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RESUMEN

El virus de la Diarrea Viral Bovina (BVDV) es un patégeno de distribucién mundial que causa
cuantiosas peérdidas econdémicas al sector ