sigurdssost al, 1957; Sigurdsson and Palsson, 1958), siendo &stas
aportaciones sobre su patogenia. Las caractessteeda lesion nerviosa son las de una
encefalitis no purulenta (Sigurdssat al, 1957) localizada preferentemente en el
tronco del encéfalo. Esta lesion ocurre en otraiones viricas del tejido nervioso v,
aunque histolégicamente presenta alguna caraataréstpecifica, se hace necesaria una
caracterizacion lesional precisa para asi contrédutorrecto diagnostico diferencial de
esta forma de enfermedad. En los primeros estugliesse llevaron a cabo sobre el
Visna en la region de Castilla 'y Leén (Gonetal, 1999), ya se ponian de manifiesto
bastantes singularidades en estos casos respkstdesiones y presentaciones clinicas

descritas en la epizootia islandesa.

Los trabajos llevados a cabo en los ultimos afida &niversidad de Leon, han
puesto de manifiesto la existencia de una ampligdad de lesiones entre los animales
(Benavideset al, 2009; Benavidest al, 2007; Benavidest al, 2006c), difiriendo en

muchos casos de lo sefalado en la epizootia idandestas diferencias residen
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principalmente en la distribucidbn anatdmica de lEsones en el sistema nervioso
central, con un sistema de distribucién principaltegoerivascular, que sugeriria una
progresion de las lesiones siguiendo una ruta lerscen contraste con el patron
periependimario y la distribucidon de lesiones sgdo dicha via, propuesta
previamente (Georgssat al, 1976). Ademas, se han descrito formas de presénta
con afeccién exclusiva de la médula espinal (Betesmat al, 2006a) no descritas hasta
el momento, y diferentes patrones de lesion enidande las caracteristicas del
infiltrado inflamatorio y lesiones degenerativas@adas (Benavidest al, 2009). Estas
diferencias de tropismo y de respuesta individwarian ser factores determinantes
relacionados con la propia genética del virus (@Gtmzzet al, 2005), con la del
hospedador, asi como con la expresion difereneialaterminados genes en distintos
tejidos y organos del hospedador y su asociaciana@atogenia (Agnarsdottat al,
2000; Boleeet al, 2006).

Asi, el primero y segundo trabajpeesentados en esta tesis tienen como fin un
avance en la comprension de la inmunopatogénesifosa de esta enfermedad. Para
ello, se plantean comabjetivo en el primer trabajo de esta tesis el estudio detallado
de las lesiones encefalicas para determinar sod&p establecer patrones lesionales
caracteristicos en cada individuo que pudieranrvéstierminados por estos factores.
Para la caracterizacion de cada tipo lesional, sted@ron las lesiones mediante
inmunofenotipado celular, tratando de dilucidarexistia relacion entre los tipos de
lesiones y la presencia virica tisular, relaciosaztan diferentes respuestas inmunitarias

individuales.

En el segundo trabajo, como objetivose propuso el estudio de la migracion
virica y extension de la lesion en el sistema wsicentral, mediante la caracterizacion

de los espacios perivasculares en los diferemes tle lesion.

Finalmente, y en relacién con los trabajos y obgstianteriores, se planted
comoobijetivo inicial, el desarrollo y puesta a punto de técnicas demamstoquimica
de caracterizaciéon inmunofenotipica celular endtsji ovinos, no llevadas a cabo
anteriormente en algunos inmunofenotipos y tejiduduidos en parafina, siendo

completamente necesaria para la realizacion debjgsivos mencionados. No obstante,
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este trabajo no ha sido objeto por si mismo deigadibn, sino que fue incluido en el

primer trabajo.

Por otro lado, durante la realizacion de esta tasis0 especial interés el disefio
de un programa de control adecuado a las necesidieda region, donde abundan las
explotaciones con elevadas prevalencias de infedoiés de un 80%). La aplicaciéon
de medidas de control adecuadas y eficientes tagsudamental en rebafios infectados
con esta enfermedad donde por el momento no exiastgmas comerciales para frenar
el contagio. Los datos tan elevados de prevalentestas explotaciones condicionan el
uso de los diferentes métodos de control emplepd®gamente en Espafia y otros
paises, basados principalmente en la eliminaciénamimales seropositivos y su
progenie, reposicion con seronegativos o la elinidmadel encalostramiento natural,
entre otros. Se debe tener en cuenta que estosspiEncontrol se han realizado en
rebafios de baja-media prevalencia (menor del 5pé6, resultan de dificil aplicacion
en los rebafos de altas prevalencias de nuesinyg@ que supondrian el sacrificio
practicamente masivo de todo el rebafio, la impasaloi de dejar suficientes hembras
de reposicion nacidas de seronegativas y alteragiamportantes y costosas en el
manejo en épocas de parideras para evitar el estiGatdento natural. Las pérdidas que
de ello resultarian no son asumibles por los gaonadpor lo que deben aplicarse
medidas menos drasticas aunque los resultadostsegan de manera mas paulatina.
Por esto, un objetivo importante era la necesidadisefar y estudiar un programa de
control de la enfermedad que redujera los niveemfitccion sin modificar el manejo

del rebafio y sin realizar inversiones costosas.
Asi, que en elercer trabajo que se presenta, se plantea como objetivo el

estudio de un programa de control sencillo llevadabo en un rebafio con alta
prevalencia de VM (93, 1%).
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1. DISTRIBUCION GEOGRAFICA DE LA ENFERMEDAD. SITUAC ION
ACTUAL EN ESPANA.

La enfermedad del Visna/maedi (VM) esta ampliameig&ibuida por toda la
geografia mundial, especialmente en paises de giduuovina, siendo endémica en
muchos de ellos. El virus del Visna/maedi (VVM) feiadicado en 1965 de Islandia
tras la aplicacion de estrictos programas de cbd&da enfermedad, y es el Unico pais
considerado libre de VM junto con Australia y Nu&elanda (Cutlip and Lehmkuhl,
1986; Lujanet al, 2001; Peterharst al, 2004; Reinat al, 2009a).

En la década de los noventa, en Europa las dif@®reran marcadas, asi
mientras que en Islandia, Irlanda, Noruega y Suacafermedad habia sido erradicada
0 practicamente eliminada (rebafios con menos de.A# de prevalencia), en otros
paises como Holanda, Dinamarca, Reino Unido, Feaamglgica y Espafia alcanzaban
altos niveles de seropositividad en los rebafioso Ee debia a la aplicacion de
programas de control eficaces en los primeros, artraste con la aplicacion de
programas menos estrictos en los segundos (Baahdl&onzalez, 1990). Actualmente,
segun el portal de datos que ofrece la World Omgaioin for Animal Health (OIE),
Gnicamente en paises como Irlanda, Islandia, Nerugglandia, y Croacia no han sido
detectados casos desde el afio 2005 hasta el pextidal. En contraposicion, se
considera presente la enfermedad en: Austria, Balg€hipre, Dinamarca, Estonia,
Finlandia, Francia, Alemania, Hungria, Italia, Lad®urgo, Holanda, Polonia, Portugal,
Espafa, Serbia, Eslovaquia, Suecia, Suiza, Rumwni@eino Unido (Fuente:

Www.oie.int).

Atendiendo a la informacion que ofrece esta misomte de datos (OIE), la
enfermedad est& presente en el resto del mundstadds Unidos y Canada, asi como
en Ameérica del Sur, aunque los datos sobre esteeate son escasos al igual que en
Africa y Asia. En Australia atin no ha sido descti@aaparicion de la enfermedad

(Fuente: www.oie.int).

En Espafa, la enfermedad es considerada endénidaers los datos de

prevalencia varian en funcion de los diferentesdiss y area geografica estudiada. En
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estudios previos a 1990, se estimé que la previaléacto en el Pais Vasco como en el
Valle de Ebro estaba en torno a un 50% (Badiola@adzéalez, 1990). Asimismo en
otro estudio conjunto que abarcdé Aragén, el cono dai Navarra y la Rioja, las
prevalencias oscilaron entre el 95-97,8% con résg@@orcentaje de rebafo afectados,
y entre el 38,6-44,7% de prevalencia para los desmadultos de mas de dos afios de
edad (Lujanet al, 1993). Mas recientemente, en otro trabajo reddizen Aragon en
554 rebafios entre los afios 2002-2007, se obser@6taglos los rebafios estaban
infectados y presentaban una prevalencia media 2Je8% (Pérezet al, 2010).
Actualmente en Catalufia, en un estudio llevadoba em 210 rebafios con diferentes
sistemas de manejo y numero de animales, se comprabestaban infectados entre un
85-95% de los rebafos, con una media de prevaleriadual de cada rebafio de 58.
3%. En este estudio se constato que los percehllgs90 variaban entre 12, 5% y 91,
7% respectivamente, correspondiendo las mayorepresalencias a los rebafios de
mayor tamafo (Albat al, 2008). En Galicia, en un estudio en explotacisersi-
intensivas de orientacion cérnica, la prevalencdividual de cada rebafio estaba en
torno al 24, 8%, con una media de 52, 6% de rebafedados (Laget al, 2012).

La prevalencia en el norte de Espafia ha sido edtirea un 77%, sin embargo
ésta se eleva a mas de un 80% cuando considerarimasnénte rebafos lecheros en
explotacion intensiva principalmente de raza Agtafinagoikoaet al, 2006b). En
concreto, en un estudio epidemiologico realizaddagprovincia de Ledn, los rebafios
de explotacion intensiva de raza Assaf presentalesadas prevalencias que llegaban
a alcanzar valores de hasta un 96,8% (Sotelo, 1998)

2. AGENTE ETIOLOGICO

2.1. Clasificacion

El virus Visna/maedi (VVM), pertenece al grupo deus denominado

Lentivirus de pequefios rumiantésVPR) de la familia Retroviridae, donde estan
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englobadas todas la estirpes viricas del mismo,casio del virus de la artritis-
encefalitis caprina (VAEC) (Zanoni, 199&entro del género Lentivirus, se encuentran
otros virus muy conocidos como dlus de la inmunodeficiencia humana (Vib)el
virus de la inmunodeficiencia simia (VISpn los que comparte caracteristicas
patolégicas similares (Leroust al, 2010; Peturssoat al, 1991; Thormar, 2005), por

lo que su estudio resulta de gran interes.

Durante las ultimas dos décadas, se han realizach@nosas descripciones de
secuencias parciales o completas de aislados vigaprinos y ovinos de diferentes
zonas geogréficas, asi como estudios filogenétjoesdemuestran la existencia de una
transmision virica entre ambas especies e inclusméantes salvajes (Erhourea al,
2008; Glariaet al, 2009; Lerouxet al, 2010; Pisonket al, 2007; Shalet al, 2004b).
Ademas, el grupo de los LVPR ha sido dividido féagticamente en 5 genotipos
designados con letras de A-E. El grupo A se trataud grupo heterogéneo que
contiene diferentes estirpes viricas del VVM, suigtiilas a su vez en subgrupos Al-
A7 donde se englobarian las cepas respiratoriaerwiasas detectadas en el norte de
Espafa (Glariat al, 2012). En el grupo B, menos complejo, y Unicamenbdividido
en B1 y B2, se encuentran la mayoria de los gemtifricos responsables de la artritis
caprina. En concreto el genotipo virico responsdbléas lesiones artriticas descritas en
ovino en Aragon ha sido relacionado filogenéticameoon el subgrupo B2,
demostrandose que su genoma es de tipo CAEV awmgwencreto la region de la
integrasa del gepol es de tipo Maedi (Glariat al, 2009). En el grupo C se encuentran
las cepas noruegas aisladas en caprino y rumiaatesjes (Gjersett al, 2009), vy el
grupo D contiene secuencias de ovinos Suizos Yy fieggm caracterizados por
particularidades en el gepol, siendo este ultimo el grupo el filogenéticamemids
distante. (Lerowet al, 2010; Pisonget al, 2005; Reinaet al, 2006; Shalet al, 2004a,;
Shahet al, 2004b). El genotipo E ha sido descrito recierta® en Italia y confinado

por el momento a esta area geografica (Gezgd, 2009).
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CAEV Gansu_B1

CAEV CO_B1 msﬂhanxl_B q Roccaverano_E

Seul_E

CAEV1GA_C

SA-OMVY_A1

Swiss Goal Isolale A

1 USAB5/34_A
Kvi1514_A1
P10LV_A

Figura 1. Arbol filogenético que comprende las ssmias de LVPR del GenBank.
(Glaria 2012)

2.2. Estructura virica

El VVM es un virus ARN cuyos viriones son particuksféricas con envoltura,
con un didmetro entre 80 y 100 nanOmetros. Estéatitoido por una nucleocapside
conica que contiene un nucleoide denso constifaddal acido ribonucleico (ARN) del
virus, dos cadenas monocatenarias de ARN de sgmiltivo, y la nucleoproteina, con
enzimas como la transcriptasa inversa, la protedaantegrasa. La nucleocapside esta
rodeada de una capside icosaédrica que posee tEnarammunogénica p25, y una
matriz proteica que sirve de union entre la capgildeenvoltura externa. A su vez, toda
esta estructura esta cubierta por una bicapadgitkerivada de la célula huésped y de
la insercion de glicoproteinas del virus, compuesitacipalmente por dos subunidades,

gp135 de superficie (SU) o gp46 (TM), que compdaesnvoltura externa.
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Envoltura (SU)
env,
(env) 5

Nucleocapside
(gag)

Transcriptasa inversa
Integrasa
Proteasa

(pol)

Figura 2. Estructura virica. Imagen obtenida de:

http://www.stanford.edu/~rabriggs/hiv/hiv.html

El genoma del VVM consta de 4 genes principales d&g- pro- pol- env- 3°)
encargados de codificar los componentes de lacpkatvirica (genes estructurales), y
otros tres genes reguladores (vif, rev y tat) eyadws de regular la expresion de los
mismos (genes reguladores). El ggay codifica tres proteinas estructurales internas
(especificas de grupo) de las que derivaran prasedie la nucleocapside, de la matriz
proteica y de la capsida. En concreto el gag es el responsable de codificar la
proteina p25 de la capside que participa en lanakicion de la respuesta inmune
humoral durante la infeccidon. El g@no codifica una proteasa virica que procesa los
precursores poliproteinicos. El geol contiene fundamentalmente enzimas como la
transcriptasa inversa y la integrasa responsalelda thtegracién del genoma virico en
la célula hospedadora. Por ultimo, el gav codifica las glicoproteinas de superficie,
gpl35 (SU) y transmembrana gp46 (TM) de la estracfwroteica de superficie,
participando de este modo en la asociacion y eamtlativirus en la célula huésped. En
los extremos del ARN se encuentran dos secueraigasl de bases repetidas (LTR) que
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participan en la integracion del genoma virico letieda célula hospedadora (Leroetx
al., 2010; Pepiret al, 1998).

3. PATOGENIA

3.1. Mecanismo de infeccion

Hasta el momento no se ha llegado a dilucidar strdamsmision de la
enfermedad se da por la entrada de virus librel @rganismo o por la entrada de
células infectadas. Es conocido que una vez qamzdcel organismo, los mecanismos
de replicacion viral de los lentivirus, y en conorele LVPR, son similares a los
descritos en otros retrovirus (Petursstral, 1991). La célula diana principad vivo
del VVM son los monocitos (Gendelmah al, 1986; Gendelmaet al, 1985), y es a
nivel tisular en el proceso de maduracién de losmms a macrofagos cuando se da
principalmente el proceso de replicacion viricke(@ntset al, 1994; Narayan, 1983;
Narayanet al, 1983; Peluset al, 1985; Zhanget al, 2000). Asimismo, este proceso
de replicacion virica ha sido demostraitievivo en células dendriticas aferentes a
ganglios linfaticos (Ryart al, 2000). Este mecanismo de infeccidbn comienza aon |
introduccién del virus en la célula hospedadora taainteraccion de la glicoproteina
virica gpl35 con la membrana celular de la célulasped y fusidon con la misma
(Craneet al, 1991). Una vez que la particula virica atraviesamembrana plasmatica,
el ARN viral se libera en el citoplasma de la ctlhlospedadora y comienza su
transcripcion a una doble cadena de acido dedoaimuicleico (ADN)por accion de la
enzima transcriptasa inversa. Asi, inicialmenter®a un acido nucleico hibrido con
una cadena de ARN y otra de ADN, y sera a travéa ttanscripcion de esta cadena de
ADN, mediante la accion de la transcriptasa invaxtaando ahora como polimerasa,
como se sintetizara la segunda cadena de ADN,gtiemer un ADN de doble cadena.
Este proceso de transcripcion inversa es cardaterge los retrovirus. A continuacion,
este ADN proviral tiene la capacidad de fusionase el ADN gendémico de la célula

hospedadora a través de la accion de la integfdsa.\De esta manera, la célula queda
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infectada por el virus (provirus), cuyo DNA provicueda integrado en el genoma de la

misma.

Tras este proceso, el VVM reacciona de dos mampesibles. Puede ocurrir que
el virus entre en un periodo de latencia, persidtieen las células dianas y eludiendo la
respuesta inmune, o bien que el virus comiencephcaese activamente y libere
viriones capaces de infectar otras células sirdsadle los sistemas enzimaticos de la
célula huésped (Zin&t al, 1987).

S &
Liberacian — Vs
Virus
. Dascoplu ds ARH y-\-l(%l
e memacalonarss
r
.

i it
7 T ekt d
A
el .y
\ Enzambiye P e Thmliseisn
1- Fuberan ciom
WHIE- L2 00 [T
~ARN

N

\
\

Y
2= Penstraceiag @a
3
Trseriy eidin v erss

Fa
Fravsctipeian

s | T | e

Riegseicn e el gejoann de by calids hospedad o

Ciclo de replicacion de un retrovirus

Figura 3. Ciclo biolégico del virus del Maedi-Visndmagen procedente de:
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3.2. Infeccion y diseminacion organica del virus
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Una vez el virus penetra en el organismo se ddkaa una infeccion
persistente donde podran ser infectados las cétlitagms: macrofagos/monocitos o
células dendriticas (Birdt al, 1993). Se considera muy probable que a partestis
células migre a los nodulos linfaticos regionalgsadir de los que se podra dar una
diseminacion sistémica (Birdt al, 1993; Blacklawset al, 1995). Igualmente, se ha
planteado la hipétesis de que macréfagos/monoditiexstados podrian alcanzar la
médula 6sea e infectar otras células precursorda dstirpe mieloide, de forma que
gracias a la maduracion y multiplicacion de estsslas inmaduras, el propio virus
veria favorecida su replicacion y diseminacion icwa, permitiendo de esta forma el
paso de células infectadas a sangre periféricaodeaf cronica (Blacklaws, 2012;
Gendelmaret al, 1985).

Dado que las células infectadas no expresan pasteiiricas, éstas podran
migrar a diferentes organos, principalmente SNGmpuo, articulaciones o glandula
mamaria, sin ser reconocidas por la respuesta itana) siendo este mecanismo de
evasion conocido como “caballo de Troya” (Peletoal, 1985). El paso de estos
monocitos infectados desde sangre periférica & dg&jados propiciaran la replicacion
viral sirviéndose de la diferenciacion de los misraanacréfagos tisulares (Clemests
al.,, 1994; Narayan, 1983; Narayahal, 1983; Peluset al, 1985; Zhanget al, 2000).
Ha sido demostrado que la activacion de macroféigoslamentalmente por citoquinas
como GM-CSF, IL-B, INF-y, y de forma temprana por TNE- conduce a un
incremento en la tasa de la replicacion virica,gya existe una asociacién entre la
induccién enzimatica de la célula huésped vy la esipn virica (Blacklaws, 2012).
Como contrapunto, a nivel tisular existen mecanssih® restriccion de la replicacion
virica, consistentes en la limitacion de la madidracde monocito a macréfago y en la
alteracion del ensamblaje de las particulas virgkesinedy-Stoskopf and Narayan,
1986).

3.3. Respuesta inmunitaria
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El VM se caracteriza por ser una enfermedad dergsain lenta cuya etapa
subclinica puede durar meses o afos, siendo la cargl baja durante el periodo
asintomatico (Haaset al, 1977; Pepiret al, 1998; Sigurdsson and Palsson, 1958).
Tanto la respuesta inmune innata como la adqusddainducidas tras la infeccion por
LVPR, sin embargo el virus interferird en la cotaecegulacion y eficacia de la
respuesta inmunitaria (Blacklaws, 2012; Rezhal, 2007)

Asi, una vez el virus alcanza el organismo, se ymo@ un pico de viremia
inicial frente al que se desarrollara una interespuesta inmune (Pepeét al, 1998).
Sin embargo, la capacidad de evasion por partevies frente a la respuesta
inmunitaria, y la ineficacia de la misma, hacen gqueirus sea capaz de persistir de
forma cronica en el organismo, y por lo tanto l&eéoion lejos de ser eliminada,

progresara con el tiempo y podra llegar a manifestéa enfermedad (Pepat al,
1998).

3.3.1 Respuesta humoral

En estudios experimentales en ovino, se ha comgoogae tras la infeccion se
produce una intensa respuesta inmune humoral @osgledador, donde se detectan
anticuerpos especificos neutralizantes de formeblar desde los 15 dias a 4 meses
post-infeccion, hasta incluso 4 afios después (Petpal, 1998). La produccion de
anticuerpos es T-dependiente y se dara tras laauién de las células presentadoras de
antigeno con los linfocitos-T CD4+. Estos linfositd CD4+ a su vez induciran una
proliferacion hacia linfocitos T cooperadores (dh,tipo Thl o Th2) que interactuaran

con las células B para producir anticuerpos (Mtréh al, 2007; Woodalkt al, 1997).

Los anticuerpos se secretan frente a todas la®ipast virales, siendo los
producidos frente a las proteinas de envolturd Misague generalmente son capaces de
neutralizar el virus (Blacklaws, 2012). Esta regpaichumoral es capaz de limitar la
diseminacion virica aunque generalmente no prodaneeneutralizacion completa del
VVM, por lo que los animales permanecen persisiteatde infectados, (Lacerenea

al., 2006; Pepiret al, 1998). Este defecto en la respuesta inmune sxplecado por
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diferentes mecanismos: el primero, el previamergaaionado mecanismo de evasion
del “caballo de Troya”; el segundo, se deberia a&datinua aparicion de variantes
antigénicas del virus (debido principalmente a wiotees génicas en el geny) cuyos
epitopos no neutralizan los anticuerpos (Hafliddat al, 2008; Narayaret al,
1977a; Narayaet al, 1977b). Esta alta tasa de mutacidn se atriblgeaetividad de la
retrotranscriptasa que carece de capacidad comedboque se traduce en una alta tasa
de error en la transcripcion virica (Pasick, 1998grcero, también se ha propuesto que
la alta afinidad del virus por las células diarsadecir, existe una intensa absorcion del
virus por parte de macrofagos/monocitos que ncessompensada con la capacidad de
las defensas humorales para neutralizar el viresifgdy-Stoskopf and Narayan, 1986).
Teniendo en cuenta estos datos se puede sefialéa presencia de anticuerpos frente

al VVM, es indicativo de infeccion, pero no implicaiveles altos de proteccion.

En estudios inmunoldgicos de esta enfermedad ladsthostrado que tras la
infeccién por VVM tanto la secrecién de anticuerpestralizantes como la fijacion del
complemento parece estar restringida Unicamente saulbclase IgG1l de anticuerpos,
siendo la secrecion de IgG2 practicamente nula.cbasecuencias a nivel patolégico
de este hecho aun no estan claras (8irdl, 1995). En caprinos infectados con VAEC
se ha relacionado la fase preclinica y clinicaadenfermedad con una intensa respuesta
exclusivamente de 1gG1, y en animales en faseamséttca o con infeccion latente con
una respuesta mixta de IgG1 e IgG2, lo que podyfafiear que los anticuerpos IgG2
protegen frente a la manifestacién de la enferméB&atklaws, 2012; Trujilloet al,
2004). En rumiantes, la produccion de anticuerp@lles indicativa de una respuesta
inmunitaria de tipo Th2, tipica de animales infdodonde predomina el entorno rico
en IL-4, mientras que la producciéon de 1gG2 escaiivo de respuesta de tipo Thl,

mediada especialmente por el IFN-linfocitos T CD4+ (Estes and Brown, 2002).

3.3.2 Respuesta celular

Los LVPR no infectan linfocitos, a diferencia deostlentivirus como el VIS o

el VIH donde se produce una deplecion de linfocifosiotable en fases clinicas
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(Thormar, 2005). Sin embargo, el papel de los tinés, especialmente linfocitos T
CD4+, en respuesta a la infeccion juega un papebiste en el desarrollo de esta
enfermedad, especialmente en el control de lacagpén virica (Leeet al, 1994). En
infecciones viricas, los linfocitos T CD4+ partiaipen la produccion de anticuerpos en
la respuesta humoral como en el mantenimiento sléirlfocitos T citotoxicos activos,
lo que los convierte en imprescindibles en la resfauinmunitaria tanto humoral como

celular.

A nivel periférico, se ha constatado que una serdaspués de la infeccion, se
produce una intensa activacion linfocitica en respaial antigengag que es capaz de
controlar de forma efectiva la viremia inicial auegio consigue eliminarla (Blacklaws
et al, 1995; Narayan, 1989). Se ha detectado mediatudies de canulaciom vivo
que cuando aparece una respuesta inmune espedéfidmfocitos T desciende el
namero de células infectadas (Bied al, 1993). En concreto, la presencia a nivel
periférico de un nimero elevado de linfocitos Dtéixico, especialmente linfocitos T
CD8+, ha sido relacionada de forma indirecta ercecibnes por LVPR con un
descenso en los niveles viricos plasmaticos (Baaekl 2012; Blacklawet al, 1994;
Lichtensteigeet al, 1993), tal y como ha sido demostrado en otrasviesss como VIS
(Schmitzet al, 1999).

A nivel tisular, una vez que las células infectadkcanzan el tejido linfoide u
organo diana, éstas comienzan la maduracion yi@a la replicacion viral sirviéndose
de los mecanismos enziméaticos de la célula huégpedonsecuencia, se inducird una
respuesta inflamatoria basada en la secrecionsatde linfoquinas que estimularan la
diferenciacion de monocitos a macrofagos. Estaadidm conducira a una
sobreexpresién del MHC-II por la continua presadta@ntigénica, provocando a su
vez un aumento en la activacion tanto de linfoeftosomo B (Torsteinsdottiet al,
2007). La respuesta celular inicial estara basan&ipalmente en la proliferacion de
linfocitos-T CD8+ de caracter citotdxico, pero a@ede que propician un control de la
replicacion virica inicial, no logran alcanzar uglaninacion completa de la infeccién
(Bird et al, 1993; Blacklawset al, 1994; Blacklawset al, 1995; Lujanet al, 1995;

Torsteinsdottiret al, 1992), de forma similar a como ocurre a nivelfpgco.

Esta regulacion defectuosa de la respuesta inmianita sido atribuida tanto a

una respuesta improductiva de los linfocitos T c@numa alteracion en la regulacion de
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la secrecion de citoquinas (Tompkins and Tompk@§)8). Los resultados de varios
estudios centrados en este aspecto sefialan queireales en fase clinica de la
enfermedad, los linfocitos T podrian permanecenrerstado de anergia clonal, debido
a una disminucion de secrecion de la interleugRin#--2) y de expresion de los
receptores celulares de la misma, que conducitarmaactivacion cronica acompafiada
de ausencia de respuesta de recuerdo antigendfiesp@@egareaet al, 1995; Ellis and
DeMartini, 1985; Mariottiet al, 2007; Tompkins and Tompkins, 2008). La disminncié
en la respuesta celular antigeno-especifica, laatitbuida a una menor expresion en
las células presentadoras de antigeno de las nedémnestimuladoras B7, en concreto
CD80, en animales ya en fase clinica de la enfgachgReinaet al, 2007). Estas
alteraciones de la respuesta inmune celular condacein control ineficaz de la
infeccidn viral y un desequilibrio en la regulacida la respuesta inmunitaria, donde la
proliferacion celular y la secrecion de citoquinges retroalimentan en un circulo
vicioso, con el consecuente dafio tisular que seifestara en las lesiones
caracteristicas del VM (Blacklaws, 2012; Torsteotsdet al, 2007).

Una de las citoquinas mediadoras mas importantes marticipan en la
inmunidad celular frente a LVPR es el interfer@aN), tanto de tipo | como de tipo Il
(INF-y). En este sentido hay que tener en cuenta queelaks fagociticas infectadas
no son capaces de secretar IFN por si mismasgsi@dnicamente es sintetizado tras la
interaccion con determinados linfocitos T (Blackta®012; Woodalet al, 1997). Asi,
el IFN tipo | es secretado en respuesta a la ildeadrica y tiene un papel fundamental
en la respuesta antiviral, mientras que el IFN tpopINF-y es inducido tras el estimulo
antigénico del virus y participa en la regulacién ld respuesta inmune (Wood and
Seow, 1996). De hecho, se ha demostrado que &ieaito con IFN tipo | en corderos
inmediatamente después de la infeccion con VVM medina reduccién efectiva de la
carga viral, ya que una de las funciones del Il§é Lies la inhibicion de la proliferacion
y diferenciacion de monocitos limitando de estanfaia replicacion virica (Juset al,
2000; Kennedyet al, 1985; Zinket al, 1987). Sin embargo, con respecto al iNbs
LVPR han desarrollado vias de escape a la acciomideno, incluso parece que en la
infeccion por VAEC, el IFNy podria llegar a jugar un papel antagénico al babit
produciendo una activacion de la replicacion vigoamonocitos tras interaccionar con

la region gendmica LTR del virus (Tong-Starkse¢ml, 1996)
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4. TRANSMISION Y VIAS DE CONTAGIO

Experimentalmente, la infeccion por VVM ha consedguiser transmitida
mediante diferentes tipos de indculos (secreciotesanimales infectados, agua
contaminada con los mismos, homogeneizados de @sgamislamientos viricos), por
via respiratoria (intratraqueal, intranasal, intlagnar o intratorcica), intracerebral,
endovenosa, digestiva, intramuscular, subcutangaarticular e incluso mediante
inoculacion en el saco amniodtico (Badiola and Gtazzal990; Torsteinsdottiet al,
2003). Sin embargo, de forma natural se consideealgs vias mas importantes de
transmision de VVM entre animales son dos: la trasi®n horizontal y la transmision
lactégena, cuya contribucion relativa a la disewidrade la infeccion ha sido debatida
en diferentes estudios (Berriatatal, 2003b; Blacklawst al, 2004; Leginagoiko&t
al., 2010; Alvarezt al, 2005)

La transmision horizontal es debida al contacteala con animales infectados,
mediante la aspiracion de aerosoles u otras seoextiprocedentes de Organos
infectados (Blacklawt al, 2004; Lujanet al, 1994; Peterhanet al, 2004). En este
sentido se ha demostrado la presencia de virus dibrel fluido respiratorio (McNeilly
et al, 2007), y ha reproducido experimentalmente lareméead a través de la infeccion
por via intranasal, intratraqueal e intrapulmomdiesgallaet al, 2008; Torsteinsdottiet
al., 2003). Asi, el contagio via oronasal, especiatmenediante el contacto entre el
cordero y su madre infectada, es considerado ebmas efectivo de transmisién de la
enfermedad (Blacklawst al, 2004; Houwerst al, 1989; Leginagoiko&t al, 2006a;
Leginagoikoaet al, 2010). Recientemente ha sido demostrada la presde acidos
nucleicos del virus en agua de bebederos y ereritalado de animales infectados que
podrian estar implicados en la transmision de fereredad (Villoriaet al, 2013).

La transmision lactogena madre-cordero por el amoesde calostro y leche
procedente de madres infectadas, parece relactowars la entrada del virus en el
organismo presumiblemente a través del tracto thgeiBlacklawset al, 2004; Cutlip

et al, 1985a). Con la intencion de confirmar esta viardesmision de la enfermedad,
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han sido detectadas particulas de LVPR en tejidmamio de hembras lactantes, asi
como en células epiteliales mamarias y macréfagoleehe y calostro (Blacklawet

al., 2004; Sihvonen, 1980). Asimismo, se ha demosttadpresencia de VVM en
células mononucleares del tejido linfoide de lansutosa intestinal de corderos
alimentados con calostro infectado (Preziasal, 2004b), planteandose de esta forma
la posibilidad de entrada del virus a través de esta. Parece evidente que el
padecimiento de la forma mamaria del VM por parte lds madres infectadas
incrementaria el riesgo de transmisién materna \{i¢osiet al, 1989; Alvarezet al,
2005). En este sentido, en estudios realizadosoettei®s privados de consumo de
calostro y alimentados de forma artificial con keabvina pasterizada o bovina, se
demostré que esta era una medida que controlaibanismisién de la enfermedad por
esta via (Houwerst al, 1983). Asimismo, se ha comprobado que las cosdeaidas
de madres seronegativas tienen una menor tendearsgeoconvertir en un futuro. Este
hecho se ha relacionado con la no ingestion deleatalostro infectado, pero también
con una posible mayor resistencia genética a lecadn trasmitida por la madre
(Blacklaws et al, 2004; Leginagoikoat al, 2006a). Sin embargo, en condiciones
naturales esta via de contagio parece tener unartamgia relativa menor en la
diseminacién de la infeccibn en comparacion camaasmisién de la infeccidén por via
aerdgena entre la madre infectada y el corderajaltanduracion del estrecho contacto
entre ambos parece jugar un papel decisivo (BromgReiswangeret al, 2010;
Leginagoikoaet al, 2006b; Alvarezt al, 2005).

La transmision vertical ha sido descrita tambiéoma via de contagio de la
infeccidn, a traves de la transmisién madre-fetmgae su importancia epidemiolégica
ha sido considerada muy limitada (Blacklastsl, 2004; Broughton-Neiswanget al,
2010; Cortez-Romeret al, 2011; Petersoat al, 2008; Romerat al, 2010; Alvarezt
al., 2006). En concreto, en el aparato genital feneehin sido identificado el VVM en
ovario, oviducto y utero (Cortez-Romeed al, 2011), y aunque se ha confirmado que
en el ovario, las células de la granulosa puedkergdr el virus, las células de los
foliculos ovaricos y ovocitos permanecen libres\@éM (Cortez Romercet al, 2006).

La zona pelacida del embridon parece ser igualmeante barrera eficaz frente a la
infeccion por el VVM (Romeroet al, 2010). Por ello, la transmision vertical es
considerada de escasa relevancia epidemioldgisiabign se han confirmado casos de

forma muy ocasional (Blacklavet al, 2004). Sin embargo, otros estudios han obtenido
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resultados que cuestionan este dato, ya que obsgueaentre un 5-8% de los animales
recién nacidos de madres seropositivas resultah efPCR positivos en sangre al
nacimiento (Alvarezt al, 2006). También se ha propuesto la via de contagiunal a
través del macho. Mediante el uso de PCR se hatddte DNA proviral en los
testiculos, epididimo y en todas las glandulas alesuaccesorias (Petersen al,
2008). Sin embargo, se ha observado que el senamulago presenta una secrecion
discontinua de DNA proviral (Petersoet al, 2008), especialmente acusada en
presencia de otras coinfecciones comoRroicella. ovis hecho que podria constituir un
factor de riesgo de infeccion tanto para la hensbrao para el cordero (Preziusbal,
2003a). En un estudio reciente, se ha evidenciadapacidad de infeccidn virica por
VAEC a través de la inseminacion artificial con seminfectado en cabras
seronegativas. Los resultados concluyen que laditfe seminal es posible dado que
12 cabras de 20 inseminadas seroconvierten 60pd&tsnseminacion (Souzet al,
2013).

5. MANIFESTACION CLINICA DE ENFERMEDAD, LESIONES Y
DIAGNOSTICO ANATOMOPATOLOGICO.

La manifestacion clinica de la enfermedad del Visa&di se da principalmente en
ovinos ya en edad adulta dada la progresion leatia @nfermedad, aunque la forma
nerviosa se ha descrito en animales de tan solaonéses (Benavidest al, 2007).
Clinicamente se caracteriza por ser un sindromeigsistdmico que cursa con una
pérdida progresiva de la condicion corporal, y @ageisa inflamacion crénica no
purulenta de los pulmones, glandula mamaria, daticanes y SNC (Cutligt al, 1979;
Cutlip et al, 1985a; Cutlipet al, 1988; Dawson, 1987; Sigurdssehal, 1957). En
ovino, la forma de presentacion mas frecuente ddl & la forma respiratoria y
mamaria, mientras que la forma nerviosa y articskarmanifiestan de forma mas
esporadica (Benavidex al, 2009; Benavidest al, 2006c; Cutlipet al, 1979; Gomez
et al, 1999; Lujanet al, 1991; Sigurdssoet al, 1957). Sin embargo, en Castilla y
Ledn desde hace varios afios se han diagnosticabwuefrtemente lesiones de

encefalitis asociada a VM, y se ha estimado qu&lyd % de los animales remitidos al
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Servicio de Diagnoéstico Anatomopatolégico de la uiad de Veterinaria de la
Universidad de Lebdn que presentaban signos clinm@rsiosos, éstos se debian a
lesiones nerviosas producidas por el VVM (Benavieieal, 2009; Benavidesgt al,
2006¢). Las estirpes de VM neurotropicas, en coodes cepas aisladas en Espafia
estan englobadas en el genotipo A, de forma guiogenia resulta muy similar a las
cepas respiratorias (Glard al, 2009; Ramireet al, 2012). Asimismo, se han descrito
recientemente numerosos casos de VM que se méanfiesn la forma articular de la
enfermedad en la Comunidad Auténoma de Aragon fRaral, 2012), caracterizada
por una artritis crénica proliferativa producida jgepas viricas de LVPR de tipo AEC.
Asi, la estirpe virica espafiola responsable detisnes articulares ha sido englobada
en el genotipo B, al que pertenecen numerosas depad&C (Glarieet al, 2009).

Las lesiones que se desarrollan en esta enferms®lazhracterizan por una
infiltracion de macréfagos, linfocitos, células gi@ticas, en los 6rganos diana que
gradualmente seran los responsables de la magifastalinica de la enfermedad.
Ademas, este infiltrado inflamatorio puede acompsdiade hiperplasia de tejido
linfoide con formacion de foliculos linfoides gemales (Cordieret al, 1992;
Georgssoret al, 1976; Lujanet al, 1991; Palsson, 1976; Torsteinsdogiral, 1992;
van der Moleret al, 1985).

5.1. Forma respiratoria

Los animales que presentan la forma pulmonar de] Miialmente presentan
una ligera apatia, y menor ganancia de peso qdedporogresar a dificultad
respiratoria (disnea) acompafiado de pérdida dei@éndorporal (Dawson, 1987). En
el momento que la gravedad de los signos resgmataumenta, los animales afectados
se reconocen en el campo por la intolerancia aleezd fisico (De Boeet al, 1979).

La manifestacion clinica de dificultad respiratos@ debe a una neumonia intersticial
cronica no purulenta que dificultara el intercambarmal de gases (Georgsson and
Palsson, 1971).
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Al realizar la necropsia de ovinos con las marafgsnes clinicas respiratorias
de VM, los pulmones afectados no se observan calimss y presentan
macroscopicamente un evidente incremento de volunga peso (mayor de 700 g),
acompafados de una consistencia gomosa y unaa@ologrisacea (Cutliet al, 1988;
Dawson, 1980; Lujaret al, 1991; Sigurdssoret al, 1952). Ademas los noédulos
linfaticos regionales (traqueobronquiales y medhasis) aparecen muy aumentados de
tamafio y de color blanquecino (Badiola and Gonzadl@g0).

Estas alteraciones macroscopicas pulmonares, s della presencia de un
infiltrado inflamatorio intersticial de células mamucleares (principalmente linfocitos,
macrofagos y células plasmaticas) en las paredewlates que se traducen en una
neumonia intersticial cronica no purulenta (Cudtpal, 1988; Georgssoat al, 1989;
Sigurdssonet al, 1952). Asimismo, estos cambios suelen acompafndesaina
hiperplasia linfoide difusa consistente en agregdddoides distribuidos por todo el
parénquima pulmonar, localizados generalmente ediead de bronquiolos y vasos
sanguineos llegando a formar foliculos linfoidealg¢Bon, 1976), que ocasionalmente
pueden ser observados macroscopicamente como teagorgrisaceo subpleural de 0,
5-1 mm (Cutlipet al, 1988; Lujanet al, 1991). Generalmente estos cambios se
acompafian de una hiperplasia evidente de las fibtssulares lisas, asi como de una
proliferacion de fibroblastos y depdsito de colageesponsables del aumento de

consistencia (Badiola and Gonzalez, 1990).

El nimero de linfocitos T CD4+ y CD8+ esta aumeatash los tabiques
interalveolares (Watt al, 1992b), presentando una proporcion similar de €£0B8+
en animales en fase asintomatica, y con predondi@ibnfocitos-T CD8+ en animales

ya con signos clinicos respiratorios (Cadetral, 1996; Cordieet al, 1992).

5.2. Forma mamaria

La presentacion clinica de la forma mamaria del &visiste en una progresiva
atrofia e induracion de ambas glandulas mamariadifCet al, 1985a; Houwerst al,
1988; Lujanet al, 1991; Pekeldeet al, 1994; van der Molen and Houwers, 1987; Watt
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et al, 1992a). La leche conserva su aspecto normalesi be puede producir un

descenso acusado de produccidn lactea e inclutaxagéDawson, 1987).

Las glandulas mamarias afectadas presentan un mante difuso de
consistencia sin que se manifiesten generalmemts aambios macroscépicos. Los
nédulos linfaticos regionales retromamarios suelebservarse notablemente

incrementados de tamafo (Badiola and Gonzalez,)1990

Histolégicamente, en el parénquima mamario afectsdobserva un infiltrado
inflamatorio de predominio linfocitico dispuestotrentibulos y alvéolos mamarios y
alrededor de conductos galactoforos (Lugdral, 1991; van der Molen and Houwers,
1987; van der Moleret al, 1985). Igualmente, se observa degeneracion ddasél
secretoras y alteracion de la estructura tubuleedér normal de la glandula (Lujét
al., 2001). Asimismo, en relacion con las unidadesete@as y de forma periductal es
comun observar agregados/foliculos linfoides y dauate tejido conjuntivo fibroso
puede provocar la obliteracion de conductos gdiais (Houwerset al, 1988; van der
Molenet al, 1985).

Asimismo, se ha demostrado la presencia de maa®fafectados por el virus
en el tejido intersticial, que parecen ser los saspbles de estimular una respuesta
inmune inicial, local y difusa por el parénquimamaaio que se traducira en la mamitis
intersticial difusa crénica no purulenta caracterdsde la forma mamaria de esta
enfermedad (Cutligt al, 1985a).

5.3. Forma articular

Las lesiones articulares se manifiestan de formg smilar a las producidas
por el VAEC. Asi, clinicamente se caracteriza para utumefaccién de las
articulaciones, generalmente del tarso y carpojddeb una sinovitis proliferativa
acompafnada de fibrosis y calcificacion de los tgjillandos que provocan una cojera
progresiva del animal junto con necrosis y degem@nadel cartilago articular (Cutligt

al., 1985b; Pérert al, 2012). Histolégicamente, esta lesién créonicaagaateriza por
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una infiltracion masiva de la sinovia por célulasnonucleares y por la presencia
agregados y foliculos linfoides (Cutligt al, 1985b). La caracterizacion celular por
inmunohistoquimica se ha realizado en AEC peromdM. Experimentalmente se ha
comprobado que en lesiones iniciales, dia 12 mdstgion, el infiltrado inflamatorio
esta compuesto primeramente por linfocitos T CD8ientras que las células T CD4+
van incrementando su namero con el paso de los(ddasBodungeret al, 1998). A
los 33 dias post-infeccion, las células B y magod$aven incrementado su nimero de
forma muy evidente en detrimento de los linfocifgen Bodungenet al, 1998;
Wilkersonet al, 1995).

5.4. Forma nerviosa

En el brote Islandés, la forma de presentaciéniogavde la enfermedad del VM
fue la mas representativa, sin embargo actualmesta forma de afectacién se
considera esporadica (Benavidesal, 2006a; Benavidest al, 2009; Lujanet al,
1991; Sigurdssoret al, 1957). Sin embargo se han detectado numerosas s
encefalitis en Castilla y Ledn en ovinos de razaaA®n produccion intensiva lechera,
como hemos sefialado anteriormente en la introducigdeste apartado.

Generalmente, la manifestacion clinica ocurre @maes adultos por encima de
dos afios, pero ya ha sido diagnosticada en cordbrode 4 y 6 meses de vida
(Benavideset al, 2007). Los principales signos clinicos que seeplas es estos
animales son: debilidad de las extremidades, agtadiecubito y postracion,
permaneciendo el animal alerta y atento a estimedtesrnos (Benavidest al, 2009;
Benavidest al, 2006c; Christodoulopoulos, 2006; Sigurdsebal, 1957).

Macroscopicamente, las lesiones en el encéfalo k emédula espinal pueden
ser inaparentes, pero es posible observar areasatéeia en la sustancia blanca del
encéfalo (principalmente en &reas periventriculayesen puente y pedunculos
cerebelosos), y zonas en forma de cufia de neguosificuefaccién en la sustancia

blanca de secciones transversales de la médulaayBleset al, 2006a; Benavidest
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al., 2009; Sigurdssoet al, 1957; Sigurdsson and Palsson, 1958). Histologecae) la
lesion mas caracteristica es la presencia de anplmas de desmielinizacion y
meningoencefalitis no purulenta. El infiltrado anfiatorio que se observa esta formado
principalmente por células mononucleares (linfagitomacrofagos y células
plasmaticas), siendo caracteristica la presenciaélgas “gitter”, macréfagos de
citoplasma abundante, claro y espumoso encargadtesgdcitar la mielina (Benavides
et al, 2009; Benavidest al, 2006¢c; Gomeet al, 1999). Los plexos coroideos suelen
presentar asimismo presentar un infiltrado inflamat no purulento de células
mononucleares que se disponen formando agregafisuos linfoides (Cutlipet al,
1979). Estas lesiones histologicas se han sidaficeo teniendo en cuenta la
localizacion de la lesion y la poblacion del iméilio celular observado: Tipgascular,
donde las células inflamatorias se disponen formandnguitos perivascularespo
infiltrativo, donde ademas se observa en el neuroparénquinedaatie infiltrado
inflamatorio; y tipo malacicq donde la caracteristica principal es la presedea
abundante desmielinizacion (Benavigesl, 2009).

En la lesion nerviosa se ha demostrado que el mpdéh inmunidad celular,
resulta fundamental en el desarrollo de la endmsfaiforsteinsdottiret al, 1992).
Aunque aun no se conoce completamente el mecarpstegénico se ha propuesto
como hipétesis que la infeccion virica del neurépguima propiciaria la migracioén de
células inflamatorias al neuroparénquima. Esto lewatia un incremento en la
secrecion de citoquinas, que a su vez actuariaro Gustancias quimiotacticas para
estas células (Craigt al, 1997; Ebrahimet al, 2000; Georgsson, 1994; Georgssbn
al., 1976; Torsteinsdottiet al, 2007). En un estudio previo realizado en un unico
animal que presentaba lesiones nerviosas de VMgosaprobé que el infiltrado
inflamatorio del neuroparénquima presentaba unpgoeion de linfocitos CD4/CD8 de
0.8, y en los espacios perivasculares un 10% deélatas eran monocitos/macrofagos
y la proporcion de linfocitos CD4+/CD8+ era de {Idrsteinsdottiret al 1992), de

forma similar a como ocurre con otros lentivirug@@sson, 1994).

6. DIAGNOSTICO
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Dado que no existen vacunas comerciales disponiblesstablecimiento de un
programa adecuado de diagndstico y control en lb@afi@ resultara indispensable para
controlar la infeccion por el VVM (Peterharet al, 2004). La mayoria de estas
estrategias de control estan apoyadas en métoddiagiestican vivo que permiten la
diferenciacion entre animales infectados vy libresimdfeccion. Estos métodos pueden
agruparse en dos: métodos de deteccion indirediter(ninacion de anticuerpos en
sangre frente al VVM) y métodos de deteccion dagdel virus (pruebas moleculares

de deteccidn de proteinas y acidos nucleicos gyale

6.1. Métodos de deteccidn indirectos o seroldgicos.

Tal y como se ha mencionado previamente, en l&sdrdnes por LVPR los
animales seroconvierten desde las 2 semanas hwstd meses post-infeccion, y
generalmente suelen mantener la seropositividddrdea permanente, de modo que la
deteccion de anticuerpos resulta un instrumento @tiliyara identificar un porcentaje
mayoritario de los animales infectados (Laceresizal, 2006; Pepiret al, 1998). Se
considera, tras la realizacibn de estas pruebas, Igs animales con resultado
seropositivo son portadores del virus. Sin embaspmpre hay que tener en cuenta los
animales recientemente infectados del rebafio giait@ no han seroconvertido o que
tienen un titulo de anticuerpos aun muy bajo, cugssitados serologicos pueden ser

negativos a pesar de la infeccion.

Las pruebas serolégicas mas comunmente utilizada®puestas por la OIE
como pruebas “prescritas” para el comercio intéomad de animales son la
inmunodifusion en gel de agar (IDGA) y la pruebagrokgicas de
enzimoinmunoensayo (ELISA) (OIE, 2008). Tambiénstq pruebas inmunoldgicas
especificas como Western-blot, radioinmunoensaymdioinmunoprecipitacion, pero
el uso de éstas es menos comun, y generalmergalsan de forma mas especializada,

en laboratorios con fines concretos principalmeai@ confirmacion del diagnadstico.
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6.1.1 Pruebas seroldgicas tipo ELISA

Se trata de una técnica economica y la mas ampiignugilizada hoy en dia, de
la que existen kits serolégicos comerciales comasiearacteristicas de especificidad y
de sensibilidad. La sensibilidad y especificidadoatele en gran medida de la
homogeneidad entre el antigeno comercial present &it, y el genotipo de VVM
frente al que se han desarrollado los anticueipedorma que si el antigeno empleado
en el kit presenta grandes diferencias con el gamanfectante, los anticuerpos del
suero problema podrian no conjugarse con el amtjgggndo como resultado falsos
negativos, como ha sido detectado en animalestadfes por el genotipo E (Reimh
al., 2009b).Existen tres tipos de kits ELISA disponibles cuifarégncia se encuentra en
el antigeno que va ligado a la placa: este antigemale tratarse del virus completo
purificado y obtenido de sobrenadantes de cultivelslares, o bien de proteinas o
péptidos recombinantes obtenidos mediante técuieagcombinacion con plasmidos
en cultivos deEscherichia coli EI antigeno que proporcionaria a la técnica ELISA
mayor sensibilidad seria una combinacion de ugandi del ndcleo y un antigeno de la
envoltura virica (De Andrést al, 2005). Se ha demostrado que es posible detectar
anticuerpos frente al VVM en tanques de leche, phmdiagndstico rapido y de bajo

coste de infeccion en un rebafio, tanto en ovincoceeprino (Brinkhokt al, 2010a).

La técnica de diagnostico ELISA exige un equipatoiezspecializado de los
laboratorios (reactivos y espectofotbmetro), sienldo mas adecuada para los
diagndsticos a gran escala. En concreto, la sédaiby especificidad del test ELISA
(Elitest®, Hyphen BioMed, Neuville/Oise, Francid)limado en este estudio han sido
estimadas en 99, 4% y 99,3%, respectivamente (Rié&ert al, 2005; Samart al,
1999). El antigeno recombinante utilizado es untigépinmunogénico de la

glicoproteina transmembrana gp46 y la proteinaméawante p25.

6.1.2. Pruebas seroldgicas tipo IDGA.
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La IGDA es una prueba facil de realizar y de a#tpeeificidad, sin embargo el
hecho de que la sensibilidad de la técnica noaealta como el ELISA (Celest al,
1998), unido a su dificil automatizacion vy la siivjdad en la interpretacion de los
resultados, hacen que esta técnica no sea la ifizadat actualmente (De Andrés al,
2005). Ademas, es capaz de detectar la serocodnetsiuna manera menos precoz que
el test ELISA, por lo que animales recientementectados seropositivos se detectan
con mayor dificultad (Lujaet al, 1991; Samaset al, 1999; Vareat al, 2001). En un
estudio realizado en 2001, se estimé una sensitlijdespecificidad de la técnica de 76,
3% y 98, 3% respectivamente (Varetaal, 2001). Estas pruebas serolégicas han sido
desarrolladas frente a la glicoproteina de la @¢axelvirica denominada gp135 (VM) y
frente a la proteina interna p25 (p28 en AEC). baepa serolégica consiste en la
difusién, a través de un gel de agarosa, del spexrolema y el antigeno, con sueros
control que determinardn la presencia o ausencantieuerpos anti-vVVM en el suero
problema. En este tipo de prueba seroldgica, eldeson antigeno adecuado también
resulta muy importante para que la unién epitopiewarpo sea eficaz y no obtener

falsos negativos.

6.2 Deteccion de proteinas y acidos nucleicos vieal

Mediante métodos de diagnéstico directo como tésnianoleculares,
inmunohistoquimicas o técnicas de co-cultivo esilg®sreconocer secuencias
especificas del VVM u obtener un aislamiento virgio embargo, aunque resulta una
herramienta util para la confirmacion de un diagicds o evidenciar animales
infectados seronegativos, no es una técnica dedktigo adecuada para utilizar a gran

escala.

Algunas de estas pruebas como la Reaccién en CadéelaaPolimerasa (PCR)
resultan el complemento ideal a la serologia ergrproas de erradicacion de la
enfermedad, ya que estos métodos son capaces eldadednimales recientemente

infectados que aun no han seroconvertido. La PGRerwional es capaz de detectar
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directamente acidos nucleicos del ADN del viruds@ma de provirus integrado en la
células infectantes, o bien del ARN del virion tras proceso de retrotranscripcion,
donde este ARN de transformara en ADN tras la accié una retrotranscriptasa
inversa (RT) (Extramianat al, 2002). Sin embargo, esta técnica se encuentitadien
por la baja carga viral de la muestra, por lo qae &parecido otras variantes como la
PCR anidada (Capucchit al, 2003; Prezius@t al, 2003b) o la PCR cuantitativa a
tiempo real (Carrozzat al, 2010; Herrmann-Hoesingt al, 2007) que consiguen una
mayor sensibilidad y especificidad. También pueeééerhinar la presencia virica
mediante la deteccidn en sangre de ADN proviral,eshbargo la carga viral a nivel
periférico es mucho menor que en los tejidos dianano siempre detectable
(Leginagoikoaet al, 2009). Otro problema de esta técnica se basa eariabilidad
genética del virus, que hace imprescindible unan&dweeccion de cebadores para la
correcta amplificacion de la secuencia virica quechmos, generalmente LT&ag,

pol y env(Carrozzaet al, 2010; Extramianat al, 2002). Para evitar este problema,
diversos autores indican que la secuencia de LTRlaegjue presenta mayor

conservacion (Extramiaret al, 2002).

La técnica de PCR se ha utilizado para la detecd&nvirus en sangre, en
coagulo de sangre, leche, semen y otros tejidomads como tercer parpado
(Angelopoulouet al, 2006; Barqueret al, 2011; Brinkhofet al, 2010a; Capucchiet
al., 2003; Extramianat al, 2002; Herrmann-Hoesingt al, 2007; Leginagoikoa&t al,
2009; Petersoet al, 2008; Preziuset al, 2003a; Alvarezt al, 2006).Ademas, esta
técnica resulta muy uatili para confirmacion del didgfico en estudios
anatomopatologicos, ya que la PCR es posible egklia partir de tejido en parafina,
siempre y cuando el tiempo de fijacion de la maestr sobrepase las 48 h, ya que los
liquidos fijadores fragmentan el DNA virico impidao su amplificacion (Benavides
al., 2006Db).

Otra técnica alternativa, y que puede resultar ss@e para determinados
estudios, es el aislamiento virico. El aislamiet¢ovirus del propio animal se puede
realizar co—cultivando células del animal de tgjidode fluidos corporales del animal
con cultivos celulares de ovino adecuados, comdazkendoteliales del plexo coroideo
para luego valorar el efecto citopatico (Torstegtsdet al, 1997). Sin embargo, esta

técnica resulta lenta, laboriosa y no siempre efica
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La combinacién de uno o mas meétodos de diagndspiincipalmente test
ELISA y técnicas PCR, parecen ser la solucion Gpotiara evitar errores de diagnostico
de infeccién (Brinkhokt al, 2010a; Brinkhokt al, 2010b; De Andrést al, 2005). El
uso de técnicas moleculares también ha permitidolies la genética del virus y de esta
forma obtener informacion sobre su filogenia, eedn, tropismo y patogenicidad
(Crespoet al, 2012; Erhoumeet al, 2008; Glariaet al, 2009; Glariaet al, 2012;
Leroux et al, 2010; Ramirezt al, 2012; Reinaet al, 2006; Shalet al, 2004a), de

gran utilidad en estudios epidemioldgicos e inmnpanaldgicos.

Para la confirmacibn de la infeccibn tras el diagiwd clinico y
anatomopatoldgico, se pueden realizar técnicasnotistoquimicas mediante el uso de
anticuerpos monoclonales y policlonales disponildemercialmente. Estas técnicas
permiten detectar la presencia de antigenos vimeosliferentes tejidos fijados del
animal (formol al 10%, liquido de Bouin o salesziec) y embebidos en parafina
(Benavides et al., 2006b; Gelmetti et al., 200@)nptiendo de esta forma relacionar la
distribucion y localizacion del VVM con la lesidon arquitectura del tejido. Se ha
detectado antigeno virico en pulmén (Begara etl@95; Benavides et al., 2006b;
Gelmetti et al., 2000), SNC (Benavides et al., 20@enavides et al., 2009; Benavides
et al., 2006c; Torsteinsdottir et al., 1992), gldladmamaria (Bolea et al., 2006),
articulaciones y organos linfoides (Preziuso et2003a), riidn (Angelopoulou et al.,
2006), higado y corazon (Brellou et al., 2007)eycér parpado (Capucchio et al.,
2003). El anticuerpo anti-p27 del nucleo viral,uséizé con éxito para estas técnicas,
demostrando una gran sensibilidad y especificidzanfetti et al., 2000), sin embargo,
no era un anticuerpo comercial y el hibridoma z4ilio ya no esta disponible para su
obtencion. Por ello, este anticuerpo no se encaahsiponible actualmente. Existen
anticuerpos comerciales pero presentan sensibégladly bajas, que dependen en gran
medida del genotipo de la cepa infectante.

7. PREVENCION Y CONTROL

7.1. Factores de riesgo
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Tal y como se ha sido sefialado previamente, lasugoges mas importantes de
contagio de VVM entre animales son la via horiznpor contacto con ovejas
infectadas, y la lactacion natural, a través destad o leche (Berriatuat al, 2003a;
Blacklawset al, 2004; Leginagoikoat al, 2010; Peterharst al, 2004).

La transmision horizontal se puede dar tanto potamo oral como respiratorio,
y parece que el contacto entre el cordero y la enadectada es la forma mas eficiente
de contagio (Berriatuat al, 2003a; Houwergt al, 1989; Leginagoiko&t al, 2006Db;
Torsteinsdottiret al, 2003; Alvarezet al, 2005). Se ha relacionado directamente el
numero de dias que las ovejas permanecen estapukldeamaro del rebafio y el
contacto entre si de los animales, con el increondetlos niveles de infeccion del
rebafio (Blacklaw®t al, 2004; Pérezt al, 2010; Simard and Morley, 1991), y se ha
establecido que la estabulaciébn permanente de asiosles, el manejo y espacio
disponibles son factores a tener en cuanta pa@nélol de la transmision horizontal de
la infeccion (Leginagoikoat al, 2006a; Pérert al, 2010). AUn no se conoce con
exactitud el modo de transmision horizontal dalsjraunque parece que Unicamente se
transmite a distancias cortas entre animales, potacto directo, por aerosoles
(Leginagoikoa et al, 2010; Villoria et al, 2013) o probablemente por fomites
(Gudnadottir and Palsson, 1965; Villogaal, 2013), aspectos a tener en cuenta para el

control de la enfermedad.

La mayor o menor contribucion de la via lactogémic@ondiciones naturales en
la diseminacion de la infeccion ha sido ampliameligeutido (Broughton-Neiswanger
et al, 2010; Houwerset al, 1983; Houwerset al, 1989; Leginagoikoat al, 2006b;
Lerondelleet al, 1995; Preziuset al, 2004a; Alvarezt al, 2005). Se ha demostrado
que existe una correlacion positiva entre las pladadldles de seroconversion de un
cordero que proviene de madre seropositiva, peeoriesgo de seroconversion es
similar para corderos alimentados con calostrodecde madres seropositivas y
seronegativas independientemente del manejo encalastramiento/amamantamiento
(Leginagoikoaet al, 2006b). Igualmente, se han asociado positivaniestaiveles de

seroconversion con el tiempo de vida que pasa m®leom con la madre infectada
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seropositiva, en esta situacion, el contagio hatedotiene mayor importancia que el

gue se establece a través de calostro (Berr@tah 2003a).

En este sentido la transmision vertical parece eptes menor importancia
(Blacklaws et al, 2004; Broughton-Neiswangest al, 2010; Cortez-Romeret al,
2011; Romereet al, 2010; Souzat al, 2013), especialmente en etapas iniciales de los
programas de control donde se persigue principaemeaducir los niveles de
prevalencia. Sin embargo si sera de gran interé&tagras finales donde el objetivo sea

alcanzar la erradicacion de la enfermedad del reban

Por otro lado, en el brote islandés se evidenciarotables diferencias de
susceptibilidad entre las razas locales islandgsks foraneas, siendo las primeras
mucho mas resistentes a la enfermedad (Catligl, 1986), por lo que el papel del
hospedador parece jugar un papel importante erdtmiacion de la infeccion y el
desarrollo de la enfermedad. Tratando de confiesta hipotesis se realizé un estudio
reciente en diversas razas para comprobar comaoriafel hospedador en la restriccion
de la cantidad de provirus en sangre periférican ylicho estudio se comprobo que el
gen Ovar-DRB1 del hospedador contribuye, entresagenes, a alcanzar ese control y
por tanto a limitar la infeccion (Herrmann-Hoesiegal, 2008). Asimismo, en un
estudio estadistico donde se valoraron factoréeademision de la enfermedad previos
al destete, se obtuvo como resultado que las @wdercidas de hembras seronegativas
mayores de 4 afios seroconvertian un 50% menos quetles nacidas de animales
seronegativos o0 seropositivos menores de esa edaduyendo que podria existir un

componente de resistencia genética heredable éBexet al, 2003a).
En nuestra comunidad hemos observado que los oyreEmdominantemente
infectados en nuestra regién son de raza Assad. lEstho sugiere que la raza Assaf

espafola podria ser mas susceptibles a la enfednigetaotras razas autdctonas como
la raza Churra (Benavides al, 2007).

7.2. Programas de control
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Actualmente, no existen vacunas disponibles eneztado para la vacunacion
de los animales. Se han probado vacunas con & gompleto atenuado o vacunas
recombinantes, con plasmidos o proteinas viricai® por ahora ninguna ha resultado
eficaz en la proteccion frente al virus (Pepin, 89%orsteindottir, 2007). Tras la
infeccidn via intratraqueal con un VVM atenuadd pasterior desafio, se ha observado
gue aunque la vacuna no produce total proteccémtdra la infeccion, si induce una
proteccion parcial frente a la misma, aislandostahd0 veces mas el virus en animales
no vacunados que en animales protegidos por la naac{Petursson, 2005).
Recientemente se ha probado en ratdn una vacuna AN plasmido codifica la
proteina inmunogénica p25 del VVM gque parece olitana buena respuesta humoral
con un alto titulo de anticuerpos (Henriques, 20@&imismo, se estan realizando
pruebas con diferentes adyuvantes para la estimbolae la respuesta inmune y una
mejor respuesta a la vacuna (De Andrés, 2009)e®imargo, estas vacunas aun no han
sido aplicadas en condiciones de campo y su elaldoraupone elevados costes, por lo
gue econdmicamente no resaltan una alternativalevieh la lucha frente a la

enfermedad.

Por lo tanto, los programas de control de la erdelad han sido la Unica
herramienta disponible para el control de la misma, disponiéndose de otras
alternativas. Asi, durante los brotes islandesesnfiermedad de VM, se establecio un
estricto programa de erradicacion de la enfermdutghdo en el sacrificio de los
rebafos infectados y el reemplazo de los mismosanonales procedentes de rebafios
libres de infeccidon tras un tiempo prudente ddovaanitario (Houwerst al, 1984;
Petursson, 1994). Otra estrategia de control atlhzdurante la epidemia islandesa
estaba basada en la division de los rebafios egrdpss, uno compuesto por el rebafio
adulto, y el otro compuesto por el grupo de repdsicuyos corderos estan retirados
inmediatamente después del parto (Petursson, 1994).

Otros programas de control menos drasticos, ham migstos en practica en
otros paises (Holanda, Francia, Italia, Alemanig,) eprincipalmente basados en
diferentes medidas combinadas (Lugral, 2001):

1- Sacrificio de animales seropositivos tras la reaian periodica de

estudios seroldgicos (Cutlip and Lehmkuhl, 1986).
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2- Si el porcentaje de prevalencia y la tasa de regwosio permiten,
sacrificio de la progenie de madres seropositivasediatamente al
nacimiento, por las altas probabilidades de infacenadre-cordero
(Houwerset al, 1989).

3- Si la medida anterior no fuera posible, y las lasianes y manejo lo
permiten, una alternativa es la formacién de ddsaffes uno
seropositivo y otro seronegativo (Lujanal, 2001).

4- Separacion de corderos al nacimiento, y alimentad&la progenie a
base de calostro procedente de madres seronegativadostro

bovino (Houwerset al, 1984; Houwer®t al, 1989).

En el valle del Ebro, en Espafia, se ha ideado uodoéle control aplicado con éxito
en rebafos de prevalencias moderadas (alreded@O8@l que consiste en un Unico
muestreo seroldgico de todo el rebafio y el marcemdieleble de las ovejas
seropositivas. Asi se utilizardn como reposiciés doimales seronegativos e hijas de
seronegativas. Esta medida ira acompafada de gilengia de cualquier signo clinico
caracteristico de la enfermedad que muestren iosades que conducira a su sacrificio
precoz (Ferrer, 1995; Lujaat al, 2001).
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TRABAJO PREVIO: DESARROLLO DE TECNICAS DE
INMUNOHISTOQUIMICA

Para la realizacion de los dos primeros trabajogsie se desarrollaron técnicas de
inmunofenotipado celular en tejido incluido en fiaeque hasta entonces, no habian
sido utilizadas en ovino. En concreto, el inmunofgro se determind en las siguientes

poblaciones celulares:

e Linfocitos T: CD3 (panlinfocitos T)
0 Subpoblacion CD4+: (17D1, VMRD)
o Subpoblacion CD8+: (AB4055, Abcam)
o Linfocitos Tyd

» Linfocitos B: CD7%cy

* Macroéfagos: CD68

Para la realizacién de las técnicas de inmunohistaiga se siguié el siguiente

protocolo:

1. Recogida y fijacion de las muestrasLas muestras para la fijacion fueron
recogidas en recipientes de plastico y talladasemto con un grosor no mayor de 0.5
cm. Se recogieron las muestras con premura yaagm&ayoria de los antigenos que se
pretendia detectar eran antigenos que se locaizdm membrana plasmatica celular y
resultan muy labiles. Para la fijacion de las massse utilizé un fijador de sales de
zinc, compuesto por 0.5% cloruro de zinc y 0.5%aioede zinc en un buffer 0.1M
Tris base 0.05% de acetato calcico a pH 7.4. Derehttiempo de la necropsia se
mantuvieron tanto muestras como liquido fijadoemperatura ambiente, para luego

conservarlos a 4° C durante 24-48 horas.
2. Inclusion: Las muestras fueron introducidas en un inclusonddofueron

deshidratadas en un ciclo rutinario de inclusiéstdhddgica mediante pases por

alcoholes de grado creciente, xilol e inclusiérparafina a 60° C.
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3. Corte de las muestrasMediante el uso de un microtomo se realizan seesion
de 3um que se colocan en portaobjetos previamente tstadn un homopolimero
(Poli-L-lysine, Sigma-Aldrichque evita la separacién de la muestra del pgetusb

durante la técnica de inmunohistoquimica.

4. Técnica de inmunohistoquimicala técnica de inmunohistoquimica fue comuan
para la deteccion de cada fenotipo celular, vadgaimicamente el anticuerpo primario
utilizado, y el secundario para la deteccion dedma. Asi, tras la hidratacion de las
muestras, las secciones tisulares fueron trataslagperoxido de hidrogeno al 3% en
agua destilada, durante 30 minutos para bloquessti@dad posterior de la peroxidasa
enddgena. Posteriormente fueron incubadas duramteche a 4° C en camara humeda
con el anticuerpo primario correspondiente. Al diguiente, las reacciones se
desarrollaron con el polimero marcado con perogidas/ision anti-ratbn o anti-conejo
en funcién del anticuerpo primari&rfVision+ System- HRP Labelled Polymer Anti-
ratbn, Dakq EnVision+ System- HRP Labelled Polymer Anti-con&akg por 30
minutos a temperatura ambiente. Este sistema EmViss util para la deteccion de
antigenos presentes en concentraciones bajas. dualizacion esta basada en la
peroxidasa (HRP) empleando DABdctor Lab, Burlingame, California, USAEste
sistema no contiene biotina, por lo que se redugeifisativamente la tincion
inespecifica derivada de la actividad endogenadevidina-biotina. Los lavados entre

cada paso se realizaron con buffer TBS pH: 7,4rdera minutos (3 repeticiones).

La especificidad de la técnica la evaluamos meéiaantroles negativos (omitimos la

incubacion con el anticuerpo primario) y controfassitivos (secciones de ndédulo

linfatico).

ANTICUERPOS PRIMARIOS UTILIZADOS: DILUCION
Linfocitos T: CD3 (A0452, DAKO) 1/500
Subpoblacion CD4+: (17D1, VMRD) 1/100
Subpoblacion CD8+: (AB4055, Abcam) 1/50
Linfocitos B: CD7%cy (HM57, DAKO) 1/20
Macrofagos: CD68 (KP1, DAKO) 1/100
Linfocitos Tyd: (CC15, Serotec) 1/100

Tabla 1. Anticuerpos primarios utilizados en lasugbas de
inmunohistoquimica.
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ABSTRACT

In this work a detailed description of the nervéarsn of ovine Maedi-Visna has
been carried out by histological and immunohistatical techniques. The objective of
this work was to study the lesion types and thalleell-immune response related to
each lesion type, and the possible relationshipvdxt them and the host. Thirty-four
Assaf ewes were studied, twenty-nine of which h&dws nervous signs. After
histopathological examination, lesion patterns weescribed according to: location,
extent, and predominance of each cell type. Usmgunohistochemical labelling
against T cells (CD3+, CD4+, CD8%9), B cells and macrophages, clear differences
were identified between cell types in each lesiattgsn. Two main lesion types were
describedLymphocytic type”,where areas of mild-moderate injury characterizgd b
clear predominance of T cells were observed, dmstibcytic type”,characterized by
more severe lesions with extensive areas of mataaaa large number of macrophages
and B cells. Each animal showed a unique lesiotemaand these differences could be
due to the individual resistance to the progresesfanfection. The lymphocytic lesions
appear to be initial or latent phases of slow pgegion, in which the animal presents
some sort of natural resistance to the infectiamtifermore, the hystiocytic pattern is
more severe and extensive, and may be due to andual poor immune response or a
greater virulence of the viral strain. This workutresult useful in future studies based
on the individual immune response, in order to m@rthe proggresion of the infection

or the disease, in terms of evaluation of vaccitreatments or individual resistances.

Keywords: Maedi; Visna; sheep; lentivirus; immunibadogy.
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INTRODUCTION

Maedi-Visna (MV) is a slow, progressive multi-sysie sheep disease caused
by the Maedi-Visna virus (MVV). MVV is a retrovirugf the genud_entivirus that
belongs to the small-ruminant lentivirus (SRLV) gpoand is worldwide distributed.
SRLV group includes all the strains of MV and CapriArthritis Encephalitis virus
(CAEV) (Zanoni, 1998). The disease commonly affeatisilt sheep and leads to a
multi-systemic syndrome characterized by progressieight loss and chronic non-
purulent lung, mammary gland, joint and centralvoas system (CNS) inflammation
(Cutlip et al, 1988; Dawson, 1987).

In Spain, it is considered a widespread diseat®ugh the data vary according
to different studies (Albat al, 2008; Benavide®t al, 2006c; Leginagoikoat al,
2006b; Lujanet al, 1991; Lujanet al, 1993). SRLV seroprevalence in the north of
Spain has been estimated at 77%, but on half tlo&dlof the Spanish Assaf breed, the
value overshot 80% (Leginagoikad al, 2006b). These flocks are under a specific
management whereby dairy sheep are kept in ansingerindoor farming set-up.
Several Spanish Assaf flocks reached a high seralamce in our region, estimated at

96.8% by an epidemiological study (Sotelo, 1998).

The disease most commonly presents itself in ragpy and mammary forms,
while the nervous form has often been sporadic éBieleset al, 2006a; Benavidest
al., 2009; Lujanet al, 1991; Sigurdssost al, 1957). Recently, numerous cases of the
nervous form (even in animals 4-6 months of ageeHzeen diagnosed, especially in
the Assaf breed (Benavidet al, 2007; Leginagoikoat al, 2010). Nervous clinical
signs often include hind leg weakness, pelvic liathxia, hypermetria or paralysis
usually leading to prostration, although the animaains alert and responds to
external stimuli (Benavidest al, 2009; Benavidesgt al, 2006c; Christodoulopoulos,
2006; Sigurdssoret al, 1957). Lesions in the brain or spinal cord areallg not
macroscopically apparent, but occasionally, seuaan injuries are identified as
malacia liquefaction areas in the white matter leg encephalon and wedge-shaped
areas in the spinal cord (Benavidssal, 2006a; Benavidest al, 2009; Sigurdssoet
al., 1957; Sigurdsson and Palsson, 1958). As regardsistological lesions in the
central nervous system, chronic non-purulent meyengephalomyelitis, usually

accompanied by demyelination, is a common findiMgnonuclear infiltration in the
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choroid plexus that even results in the developnwniymphoid follicles was also
observable (Cutlipet al, 1979). Histological lesions have been classifi@o three
main patterns in a recent publication (Benavieeal, 2009), according to the location
of the lesion and regardless of the cell populatomprising the lesionvVascular
mononuclear cells are arranged around blood vedselsing perivascular cuffs;
infiltrative: additionally a non-purulent infiltrate appearstta¢ neuroparenchyma; and
malacic being demyelination the main feature. In thiglgiithe presence of more than

one of these patterns in individual affected angnmahy be seen.

The importance of cell-mediated inmunity in relatito the severity of the
nervous lesions has been demostrated in previawdiest of sheep intracerebrally
infected with MVV (Torsteinsdottiet al, 1992). In this sense, the determination of the
different cell phenotypes present in the nervos®les of natural cases of MV has not
been previously done to the author’s knowledge; dvaew other studies based on
different types of immunological cells exist in itespiratory or mammary forms
(Christodoulopoulos, 2006; Cordiet al, 1992; Lujaret al, 1991).

Hence, the observation of a lesion pattern in eatmal could be associated
with individual differences in the local immune pesses. In this way, the aim of the
present study was the observation of specific fepatterns in each individual, which in

turn could be associated with differences in tlwal@ell immune response.

MATERIALS AND METHODS

Animals

The necropsy of 34 sheep submitted to the Pathdhggnosis Service of the
Veterinary School of Leon was performed. The angntaime from different flocks (of

the Spanish Assaf breed) subjected to the intenstl@or farming system widespread
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in the northwest of Spain. Twenty-two animals warkilts older than 2 years, nine

sheep were between 1 and 2 years and 3 of thembseseen 4 and 6 months old.

Histopathology

Tissue samples from different organs were takerhistological examination,
with special attention to the lung, mammary glgoats and CNS (CNS samples were
obtained systematically, taking different sectionsortex, diencephalon, corpus
callosum, hippocampus, midbrain, cerebellar cortns and cerebellar peduncles,
medulla oblongata, and cervical, thoracic and lungpanal cord). Sample tissues were
fixed in 10% buffered formalin for 24 hours at rodemperature. Sections of 3 um

thickness of formalin fixed tissue were stainedhwiematoxylin-eosin.

Immunohistochemistry

In order to characterized the cell phenotypes byumohistochemistry, nervous
sample tissues from 16 sheep, were briefly inmenseainc fixative salts (ZSF), 0.5%
zinc chloride, 0.5% zinc acetate in 0.05% Tris bufd.1M calcium acetate, pH = 7.4,
(Gonzalezet al., 2001) for 24 h at 4° C. After fixation, samplesrevelehydrated in
alcohols of decreasing grades before being embeiddearaffin. Nerve tissue sections
of 3 um thickness from 16 animals were labeled by immistobhemistry to
characterize cell populations in different patterosing a polymer-based detection
system (EnVision + System Labeled Polymer-HRP Ambuse, Dako, EnVision +
System Labeled Polymer-HRP Anti-rabbit, Dako). issamples were dewaxed and
rehydrated, and endogenous peroxidase activity blasked with 3% hydrogen
peroxide for 30 minutes. The nonspecific links wielecked for 20 minutes with 1/20
goat serum diluted in TBS-BSA (TBS: 0.5M Tris BaS&p NaCl, pH 7.4, TBS-BSA
0.9% bovine serum albumin). Slides were incubatedrroght with the primary
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antibody against T cells (CD3+, CD4+, CD8+ amy), B cells (CD79acy) and
macrophages (CD68) (Table 1). Subsequently, théosscwere incubated for 30
minutes using the EnVision+ system and developeth va solution of 3-3-
Diaminobezidine (DAB) (Vector Lab, Burlingame, Gatnia, USA). The slides were
stained with hematoxylin for 12 seconds and mouriedinute washes with TBS were
performed twice between each step. The specifafitthe technique was evaluated by
negative controls (omitting the incubation with hxmary antibody and incubating it
with non-immune sera) and positive controls (lynmoldle sections and positive samples
of previously tested as MVV-positive). Results wenbjectively scored as: + / -, (a few
scattered positive cells), + (moderate number sftpe cells), + +, (several number of
positive cells) and + + + (clear predominance). flasn of a sheep without
characteristic lesions of MV that showed negatiesults to PCR procedures and

serology were also included as negative control.

Formalin-fixed nerve tissue samples from 24 animalere tested by
immunohistochemical techniques against the p27| drdigen (Gelmetti, 2000), as

previously described (Benavidesal, 2006b).
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Table 1.

List of primary antibodies

Antibody (clone) Host species Source
PanT cellsCD3+ (A0452) Rabbit DAKO
T cells CD4+ (17D1) Mouse VMRD
T cells CD8+ (AB4055) Rabbit Abcam
B cells CD7%cy (HM57) Mouse DAKO
Macrophages CD68 (KP1) Mouse DAKO
T cellsyd (CC15) Mouse Serotec

Serological Tests

Serum samples were obtained from all the sheepatuae the presence of
antibodies against MVV using a commercial test tésti®, Hyphen BioMed,
Neuville/Oise, France), in accordance with the nfacturer's instructions. ELISA
results were reported as positive or negative erbtisis of the cut-off value calculated

as per manufacturer's instructions (absorbancend§0

PCR Procedures

Genomic DNA, from 10 animals that do not were téstdy
immunohistochemistry against MVV, was extractedrfrperipheral blood mononuclear
cells and tissue samples using QlAamp® DNA BloodniMKit (QIAGEN).
Amplification of LTR andgag regions from animals with nervous lesions was

performed as previously described (Resal, 2006).

RESULTS
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All the animals examined presented characterigtgiohs of MV disease,

although clear differences appeared among them.

Histopathology and Immunohistochemistry

The description and characterization of nervoumihsswere carried out based
on location, extent of injury, and predominant dgibe (Fig. 1.) and the results of

immunohistochemical studies are summarized in 2ble

Lymphocytic type: Non-purulent encephalitis composed mainly of
lymphocytes characterizes this lesion pattern.t&eat vacuoles of demyelination are

occasionally seen. This type was subdivided into legion subtypes:

Lymphocytic Type Athe lesion is found in the choroid plexus and mges,
showing no apparent lesion or only mild lesionsthe adjacent neuroparenchyma.
Hyperplasia of the lymphoid tissue, which even d&ye aggregates or lymphoid

follicles, is observed (Fig.1).
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Figure 1
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Fig. 1. Nervous lesions in natural cases of ovine Visk#istopathological
classification: (A) Lymphocytic type A, a non-pe@nil choroiditis composed mainly of
lymphocytes characterized this pattern, showingpgarent lesion or only mild lesions
in the adjacent neuroparenchyma. Hyperplasia of Igmaphoid tissue, which even
develops aggregates or lymphoid follicles, is obsdr (B) Histiocytic type A, the main
lesion is located in the choroid plexus and mersngand the adjacent
neuroparenchyma presents moderate-severe damalg@gé amount of macrophages
at the damaged periventricular area, demyelinati@cuoles and perivascular cuffs are
commonly observed. (C) Lymphocytic type B, a naokpot encephalitis characterized
by a mononuclear cell infiltrate with a clear predmance of lymphocytes with several
macrophages between them, several gliosis focielsas the arrangement of round
cells around blood vessels forming perivasculafscafe the most significant changes
(D) Higher magnification of image 1.C. (E) Histidicytype B, the neuroparenchyma is
the most affected area. Extensive areas of malacnt a non-purulent infiltrate with
evident predominance of large and foamy macrophéugtser cells”) as compared to
lymphocytes are observed. (F) Higher magnificaitdnmage 1.E. HE. (A-B) x40, (C)
x100, (D) x400, (E) x100, (F) x400.

In these types of lesion there is a clear predonu@af T cells (CD3+) in the
infiltrate of the choroid plexus and meninges (F2). A high proportion of CD4+
versus CD8+ T cells is observed in mild choroidiiad meningitis, while the
percentages become similar in lesions with the gmes of lymphoid
agreggates/follicles. These lymphoid aggregatesapp arrange themselves into a
pattern of lymphoid organ follicles with large anmbsi of CD4+ T cells located in the
incipient active germinal center areas, whereas+I@phocytes can be found both in
the periphery and in the center of follicles nda& tnacrophages. B cells are rarely
detected, except in the areas of well-developedhoid follicles where the germinal
center will be composed mainly of B cells. In tlese of mild lesions in the adjacent
neuroparenchyma, monolayer cells around blood igase mainly composed of CD4+
T cells, together with CD8+ lymphocytes in multy#aed perivascular cuffs. CD8+
cells also appear adjacent to the periventricutaraparenchyma and in small gliosis
foci. Fewyd lymphocytes and macrophages are observed thrawvgimtiltrate of the

choroid plexus and the neuroparenchyma.
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Fig. 2 Phenotypic characterization of cell populationggent in each
histological type: (A) Lymphocytic type A, theraislear predominance of T
cells in the infiltrate of the choroid plexus andemmges. Occasional T
lymphocytes located in the adjacent neuroparenchyBaHistiocytic type A,
small number ot T cells in choroid plexus compangith lymphocytic type A.
Numerous T cells in the adjacent damaged neuropgangna. Anti-CD3+
labelling. IHC. x40.

Lymphocytic Type B:in this case, the main lesion is located in the
neuroparenchyma, with the choroid plexus and mesinglso appearing slightly
infiltrated, mainly by lymphocytes. A mononucleaellc infiltrate with a clear
predominance of lymphocytes with several macrophdggween them, several gliosis
foci, as well as the arrangement of round cellsumdo blood vessels forming
perivascular cuffs are the most significant chan@és. 1). Likewise, in this pattern T
cells (CD3+) are also the most abundant cells. Bbtéh meninges and the choroid
plexus are slightly infiltrated by T lymphocytes,amly by CD8+. An extensive
infiltration of T cells, which are located abové @ the edges of the lesion, is observed
along the neuroparenchyma (Fig. 3). Most of theellscare CD8+ in gliosis foci and
around vessels, together with CD4+ cells in a lopercentage. CD4+ lymphocytes
appear in a similar number as CD8+ in multi-layeqativascular cuffs (Fig. 4).
Macrophages in a moderate number are mainly lodatéte neuroparenchyma of the
central area of the lesion, or at the edges ofdki®n around slightly damaged blood

vessels forming mono/bi-layers (Fig. 3). Fedvand B lymphocytes are detected, with
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vo T cells being scattered along the parenchyma aoellB always close to the vessels

(Fig. 5).
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Fig. 3 Phenotypic characterization of cell populationsegent in each
histological type: (A) Lymphocytic type, anti-CD8&belling: an extensive T cells
immunolabelling in perivascular cuffs and the swmding parenchyma. (B)
Hystiocytic type, anti-CD3+ labelling: T cells immaiabelling appears in a lower
proportion than in lymphocytic type. (C) Lymphocytype, anti-macrophages
labelling: macrophages in a moderate number locatethe central area of the
lesion and around blood vessels. (D) Hystiocitetyanti-macrophages labelling:
clear predominance of macrophages with foamy cgplalong the lesion. IHC.
(A) x100, (B) x150, (C) x100, (D) x150.
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Fig. 4 Phenotypic characterization of cell populationggent in each
histological type: (A) Lymphocytic type, anti-CDBanphocytes labelling:
CD4+ lymphocytes immunolabelling in multi-layerestigpascular cuffs and in
a low proportion along the neuroparenchyma. (B}titycytic type, anti-
CD4+ lymphocytes labelling: CD4+ lymphocytes ladhtloser to the
endothelium. (C) Lymphocytic type, anti-CD8+ lymgytes labelling:
numerous CD8+ T cells in the perivascular cuffs @&fdtrating the
neuroparenchyma. (D) Hystiocitic type, anti-CD8mighocytes labelling:
CD8+ lymphocytes appear in a lower proportion aldhg lesion than in
lymphocytic types. IHC. x200
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Fig. 5 Phenotypic characterization of cell populationsegent in each
histological type: (A) Lymphocytic type, anti-B |ymocytes labelling: arrows
indicate occasional B cells. (B) Hystiocytic ty@ati-B lymphocytes labelling:
extensive B cells immunolabelling in the lesion) [@mphocytic type, anfié
lymphocytes labelling. (D) Hysticytic type, apdidlymphocytes labelling: Small
number ofys T cells in lymphocytic and hystiocytic types, wraed along the
neuroparenchyma and closer to the endothelium. k200
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Histiocytic type: This pattern is characterized by severe lesionsrev the
predominance of macrophages with foamy cytoplastneaitensive areas of malacia are
the main pathological changes. As in the previasectwo subtypes were established:
Histiocytic Type A:the main lesion is located in the choroid plexnd meninges, and
the adjacent neuroparenchyma presents moderateesgamnage. Although infiltration
of the choroid plexus is predominantly lymphocyficgreater number of macrophages
are present in contrast to lymphocytic type A. Aaclpredominance of macrophages at
the damaged periventricular area, demyelinatioruei®s and perivascular cuffs are
commonly observed (Fig. 1). The choroid plexudtiraie is composed mainly of T and
B cells, but with a high proportion of macrophagesveen them. Numerous B cells are
observed in the lymphoid follicles and along theri@ntricular parenchyma.
Macrophages with expanded foamy cytoplasm are lgltlae predominant cells in the
adjacent damaged neuroparenchyma, where they appegaether with a lower
proportion of T cells (Fig. 2). The T cells obseahare mostly CD8+ T cells located in
gliosis foci and in perivascular cuffs. CD4+ lymglytes appear in a lower proportion,
mainly located around the blood vessels. Many n@twages and lymphocytes are
detected around multi-layered perivascular cufisilevin vessels with mild damages at
the edge of the lesion only a single layer of mpemes adjacent to the endothelium
was observable. There are also plenty of B cellniy located next to the vessels in
the periphery of the lesion. In this cag& cells are also scattered among the other cell

types along the area of the lesion.

In Histiocytic Type B the neuroparenchyma is the most affected arehthan
most severe lesions appear in this pattern. A noolpnt infiltrate with evident
predominance of large macrophages as comparednjohlycytes is observed. Clusters
of “gitter” cells are frequently observed near lWogssels, forming large cuffs. This is
usually accompanied by intense vacuolation focit tb@alesce, forming extensive
malacic areas (Fig. 1). In this type of lesion, thear predominance of macrophages
with foamy cytoplasm and demyelination in the n@ar@nchyma are the main features
(Fig. 3). T cells are mainly ranged along the edgase lesion (Fig. 3). In this pattern,
the proportion of CD8+ is also higher than CD4+ti\Rescular cuffs are composed of
several layers, with the external ones mainly csiimgj of macrophages behind a barrier
of CD8+ and CD4+ lymphocytes located closer to éndothelium (Fig. 4). Slightly

damaged vessels are completely surrounded by nfzmgep. In this type, a
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considerable number of B lymphocytes were foundelm endothelium, especially at

the edges of the lesion, and soydeells were detectable along the lesion (Fig. 5).

The 24 sheep (4 showed lymphocytic type B lesiohystiocytic type A lesion
and 13 hystiocytic type B lesion) tested by immustdthemistry against MVV
showed positive labelling of p27 MVV antigen. Thp®sitive signal was mainly
characterized by fine granular deposits in the mgsm of macrophages-like cells.
Although the assessment was done subjectively tipesstaining was clearly more

abundant in the histiocytic type lesions than & lfmphocytic ones.
Serological test and PCR procedures

10 animals tested by PCR methods were positivetla@dB4 animals yielded
positive results to the serological tests.

Table 2.

Immunohistochemistry results.

Cell types Lymphocytic A Lymphocytic B HistiocyticA Histiocytic B
T cells ++ +++ ++ ++
Macrophages + + +++ +++
CD8+ T cells + +++ ++ ++
CD4+ T cells ++ ++ + +

B cells +/- +/- ++ ++
vo T cells + +- +/- +/-

Table 2: Immunohistochemistry results were subjebti scored as: + / -, (a few
scattered positive cells), + (moderate number difpee cells), + +, (several number of

positive cells) and + + + (clear predominance).
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DISCUSION

The nervous form of MV has been previously studgdseveral authors who
have described the lesions associated with theasks€Benavidest al, 2006a;
Benavideset al, 2009; Sigurdssoet al, 1957; Sigurdsson and Palsson, 1958). These
studies have been taken as a reference for thephisiological study and diagnosis of
the disease. Theetermination by immunohistochemistry of the galpulation of each
lesion type is of interest in understanding thehpgénesis of the disease, duethe
important role of cell-mediated immunity in relatido the severity of the nervous
lesions(Torsteinsdottiret al, 1992). Likewise, e balance between cell populations and
their interactions seem to determine the evolutibwiral infection, (Dorries, 2001), as
this may occur in our cases, given that the sigaifi differences found in this study
between the lesions of the animals affected indudehis study. Thus, based on these

observations one lesion pattern can be establisheach animal affected.

In this sense, an important feature was the findimgthis study of the
lymphocytic type, with lesions located almost esokely in the choroid plexus and
meninges with mild lesions in the adjacent neurepanyma(lymphocytic type Abhat
showed a clear predominance of T cells, particul@D4+. The description of this
lesion type is very similar to previously describledions in early stages of CNS
infection by other lentivirus (CAEV, FIV and HIV-1yvhere up to 70% of lymphocytes
and 10% of macrophages/microglia are observed drtlvm perivascular cuffs. Also,
CD4+ cells are more numerous in perivascular skeeviile the CD8+ infiltrate is
mainly distributed in the neuroparenchyma (Torseaitir et al, 1992). Thus, this
lesion type could be related to early stages ofdisease or different mechanism of
resistance to the progression of the infectionaddition, neuroinvasion of MVV may
be initiated by activated peripheral T cells thag abliged to previously migrate to the
CNS to facilitate monocyte recruitment (Cheblouee al, 1998). Moreover, an
experimental study showed that immunosupressioh aitilymphoid serum prevents
cell proliferative response and the developmenésibns (Panitclet al, 1976). Due to
these observations, the presence of lymphocytesiloh lesions and in layers around
vessels (lymphocytic types) suggests an initiavakof lymphocytes at the CNS and
might represent the first response to viral infacti Besides, initial mammary and

arthritic (CAE) lesions have also been studied mfected experimental animals,
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showing an accumulation of activated CD4+ and Cb&ls in tissues, mainly around
blood vessels with only a few B as in the lymphaxyypes (Cordieet al, 1992; von
Bodungeret al, 1998).

In our work lymphocytic types Bhowed severe lesions, with the number of
CD8+ cells in the infiltrate of the neuroparenchysignificantly higher than in other
patterns. Although CD8+ cells are thought to be drtgmt in controlling viral
replication, its role in the CNS is still unknowindeed, increased tissue damage due to
the cytotoxic effect or to an exacerbated pro-mfi@atory cytokine secretion has also
been suggested (Torsteinsdottral, 2007). It is known that following viral infection
of the CNS, a Th-1 type immune response stimuldtes CD8+ T lymphocyte
migration, which results in a tremendous up-regoatand secretion of chemotactic
substances, and consequently, an increasing nuoflieilammatory cell are attracted
to the site of virus infections (Dorries, 2001).ths sense, this lesion type could be
representing a transitional step toward the moversdesions, or another mechanism of

immune response wherein the importance of CD8+% seéms to be very significant

On the other hand, botfistiocytic type Aandhistiocytic type Bshowed severe
lesions in the neuroparenchyma and could be remiiagean advanced stage with the
recruitment of monocytes/macrophages due to angexated but probably ineffective
immune response. In this regard, in previous olagems of lentiviral infections (SIV,
HIV-1) studying later stages of the disease, a myt@dmacrophage arrival to form 90-
95% of the cellular infiltrate has been describedh almost all of the rest of the cell
population being CD8+ cells (Kirat al, 2004; Lackneet al, 1991). Moreover, CAE
arthritic lesions of both naturally and experimdgtanfected animals with advanced
lesions present a greater accumulation of macraggghagd B cells in the inflammatory
tissue (von Bodungemet al, 1998). Thus, the increase in B cells suggests ttia
immune response to infection may have tended tawadTh2 type of immune
response, losing effectivity, as has been prewodsscribed in arthritic lesions of goats
infected with CAEV (Wilkersoret al, 1995). Likewise, evidence for an ineffective T
cell response have been describéd vitro, in clinically severely affected animals in
terms of antigen recall responses due to impairedsentation defficient in
costimulatory molecules (Reir al.,2007). According to this, all the sheep affected i

less than a year (seven sheep) presented thechigtidype of lesions, thus, this
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suggests that these lesions may have a relatiapig development, and consequently

represent an ineffective immune response.

In our cases, it seems that the amount of antigenuich large in relation to the
hystiocytic types; this could be due to the largenber of macrophages located in this
type of lesions, or to a lesion pattern with lowiséance to viral replication. However
IHQ against MVV has not been carried out on enongimber of animals to consider

this feature as significant.

Differences in the location of the main choroidexals/meninges (type A), or
neuroparenchyma (type B) lesion could also be @xgiaby the viral route of entry to
the CNS,by the blood-brain barrier (BBB) or by the bloodreteospinal fluid barrier.
Viral migrationthrough the BBB to reach the neuroparenchyma cbelthe first step
in developing encephalitis (type B), while in thase of migration through the
choroidal/meningeal endothelial barrier, chorogditieningitis would be the expected
lesions (type A). Both MVV routes of entry to th&l§ have been proposed by means
of different mechanisms of migration (Benaviddsl, 2009; Broadwell, 1993; Drevets
and Leenen, 2000; Georgsson, 1994; Georgssah, 1989; Haaset al, 1977; Peluso
et al, 1985).

The pathogenesis of the disease has been hypatedsyz other authors: the
damage of the BBB due to the entry of MVV will résm a release of several pro-
inflammatory cytokines such as TN#Fand the over-expression of endothelial adhesion
molecules, leading to changes in vascular permgahihd the increased migration of
inflammatory cells to the CNS (Cragg al, 1997). This step could be represented by
the lymphocytic types of our classification. Thangontinuous immune activation will
induce the differentiation and attraction of B sednd macrophages on the tissue level
and an increase in the secretion of cytokinesgthecreating a vicious circle (Ebrahimi
et al, 2000; Torsteinsdottiet al, 2007). According to this, histiocytic types setnbe
advanced stages with severe consequences due nartterous observed macrophages
and B cells. Numerous viral strategies to escapaune-mediated cellular responses
have been described; resulting in a life-long [s¢esice of the virus in the brain, thus
the presence of long-term progressor animals cbelddue to this control of viral

replication and could be represented by the desgiygnphocytic types.
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In conclusion, these lesion types could be rel&tedifferent stages or different
mechanisms of resistance to the disease. The lyoypbdesions appear to be initial or
latent phases of slow progression, in which themahipresents some sort of natural
resistance to the infection. Furthermore, the bygsgtic pattern is more severe and
extensive, and may be due to an individual poor umenresponse or a greater virulence
of the viral strain. This detailed description ofrvous lesions would represent an
improvement in the study of individual responséMéV infection, and the evolution of
the disease, and its diagnosis. Likewise, the pteserk could turn out useful in future
studies of this pathology based on the individuamune response to control the
progression of the infection, such as evaluatiorvaxfcines, treatments or individual

resistance to the disease.
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ABSTRACT

We examined the distribution in the perivasculacgs of Visna/maedi antigen,
T-cells (CD3+, CD4+, and CD8+), B-cells and macagds by immunohistochemistry
in 22 natural cases of Visna/maedi encephalitiseehshowedlymphocytic or
hystiocytic lesions. In mild lymphocytic lesions the viral igen was detected in
perivascular cuffs where CD8+T-cells predominatad,in severe lymphocytic lesions
sparse antigen was identified and CD8+/CD4+T-cagligseared in a similar proportion
in multilayer perivascular sleeves. In hystiocyésions, vessels were surrounded by
macrophages with abundant viral antigen, with CQ&4+T-cells and B-cells in the
periphery. These results could reflect differeagss of virus neuroinvasion and clarify

the neuropathogenesis of Visna/maedi encephalitis.

Keywords: Maedi; Visna; sheep; encephalitis; neuropatholagyunology.
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INTRODUCTION

Visna/maedi virus (VMV) is a lentivirus of the Retridae family which is
related to human immunodeficiency virus (HIV-1) ¢Fimar, 2005) and causes a slow,
progressive multi-systemic disease in sheep. Misaadi disease (VM) is mainly
characterised by chronic inflammation of the lungsntral nervous system (CNS),
mammary glands, and joints (Cutlgs al 1988; Dawson, 1987). The disease is most
commonly presented in respiratory and mammary fomuisle the neurological form
has often been sporadic (Benavidgsal 2006a; Benavidest al 2009; Lujanet al
1991, Sigurdssoet al 1957). The main histologic changes are inteastiiflammation
of the lungs and mammary glands with proliferatddriymphoid tissue, as well as non-
purulent encephalitis and demyelination of the CNi&luding the spinal cord
(Benavideset al 2009; Georgssoet al 1976; Lujanet al 1991; Sigurdssomet al
1957).

In the the region of Castilla y Ledn (Spain), VM densidered a widespread
disease, with a prevalence estimated at 77%, edlyedn the Assaf dairy flocks
subjected to an intensive farming set-up (Leginegmiet al 2006). In this region, a
previous study showed that a proportion as highlhs2% of the sheep showing
nervous clinical signs were suffering from the VBe(avidest al 2009; Benavidest
al, 2006¢; Gomeet al, 1999). Nervous clinical signs often include pesgive ataxia,
limb weakness and paresis, particularly in the limmas, usually leading to total
paralysis and recumbency although the animal resnalert(Benavidegt al 2006c;
Christodoulopoulos, 2006; Polledst al 2011; Sigurdssoet al 1957). The primary
lesion in the brain or spinal cord is a non-supfueaencephalitis predominately
periventricular and paraventricular, accompanieaairby non-suppurative choroiditis
and meningitis (Benavidex al, 2009; Polledeet al, 2011; Sigurdssoet al, 1957).

The immune response against VMV seems to play aormagle in the
pathogenetic mechanism, thus an imbalance in theuime response, whether excessive
or deficient, would result in lesion developmenta@klaws, 2012; Polledet al 2011;
Torsteinsdottiret al 2007; Torsteinsdottiet al 1992). Once in the host, the main
targets of VMV are monocytes/macrophages and déndells, which carry the viral

DNA in blood with minimum transcription until the anocytes mature into
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macrophages in the tissue of affected organs (4hrdjorse” mechanism)(Pelusb al
1985). It appears that the entry of VMV into the £ay damage the blood-brain
barrier (BBB), leading to changes in vascular pexoigy and increasing migration of
inflammatory cells (lymphocytes and monocytes) ke tCNS with secretion of
cytokines, creating a vicious circle (Cragal 1997; Ebrahimet al 2000; Georgsson,
1994; Georgssort al 1976; Torsteinsdottiet al 2007). However, this pathological
mechanism is not yet fully understood.

A previous study has shown that one sheep with \@Waeus lesion showed
changes characterized by a diffuse inflammatonjtiate in the neuroparenchyma with
a CD4/CDS8 ratio of 0.8, and in the perivascularcggacomposed of lymphocytes with a
CD4+/CD8+ ratio of 1/3 and 10% monocytes (Torstatsr et al 1992), similar to
other lentivirus (CAEV, FIV and HIV-1) (Georgssot994). Recently, two main
patterns of lesion have been described in relaboeach animal: &ymphocytic type
where areas of mild-moderate injury characterisga@ lelear predominance of T cells,
mainly CD8+ lymphocytes, are observed; arisdiocytic type characterised by more
severe lesions with clear predominance of macrogdamany of them with foamy
cytoplasm, mixed with B cells, that is usually aog@anied by intense vacuolation foci

that coalesce, forming extensive malacic areas.

These lesion patterns could be related to diffestages or mechanisms of
resistance to the disease. Thus, the lymphocysione could represent some sort of
natural resistance to the infection where initiallatent phases are included, and the
hystiocytic pattern may be the result of an inditpoor immune response or greater
virulence of the viral strain (Polledet al 2011). In this study we investigated the
immunophenotype and distribution of the inflammugateoells specifically within the
vascular spaces in relation to the viral antigesh thie different patterns of lesion, for the
purpose of studying the role of the perivasculacsg in virus neuroinvasion and in the

development of the neuroparenchymal lesions (hygtioor lymphocytic lesions).

Brain tissue samples from natural cases of Visnadinancephalitis in 22 adult
sheep (over 2 years-old) of the Spanish Assaf bnesrd examined. All of them were
naturally infected cases which had been submitteitheé Pathology Diagnosis Service

of the Veterinary School of Ledn with nervous diisigns, and had been diagnosed as
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VM infected. CNS tissue samples were obtained syatieally, taking different
sections: cortex, diencephalon, corpus callosumppdgampus, midbrain, cerebellar
cortex, pons and cerebellar peduncles, medullangbla, and cervical, thoracic and
lumbar spinal cord. Sample tissues were fixed i% Ifuffered formalin, stained with
hematoxylin-eosin (HE) and examined by light micasy. Samples from these same
locations were fixed in zinc salt fixative (0.5%neichloride, 0.5% zinc acetate in
0.05% Tris buffer, 0.1M calcium acetate, pH = 7.49nd tested using
immunohistochemical techniques (IHC) using seisdue sections. These serial tissue
section were stained with primary antibodies raiagdinst the p27 VM viral antigen
(Gelmetti et al 2000), as previously described (Benavigesal 2006b), and T cells
(CD3+, CD4+, and CD8+), B cells (CD7&y) and macrophages (CD68), using
previously described IHC staining procedures (Fiollet al 2011). Samples from a
sheep without characteristic lesions of VM whiclowkd negative results to PCR
procedures and serology were used as negativeotoAtsemiquantitative analysis of
the presence of the different cell immunophenotyipeperivascular cuffs associated

with the inflammatory response to VM antigen wasied out.

Serum samples were obtained from the 22 sheep aluae the presence of
antibodies against VMV using a commercial test tésti®, Hyphen BioMed,
Neuville/Oise, France), following the manufactuwdristructions. ELISA results were
reported as positive or negative on the basis @fctht-off value calculated following

manufacturer's instructions (absorbance 450 nm).

Histological examination revealed that all the 2Rdsed sheep presented
characteristic CNS lesions of VM encephalitis, 8eghshowedlymphocytic lesionand
13 sheep showethystiocytic lesions Five sheep that showed mild nervous signs
(lethargy, tremors, incoordination or mild ataxié tbhe hindlimbs) presented non-
suppurative lymphocytic encephalitis consisting yomh perivascular cuffs spread
throughout the neuroparenchyma, characterised éyattangement of round cells in
mono- or multiple layers around blood vessels with or sparse infiltration of the
neuropil, namednild lymphocytic lesionsn this study. Another 4 sheep with more
severe nervous clinical signs (progresive ataxwh raeumbency) showed these similar
mono- and multilayer perivascular cuffs accompatigd lymphocytic infiltrate in the

neuroparenchyma, and these were consides@re lymphocytic lesionsThirteen
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animals showedhystiocytic lesionswith extensive areas of malacia and a non-
suppurative hystiocytic infiltrate with evident piminance of large and foamy
macrophages. These 13 sheep with hystiocytic eadiéptalso showed severe nervous
signs of progressive ataxia and recumbency, baetdithem with more than 2 week of

recumbency. The 22 sheep yielded positive resulliset serological tests.

VMYV antigen was detected in the brain tissue sestiof all the animals in this
study, while the control sections were negativee Tpositive signal was found
predominantly in the cytoplasm of the macrophagestyglia located in the CNS
lesions. The result of the analysis of the distithu of the viral antigen and the
different perivascular cell types associated witk tnflammatory response to VMV
infection is detailed in Table 1. These results vadw clear differences in the
phenotypical cellular composition in perivasculpaces in various types of lesion and

in the distribution of the VM antigen.

Table 1

Visna/maedi antigen distribution and cell immunopha&otypes forming the

perivascular cuff layers.

Mild lesion Lymphocytic lesion Hystiocytic lesion

PC Monolayer Multilayer Monolayer Multilayer Monolayer Multilayer
VM antigen ++ ++ S S + +

T cell CD3+ +++ +++ +++ +++ + ++

T cell CD8+ +++ ++ +++ ++ + ++

T cell CD4+ + ++ + ++ + ++
Macrophage + + + + +++ ++

B cells S S S S + ++

8PC: Perivascular cuffs formed by cellular mono-naultiple layers.
Table 1. Results of semiquantitative analysis ofalviantigen and the cell
immunophenotypes in perivascular spaces of mifdphocytic and hystiocytic lesions,

scored as (s) sporadic, (+) few, (++) moderate, dmet+) many.
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In mild lymphocytic lesionswhere perivascular cuffs seemed to be the only
damage, with scarce inflammatory response in thearropd, VM antigen
immunoreactivity was detected in these perivasa@liaves. The antigen positive signal
was found in the cytoplasm of macrophage-like celtse to the endothelium, and
mixed between the cellular sleeves, but it was lpatdtected in the neuroparenchyma
(Fig. 1). Interestingly, this finding has been @tv&d in this type of lesion alone, so
these antigen immunolabelling could corresponchfected perivascular macrophages,
or circulating infected monocytes that differergiato macrophages entering the CNS
by this route and allowing viral replication. Thesbservations would confirm the
previously proposed models of VMV neuroinvasionsdth on the “Trojan horse”
pathological mechanism (Georgssenhal 1989; Pelusaeet al 1985). In this way, in
other lentivirus infections such as simian immurimikncy virus (SIV) and HIV-1, it
has been demonstrated that perivascular macropbhagéise primary cells productively
infected by the virus, resulting in a disruptiontioeé BBB and allowing greater entry of
infected cells into the CNS (Kinet al 2003; Persidsky, 1999; Strazefa al 2011;
Williams et al 2001b), as could initially occur in VM encephiglitThus, most cells
(over 90%) which made up these perivascular sleeees T-cells mixed with scattered
macrophages, often close to the endothelium. Spaltyi the CD8+ T-cell
subpopulation clearly predominated over CD4+ T-lhnogytes in the mono/bilayer
perivascular cuffs, but larger multilayer perivdscicuffs showed these cells in similar
proportions of 50%. B-cells were only sporadicalbserved. Thus, it is possible that in
mild VM encephalitis, the CD8+ lymphocytes locatmeund blood vessels may be
cytotoxic effector cells when they encounter cplissenting viral antigen. Likewise, in
SIV encephalitis it has been reported that CD8+plgatytes located angiocentrically
appear to control the accumulation of infected mjplsages in the CNS in an antigenic-
specific manner, also with little accumulation dd£&+ lymphocytes (Freedt al 2011;
Kim et al 2004). Specifically, this feature has been dernatesd in SIV infection when
the viral load was increased, and progression eflikease was accelerated, in animals
whose CD8+ T cells were depleted (Schmétzal 1999; Williamset al 2001a).
However, it has previously been suggested thatdlalar immune response of CD8+
together with CD4+ T lymphocytes in inflammatorgitns of VM, may not only be
directed against the virus but also against sdlyan (Blacklaws, 2012; Torsteinsdottir
et al, 2007; Torsteinsdottir et al, 1992), so thespnce of CD4+ T-cells together with
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CD8+ T-cells in multilayer perivascular cuffs detgt in this study could be

representing a stage of lesion progression to s@vere lymphocytic lesions.
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Fig. 1 Cerebellar peduncles, (A) and (B) mild lymphaxygsion of VM
encephalitis essentially composed of perivasculdfscwith positive antigen signal in
macrophages-like cells mixed between the celluseves (arrows). Note that in fig. B
the antigen is located close to the endotheliumof@head). Anti-p27 VM antigen IHC.
(A) x150; (B) x250

In CNS lesions with a more severe Ilymphocytic frdile of the
neuroparenchymasévere lymphocytic lesionwith CD8+ lymphocytes predominance,
the presence of antigenic positive signal was eparse in the perivascular spaces and
the neuropil (Fig. 2). Cell immunophenotypes whfohmed both mono/bilayer and
multilayer perivascular cuffs were very similartte ones previously described in mild
lymphocytic lesions, but with a greater abundarfoawltilayer perivascular sleeves. In
severe lymphocytic lesions despite the possible oblithe CD8+ T cells in the control
of viral replication, this vascular lymphocytic lafnmatory response could also cause
tissue damage due to dysregulation of the immuseorese. In this way, in SIV
encephalitis lesions, it has also been reportedatarge number of activated CD8+ T
lymphocytes accumulate abnormally in the brainultesy in increased concentrations
of cytokines to pathological levels (Marcondssal 2001). Thus, the presence of this
lymphocytic infiltrate may be essential in contirdj the infection, although it may also
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contribute to the progression of the VM lesiontiese perivascular spaces the number
of B-cells was very low, so this feature indicatkat the humoral immune response
would be minimal in this type of lesion, with cdduimmunity playing the major role.

Fig. 2 Cerebellar peduncles, mononuclear cells aroundodl vessels in
lymphocytic lesions of VM encephalitis, with clgaredominance of CD8+-T cell
immunoreactivity. Anti-CD8+ T-cell IHC. x250
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Fig. 3 Cerebellar peduncles, hystiocytic inflammatory delimation lesion of VM
encephalitis. Antigen positive signal (arrowheadsgted in the malacic area. Anti-p27
VM antigen IHC x100

In particular, examination of lesions in the CNShwhystiocytic infiltration
revealed a high number of VMV positive cells in dentral areas of the lesion, mixed
with malacia (Fig. 3), but this antigen positivgral was rarely detected immediately
adjacent to the endothelium or in perivascular cuffi these hystiocytic infiltrates,
macrophages with a clear cytoplasm (“gitter cellsi§arly predominated over other
cells such as CD8+ and CD4+ T-cells and B cellsesEhobservations would support
the hypothesis of development of VM encephalitieraheuroinvasion of the CNS.
Thus, once in the tissue, infected monocytes madnck allow viral replication and

recruitment of more infected cells, based on an umenactivation in response to viral
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antigen that also causes inflammatory infiltratiand damage of the CNS tissue
(Blacklaws, 2012; Torsteinsdottat al 2007). This pathological model would explain
the abundance of macrophages and viral antigen sedhe parenchyma in the
hystiocytic lesion. This way, a slow rate of VM m&lization by antibodies relative to
the rate of virus adsorption to cell surface haanlb®uggested as a possible mechanism
whereby the virus can spread from cell to cellhe presence of neutralizing antibodies
with no free virus release (Thomar, 2005). Thiduea could explain the persistence
and replication of virus in the neuroparenchymahef hystiocytic lesion in the face of
an active immune response. Likewise, the viral atidm of apoptosis has been
proposed as the major mechanism of cell death oogurduring MVV
infection (Duvalet al.,2002a), and this mechanism is considered to pr@malt-to-cell

spreading, virus release and stimulation of the imenresponse (Duvat al.,2002b).

The IHC study of vascular spaces in the areas walthndant malacia of the
hystiocytic lesions, often central areas, showed sbme blood vessels were completely
surrounded by the macrophage infiltration, with fBveells and T-cells (mainly CD8+
lymphocytes, with CD4+ in lower proportions) adjac¢o the endothelium that was
occasionally disrupte. In the periphery of thedasiwhere multilayer perivascular cuffs
were often located, the layers close to the endlathewvere mainly formed by T-cells
(CD8+ and CD4+, in similar proportions) with arourzD% of B-cells, and
macrophages behind these layers. This lymphocyio/gscular cuffs may provide a
cellular immune response similar to the one desdrifor lymphocytic lesions in
response to the spread of the lesion and the coasegndothelial damage. In addition,
the observed CD4+ T cells together with B celldlig packed in these perivascular
cuffs may produce an effective utilisation of CDH¥#mphocytic cytokines by B cells,
resulting in strong antibody production (Esiri aGay, 1990), that may be directed
against the virus, but also against self-antigdth®agh this is still not clear (Paniteh
al, 1976; Torsteinsdottiet al 2007). Thus, in these hystiocytic lesions, a afiaetive

humoral immune response may be involved in theldpwgent of tissue damage.

To summerize, this study reinforces and clariffessgrior model of development
of VM encephalitis (Blacklaws, 2012; Polledb al, 2011; Torsteinsdottiet al 2007).
Thus, the detection of viral antigen in the perowdar spaces, but not in the neuropil, in

the described mild lymphocytic lesions may reflgaal neuroinvasion through the
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infection of perivascular macrophages or through ehtry of infected monocytes into
the CNS. Once the infected cells are located inGNsS, viral replication could be
controlled by an effective lymphocytic cellular pesise, but could also progress to
severe encephalitis due to dysregulation of the umgnresponse. In the case of lesion
progression, immune activation would induce theruidment and differentiation of
more monocytes to macrophages which would enabiéntmus viral replication and
production of cytokines, with an additional noneetive humoral immune response
resulting in a severe hystiocytic infiltration aledion of the CNS. This study showed a
spectrum of lesions and immunopathological respahssely related to the cells and
antigen observed in perivascular spaces, and alposaible relation between the
spreading of the virus in the neuroparenchyma hedype and severity of the lesion.

However, the material examined in this study wé&eriafrom natural cases of
ovine VM with varying degrees of severity which haldeady shown nervous clinical
signs, so further understanding of the inflammatorgcess in VM encephalitis will
require analysis of the inflammatory cells as wadl expression of cytokines and
endothelial adhesion molecules at well-establisbttjes of the disease, including

animals in the subclinical phase.
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ABSTRACT

The presence of Maedi-Visna disease in sheep fldekge a significant
economic impact, thus the aim of this study wasawy out a serological evaluation of
a simple epidemiological control method for ovineaddi-Visna infection in an
intensive dairy flock with high initial seroprevalee. The study population was made
up of an initial flock of 197 Spanish Assaf shegptkin permanent housing using an
intensive milking system, and the subsequent femegations of offspring. The control
strategy used in this study was mainly based oaraéipg the offspring from the dams
after natural intake of colostrum using artificisdaring with milk replacer. Then,
replacement groups were formed by these lambs,hwhere housed in the same shed
as the rest of the flock, but in addition, othentcol measure applied in this study was
the isolation of the replacement group from theltadoy a barrier (1. 20 metre high
metal sheet) that prevented physical contact betweem in the housing, although
airspace was shared. Then, replacement groupsadigbint the adult flock until the
onset of first lactation (around 12 months-old)n@€ol measures were first established
in 2006 with the second generation offspring, legwhe first replacement group as the
control group. Serum samples from all sheep infibek were screened every six
months for antibodies against Maedi-Visna virusngsan immunoenzymatic assay.
After the application of this control programme,rag@evalence had declined
significantly from 93. 1% to 54. 2% in four yeaResults from this study indicate that
that these control measures may offer a simplenatee for reducing high levels of
prevalence in these dairy sheep flocks. Thuscidrol strategy is proposed as the first
control measures to be taken in flocks with a higevalence of infection where no
other measures could be reasonably applied, fotloavel expanded by other effective

methods when the seroprevalence status of the fleakitting.

Keywords:Maedi-Visna; sheep; control; serology; epidemiglog
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INTRODUCTION

Maedi-Visna virus (MVV), which belongs to the smalminant lentivirus
family (SRLV), has a worldwide distribution and i®sponsible for significant
production losses in sheep (Peterhansal., 2004). Maedi-Visna (MV) disease is
characterised by a progressive infection in achdep resulting in chronic inflammation
of the lungs, mamary gland, joints and central aesvsystem (Dawson, 1987; Lujah
al., 1991).

A MV prevalence study in the north east of Spaiovatd that 40. 7% of
randomly sampled animals were seropositive, whil®69of the flocks showed
seropositive sheeps (Lujat al., 1993). More recently, the prevalence of MV in the
north of Spain has been estimated at 77% in interfédocks, but specially in half the
Spanish Assaf intensive flocks this value excee®l® (Leginagoikoaet al., 2006Db).
Several intensive Spanish Assaf flocks present bagprevalence in Castilla y Leon
(Northwestern of Spain, where this study took pla@stimated at 96. 8% in an
epidemiological study, particularly in those flookdairy sheep which are kept in an

intensive indoor farming system (Sotelo, 1998).

Natural lactation (colostrum and milk) and direaintact (oral/respiratory
transmission) among animals seem to be the two smirces of infection (Berriatuet
al., 2003; Blacklawst al, 2004; Alvarezt al, 2005; Leginagoikoat al, 2010), and
although other routes of Maedi-Visna virus (MVVansmission, such as vertical and
sexual routes, have been reported, they are coadide have limited epidemiological
importance (Blacklawst al., 2004; Broughton-Neiswanget al, 2010; Romero et al.,
2010; Cortez-Romeret al, 2011). Direct contact exposure to infected sheeal
particularly contact between ewe and lamb, seenigetthe most important source of
infection and an efficient means of horizontal M¥fénsmission (Houwerst al., 1989;
Berriatuaet al.,2003; Alvarez et al., 2005; Leginagoikegal., 2010), while lactogenic
transmission has long been discussed and propasedsaurce of MV transmission
although making a relatively low contribution teethpread of the disease under natural
conditions (Alvarezet al, 2005; Broughton-Neiswanget al, 2010). Consequently,
housing practices which determine population dgniséve been strongly associated
with the spread of MVV (Leginagoikaet al, 2006aPérez et al 2010).
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No commercial vaccines are available to controlegtibn, and to date,
monitoring programmes have proved to be the onfgcéfe tool in controlling
infection. During the Icelandic outbreak, the impentation of a compulsory disease
monitoring programme associated with slaughter ftdcted flocks and replacement
with MVV-free animals resulted in effective eradioa of MVV (Houwerset al., 1984;
Petursson, 1994). Another control strategy was adsal successfully in Iceland, based
on dividing each affected flock into two groupsgearonsisting of the adult sheep and
the other comprising of a replacement flock form®d offspring which had been
removed immediately after birth (Petursson, 198&ewise, other less drastic control
programmes have been implemented in many courfthesNetherlands, France, Italy,
Germany, for instance.), mainly based on removie@legically positive animals, as
well as separating lambs from seropositive damsediately after birth for rearing on

serologically negative or bovine colostrum (Houwetral., 1984; Houwers et al., 1989).

Sheep culling strategies are feasible in flockshwitoderate prevalence (less
than 50%), where the number of sheep that becoropastive may be lower than the
number of sheep that are annually culled and repl@Berriatuaet al, 2003). However,
there are obvious difficulties in applying suchastgies, and/or they may be
economically unfeasible, in flocks with high semyalence as occurs in our region
which reach values of over 80%. Hence, our aim wasvaluate a simple and
economical control strategy involving minimal chaadgn flock management that could

easily be followed by farmers.

MATERIAL AND METHODS

Study population, management and control stratédieostudy flock

The initial study population in 2005 was a dairyck consisting initially of 197
adult Spanish Assaf ewes from the Farm at the Wetgr School of the University of
Ledn (Spain). Sheep were kept in permanent housirg tall, well-ventilated housing,
with external access to pasture, having a minimpaca of 2.5 m2 per animal. Rams
from the flock were separated from the ewes exaeghe breeding season. Males

varied depending on the year from 3 to 5, andfalhem were adults which came from
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other farms and changed throughout the study. Emelling of this flock during the
study was similar to other dairy intensive flocksm the same region.

This initial adult flock and the following five germations of offspring were
studied between 2005 and 2010. Replacement sheep ftam the female lambs that
were born on the farm. The number of lambs thatewpt as replacement animals
were 100 (replacement group No. 1), 68 (No. 2)(Md@.3), 50 (No. 4) and 42 (No. 5),
in 2005, 2006, 2007, 2008 and 2009 respectivelytalong into account the immunity
status of the dams (seropositive or seronegatiibdalisease). The rest of the female
lambs, which were not included in the replacemeatgs, and all the male lambs were
sold in their first 30 days of age to other farms avere not included in this study. Due
to early deaths, the number of sheep that compeaekl replacement group decreased
in the first 18 months of life. The sheep that fedrthe group of the adult flock each
following year were: the adult sheep that havebesn sold or have not naturally died
from the previous year, together with the replaceimgroup of animals from the
previous year (around 12 months old) after thest fparturition and beginning of the

first lactation.

The handling of the flock was based on a regulanagament of a dairy
intensive flock. The first replacement group from.N was included in this study as a
control group and the animals were raised naturaitiy their dams until 3 months of
age. The following groups (No. 2, No. 3, No. 4, NMosheep) were control using the
following described control measures: The first aves based on separation of the
lambs from the dams after natural intake of colost(12-24 hours after birth) and then
these lambs were artificially reared with milk raggr. These replacement groups of
animals were housed in the same housing as theoftdbe flock. But, as a second
control measure, these lambs were isolated fromtbners and the adult flock by a
barrier (1, 20 metre high metal sheet) with physicantact between them being
prevented, although airspace was shared. Thesacegpént animals did not join the
adult flock until the onset of the first lactatidn. this study, sheep were considered to
have reached adulthood at around 12 months ofadige, their first parturition. At this
time, they joined the adult group, and were kemteurthe same management, and were
also considered part of the adult group in the dathis study.

Gross and histopathological studies
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Throughout this study, necropsies were carried @ut78 randomly selected
adult sheep submitted to the Pathology Diagnosig ainthe Veterinary College of
Ledn. These animals had naturally died on the farriiey were culled due to evident
deterioration of their state of health status anchéinly euthanised. Thirty-four sheep
came from the initial adult flock, 16 sheep canmrfiNo.1 replacement group, 13 from
No 2, 7 from No. 3, 4 from No. 4, and 4 from No. $issue samples from different
organs were taken for microscopic examination, \wghcial attention being paid to the
lungs, mammary glands, joints and central nervgatem. Sample tissues were fixed in
10% buffered formalin and embedded in paraffin. tfas were stained with
hematoxylin-eosin and a histopathological study wagied out. Pathologists were

blinded to the serological status of the animats tanthe PCR results.

PCR Procedures

Genomic DNA from 9 sheep with characteristic MV dulesions, and from 4
seronegative sheep with no histologically MV lesiomas extracted from lung tissue
samples using QIAamp® DNA Mini Kit (QIAGEN). Ampidation of LTR regions
from these samples was performed as described ledse(Benavides et al., 2006a).

Serological testing

Serum samples were obtained every six months fribithe animals from six
months of age for antibody detection. The presesfcantibodies against MVV was
evaluated using a commercial enzyme-linked immuriesd assay (ELISA) (Elitest ®,
Hyphen BioMed, Neuville/Oise, France). The test wasried out following the
manufacturer's instructions and the results weperted as positive or negative based
on the cut-off value calculated as per the manufact instructions (absorbance
450nm). The sensitivity and specificity of this BIA assay have been estimated as 99.
4% and 99.3%, respectively (Saman et al., 1999ADdrées et al., 2005). Specifically,
the expected Predictive Value Positive and Predictialue Negative of this ELISA
testing in this flock with the initial prevalencd 89% were 99. 9% and 95. 3%

respectively.
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Statistical analysis

Differences in values of were assesed for sigmfieausing the chi-squared

analysis. The significance level was sep at0.05.

RESULTS

The initial number of 197 adult sheep in 2005 whicade up the adult flock
varied throughout the study to 175 adult sheepOd62 214 adult sheep in 2007; 233
adult sheep in 2008; 204 adult sheep in 2009 aradlyi 190 adult sheep in 2010. The
proportion of the flock replaced each year was188.in 2006, 31. 7% in 2007, 15. 5%
in 2008, 23. 0% in 2009, and 22. 1% in 2010.

Forty-one of the 78 (52,6%) necropsied animals stblesions characteristic of
MV disease, 38 sheep presenting lung and/or mamlasions, and 3 sheep with a fatal
nervous form and mild lung lesions. Thirty-nine tbe 41 animals affected by MV
disease yielded positive results in the serologtest while two sheep with mild
respiratory lesions caused by MV showed negativel@gical results. Tissue samples
of the lung lesions from the 9 animals affectedWwy tested by PCR methods yielded
positive results, while the PCR results of the rbisegative sheep with no MV lesions

were negative.

Serological results

The evolution of the prevalence of MV in the adiitick varied from the
begining of the study in 2005 which was 89. 0 %2006, MV prevalence in the adult
group reached a maximum value of 93. 1%, and dsedeaver the four years after the
onset of the controlled programme to 54. 2% atehé of the study in 2010. These
difference in prevalence values of the adult flirdn 2006 to 2010 were found to be
statistically significant g= 69, 85). Figure 1 shows the evolution of the plence of

MV in the adult flock and the respective offspriegch year of the study.

The first replacement group, No. 1, used as conwvith no changes in

management and remaining in close contact withethies during natural feeding for
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their first three months of life, showed an earlpgressive seroconversion with a
prevalence of 47. 3% immediately before reincorponainto the adult flock (at 12
months of age), whereas the subsequent replaceyrains that had been under control
programme (No. 2, No. 3, No, 4 and No. 5) showatistically significant differences
in prevalence rates of 4.4%<34. 97), 0. 0%pE= 26. 24), 4. 2%[=28. 52), 2. 4%@=
26. 28), respectively (Figure 1). Table 1 givesvplence and number of animals
comprising each replacement group and their exasiubiver the first 18 months of life.
In addition, there is an early progressive seroeasion of the No. 1 replacement group
from six months of age, whereas the beginning efitfarked seroconversion of the No.
2, No. 3, No. 4 replacement groups was posponatliihinonths of age, after they had
joined the adult flock. Replacement group No. 5Svgkab a prevalence of 2. 5% at 12

months of age (last serological test performedhim group of this study).

100 -
90 -
80 -

70 —

60 —

50 +—

Prevalence (%)

40 +

30 A

20 A

10 +—

0

2006 2007 2008 2009 2010
O Adult Group 93,1 74,5 61,8 58,1 54,2
B Replacement groups (12 months old) 47,3 4,4 0 4,2 2,4

Years of the study

Fig. 1 Evolution of the prevalence of Maedi-Visna infectihroughout the years of the

study in the adult flock and the consecutive oiifgs. Prevalence (y-axis) expressed in
percentages. Grey columns indicate the percentddleeoprevalence in the adult flock

each in the corresponding year throughout the fgemrs of the study. Black columns
indicate the prevalence of each replacement groud2 months old, each in the

corresponding year during the four years of thelgtu

Specifically, figure 2 shows how the first repla@r group reached 40%
prevalence in the first 12 months of life, whersabsequent groups were around 30

months of age before MV prevalence came closeisovtiue.
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Reincorporation into the adult flock
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Fig.2 Evolution of the prevalence in the replacemerugs. This figure shows the
evolution of the prevalence of infection in peregmet (y-axis) throughout the study in
the each replacement groups from 6 months to 12Zhmdho. 5), to 24 months (No. 4)
and to 30 months of age (No. 1, No. 2 and No. 3).

Table 1
Prevalence of each replacement group at 6, 12 an@ inonths of age.

6 months age 12 months age 18 months age

Replacement Seropositive  Prev. Seropositive  Prev.  Seropositive

group sheep (%) sheep (%) sheep Prev. (%)
No.1 (2005) 12/100 12 44/93 47,3 47/91 51,4
No.2 (2006) 3/68 4,4 3/68 4,4 5/64 7,8
No.3 (2007) 0/47 0 0/41 0 4/39 10,2
No.4 (2008) 2/50 4 2147 4,2 4/44 9,1
No.5 (2009) 0/42 0 1/42 2,4 Not sampled Not sampled

Table 1. Prevalence evolution of each replacememigthoughout the first 18 months
of age.® Number of seropositive sheep from the total nundfesheep from each
replacement group.

Serological results of rams were: 3 seropositiveadd in 2005, 4 seropositive
out of five in 2006, 4 seropositive out of 5 in ZQ0@ seropositive out of 4 in 2008, 3

seropositive out of 4 in 2009 and 2 seropositiveadd in 2010.
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DISCUSSION

Due to the economic impact of MV on sheep health@oduction and the ease
with which the virus can spread between and witloicks, control programmes may be
the best method for effectively and definitivelyntmlling and even eliminating the
virus from an area. Epidemiological knowledge, tbge with the appropriate
diagnostic tools and biosecurity practices sho@dpplied, always taking into account

the specific conditions and status of each flock.

Testing and culling are the most commonly usedesjias to eradicate infection
in other countries, and these have been shown sodxessful in flocks with m oderate
prevalence of MV disease (<50%) (Houwetsal., 1984; Cutlip and Lehmkuhl, 1986;
Houwerset al, 1987; Synge and Ritchie, 2010). However, it@minomically feasible
to apply these control measures to the intensiwg dlacks with high seroprevalence
rates (over 80%) detected in our region. Thus, iBpetontrol strategies should be
established in these flocks in order to reduceetlmggh levels of prevalence to moderate
values of around 40-50%, at which point other,cstri control programmes could
feasibly be applied.

Recent studies have shown that seroprevalenceaseniewith flock size and the
number of days that sheep are housed (Leginag@kas, 2006a; Péreet al, 2010;
Lagoet al, 2012), although VMV may not be efficiently airne over short distances
(Leginagoikoaet al, 2010). For these reasons, a physical separaitnween adult
sheep and offspring sharing the same housing aespameans of a simple metal sheet
is proposed as an affordable and inexpensive domteasure, which does not require
any other physical space or housing to keep thacement animals.

Previous studies have shown that ovine colostrom fseropositive ewes can be
a major source of MVV infection but that its ovérabntribution to seroprevalence
under natural conditions is relatively low (Alvarezt al, 2005). Moreover,
seroconversion has been demostrated to be strasglyciated with being born to a
seropositive dam, but the risk of seroconversios siailar for lambs fed colostrum

and milk from a seropositive or a seronegative darmdependently of the mode of
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rearing preweaning (Leginagoikas al., 2006b). Likewise, seroconversion has been
positively associated with increased contact witleéted sheep and with the lifetime
MV-serological status of the dam. Consequently, nwioenditions allow efficient
horizontal transmission, the evidence that lactageriection increases the risk of MV
infection seems to be less important (Berriattiaal, 2003). Taking these previous
studies into account and in an attempt to modidgklmanagement as little as possible,
another affordable measure proposed in this pagpédo iavoid initial direct contact
exposure (oral/respiratory transmission) betweerethie and the lambs (Houwers et al.,
1989; Berriatua et al., 2003; Alvarez et al., 20D&ginagoikoa et al., 2006b) through
early separation of the lambs from the ewes withim first 24h of life, after natural

consumption of colostrum (for easy handling).

Likewise, vertical and sexual transmission, or fiedi contact (insemination,
embryo transfer, and other iatrogenic causes) fegplay a less important role in the
transmission of the infection (Blacklawes al, 2004), and for this reason no measures
were taken in this study to avoid these routesntdction, in order to facilitate flock
management. However, these routes of transmissionld be considered in order to

eradicate the disease.

In this study, the results of PCR and pathologemehmination indicated the
presence of MV infection in the studied flock atgldapacity to cause MV disease. The
seroprevalence in the entire adult flock decredis®ed high values of 89. 0 % in 2005
and 93. 1% in 2006, when no possibility existedirmplementing standard control
programmes, to moderate values of 54. 2% in 2016r applying the control
programme proposed in this study. Since there wamnarked change in the number of
adult sheep, which ranged from 197 (2005) to 190.@2, this finding, together with the
marked decrease in prevalence rates in the reptategroups over the five years,
demonstrates that the decrease of the prevaleteenrghe flock was not due to the

animal replacement rate.

There were also clear differences between the [@mes@ rates in the No. 1
replacement group (47. 3%) at one year of age édbeing reincorporated into the
adult flock, and those in the subsequent replacém@ups (No. 2, No. 3, No. 4 and
No. 5), which did not reach 5%. These data wouldmt&at these first three months of
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the lambs” lifetime are critical in the transmissiof the disease, probably due to
infection through ingestion of infected colostrunikmand to the horizontal
transmission by the close contact with the mothEnsis, the avoiding of these ways of
tranmission as is put forward in this study resuit@ minimal early infection of the
offspring. These low levels of seroconversion iougrs No. 2, No. 3, No.4 and No. 5
could be associated with the ingestion of infeatetbstrum or vertical transmission
(Alvarez et al, 2005; Alvarezet al, 2006). Thus, the used in breeding of seropa@sitiv
rams could have contributed to early infections@ivborn lambs in this study. Vertical
transmission was not considered in the control oveasapplied in this study in order to
simplify handling, but should be taken into accolater on in order to eradicate disease
from the flock.

In this study it could be detected that the mairos@version in the control
replacement groups No. 2, No. 3, No. 4 occurreer dftey joined the adult flock and
continue along the study, so the infection betwadut sheep occurred in an important
way. Moreover, the data regarding the delay, frédmionths to 30 months of age, in
seroconversion to 40% prevalence in the controfjemlips compared with the non-
controlled group is very significant, especiallyiimensive dairy sheep flocks. Since the
longevity of these highly productive sheep is orrage 4 years of age, and bearing in
mind the chronic development of MV disease aftdedtion, manifestation of the
disease with the consequent decrease in produasiovell as premature death would be

minimised.

Subsequently, following the decline in prevalenatugs (54. 2%), other stricter
control measures could be established, in ordeobt@ain lower prevalence values.
Thus, from this point in which the flock has reatl@emoderate level of prevalence, it
should be possible to reduce flock seroprevalemogressively by selectively culling
seropositive sheep and replacing them with offgpfrom seronegative ewes, as has
been previously proposed (Houwers et al., 1984liCahd Lehmkuhl, 1986; Houwers
et al., 1987; Berriatua et al., 2003; Synge andH®t 2010). Likewise, isolating these
seronegative newborn lambs from the rest of thekflwould be very useful (Cutlip and
Lehmkuhl, 1986; Reinaet al., 2009), and avoiding the ingestion of colostrum by
replacing it with bovine colostrum or colostrum rfroseronegative ewes (Peterhans,

2004). The serological status of the rams showdd bk taken into account in further
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control strategies in order to only use seronegabines in breeding. Then, a measure
which could be incorporated into the final contppbgramme in order to enable early
detection of the infected animals and rapid er@a of the infection from the flock
could be a combination of serology and polymerdsencreaction (PCR) (Brinkhadt

al., 2010). Future objectives include the possibilityofiicially certifying the MV-free
status of flocks as part of a strategy to obtaialthg flocks with respect to MV,
enabling farmers to avoid introduction or reintroglon of the infection and the

consequent economic loss entailed.

Since successful results were obtained, these aimphtrol measures are
proposed as an initial simple control programmefaims with a high level of MV

infection where no other measures could reasort@bbpplied.

CONCLUSION

The aim of this study is to design a MV control gnamme for implementation
in flocks with high prevalence values where the liappon of other previously
described control measures is completely impractidae results demonstrate that the
control programme designed can be applied sucdbssiueduce high MV prevalence
(about 90%) in a dairy sheep flock to more modevalees, and has the potential for
extension to larger scale operations. Following thecline in prevalence values, other
stricter control measures should be establishentder to obtain low prevalence values
or even eradicate the infection from the flock.
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DISCUSION GLOBAL

Los dos primeros trabajos incluidos en este estuelariben de forma detallada
lesiones nerviosas causadas por el VVM en casosafed, para contribuir a un mejor
conocimiento de la patogenia y patologia nerviosdadenfermedad. Estos trabajos
suponen un avance en el conocimiento de la resppastldgica de cada animal a nivel

de tejido nervioso, asi como de la posible evoludé la encefalitis en el VM.

En ovino, las formas de presentacion mas frecuatdea enfermedad son la
respiratoria y mamaria (Lujagt al, 1991), mientras que la forma nerviosa y artice&ar
manifiestan de manera mas ocasional (Benavéleal, 2006c; Lujanet al, 1991;
Sigurdssoret al, 1957). Sin embargo, en Castilla y Le6én en losnals afios se han
diagnosticado frecuentemente encefalomielitis aslaca VM, y se ha calculado que en
un 11, 2 % de los animales estudiados con sigriogcas$ nerviosos, la encefalitis
estaba causada por el VVM (Benavidesal, 2006c; Gomezt al, 1999). Estas
lesiones nerviosas comparten caracteristicas ggtak muy similares a las causadas
por otros lentivirus como el VIS o el VIHeroux et al, 2010; Peturssoat al, 1991;
Thormar, 2005), por lo que ademas se trataria daadelo animal de encefalitis virica

gue se podria aplicar para el estudio de estasnesdades.

La encefalitis causada por VVM ha sido estudia@da&ipmente por otros autores
que ya definieron y describieron las manifesta@arimicas y lesiones asociadas a esta
enfermedad (Benavide=t al, 2006a; Benavidest al, 2009; Sigurdssoet al, 1957;
Sigurdsson and Palsson, 1958). Estos estudiosogrban servido de referencia para los
trabajos planteados en esta tesis. En concretegabed un estudio inmunohistoquimico
de las lesiones tanto para la deteccion del ardiggel VVM como para la
determinacion de las poblaciones celulares obsasyadsu distribucion. Como en las
encefalitis viricas la respuesta inmune pareceresgonsable de la evolucién de la
infeccidn y el desarrollo de lesiones (Dorries, Q3 en la infeccion por VVM en
concreto la inmunidad celular parece jugar un papsef importante en el desarrollo de
lesiones nerviosas y por tanto en la patogénesi¥Me (Torsteinsdottiret al, 1992),
nos propusimos llevar a cabo este estudio paratesizmr la poblaciones celulares
implicadas en dicha respuesta inmune. En estejdraba pudo asignamn patron

lesional a cada animal atendiendo a las lesioretag poblaciones celulares presentes
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en los mismos. Asimismo, se detectd una estreclteidn entre los infiltrados

inflamatorios perivasculares y la presencia y itistriéon del antigeno virico.

Las lesiones observadas erartige linfocitico, caracterizadas por un infiltrado
linfocitario, y detipo histiocitico,con abundacia de células tipo macrofago y células
“gitter”. Las lesiones se clasificaron en dos qui#i A 0 B en funcion de la

localizacion principal y de la extension.

Se designaron con esubtipo A aquellas lesiones que se localizaban
principalmente en plexos coroideos o0 meninges aafagas 0 no de leves lesiones en
el neuroparénquima, y con ®lbtipo B en el caso de que el neuroparénquima fuese la
region mas afectada. Estas diferencias en la kaadin principal de la lesién nerviosa,
se podrian explicar por la via de entrada del veluSNC. Asi, si el virus penetrara a
través del endotelio de plexos coroideos, cabegpeanse desarrollaria las lesiones de
tipo coroiditis/meningitis no purulentas, tpo A si el virus accediera desde vasos al
neuroparénquima a través de la barrera hematodéinaef@BHE), causaria una
encefalitis no purulenta o lesionestg® B. Tanto la via de entrada a través de plexos
coroideos, como a través de la BHE, han sido pmesiie propuestas como rutas de
invasion del VVM al SNC (Benavidest al, 2009; Broadwell, 1993; Drevets and
Leenen, 2000; Georgsson, 1994; Georgssoal, 1989; Haaset al, 1977; Pelusat
al., 1985).

Otro de los aspectos observados es que en ledmressdel neuroparénquima
detipo linfociticg el antigeno del VVM se detectd en el citoplasraaélulas de tipo
macrofago alrededor de vasos, entremezclados canerngos linfocitos-T. Es
importante resaltar que solamente en este tipegién, el antigeno virico se localiza en
los espacios perivasculares cercano al endotehayraramente en el neuropilo, lo que
sugiere la entrada del virus desde los vasos saemgiial SNC a través de la BHE.
Ademas, en este tipo de lesidon se detectaron itofsd CD4+ generalmente alrededor
de vasos, mientras que los linfocitos-T CD8+ fuelatalizados tanto alrededor de
vasos como distribuidos por el neuroparénquimaytatomo habia sido descrito
previamente en lesiones nerviosas iniciales por Vbtsteinsdottiret al, 1992). Por
ello, esta lesion la hemos relacionado con forneamhales iniciales o latentes de la

enfermedad. La presencia de infiltrado linfocitatamto en el neuropilo como alrededor
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de vasos, podria sugerir una respuesta a la igfeqoor el VVM como ocurre en
encefalitis en fase inicial causadas por otrosvens como el virus de la AEC, HIV-1
o el virus de la inmunodeficiencia felina (Torstalottiret al, 1992). En estos casos se
han descrito infiltrados inflamatorios perivascataide linfocitos (70%) y células de
tipo macréfago (10%), observaciones muy similardasaque se describen en este
estudio. Todo ello corrobora la hipétesis de cqgelésiones de tipo linfocitico y de
limitada extension serian lesiones iniciales catienicia. Asimismo, y de acuerdo con lo
expuesto previamente, estas lesiones linfocitieaxrdas a nivel encefalico podrian
corresponderse con fases lesionales inicialesdaieacidas y descritas en otros organos
como glandula mamaria (en VM) o articulaciones A&C), donde también se han
caracterizado las poblaciones celulares (linfoeifbsCD4+ y CD8+) en el tejido, y

especialmente alrededor de vasos (Comlied, 1992; von Bodungeet al, 1998).

En concreto, la descripcién de los manguitos psciiares que se observan en
este tipo de lesion leve linfocitica coincide corm®delo previamente propuesto del
desarrollo inicial de la encefalitis causada porW/\que indica que la neuroinvasion
virica comenzaria con la activacion de las céltilasnivel periférico, las cuales serian
las primeras en migrar al SNC alterando la BHE Bheneet al, 1998). La secrecion
de linfoquinas facilitaria el paso de otras céluladectadas especialmente

monocitos/macréfagos al neuropilo. (Georgssbal, 1989; Peluset al, 1985).

En infecciones por VIS o VIH-1 se ha propuesto ofmodelo de
neuropatogénesis basado en que los macrofagosagmilares serian las primeras
células infectadas en llegar al SNC, y alterar HEBoermitiendo la entrada de otras
células inflamatorias (Kinet al, 2003; Persidsky, 1999; Strazenal, 2011; Williams
et al, 2001). Segun nuestros resultados, el antigeitm Wcalizado en macréfagos en
los espacios perivasculares podria sugerir ques gstovocan un aumento en la
permeabilidad de la BHE y favorecen el paso desoteulas inflamatorias a los

espacios perivasculares del SNC.

A diferencia de estas lesiones iniciales, en tesiode tipo linfocitico mas
severas de tipo B donde el parénquima presentafilirado linfocitario mas intenso y
extenso, apenas se ha localizado sefal antigéaicduM. En este caso, la respuesta

inflamatoria se caracterizd6 claramente por un predi® de linfocitos T CD8+
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especialmente en el neuropilo. Ambas observacigradian indicar que la ausencia
del antigeno sea debido a la presencia de esfosilos-T CD8+ y a su funcién en la
respuesta inmunitaria. A pesar de que su significan esta muy bien definido en el
SNC, parece que, como en otros tejidos, puede tereirfuncion citotdxica capaz de
inhibir la replicacion virica (Dorries, 2001; Togstsdottiret al, 2007). Por ejemplo, en
la encefalitis de los simios causada por VIS, sedsxrito que los linfocitos-T CD8+
localizados de forma angiocéntrica junto con lad@ceantigeno especifica de linfocitos
T CD4+ en menor numero (similar a lo observadouwsstio estudio) parecen controlar
la acumulacion de células infectadas (Freekl, 2011; Kim et al, 2004). En este
sentido, se ha demostrado que tras una infeccidcavilel SNC, y en concreto en
algunas infecciones por otros lentivirus como \4& origina una respuesta inmunitaria
de tipo Thl1, mediada por linfocitos T CD8, atraidbpunto de inflamacion, y capaces
de secretar sustancias quimiotacticas que atraeofmras células inflamatorias (Dorries,
2001; Marcondest al, 2001). Ademas, la escasez de células B presentesstas
lesiones linfociticas, son indicativas de que Epuesta humoral a nivel tisular parece
minima en este tipo concreto de respuesta inflamaat&in embargo, la accion de éstos
linfocitos T citotoxicos podria estar no solo didig frente al virus, sino también frente
a antigenos del propio individuo acentuando aun ladsesion nerviosa (Blacklaws,
2012; Torsteinsdottiet al, 2007; Torsteinsdottiet al, 1992), de forma que a pesar de
que estos linfocitos son capaces de ejercer cantdrol en cuanto a la replicacion
virica, también podrian ser responsables del iraptetdafo tisular que se observa en
las lesiones en fases mas avanzadas, debido jio pcaracter citotdéxico de los
linfocitos-T CD8+ o la induccion de una respuest#lamatoria exacerbada
(Torsteinsdottiret al, 2007). Por todo ello en la infeccion por el VVM, respuesta
inmune celular, con predominio de linfocitos-T CD&edria ser no sélo importante en
el control de la replicacion virica, sino tambiém & desarrollo y gravedad de las

lesiones.

En el caso de las encefalitis de tipigtiociticg tanto en etipo A comoB, se
observaron lesiones graves acomparnadas de mataelaneuroparénquima indicativas
de una fase avanzada de la lesion. Este infilttaidbocitario podria deberse a un
incremento excesivo de células inflamatorias y d@fagos, ineficaces en el control de
la infeccion, que propiciaria la replicacion viri€orsteinsdottiret al, 2007). En

lesiones tardias de otras infecciones viricas @ativiirus como VIS o VIH-1 se han
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descrito caracteristicas muy similares a las queolservan en la lesion de tipo
histiocitico de este estudio, donde el 90% deltiaflo celular son macréfagos (Kiet

al., 2004; Lackneret al, 1991). En nuestro estudio el antigeno viricodstecto
ampliamente distribuido en el neuroparénquima, @alpeente en areas de malacia,
pero apenas se comprobo sefial antigénica cercasda@telios vasculares. Estas
observaciones corroboran hipétesis anteriores selbpmsible desarrollo de la lesion
encefélica en el VM (Blacklaws, 2012; Torsteinsdadt al, 2007). Asi, tras el proceso
de neuroinvasion y una vez que las células infastidgan al SNC, éstas propiciaran la
replicacion virica, provocando en algunos animakglesarrollo de una respuesta
inmune ineficaz que atraera al lugar de la leait(mmerosas células inflamatorias, que
liberaran citoquinas y provocaran un importanteodasular final (Blacklaws, 2012;
Torsteinsdottiret al, 2007). En animales con clinica grave de VM, sedhacionado
esta respuesta inmune ineficaz en la eliminacidoavtcon una presentacion defectuosa
de antigeno a las células inflamatorias efectorsidd a una deficiencia en las
moléculas coestimuladoras B7 (Reetal, 2007).

Por otro lado, en algunos vasos generalmente tachls en zonas periféricas de
estas lesiones histiociticas, se pudieron obsemaaguitos perivasculares formados por
linfocitos T CD4+ y CD8+ en proporcion similar, egpodrian interpretarse como una
respuesta inmune frente a la progresion de ladedi@d obstante, en estos espacios
perivasculares, a diferencia de lo descrito endsisnes de tipo linfocitico, se observé
un namero moderado de linfocitos B, cuya interat@tectiva con linfocitos T CD4+
podria resultar en la produccion de anticuerpagidos no solo frente al virus, sino
también frente a antigenos propios del animal (BBsid Gay, 1990). En relacién con
este hecho, en lesiones crénicas artriticas de ABR@bién existe un incremento
marcado de células B, a diferencia de las lesigniesles, asociado a una desviacion
de la respuesta inmunitaria hacia tipo Th2, dessseéicacia en la eliminacion virica
(von Bodungeret al, 1998; Wilkersoret al, 1995). Por lo tanto, parece probable que la
respuesta humoral puede estar implicada en la gr@itygpero sea ineficaz en el control

de la infeccion.

Estas formas linfociticas e histiociticas, podrier similares a las que se
producen en otra enfermedad “lenta”, como la pamtlosis ovina (Clarcket al.,

1996; Pérezt al., 1995), en este caso producido por una micobacieitiacelular
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(Mycobacterium avium sub. paratuberculdsiEn la misma, se han descrito formas
multibacilares de claro patrén histiocitico y elevada presemgabacilos, y formas
linfociticaso paucibacilares Relacionada la primera con una respuesta déntipwral,

y la segunda de tipo celular (Pérekal, 1997; 1999), tal y como podria suceder en los

tipos descritos en este trabajo en el VM ovino.

En resumen, los resultados obtenidos en estos rdbajds confirmaria los
modelos e hipotesis previamente propuestos de ingasion y neuropatogénesis virica
del VM (Blacklaws, 2012; Torsteinsdottet al, 2007). En base a estos datos, la
neuroinvasiéon comenzaria con la entrada de momoaitectados al SNC o por la
infeccion de macréfagos perivasculares. La detaabé antigeno virico en los espacios
perivasculares de las lesiones leves linfocitipayaria dicha hipotesis. Una vez que el
virus alcanza el neuroparénquima, esté podria eatratado por una respuesta
linfocitica efectiva, representada en este casdqgotipos de lesidfinfociticos o bien
progresar a una encefalitis mas grave debido afeci en la regulaciéon y eficacia de
la respuesta inmune, reflejada en los tipos higibns. En este caso los monocitos
atraidos al neuroparénquima y diferenciados a rfegws, facilitarian la replicacion
virica y la cronificacion de la respuesta inmura el consiguiente dafio tisular. A todo
ello hay que sumar que en esta fase avanzadaide, ldende se observa un niamero
moderado de células B, se podria ademas estarralksaio un respuesta humoral
inefectiva de tipo Th2, que agravaria aun masde y por tanto la enfermedad. Con
todo ello, se estaria creando un circulo viciosnddoel mecanismo de patogénesis
lesional se basaria en una activacion crénica desfauesta inmunitaria que induciria la
diferenciacion y atraccion de macrofagos y céliBaa nivel tisular, estimulando la
replicacion virica e incrementando la secreciogittgjuinas, de forma que atraerian un
mayor namero de células inflamatorias cerrdndoselasrculo (Ebrahimet al, 2000;
Torsteinsdottiret al, 2007).

En conclusién, nuestro trabajo relaciona los tipesionales con diferentes
etapas de la enfermedad o mecanismos de resistestia a la evolucion de la misma,
de forma que las lesiones de tipdocitico podrian ser indicativos de fases iniciales o
fases latentes de la enfermedad, o de resistefeieeplicacion virica, mientras que las
lesiones de tipo histiocitico se relacionarian tesiones graves y elevada presencia

virica debido a una respuesta ineficaz frenterabvi
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El tercer trabajo incluido en este estudio comosgaha comentado en el
planteamiento de este trabajo de tesis, surgia dedesidad urgente de crear un plan de
control de bajo coste econdmico, de facil aplicacip eficaz, adaptado a las
particularidades de los sistemas de producciontuason de la enfermedad en la
Comunidad Auténoma de Castilla y Ledn. En est@regel sistema de explotacion
mas comun entre los ganaderos, es el de explotésirra intensiva, especialmente
entre los ganaderos de raza Assaf espafiola domtererebafios con altos niveles de
seroprevalencia de rebafio, superior al 80% en jeri@ade las explotaciones. En estos
sistemas de manejo el rebafio permanece en estabufmrmanente durante todo el

afo, con los animales en estrecho contacto entre si

Las estrategias de control mas comunmente utilizada éxito en otros paises
con niveles de prevalencia mucho mas moderadopriwipalmente: la realizacion de
estudios seroldgicos de los rebafios, llevado a gatio con el sacrificio de animales
seropositivos, y la separacion de animales formadds grupos, un rebafio de
seropositivos y otro de seronegativos (Cutlip amdhrbkuhl, 1986; Houwers et al.,
1987; Houwers et al., 1984; Synge and Ritchie, 2(2Ados los niveles de prevalencia
presentes de nuestra region (frecuentemente, ma808¢ y 90% como hemos
mencionado) es evidente que los programas de taittrdos, resultan excesivamente

drasticos y econémicamente no viables en estos.caso

Por lo tanto, dado las pérdidas econdmicas queeacasta enfermedad, unido a
la ausencia de vacunas comerciales en el mercasldia necesario la implantacion de
un método de control adaptado a las necesidadéss debafio locales para limitar la
diseminacién de la infeccion e incluso llegar a seguir la erradicacién de la
enfermedad. El objetivo del programa de controppesto en este trabajo no persigue
eliminar la infeccion del rebafio, sino reducir &®s niveles de prevalencia (de mas de
90%) a niveles mas moderados alrededor del 50%pe@usitan la aplicacion de otras

medidas de control mas estrictas de una manerkeyviab

Para minimizar la transmision horizontal en reba@etabulados una de las
medidas tomadas para el control de la enfermedazlipsta y estudiada en este trabajo

se basa en evitar el contacto fisico entre el grgaeposicion y el rebafio adulto
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compartiendo el mismo espacio aéreo dentro danisima nave. Para conseguirlo, el
grupo de hembras adultas y el grupo de reposieiéroh separados por una plancha
metalica de 120 cm. de altura de manera que n@rseitfa el contacto fisico directo
entre ellos. Esta demostrado que el VVM pareceantsiitirse entre los animales en
las distancias cortas (Leginagoikoa et al., 20Adepmas, mediante esta separacion se
evitd el uso compartido de bebederos y comederogndose asi la transmisiéon a
través de fomites (Gudnadottir and Palsson, 19@ri et al., 2013). La aplicacion
de esta medida es muy asequible y no requiere rikspde otras instalaciones

adicionales, siendo minima ademas la alteraciomdekjo.

Otra medida propuesta en este estudio como parte dstrategia de control,
consistid en la separacion precoz de los cordezdasdmadres tras el encalostramiento
(unas 24-48h después al nacimiento). El contagie enadre y cordero se considera
que se da por dos vias fundamentalmente: por tiaidem lactogénica
(encalostramiento y lactacion natural) o por traegm horizontal, por contacto
estrecho entre madre-cordero (Houwers et al., 1988 contribucion de cada una al
contagio ha sido objeto de controversia (Berriatal., 2003b). Se considera que en
condiciones naturales la transmision via calostmogue tiene un papel importante en la
epidemiologia, su contribucion a al contagio mamnelero es menor que el contacto
estrecho entre los mismos (Alvarez et al., 2008)nfién se ha demostrado que la
seroconversion no presenta variacion entre dosogrdp animales separados al nacer
de la madre que eran alimentados con calostro jelepue provenia de madres
seropositivas 0 seronegativas (Leginagoikoa et28l06b). Sin embargo, si se ha
comprobado que la seroconversion esta directanretdgeionada con el aumento de
tiempo que el cordero pasa en contacto directol@onadre infectada, de forma que
cuando es posible la transmisién horizontal madrdero, la via de contagio
lactogénica toma un papel menos importante. Roy & propone tal y como otros
autores han sugerido previamente, reducir al mirghuontacto directo madre-cordero
(Berriatua et al., 2003b; Houwers et al., 1989;ihagoikoa et al., 2006b; Alvarez et al.,
2005). Para conseguirlo sin apenas alterar el mamgjortantes, en este trabajo se ha
propuesto separar las corderas de las madres tasseimo inicial de calostro (en las
primeras 24h de vida), para pasar posteriormenrgetacion artificial y permanecer

separadas del rebafio adulto hasta el primer ganteste momento, las hembras de la
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reposicion se reincorporaran al resto del rebaéitittmdose de esta forma el manejo en
la lactacion.

Por otro lado, a pesar de que existen otras fordeadransmision de la
enfermedad como la via vertical (intrauterina angpacentaria), o la via sexual
(Blacklaws et al., 2004), estas no se han congideea el disefio de este programa de
control debido a que la importancia epidemioldgiealas mismas es muy baja en
relaciéon con las anteriormente mencionadas. Sinaagob una vez alcanzados unos
niveles medios de prevalencia del rebafio, se delaglicar un programa de control
mucho mas estricto que tuviera en cuenta tant@ala@e contagio por encalostramiento,

como estas Ultimas vias enumeradas, para la excagticde la enfermedad.

Los resultados obtenidos demostraron que capligacion de estas sencillas
medidas propuestas puede reducir los niveles éedidin del rebafio. Asi en el rebafio
de Assaf estudiado, la prevalencia de VM en el gragulto descendié desde niveles
iniciales de un 93%, a valores moderados de 54 fiadldel estudio, donde ya podrian
aplicarse otros meétodos de control mucho mas t&srisin causar cambios
excesivamente drasticos en el manejo. Se comprebdlgdescenso en la prevalencia
no era debido a un sacrificio masivo de animalespssitivos 0 a unas tasas de
reposicién excesivamente altas, ya que el numerani@ales en el rebafio adulto
apenas vario (de 197 madres en 2005 a 190 madr281€) y la tasa de reposicion
experimentd una marcada disminucién a lo largoedtidio debido al descenso en los

animales adultos de desvieje.

El grupo inicial control del 2005, grupo sobre aeqo se tomaron medidas de
control present6 al afio de edad una seroconvedgioh7,3%, mientras que el resto de
grupos de reposicion sometidos ya al programa deatale la enfermedad no alcanzan
un 5% de seroconversion. Este minimo porcentajsedeconversion de los grupos
controlados de reposicion se atribuye al contaglmdib al encalostramiento, o bien a la
transmision vertical que se considera responsablia thfeccion de hasta un 5-8% de
los corderos nacidos de madres seropositivas (ddvat al., 2005; Alvarez et al.,
2006). En este sentido, es necesario enfatizalagl de que el primer grupo no
sometido a medidas de control, presentd a los E&snde edad altos de de prevalencia

0), mientras que Ios grupos bajo control se maaton entre 7- 0, pOr 10 que la
(51%), mi | baj | ; 7-10%, por | |
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mayoria de los corderos nacidos de ésta reposigidnenos los correspondientes a la
primera paridera, nacieron de madres seronegativas.

Otro dato importante a tener en cuenta que se eledprde este estudio es que
en las reposiciones controladas, se demoro hasta de los tres afios de edad la
seroconversion del 40% de los animales. Este datulta muy importante
especialmente en rebafios de explotacion lechezasing, donde la longevidad media
de las ovejas es de 4 afos de edad, ya que sirasarel inicio de la infeccion y
teniendo en cuenta que el desarrollo de la enfathezb lento, las pérdidas en

produccion debidas a la misma seran minimizadas.

Los grupos de reposicion en el rebafio adulto exmrdan una notable
seroconversion tras la entrada en el rebafio adaltoyal relacionamos directamente
con la alta presion de infeccion a la que se venesidos, siendo en este caso el
contagio entre animales por transmisién horizontBle esta forma se demuestra la
mayor importancia relativa de este tipo de trangmifrente a otras vias de contagio,

asi como la infeccién de animales ya en edad adulta

Por lo tanto, en este rebafio una vez alcanzadoslesivde prevalencia
moderados, se podrian aplicar otros métodos deotanés estrictos. Asi, la siguiente
medida adoptar, seria el sacrificio dirigido denaales seropositivos y el reemplazo de
éstos por corderas de reposicion de madres setoayanedida usada con éxito en
otros estudios de control (Berriatua et al., 20@njip and Lehmkuhl, 1986; Houwers
et al., 1987; Houwers et al., 1984; Synge and Ritc2010). Igualmente, a partir de
este momento se deberia optar por el encalostreonaatificial, bien con calostro
bovino o procedente de madres seronegativas oupasi#o (Peterhans et al., 2004).
Una vez que los niveles de infeccion sean bajos Yatores inferiores a un 20%), se
propone la combinacion de la serologia con mét&deR para la deteccidn precoz de
hembras seropositivas, y el posterior sacrificio lde mismas, para una rapida

erradicacion de la infeccion (Brinkhof et al., 2010

En resumen, los resultados obtenidos en estejdrdleanuestran que
es posible reducir altos niveles de infeccion ddwimas de 80% de prevalencia) de
un rebafio mediante la aplicacion de medidas sascyl de bajo coste, donde la

aplicacion de los programas de control habituatssiltan inviables, para alcanzar
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niveles de prevalencia mas moderados (alrededande0%) donde ya es factible la
aplicacion de otras medidas més estrictas de donuwe permitan alcanzar la
erradicacion de la enfermedad.
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RESUMEN

El Visna/maedi ovino es una enfermedad virica dscclento que ocasiona
graves pérdidas economicas y presenta una altalpneva en la ganaderia ovina de
explotacion lechera intensiva, especialmente aeusadCastilla y Ledn. En nuestra
region, se ha diagnosticado con frecuencia la fomaeviosa de esta enfermedad
mientras que en otras zonas es casi inexistenteell®p nuestro equipo investigador
lleva afios trabajando en esta enfermedad, especitdnen la forma nerviosa de la
misma, con el objetivo principal de profundizar elnconocimiento sobre diferentes
aspectos neuropatogénicos, mediante el estudiallatkt de las lesiones encefélicas y
los patrones caracteristicos de cada individuo,casio de la migracién virica y
propagacion de la lesion en el neuroparénquimaa Raelaboracion de esta tesis han
sido estudiados casos naturales de encefalitisep®VM remitidos al Servicio de
Diagndstico de Anatomia Patoldgica de la Faculed/eterinaria de Ledn, con el fin
de identificar y describir los patrones lesionaliesla forma nerviosa, y valorar la
relacion de los mismos con el tipo de respuestaienhocal individual.

En el primer trabajo presentado se realizd undficiasion histopatoldgica en
tipos y subtipos de patrones lesionales basadoda ezxtension de la lesion, la
localizacion de la misma y las poblaciones celslangplicadas, comprobando que se
podia asignar un patron lesional caracteristicoadia individuo. Una vez caracterizado
el inmunofenotipo celular de las lesiones, se deteyr que la existencia de diferentes
patrones lesionales podria estar relacionada caesfpaesta inmune individual de cada
hospedador. Asi, se han sido descrito dos tipoipeles de lesion: Tipbnfocitico,
caracterizado por la presencia de un infiltraddirdecitos con predominio de linfocitos
T; y tipo histiociticg en este caso lesiones mas severas con extersasdé malacia,
con numerosos macréfagos, células B y presenciadabte antigeno virico. El
desarrollo de lesiones de tipo histocitico o lifico parece podria estar condicionado
por una mayor o menor resistencia a la infecci@ana progresion de la enfermedad, de
forma que en las lesiones linfociticas con escasgacviral, la respuesta inmune podria
resultar mas efectiva frente a la replicacionceirique las histiociticas que representan
lesiones mas graves y con abundante presenciaideramvirico, siendo en este caso la
respuesta inmune inefectiva. Estas diferenciasigodestar determinando las fases

iniciales, latentes asintomaticas y clinicas deniermedad.
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Siguiendo esta misma linea, en el segundo trabajba estudiado el papel que
podria estar jugando la BHE en la entrada delsvirten la migracién de celular,
mediante la caracterizacion de células inflamasogialos espacios perivasculares. Con
el propdsito de estudiar las etapas iniciales deomevasion y posterior desarrollo de
lesiones de encefalitis, se han caracterizado nfitrados inflamatorios celulares
perivasculares en relacion con la distribucion algiigeno viral y el patron lesional
observado. A partir de los resultados de estogrdbsjos, se confirmaria la hipétesis
propuesta en trabajos previos por Blacklaws (291Zprsteinsdottiet al (2007) sobre
la neuropatogénesis de la enfermedad. Teniends de®trabajos y los resultados de
esta tesis, la lesibn nerviosa parece comenzarla@omigracion virica dentro de
monocitos a través de la BHE o plexos endotelialg®r la infeccion de macréfagos
perivasculares. Tras la invasion virica del neur@pguima, la replicacion viral a nivel
tisular podria estar controlada por una respuésiacitaria efectiva, representada por
los casos linfociticos, o bien degenerar en uedlefen la regulacién de la respuesta
inmune que permitiria la replicacion viral, atragenun gran nimero de monocitos
manifestandose como lesion de tipo histiociticder®as de macrofagos se observaron
numerosas células B, que parecen relacionarser@mnespuesta humoral ineficaz que
contribuiria a un agravamiento de la lesion tisukdlemas, debido a esta respuesta
inflamatoria, los monocitos infectados migrariarfatena continua al neuroparénquima
donde se diferenciarian a macroéfagos, facilitandesesta forma la replicacion virica y

la cronificacion de la respuesta inmune.

La presencia de VM en un rebafio supone pérdidaséatoas importantes,
especialmente cuando se trata de explotacionedtalgmductividad como las de
nuestra region. Por ello, el tercer trabajo vienetivado por el contacto con
explotaciones donde esta enfermedad muestra alteles de prevalencia (93,1%) y
causa graves pérdidas econdmicas. Los ganadeestasituacion carecen de vacunas
efectivas y programas de control adecuados pardatimia enfermedad. Por estos
motivos se establece un programa de control adecaaths necesidades de estas
ganaderias con el fin de reducir la prevalencia.rhadidas de control que se proponen
en este estudio persiguen minimizar el contagiceeantimales, obteniéndose de forma
paulatina un descenso de niveles muy altos de leresia a moderados, sin alterar
apenas el manejo de los animales y con los mingostes econdmicos. La estrategia

de control propuesta se bas6 fundamentalmente sepkracion precoz (primeras 24-
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48h de vida) de las corderas de reposicion de ladrem, tras la toma de calostro
natural, para posteriormente recibir lactacionfiaidi. Estos grupos de reposicion, se
mantuvieron en la misma nave separados Unicamentena valla (plancha de metal)
que no permitia el contacto fisico con el grupoltadu.os consecutivos grupos de
reposicion, se reincorporaron al rebafio adulto @hgprimer parto en la primera
lactacién para facilitar el manejo en el ordefioraPanonitorizar la evolucion del
programa, se sometid a test seroldgicos a todebalfio cada seis meses obteniéndose
resultados favorables, de forma que en 4 afioslalencia de 93, 1%, pasé a valores
moderados de 54, 2%. A partir de estos nivelegeleafencia moderados, ya se podrian
aplicar otros programas de control mas estrictos @ consideran Utiles para la

eliminacion de la enfermedad.
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En la forma nerviosa del VM ovino se puede asigmapatron lesional de forma
individual a cada animal, atendiendo a las caratiests de la inflamacion y a
las poblaciones celulares presentes. Este patrtarieegelacionado con la
respuesta inmune individual del hospedador y laamaymenor presencia de

virus en el tejido.

Se han descrito dos patrones principales de lesi#m: tipo linfocitico,
caracterizadas por la presencia de un infiltrada poedominio claro de
linfocitos, y de tipohistiocitico, con abundancia de células tipo histiocito y
células B. Estos patrones han sido a su vez sulidiag en dos subtipos A o B
en funcion de la localizacién principal y de laesmsion:tipo A cuando la
localizacion principal o exclusiva es el plexo édem/meninge, ¥ipo B cuando

es el neuroparénquima.

Estas diferencias en la localizacion principal aéekion nerviosa sugieren dos
formas principales de entrada del virus al SNCelSiirus penetra a través del
endotelio de plexos coroideos, se desarrollariasiones de tipo

coroiditis/meningitis no purulentas, dipo A Si el virus penetra a través de
vasos del neuroparénquima atravesando la barrenatbencefalica, causaria

una encefalitis no purulenta o lesionegige B.

La presencia de particulas viricas es escasa édesiages de tipo linfocitico, y
abundante en las de tipo histiocitico. Este heahao al componente celular
mencionado para cada tipo de lesion, represeritamzas de resistencia o de
respuesta ineficaz frente a la replicacion virieapectivamente. Estos tipos
lesionales se relacionarian con diferentes etagadadenfermedad o con

mecanismos de resistencia frente a la evolucida desma.

Existe una estrecha relacion entre las caractasstide los infiltrados

inflamatorios perivasculares y la presencia y ifistion del antigeno virico.
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Una vez el virus alcanza el neuroparénquima, esiég ser controlado por una
respuesta linfocitica efectiva, o bien progresauna encefalitis mas grave
debido a un defecto en la regulacién y eficacitadespuesta inmune.

La informacion obtenida en estos dos trabajos owuafia las sugerencias o
hipotesis propuestas previamente de neuroinvasi@ugopatogénesis virica del
VM (Blacklaws, 2012; Torsteinsdottir et al., 2007).

Evitar el contacto fisico entre el grupo de repdsiy el rebafio adulto dentro de
una misma nave reduce la prevalencia de la infacé&éta separacion impide el
uso compartido de espacio, bebederos y comedenatnaose asi la

transmision directa y a través de fomites.

Mediante la aplicacién del programa de control pegpo se ha logrado reducir
altos niveles de prevalencia de VM (93,1% de penah) a niveles mas
moderados (54,2%). Estas medidas apenas altenararedjo del rebafio y no
requieren gastos adicionales. En esta situacida garfactible la aplicacion de
otras medidas mas estrictas que podrian conduda arradicacion de la

enfermedad.

Los grupos de reposicion en el rebafio adulto exmsrdian una notable
seroconversion tras la entrada en el rebafio agoltdransmision horizontal.
Esto demuestra la mayor importancia relativa da et de infeccion frente a
otras vias de contagio, asi como la importancia d&eccion de ovinos en edad

adulta.
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Ovine Visna/Maedi is a slow developing viral diseagich causes severe economic
losses and shows a high prevalence in intensiepndducing sheep flocks, mainly in
the Castilla y Leon region. In this region, thewvoers form of this disease has been
diagnosed while in other regions it hardly exigter this reason, our research team
have been working on this illness for many yeanainly on the nervous form ,with the
main aim of obtaining an in-depth knowledge of different neuropathogenic aspects
through a detailed study of the nervous lesions tardcharacteristic patterns of each
individual sheep as well as the viral migration gmapagation of the lesion in
neuroparenchyma. In order to elaborate this thesisjral cases of encephalitis caused
by VVM submitted to the Pathology Diagnosis Servie¢ the School of Veterinary
Medicine in Ledn were studied with the aim of idng and describing the lesion
patterns of the nervous form and evaluating thatieiship of these with the type of

local individual immune response.

In the first study presented a histopathologicsfacstion in types and subtypes
of lesion patterns was carried out based on thensidn of the lesion , its location and
the cell populations involved showing that a cheeastic lesion pattern could be
assigned to each individual. Once the immunophgmstyof the lesions were
characterized, it was determined that the existent¢ke different lesion patterns could
be related to the individual immune response ohéwmst sheep. Thus, two main lesion
types have been described: lymphocytic type, chenaed by the presence of an
infiltrate with T-cells predominating, and hystidicytype, in this case lesions were
more severe with extensive malacic areas, withouarimacrophages, B cells and
abundant viral antigen presence. The developmehtystiocytic or lymphocytic type
lesions would seem to be conditioned by a greatégsser resistance to the infection or
to the progression of the disease. This way inlynghocytic lesions, which have
scarce viral charge, the immune response would & reffective as opposed to the
viral replication. On the other hand, the immunspmnse would be defective in
hystiocytic lesions with abundant viral antigen.e$é differences could determine the

initial, asymptomatic, latent and clinical phaséthes disease.
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Following these lines, the role of blood-brain b&ricould play in the entry of
the virus and the cell migration was studied usthg characterization of the
inflammatory cells in the perivascular cell sleeueshe second study. With the aim of
studying the initial neuroinvasion stages and #terldevelopment of the encephalitis,
the perivascular cuffs were characterized witlard to the distribution of the viral
antigen and lesion type observed. From the resiiltsese two studies, the hypothesis
put forward in previous studies by Blacklaw (2042y Torsteinsdottiet al (2007) on
the neuropathogenesis of the disease can be cexdfirfilmese two studies together with
the results of this thesis show that the nervosmtewould seem to begin with viral
migration in mocytes through the blood-brain barde choroid plexus, or even by the
infection of the perivascular macrophages. Aftére tviral invasion of the
neuroparenchyma, the viral replication at tisswelleould be controlled by an effective
lymphocytic immune response represented by the goytic types or by the
degeneration of a defect in the control of the immuesponse which would allow for
the viral replication attracting a large numbemadnocytes shown as hystiocytic lesion.
Various B cells were observed as well as macroghagehystiocytic lesion, which
seem to be related to an ineffective humoral respoand would contribute to a
worsening of the tissue lesion. Due to this inflaabony response, the infected
monocytes also migrate in a continuous way to tgraparenchyma, where they are
different to macrophages, thus facilitating thealvineplication and the chronification of

the inflammatory immune response.

The presence of VM in the flock entails importacdomic losses mainly when
dealing with high-producing farms like those in aagions. For this reason the third
study was motivated by the contact with flocks vehtiis disease shows high levels of
prevalence (93.1%) and causes serious economieslo$bie farmers in this situation
lack efficient vaccines and adequate control prognas to fight this disease, for this
reason a control programme suitable for the nesdfdthe se farmers has to be
established with the aim of reducing prevalencee Tontrol measures which are
proposed in this study try to minimize it from bgicontagious in animals, obtaining a
slow but sure way a decrease from the high leveisrevalence to a moderate one
without hardly altering the management of the atsrand with minimum economic
costs. The control strategy proposed is mainly dhasethe early separation (the first

24-48h of life) of the lambs from the mothers attéing natural colostrum and later to
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receive artificial lactation. These replacementugowere kept in the same building
separated only by a metal barrier which did notrpecontact with the adult group. The
consecutive replacement groups were reincorporai@d the adult flock after the first

birth in the first lactation to facilitate milkinghanagement. In order to monitor the
evolution of the programme, the whole flock wabmitted to serological tests every
six months obtaining favourable results in suchay what the 93.1% prevalence fell to
moderate values of 54.2% in four years. From timesderate prevalence levels, other
stricter control programme can be applied and whiolv could be focused on the

eradication of this disease.
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In the ovine MV nervous form, a lesion pattern barassigned in an individual
way to each animal, paying special attention tanflammatory characteristics
and to the cell populations present. This patteuiccbe related to the

individual immune response of the host and to tieatgr or lesser presence of

virus in the tissue.

The two main lesion patterns have been descrilyaetphocytic type,
characterized by the presence of an infiltrate wiar predominance of T-
cells, and histyocytc type with an abundance ofibggtic type cells and B
cells. These patterns were at the same time swladivnto two subtypes A or B
taking into account the main localization and egien of the lesion: Type A
when the main or exclusive lesion is in the chptekus and type B when it is

neuroparenchyma.

These differences in the main localization of tkevous lesion show two main
ways of virus entry into central nervous systenth# virus penetrates through
the endothelium of the choroid plexus, lesions tipgould develop, and If the
virus penetrates through the vessels of the netgophyma migrating through

the blood-brain barrier, it would cause an encapbalr type B lesion.

The presence of viral particles is scarce in lyngytio type lesions and
abundant in the hystiocytic types. This fact, tbgetwith the previously
mentioned cell component for each lesion type coegdesent forms of
resistanc or of ineffective response as opposéuktoirus replication,
respectively. These lesion types could be relaidtéd different stages of the

illness or to resistance mechanism as opposed &vdlution.
There exists a close relationship between theacheistics of the inflammatory

infiltrate and the presence and distribution ofithial antigen. Once the virus
reaches the neuroparenchyma, it can be controjleoh effective lymphocytic
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immune response or even progressing to more semesphalitis due to a defect

in the regulation and the efficiency of the immuasponse.

The information obtained in these two studies wandgdfirm the previously
proposed suggestions or hypothesis of neuralinmaaiadl viral

neuropathogenesis of VM (Blacklaws t al, 2012; Tarsdottiret al. 2007).

Avoiding physical contact between the replacingugs and the adult flock in
the same building reduces prevalence of the irdacfihis separation stops the
shared use of space, drinking troughs and feedimgdj thus avoiding direct

transmission through fomites.

By using the application of the proposed controlgpamme, a reduction of high
prevalence levels of VM (93.1% prevalence) to muooglerate levels (54.2%)
was achieved. These methods hardly alter the mamageof the flock and do
not require any additional expense. The applicabioother stricter methods
which could lead to the eradication of this diseasald be practical in this

situation.

The replacement groups in the adult flock underveemiarked seroconversion
after entry into the adult flock by horizontal temmission. This shows a greater
relative importance of this via of infection as oppd to other ways of

transmission as well as the importance of the tidadn adult ovines.
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ANEXO II. Otras publicaciones con participacion deesta tesis

Visna/Maedi virus genetic characterization and serogical diagnosis of infection in
sheep from a neurological outbreak. Glaria |, ReinaR, Ramirez H, de Andrés X,
Crespo H, Jauregui P, Salazar E, Lujan L, Pérez MM,Benavides J, Pérez V,
Polledo L, Garcia-Marin JF, Riezu JI, Borras F, Amaena B, de Andrés D.Vet
Microbiol. 2012 Mar 23; 155(2-4): 137-46. doi: 1@16/j.vetmic.2011.08.027.

An extensive outbreak characterized by the appearaof neurological
symptoms in small ruminant lentivirus (SRLV) infedtsheep has been identified in
Spain, but the genetic characteristics of the rstimvolved and differential diagnostic
tools for this outbreak remain unexplored. In thisrk, 23 Visna-affected naturally
infected animals from the outbreak, 11 arthriticnaads (both groups presenting anti-
Visna/Maedi virus serum antibodies), and 100 segatiee animals were used. Eight of
the Visna-affected animals were further studied-posrtem by immunohistochemistry.
All had lesions in spinal cord, being the most etiéée part of the central nervous system
in six of them. A representative strain of the oe#k was isolated. Together with other
proviral sequences from the outbreak the virus assigned to genotype A2/A3. In
vitro culture of the isolate revealed that virabguction was slow/low in fibroblast-like
cells but it was high in blood monocyte-derived nopbages. The long terminal repeat
(LTR) of the viral genome of this isolate lacked E@B8-duplication, but its promoter
activity in fibroblast-like cells was normal compdrto other strains. Thus, viral
production could not be inferred from the LTR prderoactivity in this isolate.
Analysis of the viral immunodominant epitopes amo8BLV sequences of the
outbreak and other known sequences allowed theymleasi a synthetic SU peptide
ELISA that detected the Visna affected animalsreegnting a tool of epidemiological

interest to control viral spread of this highly lp@genic strain.
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Study of compartmentalization in the visna clinical form of small ruminant
lentivirus infection in sheep. Ramirez H, Reina R,Bertolotti L, Cenoz A,
Hernandez MM, San Roman B, Glaria |, de Andrés X, @spo H, Jauregui P,
Benavides J, Polledo L, Pérez V, Garcia-Marin JF, &sati S, Amorena B, de
Andrés D.BMC Vet Res. 2012 Jan 26;8:8. doi: 10.1186/1746863-8.

Background: A central nervous system (CNS) diseatlereak caused by small
ruminant lentiviruses (SRLV) has triggered intenesBpain due to the rapid onset of
clinical signs and relevant production losses. jprevious study on this outbreak, the
role of LTR in tropism was unclear and env encodeduences, likely involved in
tropism, were not investigated. This study aimedrtalyze heterogeneity of SRLV Env
regions--TM amino terminal and SU V4, C4 and V5mseqgts--in order to assess virus
compartmentalization in CNS. Results: Eight Visnaurologically) affected sheep of
the outbreak were used. Of the 350 clones obtaafeet PCR amplification, 142
corresponded to CNS samples (spinal cord and dhqrexus) and the remaining to
mammary gland, blood cells, bronchoalveolar lavag)es and/or lung. The diversity of
the env sequences from CNS was 11.1-16.1% betwaerals and 0.35-11.6% within
each animal, except in one animal presenting twoesgce types (30% diversity) in the
CNS (one grouping with those of the outbreak), aatve of CNS virus sequence
heterogeneity. Outbreak sequences were of genddypelustering per animal and
compartmentalizing in the animal tissues. No CN8cH signature patterns were
found. Conclusions: Bayesian approach inferencegesied that proviruses from
broncoalveolar lavage cells and peripheral bloochanaclear cells represented the
common ancestors (infecting viruses) in the ani@uadl that neuroinvasion in the
outbreak involved microevolution after initial icklon with an A-type strain. This
study demonstrates virus compartmentalization & @NS and other body tissues in

sheep presenting the neurological form of SRLVatiéa.
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Mannose receptor may be involved in small ruminant lentivirus
pathogenesis.Crespo H, Jauregui P, Glaria I, SanjésL, Polledo L, Garcia-Marin
JF, Lujan L, de Andrés D, Amorena B, Reina R.Vet Res. 2012 May 16;43(1):43.
doi: 10.1186/1297-9716-43-43.

Thirty-one sheep naturally infected with small raamt lentiviruses (SRLV) of
known genotype (A or B), and clinically affectedtvheurological disease, pneumonia
or arthritis were used to analyse mannose rec€ptBy) expression (transcript levels)
and proviral load in virus target tissues (lungmaary gland, CNS and carpal joints).
Control sheep were SRLV-seropositive asymptomatic J), seronegative (n3) or
with chronic listeriosis, pseudotuberculosis orgséic cysts (=1 in each case). MR
expression and proviral load increased with theesgvof lesions in most analyzed
organs of the SRLV infected sheep and was detaotéie affected tissue involved in
the corresponding clinical disease (CNS, lung aagal joint in neurological disease,
pneumonia and arthritis animal groups, respectjveélyne increased MR expression
appeared to be SRLV specific and may have a rdkeniiviral pathogenesis.

An insight into a combination of ELISA strategies © diagnose small
ruminant lentivirus infections. de Andrés X, Ramire H, Bertolotti L, San Roman
B, Glaria I, Crespo H, Jauregui P, Minguijon E, Juge R, Leginagoikoa I, Pérez M,
Lujan L, Badiola JJ, Polledo L, Garcia-Marin JF, Riezu JI, Borrds-Cuesta F, de
Andrés D, Rosati S, Reina R, Amorena BVet Immunol Immunopathol. 2013 Apr
15;152(3-4):277-88. doi: 10.1016/j.vetimm.2012.12.0

A single broadly reactive standard ELISA is comnyaabplied to control
small ruminant lentivirus (SRLV) spread, but tygeeaific ELISA strategies are
gaining interest in areas with highly prevalent ahdterogeneous SRLV

infections. Short (15-residue) synthetic peptides6Q) were designed in this
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study using deduced amino acid sequence profil&dRafV circulating in sheep
from North Central Spain and SRLV described presipuThe corresponding
ELISAs and two standard ELISAs were employed tolyameasera from sheep
flocks either controlled or infected with differefBRLV genotypes. Two
outbreaks, showing SRLV-induced arthritis (genotyp2) and encephalitis
(genotype A), were represented among the infedtmkd. The ELISA results
revealed that none of the assays detected allnfieeted animals in the global
population analyzed, the assay performance vagaegrding to the genetic type
of the strain circulating in the area and the tgigen. Five of the six highly
reactive (57-62%) single peptide ELISAs were furthesessed, revealing that the
ELISA based on peptide 98M (type A ENV-SU5, consendrom the
neurological outbreak) detected positives in thgonts of the type-A specific
sera tested (Se: 86%; Sp: 98%) and not in thei@ettype B outbreak. ENV-TM
ELISAs based on peptides 126M1 (Se: 82%; Sp: 95%)126M2 0,65 0.77 (Se:
68%; Sp: 88%) detected preferentially caprine @ishencephalitis (CAEV, type
B) and visna/maedi (VMV, type A) virus infectionsspectively, which may help
to perform a preliminary CAEV vs. VMV-like typingfdhe flock. The use of
particular peptide ELISAs and standard tests imlgially or combined may be
useful in the different areas under study, to deitee disease progression,

diagnose/type infection and prevent its spread
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Patterns of Lesion and Local Host Cellular Immune
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Summary

This study investigates the nervous form of ovine maedi-visna by histological and immunohistochemical tech-
niques. The aim was to study the lesion types and the local cellular immune response related to each lesion type,
and the possible relationship between these parameters. Thirty-four Assaf ewes were studied, 29 of which had
shown nervous signs. Microscopical lesion patterns were described according to location, extent and predom-
inance of inflammatory cell type. Immunohistochemical labelling of T cells (CD3 ", CD4 ", CD8™ and cells
expressing the yd form of the T-cell receptor), B cells and macrophages revealed clear differences between
the lesion patterns. Two main lesion types were described. Lymphocytic lesions had areas of mild-moderate
injury characterized by a predominance of infiltrating T cells. Histiocytic lesions were more severe and had
extensive areas of malacia and dominant infiltration by macrophages and B cells. Each animal had a unique
lesion pattern and these differences could be due to individual resistance to the progression of infection.
The lymphocytic lesions appear to represent initial or latent phases of slow progression, in which the animal
presents some natural resistance to the infection. The histiocytic pattern may reflect a poor immune response

or a greater virulence of the viral strain.

Keywords: immunopathology; lentivirus; maedi-visna; sheep

Introduction

Maedi-visna (MV) is a slow, progressive multisystemic
disease of sheep that is caused by the maedi-visna virus
(MVV). MVV is a retrovirus of the genus Lentiirus
that belongs to the small-ruminant lentivirus
(SRLV) group and is distributed worldwide. The
SRLV group includes all strains of MV and caprine
arthritis encephalitis virus (CAEV) (Zanoni, 1998).
The disease commonly affects adult sheep and leads
to a multisystemic syndrome characterized by progres-
sive weight loss and chronic non-purulent lung, mam-
mary gland, joint and central nervous system (CNS)
inflammation (Dawson, 1987; Cutlip et al., 1988).

In Spain, MV is considered a widespread disease,
although the data vary between studies (Lujan et al.,

Correspondence to: L. Polledo (e-mail: Ipolr@unileon.es).
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doi:10.1016/j.jcpa.2011.09.003

© 2011 Elsevier Ltd. All rights reserved.

1991, 1993; Benavides et al., 2006c; Leginagoikoa
et al., 2006; Alba et al., 2008). SRLV seroprevalence
in the north of Spain has been estimated at 77% in
intensive flocks, but half of flocks of the Spanish
Assaf  breed have a prevalence of >80%
(Leginagoikoa et al., 2006). These flocks are under
a particular type of management whereby dairy sheep
are kept in intensive indoor farming facilities. Several
Spanish Assaf flocks in one region have reached an
estimated seroprevalence of 96.8% (Sotelo, 1998).
The disease most commonly presents in respiratory
or mammary form, while the nervous form is sporadic
(Sigurdsson et al., 1957; Lujan et al., 1991; Benavides
et al., 2006a, 2009). Recently, numerous cases of the
nervous form (even in animals 4—6 months of age)
have been diagnosed, especially in the Assaf breed
(Benavides et al., 2007; Leginagoikoa et al., 2010).
Nervous signs include hindlimb weakness and

© 2011 Elsevier Ltd. All rights reserved.


mailto:lpolr@unileon.es
http://dx.doi.org/10.1016/j.jcpa.2011.09.003
http://dx.doi.org/10.1016/j.jcpa.2011.09.003
http://dx.doi.org/10.1016/j.jcpa.2011.09.003
www.sciencedirect.com/science/journal/00219975
http://www.elsevier.com/locate/jcpa

2 L. Polledo et al.

ataxia, hypermetria or paralysis usually leading to
recumbency, although the animal remains alert and
responds to external stimuli (Sigurdsson et al., 1957;
Christodoulopoulos, 2006; Benavides et al., 2006c,
2009). Lesions in the brain or spinal cord are
usually not apparent grossly, but occasionally severe
brain injuries are identified as liquefactive areas in
the white matter of the encephalon and
wedge-shaped areas of malacia in the spinal cord
(Sigurdsson et al., 1957; Sigurdsson and Palsson,
1958; Benavides et al., 2006a, 2009).

Microscopically, chronic non-purulent menin-
goencephalomyelitis, usually accompanied by demy-
elination, i1s a common finding. Mononuclear
infiltration of the choroid plexus that sometimes
results in the development of ectopic lymphoid folli-
cles may also occur (Cutlip et al., 1979). Histological
lesions have been classified into three main patterns
(Benavides et al., 2009) according to the location of
the lesion and regardless of the cellular population
comprising the lesion. In the wvascular pattern,
mononuclear cells are arranged around blood vessels
forming perivascular cuffs. In the infiltrative pattern
a non-purulent infiltration of the neuroparenchyma
accompanies perivascular cuffing. Demyelination is
the main feature of the malacic pattern. More than
one of these patterns may be identified in any individ-
ual animal.

The importance of cell-mediated immunity in rela-
tion to the severity of the CNS lesions has been demon-
strated in previous studies of sheep infected
intracerebrally with MVV  (Torsteinsdottir et al.,
1992); however, the nature of the cellular infiltration
in these CNS lesions has not been determined. In
contrast, there are reports characterizing the cellular
infiltrates in the respiratory and mammary forms of
the disease (Lujan et al., 1991; Cordier et al., 1992;
Christodoulopoulos, 2006).

The aim of the present study was to further charac-
terize specific lesion patterns and the nature of infil-
trating cellular populations in Assaf sheep with the
neurological form of MV.

Materials and Methods

Anmimals

Thirty-four Assaf sheep submitted to the Pathology
Diagnostic Service of the Veterinary School of Leén
were investigated. The animals came from different
flocks subjected to the intensive indoor farming
system widespread in the northwest of Spain.
Twenty-two animals were adults (>2 years of age),
nine sheep were 1—2 years of age and three were
4—6 months of age.

Histopathology

Tissue samples were taken for microscopical examina-
tion, including from the lung, mammary gland, joints
and CNS. CNS samples were obtained systematically,
taking sections of the cortex, diencephalon, corpus
callosum, hippocampus, midbrain, cerebellar cortex,
pons and cerebellar peduncles, medulla oblongata
and cervical, thoracic and lumbar spinal cord. Sam-
ples were fixed in 10% neutral buffered formalin for
24h at room temperature. Sections (3 pm) were
stained with haematoxylin and eosin (HE).

Immunohustochemustry

CNS tissues from 16 sheep were immersed in zinc
fixative salts (ZFS; 0.5% zinc chloride, 0.5% zinc
acetate in 0.05% Tris buffer with 0.1 M calcium ace-
tate, pH 7.4; Gonzalez e al., 2001) for 24 h at 4°C.
After fixation, samples were dehydrated through
graded alcohol and embedded in paraffin wax. Sec-
tions (3 wm) were subjected to immunohistochemistry
(IHC) wusing a polymer-based detection system
(EnVision+ System Labelled Polymer-HRP anti-
mouse or anti-rabbit; Dako, Glostrup, Denmark). Sec-
tions were dewaxed and rehydrated and endogenous
peroxidase activity was blocked with HoOy 3% in
methanol for 30 min. Non-specific binding was
blocked with normal goat serum diluted 1 in 20 in
Tris buffered saline (‘TBS) with bovine serum albumin
(BSA) for 20 min. Slides were incubated overnight
with primary antibody (Table 1). Subsequently, the
sections were incubated for 30 min using the EnVi-
sion+ system and developed with a solution of 3,
3’diaminobezidine (DAB) (Vector Laboratories, Bur-
lingame, California, USA). The slides were counter-
stained with haematoxylin and mounted. The
specificity of the technique was evaluated by negative
controls (omission of primary antibody and substitu-
tion of primary antibody by non-immune serum)
and positive controls (lymph node sections and posi-
tive samples of tissue previously tested as positive for
MVYV). Tissue samples from an animal without

Table 1
List of primary antibodies

Antibody specificity (clone) Host species Source

CD3 (A0452) Rabbit Dako, Glostrup,
Denmark

CD4 (17D1) Mouse VMRD, Pullman,
Washington, USA

CD8 (AB4055) Rabbit Abcam, Cambridge, UK

CD79 acy (HM57) Mouse Dako

CD68 (KP1) Mouse Dako

v3 TCR (CC15) Mouse Serotec, Kidlington, UK
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characteristic lesions of MV and with negative serolog-
ical and polymerase chain reaction (PCR) tests were
included as a further negative control.

Results were scored subjectively as: %+, few scat-
tered positive cells; +, moderate number of positive
cells; + +, large number of positive cells; + + +, pre-
dominant cellular population.

Formalin-fixed tissue samples from 24 animals were
also tested by immunohistochemical techniques to de-
termine expression of the p27 viral antigen (Gelmetti
et al., 2000; Benavides et al., 2006b).

Serological Tests

Serum samples were obtained from all of the sheep to
evaluate the presence of antibodies against MVV using
a commercial test (Elitest®, Hyphen BioMed,
Neuville-Oise, France) in accordance with the manu-
facturer’s instructions. Enzyme linked immunosorbent
assay (ELISA) results were reported as positive or neg-
ative on the basis of the cut-off value calculated as per
the manufacturer’s instructions (absorbance at

450 nm).

Polymerase Chain Reaction

Genomic DNA from the 10 animals that were not
tested by IHC for the p27 protein of MVV was
extracted from peripheral blood mononuclear cells
and tissue samples using the QIAamp® DNA Blood
Mini Kit (Qiagen, Madrid, Spain). Amplification of
LTR and gag regions from animals with nervous lesions
was performed as described by Reina et al. (2006).

Results

All of the animals had characteristic lesions of MV al-
though there were clear differences between individ-
ual cases. The 10 animals tested for MVV by PCR
were positive and all 34 animals were seropositive.
The description and characterization of nervous le-
sions were based on the location, extent of injury
and predominant cell type (Fig. 1) and the results of
immunohistochemical studies are summarized in
Table 2. The 24 sheep tested showed immunohisto-
chemical expression of the p27 MVV antigen. This
positive signal appeared as fine granular deposits in
the cytoplasm of macrophage-like cells. Although
the assessment was subjective, positive p27 labelling
was clearly more abundant in histiocytic lesions
compared with lymphocytic lesions (see below).

Lymphocytic Lesions

Lymphocytic lesions were characterized by non-
purulent encephalitis with infiltrates dominated by

lymphocytes. Scattered vacuoles of demyelination
were occasionally present. This type of lesion was fur-
ther subdivided into two subtypes.

Lymphocytic Type A. This lesion was found in the
choroid plexus and meninges. There was no apparent
change or only mild lesions in the adjacent neuropar-
enchyma. Hyperplasia of the lymphoid tissue, with oc-
casional aggregates or lymphoid follicles, was observed
(Fig. 1). These lesions had a clear predominance of T
cells (CD3™") in the infiltrates of the choroid plexus
and meninges (Fig. 2). A high proportion of CD4"
versus CD8" T cells was observed where there was
mild choroiditis and meningitis, but the proportions
became similar in lesions with the presence of lym-
phoid aggregates or follicles. The lymphoid aggregates
appeared as a follicular arrangement with numerous
CD4" T cells located in the active germinal centres
and CD8" lymphocytes both in the periphery and
in the centre of follicles, adjacent to macrophages. B
cells were rarely detected, except in the areas of
well-developed lymphoid follicles where the germinal
centres were composed mainly of B cells. In the case
of mild lesions in the adjacent neuroparenchyma,
mononuclear cells around blood vessels were mainly
CD4" T cells, together with CD8" lymphocytes in
multilayered perivascular cuffs. CD8" cells also
appeared adjacent to the periventricular neuroparen-
chyma and in small foci of gliosis. Few lymphocytes
expressing the yd form of the T-cell receptor (TCR)
or macrophages were present.

Lymphocytic Type B. This lesion was located in the
neuroparenchyma with the choroid plexus and
meninges only mildly infiltrated, and mainly by lym-
phocytes. A mononuclear cell infiltrate with a clear
predominance of lymphocytes with macrophages
interspersed between them, and foci of gliosis as well
as perivascular cuffing, were the most significant
changes (Fig. 1). T cells (CD3 ") were the most abun-
dant population. Both the meninges and the choroid
plexus were lightly infiltrated by T cells and these
were mainly CD8". An extensive infiltration of
T cells, particularly at the edges of the lesion, was ob-
served in the neuroparenchyma (Tig. 3). Most of the
T cells were CD8 ™" in the foci of gliosis foci and peri-
vascular cuffs, and there were fewer CD4 7" cells.
CD4" lymphocytes were in similar number to
CD8" cells in multilayered perivascular cuffs
(Fig. 4). Macrophages were present in moderate
number and were mainly located in the neuroparen-
chyma of the central area of the lesion, or at the edges
of the lesion around slightly damaged blood vessels
forming mono- or bilayers (Fig. 3). Few vd
TCR-bearing T cells or B lymphocytes were detected,



Fig. 1.

L. Polledo et al.

Nervous lesions in natural cases of ovine MV. (A) Lymphocytic type A. Non-purulent choroiditis composed mainly of lymphocytes
with no apparent lesions or mild lesions in the adjacent neuroparenchyma. Hyperplasia of the lymphoid tissue, which may develop
aggregates or lymphoid follicles, is observed. (B) Histiocytic type A. The main lesion is located in the choroid plexus and meninges
and the adjacent neuroparenchyma has moderate—severe damage. Numerous macrophages are present in the periventricular area
and vacuoles consistent with demyelination and perivascular cuffs are observed commonly. (C) Lymphocytic type B. Non-purulent
encephalitis characterized by a mononuclear cell infiltrate with a predominance of lymphocytes with macrophages interspersed
between them. There are also foci of gliosis foci and perivascular cuffs. (D) Higher magnification of (C). (E) Histiocytic type B.
The neuroparenchyma is the most affected area with extensive areas of malacia and a non-purulent infiltrate with predominance
of large and foamy macrophages (gitter cells). (F) Higher magnification of (E). HE. (A—B) x40, (C) x100, (D) x400, (E) x100
and (F) x400.
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Table 2
Summary of IHC results

Cell types Lymphocytic  Lymphocytic — Histiocytic  Histiocytic
bpe 4 bpe B type A bpe B
T cell ++ +++ + + ++
Macrophages + + ++ + ++ +
CD8" T cell + +++ ++ ++
CD4" T cell ++ ++ + +
B cell + + ++ + +
v3 T cell + =+ + +

=+, few scattered positive cells; +, moderate number of positive cells;
+ +, large number of positive cells; + + +, predominant cell type.

with vd T cells being scattered in the parenchyma and
B cells always close to the vessels (Fig. 5).

Histiocytic Type

This pattern was characterized by severe lesions with
a predominance of macrophages with foamy cyto-
plasm and extensive areas of malacia. T'wo subtypes
were recognized.

Histiocytic Type A. The main lesion was located in the
choroid plexus and meninges, with moderate to severe
change of the adjacent neuroparenchyma. Although
infiltration of the choroid plexus was predominantly
lymphocytic, a greater number of macrophages
were present in contrast to the type A lymphocytic
lesion. A clear predominance of macrophages in the
periventricular area, with vacuolation representing
demyelination and perivascular cuffing, was often
observed (Fig. 1). The choroid plexus infiltrate was
composed mainly of T and B cells, but with a high
proportion of macrophages. Numerous B cells were
observed in the lymphoid follicles and in the periven-

Lizpr # oL

tricular parenchyma. Macrophages with expanded
foamy cytoplasm were clearly the predominant cells
in the adjacent damaged neuroparenchyma, where
they appeared together with some T cells (Fig. 2).
The T cells were mostly CD8 " and were located in
foci of gliosis and in perivascular cuffs. CD4" lym-
phocytes appeared less frequently and were located
mainly around blood vessels. Many macrophages
and lymphocytes were detected around multilayered
perivascular cuffs, while in vessels with mild damage
at the edge of the lesions, only a single layer of macro-
phages adjacent to the endothelium was observed.
There were also numerous B cells, mainly located
adjacent to vessels in the periphery of the lesion.
In this case, yd T cells were also scattered among
the other cell types.

Histiocytic Type B. In this lesion the neuroparen-
chyma was the most affected area and the most severe
lesions had this pattern. A non-purulent infiltrate
with predominance of large macrophages as com-
pared with lymphocytes was observed. Clusters of
‘gitter cells’ were observed near blood vessels, where
they formed large perivascular cuffs. This change
was usually accompanied by intense focal to coalesc-
ing areas of vacuolation, forming extensive areas of
malacia (Fig. 1). In this type of lesion, the predomi-
nance of macrophages with foamy cytoplasm and
demyelination in the neuroparenchyma was the
main feature (Fig. 3). T cells were mainly ranged
along the edges of the lesion (Fig. 3) and the propor-
tion of CD8 " T cells was greater than that of CD4 *
cells. Perivascular cuffs were composed of several
layers, with the external layers consisting mainly of
macrophages with CD8 " and CD4 " T lymphocytes
located closer to the endothelium (Fig. 4). Mildly
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Fig. 2. Phenotypic characterization of cell populations present in each histological type of lesion. (A) Lymphocytic type A. There is a pre-
dominance of T cells in the infiltrate of the choroid plexus and meninges. Occasional T cells are located in the adjacent neuropar-
enchyma. (B) Histiocytic type A. Small number of T cells in the choroid plexus compared with lymphocytic type A. Numerous
T cells are present in the adjacent neuroparenchyma. IHC. x40.
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Fig. 3. Phenotypic characterization of cell populations present in each histological type oflesion. (A) Lymphocytic type. Extensive label-
ling of CD3 ™ T cells in perivascular cuffs and the surrounding parenchyma. (B) Histiocytic type. Fewer CD3 ™ T cells are present
compared with the lymphocytic type. (C) Lymphocytic type. CDD68 " macrophages in moderate number are located in the
central area of the lesion and around blood vessels. (D) Histiocytic type. Predominance of CD68 " macrophages with foamy
cytoplasm. IHC. (A) x100, (B) x150, (C) x100 and (D) x150.

damaged vessels were completely surrounded by mac-
rophages. In this type of lesion, a considerable num-
ber of B lymphocytes were found close to the
endothelium, especially at the edges of the lesion,
and some vd T cells were detected (Fig. 5).

Discussion

The nervous form of MV has been studied by several
authors who have described the lesions associated
with the disease (Sigurdsson et al., 1957; Sigurdsson
and Palsson, 1958; Benavides et al., 2006a, 2009).
These studies have been taken as a reference for the
histopathological study and diagnosis of the disease.
The characterization by IHC of the cellular
population of each lesion type is of value for further
understanding the pathogenesis of the disease, due
to the important role of cell-mediated immunity in
determining the severity of the CNS lesions
(Torsteinsdottir et al., 1992). Likewise, the balance
between cell populations and their interactions
appears to determine the evolution of viral infection
(Dorries, 2001) and this may be of importance in

MYV, given that the significant differences found in
this study between the lesions of the individual ani-
mals. Thus, based on these observations, one domi-
nant lesion pattern can be established for each
affected animal.

In this context, an important finding of the present
study was that the lymphocytic type A lesion, affecting
chiefly the choroid plexus and meninges with mild
lesions in the adjacent neuroparenchyma, had
a predominance of CD4" T cells. The description of
this lesion type is similar to lesions described previously
in the early stages of CNS infection by other lentiviruses
[e.g. CAEV, feline immunodeficiency virus (FIV) and
human immunodeficiency virus (HIV)-1], where
up to 70% of lymphocytes and 10% of macrophages/
microglia are observed around the perivascular cufls.
In such lesions, CD4" T cells are more numerous in
perivascular cuffs, while the CD8" T-cell infiltrate
is mainly distributed in the neuroparenchyma
(Torsteinsdottir e al., 1992). Thus, this lesion type could
be related to early stages of the disease or a different
mechanism of resistance to the progression of the infec-
tion. In addition, neuroinvasion of MVV may be
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Fig. 4. Phenotypic characterization of cell populations present in each histological type of lesion. (A) Lymphocytic type. CD4 " T cells in
multilayered perivascular cuffs and in low number in the neuroparenchyma. (B) Histiocytic type. CD4™ T cells closer to the
endothelium. (C) Lymphocytic type. CD8 " T cells in perivascular cuffs and infiltrating the neuroparenchyma. (D) Histiocytic
type. Fewer CD8" T cells are present than in lymphocytic lesions. THC. x200.

initiated by activated peripheral T cells that migrate to
the CNS to facilitate recruitment of monocytes
(Chebloune et al., 1998). Moreover, an experimental
study showed that immunosuppression with
anti-lymphocyte serum prevented the cellular prolifera-
tive response and the development of lesions (Panitch
et al., 1976). Because of these observations, the presence
of lymphocytes in mild lesions and in layers around
vessels  (lymphocytic  types) suggests an initial
recruitment of lymphocytes into the CNS and might
represent the first response to viral infection. Initial
mammary and arthritic (CAE) lesions have also been
studied in experimentally-infected animals, showing
an accumulation of activated CD4 " and CD8 ™" T cells
in tissues, mainly around blood vessels, with only a few B
cells (Cordier et al., 1992; Von Bodungen et al., 1998).
This pattern is similar to the lymphocytic types of
lesions described here for the CNS.

In the present study, type B lymphocytic lesions
were relatively severe and had more CD8" T cells
infiltrating the neuroparenchyma than other pat-
terns. Although CD8" T cells are thought to be

important in controlling viral replication, their role

in the CNS is still unknown. Increased tissue damage
due to the cytotoxic action of these cells or to an exac-
erbated pro-inflammatory cytokine secretion has
been suggested to play a role in disease pathogenesis
(Torsteinsdottir et al., 2007). Following viral infection
of the CNS, a Th-1 type immune response stimulates
the recruitment of CD8 T cells, which in turn results
in marked up-regulation and secretion of chemotactic
substances and, consequently, an increasing number
of inflammatory cells are attracted to the site of virus
infection (Dorries, 2001). In this context, this lesion
type may represent a transitional step towards the
more severe lesions or another mechanism of immune
response where CD8 " T cells play an important role.

In contrast, both types of histiocytic lesion involved
severe changes to the neuroparenchyma and may rep-
resent an advanced stage with the recruitment of
monocytes/macrophages due to an exaggerated, but
probably ineffective, immune response. In this
regard, in the late stages of other lentiviral infections
[e.g. simian immunodeficiency virus (SIV), HIV-1]
monocytes/macrophages comprise 90—95% of the
cellular infiltrate, with the remainder of the cellular
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Fig. 5. Phenotypic characterization of cell populations present in each histological type of lesion. (A) Lymphocytic type. Arrows indicate
occasional CD79a™ B cells. (B) Histiocytic type. Extensive B-cell labelling in the lesion. (C) Lymphocytic type. Labelling for T cells
expressing the Y8 TCR. (D) Histiocytic type. A small number of ¥8 T cells are scattered in the neuroparenchyma and closer to the

endothelium. THC. x200.

population being CD8™" T cells (Lackner et al., 1991;
Kim et al., 2004). Moreover, CAE arthritic lesions of
both naturally- and experimentally-infected animals
with advanced lesions have a significant accumula-
tion of macrophages and B cells in the inflammatory
tissue (Von Bodungen et al., 1998). The increase in
B cells suggests that the immune response to infection
may have shifted towards a Th2 response, losing effec-
tiveness, as has been previously described in arthritic
lesions of goats infected with CAEV (Wilkerson et al.,
1995). Similarly, evidence for an ineffective T-cell
response is described i vitro in severely affected ani-
mals in terms of antigen recall responses due to
impaired presentation related to deficiency in expres-
sion of co-stimulatory molecules (Reina et al., 2007).
All of the younger sheep (n=7) had histiocytic
lesions, suggesting that these lesions may have a rela-
tively rapid development and consequently represent
an ineffective immune response.

The amount of viral antigen was greater in the his-
tiocytic types of lesion. This may reflect the large
number of macrophages in this type of lesion or indi-
cate a lesion pattern with low resistance to viral repli-

cation. However, IHC for detection of MVV was not
carried out on enough animals to consider this feature
as significant.

Differences in the location of the main lesion (i.e.
choroid plexus and meninges for type A or the neuro-
parenchyma for type B lesions) might be explained
by the route of entry of virus to the CNS, via the
blood—brain barrier (BBB) or via the blood—cerebro-
spinal fluid barrier. Viral migration through the BBB
to reach the neuroparenchyma could be the first step
in developing encephalitis (type B), while in the case
of migration through the choroidal or meningeal
endothelial barrier, choroiditis/meningitis would be
the expected lesions (type A). Both routes of entry of
MVYV to the CNS have been proposed (Haase et al.,
1977; Peluso et al., 1985; Georgsson et al., 1989;
Georgsson, 1994; Drevets and Leenen, 2000;
Benavides et al., 2009).

The pathogenesis of the disease has been hypothe-
sized to involve damage to the BBB due to the entry
of MVV, with resultant release of pro-inflammatory
cytokines such as tumour necrosis factor (TNF)-o
and the overexpression of endothelial adhesion
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molecules, leading to changes in vascular permeabil-
ity and the increased migration of inflammatory cells
to the CNS (Craig et al., 1997). This step could be rep-
resented by the lymphocytic types of our classifica-
tion. Subsequently, continuous immune activation
may induce the differentiation and attraction of B
cells and macrophages with an associated increase
in the secretion of cytokines, thereby establishing a ‘vi-
cious circle’ (Ebrahimi et al., 2000; Torsteinsdottir
et al., 2007). According to this hypothesis, the
histiocytic lesions would represent advanced stages
with severe clinical consequences related to the
infiltration of macrophages and B cells. Numerous
viral strategies to escape immune-mediated cellular
responses have been described. These may result in
life-long persistence of virus in the brain, therefore
the presence of chronically-infected animals could
be due to such control of viral replication and may
be represented by the lymphocytic types of lesion.

In conclusion, these lesion types could be related to
different stages or different mechanisms of resistance to
the disease. The lymphocytic lesions appear to be ini-
tial or latent phases of slow progression in which the
animal has some form of natural resistance to the infec-
tion. The histiocytic pattern is more severe and exten-
sive and may be due to an individual poor immune
response or a greater virulence of the viral strain.
This detailed description of nervous lesions represents
an improvement in the study of the individual response
to MVV infection and the evolution of the disease and
its diagnosis. The present work provides a basis for fu-
ture studies of MV in particular of the individual im-
mune response controlling progression of the
infection and in the evaluation of vaccines, treatments
or individual resistance to the disease.
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Abstract We examined the distribution in the perivascular
spaces of Visna/maedi antigen, T cells (CD3+, CD4+ and
CD8+), B cells and macrophages by immunohistochemistry
in 22 natural cases of Visna/maedi encephalitis. Sheep
showed lymphocytic or histiocytic lesions. In mild lympho-
cytic lesions, the viral antigen was detected in perivascular
cuffs where CD8+ T cells predominated, but in severe
lymphocytic lesions, sparse antigen was identified, and
CD8+/CD4+ T cells appeared in a similar proportion in
multilayer perivascular sleeves. In histiocytic lesions, ves-
sels were surrounded by macrophages with abundant viral
antigen, with CD8+/CD4+ T cells and B cells in the periph-
ery. These results could reflect different stages of virus
neuroinvasion and clarify the neuropathogenesis of Visna/
maedi encephalitis.

Keywords Maedi - Visna - Sheep - Encephalitis -
Neuropathology - Immunology

Introduction

Visna/maedi virus (VMV) is a lentivirus of the Retroviridae
family which is related to human immunodeficiency virus
(HIV-1) (Thormar 2005) and causes a slow, progressive
multi-systemic disease in sheep. Visna/maedi disease (VM)
is mainly characterised by chronic inflammation of the
lungs, central nervous system (CNS), mammary glands
and joints (Cutlip et al. 1988; Dawson 1987). The disease
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is most commonly presented in respiratory and mammary
forms, while the neurological form has often been sporadic
(Benavides et al. 2006a, 2009; Lujan et al. 1991; Sigurdsson
et al. 1957). The main histologic changes are interstitial
inflammation of the lungs and mammary glands with pro-
liferation of lymphoid tissue, as well as non-purulent en-
cephalitis and demyelination of the CNS, including the
spinal cord (Benavides et al. 2009; Georgsson et al. 1976;
Lujan et al. 1991; Sigurdsson et al. 1957).

In the region of Castilla y Ledn (Spain), VM is consid-
ered a widespread disease, with a prevalence estimated at
77 %, especially in the Assaf dairy flocks subjected to an
intensive farming setup (Leginagoikoa et al. 2006). In this
region, a previous study showed that a proportion as high as
11. 2 % of the sheep showing nervous clinical signs were
suffering from the VM (Benavides et al. 2009, 2006c;
Goémez et al. 1999). Nervous clinical signs often include
progressive ataxia, limb weakness and paresis, particularly
in the hind limbs, usually leading to total paralysis and
recumbency although the animal remains alert (Benavides
et al. 2006¢; Christodoulopoulos 2006; Polledo et al. 2011;
Sigurdsson et al. 1957). The primary lesion in the brain or
spinal cord is a non-suppurative encephalitis predominately
periventricular and paraventricular, accompanied or not by
non-suppurative choroiditis and meningitis (Benavides et al.
2009; Polledo et al. 2011; Sigurdsson et al. 1957).

The immune response against VMV seems to play a
major role in the pathogenetic mechanism; thus, an imbal-
ance in the immune response, whether excessive or defi-
cient, would result in lesion development (Blacklaws 2012;
Polledo et al. 2011; Torsteinsdottir et al. 2007, 1992). Once
in the host, the main targets of VMV are monocytes/macro-
phages and dendritic cells, which carry the viral DNA in
blood with minimum transcription until the monocytes ma-
ture into macrophages in the tissue of affected organs
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(“Trojan horse” mechanism) (Peluso et al. 1985). It appears
that the entry of VMV into the CNS may damage the blood—
brain barrier (BBB), leading to changes in vascular perme-
ability and increasing migration of inflammatory cells (lym-
phocytes and monocytes) to the CNS with secretion of
cytokines, creating a vicious circle (Craig et al. 1997,
Ebrahimi et al. 2000; Georgsson 1994; Georgsson et al.
1976; Torsteinsdottir et al. 2007). However, this pathologi-
cal mechanism is not yet fully understood.

A previous study has shown that one sheep with VM
nervous lesion showed changes characterised by a diffuse
inflammatory infiltrate in the neuroparenchyma with a CD4/
CDS ratio of 0.8 and in the perivascular spaces composed of
lymphocytes with a CD4+/CD8+ ratio of 1/3 and 10 %
monocytes (Torsteinsdottir et al. 1992), similar to other
lentiviruses (CAEV, FIV and HIV-1) (Georgsson 1994).
Recently, two main patterns of lesion have been described
in relation to each animal: a lymphocytic type, where areas
of mild—moderate injury characterised by a clear predomi-
nance of T cells, mainly CD8+ lymphocytes, are observed,
and a histiocytic type, characterised by more severe lesions
with clear predominance of macrophages, many of them
with foamy cytoplasm, mixed with B cells, that is usually
accompanied by intense vacuolation foci that coalesce,
forming extensive malacic areas.

These lesion patterns could be related to different stages
or mechanisms of resistance to the disease. Thus, the lym-
phocytic lesions could represent some sort of natural resis-
tance to the infection where initial or latent phases are
included, and the histiocytic pattern may be the result of
an individual poor immune response or greater virulence of
the viral strain (Polledo et al. 2011). In this study, we
investigated the immunophenotype and distribution of the
inflammatory cells specifically within the vascular spaces in
relation to the viral antigen and the different patterns of
lesion, for the purpose of studying the role of the perivas-
cular spaces in virus neuroinvasion and in the development
of the neuroparenchymal lesions (histiocytic or lymphocytic
lesions).

Brain tissue samples from natural cases of Visna/maedi
encephalitis in 22 adult sheep (over 2 years old) of the
Spanish Assaf breed were examined. All of them were
naturally infected cases which had been submitted to the
Pathology Diagnosis Service of the Veterinary School of
Leon with nervous clinical signs and had been diagnosed
as VM infected. CNS tissue samples were obtained system-
atically, taking different sections: cortex, diencephalon, cor-
pus callosum, hippocampus, midbrain, cerebellar cortex,
pons and cerebellar peduncles, medulla oblongata, and cer-
vical, thoracic and lumbar spinal cord. Sample tissues were
fixed in 10 % buffered formalin, stained with haematoxylin—
eosin and examined by light microscopy. Samples from
these same locations were fixed in zinc salt fixative (0.5 %

zinc chloride, 0.5 % zinc acetate in 0.05 % Tris buffer,
0.1 M calcium acetate, pH=7.4) and tested using immuno-
histochemical techniques (IHC) using serial tissue sections.
These serial tissue sections were stained with primary anti-
bodies raised against the p27 VM viral antigen (Gelmetti et
al. 2000), as previously described (Benavides et al. 2006b),
and T cells (CD3+, CD4+ and CD8+), B cells (CD79 ocy)
and macrophages (CD68), using previously described IHC
staining procedures (Polledo et al. 2011). Samples from a
sheep without characteristic lesions of VM which showed
negative results to PCR procedures and serology were used
as negative control. A semiquantitative analysis of the pres-
ence of the different cell immunophenotypes in perivascular
cuffs associated with the inflammatory response to VM
antigen was carried out.

Serum samples were obtained from the 22 sheep to
evaluate the presence of antibodies against VMV using a
commercial test (Elitest®, Hyphen BioMed, Neuville/Oise,
France), following the manufacturer's instructions. ELISA
results were reported as positive or negative on the basis of
the cutoff value calculated following the manufacturer's
instructions (absorbance, 450 nm).

Histological examination revealed that all the 22 studied
sheep presented characteristic CNS lesions of VM enceph-
alitis, 9 sheep showed lymphocytic lesions and 13 sheep
showed histiocytic lesions. Five sheep that showed mild
nervous signs (lethargy, tremors, incoordination or mild
ataxia of the hind limbs) presented non-suppurative lym-
phocytic encephalitis consisting only in perivascular cuffs
spread throughout the neuroparenchyma, characterised by
the arrangement of round cells in mono- or multiple layers
around blood vessels with no or sparse infiltration of the
neuropil, named mild lymphocytic lesions in this study.
Another four sheep with more severe nervous clinical signs
(progressive ataxia and recumbency) showed these similar
mono- and multilayer perivascular cuffs accompanied by a
lymphocytic infiltrate in the neuroparenchyma, and these
were considered severe lymphocytic lesions. Thirteen ani-
mals showed histiocytic lesions with extensive areas of
malacia and a non-suppurative histiocytic infiltrate with
evident predominance of large and foamy macrophages.
These 13 sheep with histiocytic encephalitis also showed
severe nervous signs of progressive ataxia and recumbency,
but five of them with more than 2 weeks of recumbency.
The 22 sheep yielded positive results to the serological tests.

VMYV antigen was detected in the brain tissue sections of
all the animals in this study, while the control sections were
negative. The positive signal was found predominantly in
the cytoplasm of the macrophages/microglia located in the
CNS lesions. The result of the analysis of the distribution of
the viral antigen and the different perivascular cell types
associated with the inflammatory response to VMYV infec-
tion is detailed in Table 1. These results showed clear
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Table 1 Visna/maedi antigen distribution and cell immunophenotypes forming the perivascular cuff layers

Mild lesion

Lymphocytic lesion

Histiocytic lesion

PC Monolayer Multilayer Monolayer Multilayer Monolayer Multilayer
VM antigen ++ ++ S S + +

T cell CD3+ o+ +++ 4+ o+ + ++

T cell CD8+ o+ ++ 4+ ++ + ++

T cell CD4+ + ++ + ++ + ++
Macrophage +++ ++

B cells S S S S + ++

Results of semiquantitative analysis of viral antigen and the cell immunophenotypes in perivascular spaces of mild, lymphocytic and histiocytic

lesions, scored as s, sporadic; +, few; ++, moderate, and +++, many

PC Perivascular cuffs formed by cellular mono- or multiple layers

differences in the phenotypical cellular composition in peri-
vascular spaces in various types of lesion and in the distri-
bution of the VM antigen.

In mild lymphocytic lesions, where perivascular cuffs
seemed to be the only damage, with scarce inflammatory
response in the neuropil, VM antigen immunoreactivity was
detected in these perivascular sleeves. The antigen-positive
signal was found in the cytoplasm of macrophage-like cells
close to the endothelium, and mixed between the cellular
sleeves, but it was hardly detected in the neuroparenchyma
(Fig. 1). Interestingly, this finding has been observed in this
type of lesion alone, so this antigen immunolabelling could
correspond to infected perivascular macrophages, or circu-
lating infected monocytes that differentiate into macro-
phages entering the CNS by this route and allowing viral
replication. These observations would confirm the previous-
ly proposed models of VMV neuroinvasion, based on the
“Trojan horse” pathological mechanism (Georgsson et al.
1989; Peluso et al. 1985). In this way, in other lentivirus
infections such as simian immunodeficiency virus (SIV) and
HIV-1, it has been demonstrated that perivascular macro-
phages are the primary cells productively infected by the
virus, resulting in a disruption of the BBB and allowing

Fig. 1 Cerebellar peduncles (a)
and mild lymphocytic lesion (b)
of VM encephalitis essentially
composed of perivascular cuffs
with positive antigen signal in
macrophage-like cells mixed
between the cellular sleeves
(arrows). Note that in b the an-
tigen is located close to the en-
dothelium (arrowhead). Anti-
p27 VM antigen IHC. a x150, b
%250

@ Springer

greater entry of infected cells into the CNS (Kim et al. 2003;
Persidsky, 1999; Strazza et al. 2011; Williams et al. 2001b),
as could initially occur in VM encephalitis. Thus, most cells
(over 90 %) which made up these perivascular sleeves were
T cells mixed with scattered macrophages, often close to the
endothelium. Specifically, the CD8+ T cell subpopulation
clearly predominated over CD4+ T lymphocytes in the
mono/bilayer perivascular cuffs, but larger multilayer peri-
vascular cuffs showed these cells in similar proportions of
50 %. B cells were only sporadically observed. Thus, it is
possible that in mild VM encephalitis, the CD8+ lympho-
cytes located around blood vessels may be cytotoxic effector
cells when they encounter cells presenting viral antigen.
Likewise, in SIV encephalitis, it has been reported that
CD8+ lymphocytes located angiocentrically appear to con-
trol the accumulation of infected macrophages in the CNS in
an antigenic-specific manner, also with little accumulation
of CD4+ lymphocytes (Freel et al. 2011; Kim et al. 2004).
Specifically, this feature has been demonstrated in SIV
infection when the viral load was increased, and progression
of the disease was accelerated, in animals whose CD8+ T
cells were depleted (Schmitz et al. 1999; Williams et al.
2001a). However, it has previously been suggested that the
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cellular immune response of CD8+ together with CD4+ T
lymphocytes in inflammatory lesions of VM may be direct-
ed not only against the virus but also against self-antigen
(Blacklaws 2012; Torsteinsdottir et al. 2007, 1992), so the
presence of CD4+ T cells together with CD8+ T cells in
multilayer perivascular cuffs detected in this study could be
representing a stage of lesion progression to more severe
lymphocytic lesions.

In CNS lesions with a more severe lymphocytic infiltrate
of the neuroparenchyma (severe lymphocytic lesions) with
CD8+ lymphocyte predominance, the presence of antigenic
positive signal was very sparse in the perivascular spaces
and the neuropil (Fig. 2). Cell immunophenotypes which
formed both mono/bilayer and multilayer perivascular cuffs
were very similar to the ones previously described in mild
lymphocytic lesions, but with a greater abundance of multi-
layer perivascular sleeves. In severe lymphocytic lesions,
despite the possible role of the CD8+ T cells in the control of
viral replication, this vascular lymphocytic inflammatory
response could also cause tissue damage due to dysregula-
tion of the immune response. In this way, in SIV encephalitis
lesions, it has also been reported that a large number of
activated CD8+ T lymphocytes accumulate abnormally in
the brain, resulting in increased concentrations of cytokines
to pathological levels (Marcondes et al. 2001). Thus, the
presence of this lymphocytic infiltrate may be essential in
controlling the infection, although it may also contribute to
the progression of the VM lesion. In these perivascular
spaces, the number of B cells was very low, so this feature
indicates that the humoral immune response would be min-
imal in this type of lesion, with cellular immunity playing
the major role.

In particular, examination of lesions in the CNS with
histiocytic infiltration revealed a high number of VMV-

Fig. 2 Cerebellar peduncles, mononuclear cells around blood vessels
in lymphocytic lesions of VM encephalitis, with clear predominance of
CD8+ T cell immunoreactivity. Anti-CD8+ T cell IHC. x250

positive cells in the central areas of the lesion, mixed with
malacia (Fig. 3), but this antigen-positive signal was rarely
detected immediately adjacent to the endothelium or in
perivascular cuffs. In these histiocytic infiltrates, macro-
phages with a clear cytoplasm (“gitter cells”) clearly predo-
minated over other cells such as CD8+ and CD4+ T cells
and B cells. These observations would support the hy-
pothesis of development of VM encephalitis after neuro-
invasion of the CNS. Thus, once in the tissue, infected
monocytes mature and allow viral replication and re-
cruitment of more infected cells, based on an immune
activation in response to viral antigen that also causes
inflammatory infiltration and damage of the CNS tissue
(Blacklaws 2012; Torsteinsdottir et al. 2007). This path-
ological model would explain the abundance of macro-
phages and viral antigen seen in the parenchyma in the
histiocytic lesion. This way, a slow rate of VM neutral-
ization by antibodies relative to the rate of virus ad-
sorption to the cell surface has been suggested as a
possible mechanism whereby the virus can spread from
cell to cell in the presence of neutralizing antibodies
with no free virus release (Thormar 2005). This feature
could explain the persistence and replication of virus in
the neuroparenchyma of the histiocytic lesion in the face
ofan active immune response. Likewise, the viral induction of
apoptosis has been proposed as the major mechanism of cell
death occurring during MVV infection (Duval et al. 2002a),
and this mechanism is considered to promote cell-to-cell
spreading, virus release and stimulation of the immune re-
sponse (Duval et al. 2002b).

The THC study of vascular spaces in the areas with
abundant malacia of the histiocytic lesions, often central
areas, showed that some blood vessels were completely
surrounded by the macrophage infiltration, with few B
cells and T cells (mainly CD8+ lymphocytes, with CD4
+ in lower proportions) adjacent to the endothelium that

Fig. 3 Cerebellar peduncles, histiocytic inflammatory demyelination
lesion of VM encephalitis. Antigen-positive signal (arrowheads) locat-
ed in the malacic area. Anti-p27 VM antigen IHC x100
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was occasionally disrupted. In the periphery of the
lesion, where multilayer perivascular cuffs were often
located, the layers close to the endothelium were mainly
formed by T cells (CD8+ and CD4+, in similar propor-
tions) with around 20 % of B cells, and macrophages
behind these layers. This lymphocytic perivascular cuffs
may provide a cellular immune response similar to the
one described for lymphocytic lesions in response to the
spread of the lesion and the consequent endothelial
damage. In addition, the observed CD4+ T cells togeth-
er with B cells tightly packed in these perivascular cuffs
may produce an effective utilisation of CD4+ lympho-
cytic cytokines by B cells, resulting in strong antibody
production (Esiri and Gay, 1990) that may be directed
not only against the virus, but also against self-antigens
although this is still not clear (Panitch et al. 1976;
Torsteinsdottir et al. 2007). Thus, in these histiocytic
lesions, a non-effective humoral immune response may
be involved in the development of tissue damage.

To summarize, this study reinforces and clarifies the
prior model of development of VM encephalitis
(Blacklaws 2012; Polledo et al. 2011; Torsteinsdottir et
al. 2007). Thus, the detection of viral antigen in the
perivascular spaces, but not in the neuropil, in the
described mild lymphocytic lesions may reflect viral
neuroinvasion through the infection of perivascular mac-
rophages or through the entry of infected monocytes
into the CNS. Once the infected cells are located in
the CNS, wviral replication could be controlled by an
effective lymphocytic cellular response, but could also
progress to severe encephalitis due to dysregulation of
the immune response. In the case of lesion progression,
immune activation would induce the recruitment and
differentiation of more monocytes to macrophages
which would enable continuous viral replication and
production of cytokines, with an additional non-
effective humoral immune response resulting in a severe
histiocytic infiltration and lesion of the CNS. This study
showed a spectrum of lesions and immunopathological
response closely related to the cells and antigen ob-
served in perivascular spaces, and also a possible rela-
tion between the spreading of the virus in the
neuroparenchyma and the type and severity of the
lesion.

However, the material examined in this study was
taken from natural cases of ovine VM with varying
degrees of severity which had already shown nervous
clinical signs, so further understanding of the inflamma-
tory process in VM encephalitis will require analysis of
the inflammatory cells as well as expression of cyto-
kines and endothelial adhesion molecules at well-
established stages of the disease, including animals in
the subclinical phase.

@ Springer
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The presence of Maedi-Visna disease in sheep flocks have a significant economic impact,
thus the aim of this study was to carry out a serological evaluation of a simple epidemio-
logical control method for ovine Maedi-Visna infection in an intensive dairy flock with high
initial seroprevalence. The study population was made up of an initial flock of 197 Spanish
Assaf sheep kept in permanent housing using an intensive milking system, and the subse-
quent five generations of offspring. The control strategy used in this study was mainly based
on separating the offspring from the dams after natural intake of colostrum using artificial
rearing with milk replacer. Then, replacement groups were formed by these lambs, which
were housed in the same shed as the rest of the flock, but in addition, other control measure
applied in this study was the isolation of the replacement group from the adults by a barrier
(1.20m high metal sheet) that prevented physical contact between them in the housing,
although airspace was shared. Then, replacement groups did not join the adult flock until
the onset of first lactation (around 12 months-old). Control measures were first established
in 2006 with the second generation offspring, leaving the first replacement group as the
control group. Serum samples from all sheep in the flock were screened every six months
for antibodies against Maedi-Visna virus using an immunoenzymatic assay. After the appli-
cation of this control programme, seroprevalence had declined significantly from 93.1% to
54.2% in four years. Results from this study indicate that these control measures may offer
a simple alternative for reducing high levels of prevalence in these dairy sheep flocks. Thus,
this control strategy is proposed as the first control measures to be taken in flocks with
a high prevalence of infection where no other measures could be reasonably applied, fol-
lowed and expanded by other effective methods when the seroprevalence status of the
flock permitting.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

disease is characterised by a progressive infection in adult
sheep resulting in chronic inflammation of the lungs,

Maedi-Visna virus (MVV), which belongs to the small-
ruminant lentivirus family (SRLV), has a worldwide
distribution and is responsible for significant production
losses in sheep (Peterhans et al., 2004). Maedi-Visna (MV)

* Corresponding author. Tel.: +34 987291353; fax: +34 987291103.
E-mail address: Ipolr@unileon.es (L. Polledo).

0921-4488/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.smallrumres.2012.12.010

mamary gland, joints and central nervous system (Dawson,
1987; Lujan et al., 1991).

AMV prevalence study in the north east of Spain showed
that 40.7% of randomly sampled animals were seroposi-
tive, while 97% of the flocks showed seropositive sheeps
(Lujan et al., 1993). More recently, the prevalence of MV
in the north of Spain has been estimated at 77% in inten-
sive flocks, but specially in half the Spanish Assaf intensive
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flocks this value exceeded 80% (Leginagoikoa et al., 2006b).
Several intensive Spanish Assaf flocks present high sero-
prevalence in Castillay Le6n (Northwestern of Spain, where
this study took place), estimated at 96.8% in an epidemi-
ological study, particularly in those flocks of dairy sheep
which are kept in an intensive indoor farming system
(Sotelo, 1998).

Natural lactation (colostrum and milk) and direct
contact (oral/respiratory transmission) among animals
seem to be the two main sources of infection (Berriatua
et al,, 2003; Blacklaws et al., 2004; Alvarez et al., 2005;
Leginagoikoa et al., 2010), and although other routes of
Maedi-Visna virus (MVV) transmission, such as vertical and
sexual routes, have been reported, they are considered to
have limited epidemiological importance (Blacklaws et al.,
2004; Broughton-Neiswanger et al., 2010; Romero et al.,
2010; Cortez-Romero et al., 2011). Direct contact exposure
to infected sheep, and particularly contact between ewe
and lamb, seems to be the most important source of infec-
tion and an efficient means of horizontal MVV transmission
(Houwers et al., 1989; Berriatua et al., 2003; Alvarez et al.,
2005; Leginagoikoa et al.,2010), while lactogenic transmis-
sion has long been discussed and proposed as a source of
MV transmission although making a relatively low contri-
bution to the spread of the disease under natural conditions
(Alvarez et al., 2005; Broughton-Neiswanger et al., 2010).
Consequently, housing practices, which determine pop-
ulation density have been strongly associated with the
spread of MVV (Leginagoikoa et al., 2006a; Pérez et al.,
2010).

No commercial vaccines are available to control infec-
tion, and to date, monitoring programmes have proved to
be the only effective tool in controlling infection. During the
Icelandic outbreak, the implementation of a compulsory
disease monitoring programme associated with slaughter
of affected flocks and replacement with MVV-free ani-
mals resulted in effective eradication of MVV (Houwers
et al,, 1984; Petursson, 1994). Another control strategy
was also used successfully in Iceland, based on dividing
each affected flock into two groups, one consisting of the
adult sheep and the other comprising of a replacement
flock formed by offspring which had been removed imme-
diately after birth (Petursson, 1994). Likewise, other less
drastic control programmes have been implemented in
many countries (the Netherlands, France, Italy, Germany,
for instance), mainly based on removing serologically pos-
itive animals, as well as separating lambs from seropositive
dams immediately after birth for rearing on serologi-
cally negative or bovine colostrum (Houwers et al., 1984,
1989).

Sheep culling strategies are feasible in flocks with mod-
erate prevalence (less than 50%), where the number of
sheep that become seropositive may be lower than the
number of sheep that are annually culled and replaced
(Berriatua et al., 2003). However, there are obvious dif-
ficulties in applying such strategies, and/or they may be
economically unfeasible, in flocks with high seropreva-
lence as occurs in our region, which reach values of over
80%. Hence, our aim was to evaluate a simple and econom-
ical control strategy involving minimal changes in flock
management that could easily be followed by farmers.

2. Materials and methods

2.1. Study population, management and control strategy of the study
flock

The initial study population in 2005 was a dairy flock consisting ini-
tially of 197 adult Spanish Assaf ewes from the Farm at the Veterinary
School of the University of Le6n (Spain). Sheep were kept in permanent
housing, in a tall, well-ventilated housing, with external access to pas-
ture, having a minimum space of 2.5 m? per animal. Rams from the flock
were separated from the ewes except in the breeding season. Males var-
ied depending on the year from 3 to 5, and all of them were adults, which
came from other farms and changed throughout the study. The handling
of this flock during the study was similar to other dairy intensive flocks
from the same region.

This initial adult flock and the following five generations of offspring
were studied between 2005 and 2010. Replacement sheep came from the
female lambs that were born on the farm. The number of lambs that were
kept as replacement animals were 100 (replacement group No. 1), 68 (No.
2), 47 (No. 3), 50 (No. 4) and 42 (No. 5), in 2005, 2006, 2007, 2008 and
2009respectively, not taking into account the immunity status of the dams
(seropositive or seronegative to the disease). The rest of the female lambs,
which were not included in the replacement groups, and all the male
lambs were sold in their first 30 days of age to other farms and were
not included in this study. Due to early deaths, the number of sheep that
composed each replacement group decreased in the first 18 months of
life. The sheep that formed the group of the adult flock each following year
were: the adult sheep that have not been sold or have not naturally died
from the previous year, together with the replacement group of animals
from the previous year (around 12 months old) after their first parturition
and beginning of the first lactation.

The handling of the flock was based on a regular management of a
dairy intensive flock. The first replacement group from No. 1 was included
in this study as a control group and the animals were raised naturally
with their dams until 3 months of age. The following groups (No. 2, No.
3, No. 4, No. 5 sheep) were control using the following described control
measures: the first one was based on separation of the lambs from the
dams after natural intake of colostrum (12-24 hours after birth) and then
these lambs were artificially reared with milk replacer. These replacement
groups of animals were housed in the same housing as the rest of the
flock. But, as a second control measure, these lambs were isolated from
the mothers and the adult flock by a barrier (1.20 m high metal sheet) with
physical contact between them being prevented, although airspace was
shared. These replacement animals did not join the adult flock until the
onset of the first lactation. In this study, sheep were considered to have
reached adulthood at around 12 months of age, after their first parturition.
At this time, they joined the adult group, and were kept under the same
management, and were also considered part of the adult group in the data
of this study.

2.2. Gross and histopathological studies

Throughout this study, necropsies were carried out on 78 randomly
selected adult sheep submitted to the Pathology Diagnosis Unit at the
Veterinary College of Le6n. These animals had naturally died on the farm
or they were culled due to evident deterioration of their state of health
status and humanly euthanised. Thirty-four sheep came from the initial
adult flock, 16 sheep came from No. 1 replacement group, 13 from No.
2, 7 from No. 3, 4 from No. 4, and 4 from No. 5. Tissue samples from
different organs were taken for microscopic examination, with special
attention being paid to the lungs, mammary glands, joints and central
nervous system. Sample tissues were fixed in 10% buffered formalin and
embedded in paraffin. Sections were stained with haematoxylin-eosin
and a histopathological study was carried out. Pathologists were
blinded to the serological status of the animals and to the PCR
results.

2.3. PCR procedures

Genomic DNA from 9 sheep with characteristic MV lung lesions, and
from 4 seronegative sheep with no histologically MV lesions was extracted
from lung tissue samples using QIAamp® DNA Mini Kit (QIAGEN). Ampli-
fication of LTR regions from these samples was performed as described
elsewhere (Benavides et al., 2006a,b).
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2.4. Serological testing

Serum samples were obtained every six months from all the animals
from six months of age for antibody detection. The presence of anti-
bodies against MVV was evaluated using a commercial enzyme-linked
immunosorbent assay (ELISA) (Elitest®, Hyphen BioMed, Neuville/Oise,
France). The test was carried out following the manufacturer’s instructions
and the results were reported as positive or negative based on the cut-
off value calculated as per the manufacturer’s instructions (absorbance
450 nm). The sensitivity and specificity of this ELISA assay have been esti-
mated as 99.4% and 99.3%, respectively (Saman et al., 1999; De Andrés
et al., 2005). Specifically, the expected Predictive Value Positive and Pre-
dictive Value Negative of this ELISA testing in this flock with the initial
prevalence of 89% were 99.9% and 95.3% respectively.

2.5. Statistical analysis

Differences in values were assessed for significance using the chi-
squared analysis. The significance level was set at P>0.05.

3. Results

The initial number of 197 adult sheep in 2005 which
made up the adult flock varied throughout the study to 175
adult sheep in 2006, 214 adult sheep in 2007, 233 adult
sheepin 2008, 204 adult sheep in 2009 and finally 190 adult
sheep in 2010. The proportion of the flock replaced each
year was 53.1%in 2006, 31.7% in 2007, 15.5% in 2008, 23.0%
in 2009, and 22.1% in 2010.

Forty-one of the 78 (52.6%) necropsied animals showed
lesions characteristic of MV disease, 38 sheep presenting
lung and/or mammary lesions, and 3 sheep with a fatal
nervous form and mild lung lesions. Thirty-nine of the 41
animals affected by MV disease yielded positive results in
the serological test while two sheep with mild respiratory
lesions caused by MV showed negative serological results.

100

Tissue samples of the lung lesions from the 9 animals
affected by MV tested by PCR methods yielded positive
results, while the PCR results of the 4 seronegative sheep
with no MV lesions were negative.

3.1. Serological results

The evolution of the prevalence of MV in the adult flock
varied from the beginning of the study in 2005, which was
89.0%. In 2006, MV prevalence in the adult group reached a
maximum value 0f 93.1%, and decreased over the four years
after the onset of the controlled programme to 54.2% at the
end of the study in 2010. These differences in prevalence
values of the adult flock from 2006 to 2010 were found
to be statistically significant (p=69.85). Fig. 1 shows the
evolution of the prevalence of MV in the adult flock and
the respective offspring each year of the study (Fig. 1).

The first replacement group, No. 1, used as control with
no changes in management and remaining in close con-
tact with the ewes during natural feeding for their first
three months of life, showed an early progressive sero-
conversion with a prevalence of 47.3% immediately before
reincorporation into the adult flock (at 12 months of age),
whereas the subsequent replacement groups that had been
under control programme (No. 2, No. 3, No, 4 and No. 5)
showed statistically significant differences in prevalence
rates of 4.4% (p=34.97), 0.0% (p=26.24), 4.2% (p=28.52),
2.4% (p=26.28), respectively (Fig. 1). Table 1 gives preva-
lence and number of animals comprising each replacement
group and their evolution over the first 18 months of life.
In addition, there is an early progressive seroconversion
of the No. 1 replacement group from six months of age,
whereas the beginning of the marked seroconversion of

90 T

80 1+

70 +—

60 T

50 +—

40 +—

Prevalence (%)

30 1+

20 1+

2006

2007

2008

2009

2010

|E| Adult Group 93,1

74,5

61,8

58,1

54,2

|l Replacement groups (12 months old), 47,3

4.4

0

4,2

2,4

Years of the study

Fig. 1. Evolution of the prevalence of Maedi-Visna infection throughout the years of the study in the adult flock and the consecutive offsprings. Prevalence
(y-axis) expressed in percentages. Grey columns indicate the percentage of the prevalence in the adult flock each in the corresponding year throughout
the four years of the study. Black columns indicate the prevalence of each replacement group at 12 months old, each in the corresponding year during the
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Table 1
Prevalence of each replacement group at 6, 12 and 18 months of age.

Replacement group 6 months age

12 months age

18 months age

Seropositive sheep? Prev. (%) Seropositive sheep? Prev. (%) Seropositive sheep? Prev. (%)
No.1 (2005) 12/100 12 44/93 473 47/91 51.4
No.2 (2006) 3/68 44 3/68 44 5/64 7.8
No.3 (2007) 0/47 0 0/41 0 4/39 10.2
No.4 (2008) 2/50 4 2/47 4.2 4/44 9.1
No.5 (2009) 0/42 0 1/42 24 Not sampled Not sampled

2 Number of seropositive sheep from the total number of sheep from each replacement group.

the No. 2, No. 3, No. 4 replacement groups was postponed
until 18 months of age, after they had joined the adult flock.
Replacement group No. 5 showed a prevalence of 2.5% at
12 months of age (last serological test performed in this
group of this study). Specifically, Fig. 2 shows how the first
replacement group reached 40% prevalence in the first 12
months of life, whereas subsequent groups were around
30 months of age before MV prevalence came close to this
value.

Serological results of rams were: 3 seropositive out of 5
in 2005, 4 seropositive out of five in 2006, 4 seropositive out
of 5in 2007, 4 seropositive out of 4 in 2008, 3 seropositive
out of 4 in 2009 and 2 seropositive out of 3 in 2010.

4. Discussion

Due to the economic impact of MV on sheep health and
production and the ease with which the virus can spread
between and within flocks, control programmes may be the
best method for effectively and definitively controlling and
even eliminating the virus from an area. Epidemiological
knowledge, together with the appropriate diagnostic tools
and biosecurity practices should be applied, always taking
into account the specific conditions and status of each flock.

Testing and culling are the most commonly used strate-
gies to eradicate infection in other countries, and these
have been shown to be successful in flocks with mod-
erate prevalence of MV disease (<50%) (Houwers et al.,
1984, 1987; Cutlip and Lehmkuhl, 1986; Synge and Ritchie,
2010). However, it not economically feasible to apply these
control measures to the intensive dairy flocks with high
seroprevalence rates (over 80%) detected in our region.

Thus, specific control strategies should be established in
these flocks in order to reduce these high levels of preva-
lence to moderate values of around 40-50%, at which
point other, stricter control programmes could feasibly be
applied.

Recent studies have shown that seroprevalence
increased with flock size and the number of days that
sheep are housed (Leginagoikoa et al., 2006a; Pérez et al.,
2010; Lago et al., 2012), although VMV may not be effi-
ciently airborne over short distances (Leginagoikoa et al.,
2010). For these reasons, a physical separation between
adult sheep and offspring sharing the same housing
airspace by means of a simple metal sheet is proposed
as an affordable and inexpensive control measure, which
does not require any other physical space or housing to
keep the replacement animals.

Previous studies have shown that ovine colostrum from
seropositive ewes can be a major source of MVV infec-
tion but that its overall contribution to seroprevalence
under natural conditions is relatively low (Alvarez et al.,
2005). Moreover, seroconversion has been demostrated to
be strongly associated with being born to a seropositive
dam, but the risk of seroconversion was similar for lambs
fed colostrum and milk from a seropositive or a seronega-
tive dam, independently of the mode of rearing preweaning
(Leginagoikoa et al., 2006b). Likewise, seroconversion has
been positively associated with increased contact with
infected sheep and with the lifetime MV-serological status
of the dam. Consequently, when conditions allow efficient
horizontal transmission, the evidence that lactogenic infec-
tion increases the risk of MV infection seems to be less
important (Berriatua et al., 2003). Taking these previous
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Fig.2. Evolution of the prevalence in the replacement groups. This figure shows the evolution of the prevalence of infection in percentage (y-axis) throughout
the study in the each replacement groups from 6 months to 12 months (No. 5), to 24 months (No. 4) and to 30 months of age (No. 1, No. 2 and No. 3).
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studies into account and in an attempt to modify flock
management as little as possible, another affordable mea-
sure proposed in this paper is to avoid initial direct contact
exposure (oral/respiratory transmission) between the ewe
and the lambs (Houwers et al., 1989; Berriatua et al., 2003;
Alvarez et al., 2005; Leginagoikoa et al., 2006b) through
early separation of the lambs from the ewes within the first
24 hoflife, after natural consumption of colostrum (for easy
handling).

Likewise, vertical and sexual transmission, or indirect
contact (insemination, embryo transfer, and other iatro-
genic causes) seem to play a less important role in the
transmission of the infection (Blacklaws et al., 2004), and
for this reason no measures were taken in this study
to avoid these routes of infection, in order to facilitate
flock management. However, these routes of transmission
should be considered in order to eradicate the disease.

In this study, the results of PCR and pathological exami-
nationindicated the presence of MV infection in the studied
flock and its capacity to cause MV disease. The seropreva-
lence in the entire adult flock decreased from high values
of 89.0% in 2005 and 93.1% in 2006, when no possibility
existed of implementing standard control programmes, to
moderate values of 54.2% in 2010 after applying the con-
trol programme proposed in this study. Since there was no
marked change in the number of adult sheep, which ranged
from 197 (2005) to 190 (2010), this finding, together with
the marked decrease in prevalence rates in the replacement
groups over the five years, demonstrates that the decrease
of the prevalence rate in the flock was not due to the animal
replacement rate.

There were also clear differences between the preva-
lence rates in the No. 1 replacement group (47.3%) at one
year of age before being reincorporated into the adult flock,
and those in the subsequent replacement groups (No. 2,
No. 3, No. 4 and No. 5), which did not reach 5%. These data
would mean that these first three months of the lambs’
lifetime are critical in the transmission of the disease,
probably due to infection through ingestion of infected
colostrum/milk and to the horizontal transmission by the
close contact with the mothers. Thus, the avoiding of these
ways of transmission as is put forward in this study results
in a minimal early infection of the offspring. These low
levels of seroconversion in groups No. 2, No. 3, No. 4 and
No. 5 could be associated with the ingestion of infected
colostrum or vertical transmission (Alvarez et al., 2005,
2006).Thus, the used in breeding of seropositive rams could
have contributed to early infections of newborn lambs in
this study. Vertical transmission was not considered in the
control measures applied in this study in order to simplify
handling, but should be taken into account later on in order
to eradicate disease from the flock.

In this study it could be detected that the main sero-
conversion in the control replacement groups No. 2, No.
3, No. 4 occurred after they joined the adult flock and
continue along the study, so the infection between adult
sheep occurred in an important way. Moreover, the data
regarding the delay, from 12 months to 30 months of age, in
seroconversion to 40% prevalence in the controlled groups
compared with the non-controlled group is very signifi-
cant, especially in intensive dairy sheep flocks. Since the

longevity of these highly productive sheep is on average 4
yrs of age, and bearing in mind the chronic development
of MV disease after infection, manifestation of the disease
with the consequent decrease in production as well as pre-
mature death would be minimised.

Subsequently, following the decline in prevalence val-
ues (54.2%), other stricter control measures could be
established, in order to obtain lower prevalence values.
Thus, from this point in which the flock has reached a mod-
erate level of prevalence, it should be possible to reduce
flock seroprevalence progressively by selectively culling
seropositive sheep and replacing them with offspring
from seronegative ewes, as has been previously proposed
(Houwers et al., 1984, 1987; Cutlip and Lehmkuhl, 1986;
Berriatua et al., 2003; Synge and Ritchie, 2010). Like-
wise, isolating these seronegative newborn lambs from
the rest of the flock would be very useful (Cutlip and
Lehmkuhl, 1986; Reina et al., 2009), and avoiding the inges-
tion of colostrum by replacing it with bovine colostrum or
colostrum from seronegative ewes (Peterhans et al., 2004).
The serological status of the rams should also be taken
into account in further control strategies in order to only
use seronegative ones in breeding. Then, a measure, which
could be incorporated into the final control programme
in order to enable early detection of the infected animals
and rapid erradication of the infection from the flock could
be a combination of serology and polymerase chain reac-
tion (PCR) (Brinkhof et al., 2010). Future objectives include
the possibility of officially certifying the MV-free status of
flocks as part of a strategy to obtain healthy flocks with
respect to MV, enabling farmers to avoid introduction or
reintroduction of the infection and the consequent eco-
nomic loss entailed.

Since successful results were obtained, these sim-
ple control measures are proposed as an initial simple
control programme on farms with a high level of MV
infection where no other measures could reasonably be
applied.

5. Conclusion

The aim of this study is to design a MV control pro-
gramme for implementation in flocks with high prevalence
values where the application of other previously described
control measures is completely impractical. The results
demonstrate that the control programme designed can be
applied successfully to reduce high MV prevalence (about
90%) in a dairy sheep flock to more moderate values, and
has the potential for extension to larger scale operations.
Following this decline in prevalence values, other stricter
control measures should be established in order to obtain
low prevalence values or even eradicate the infection from
the flock.
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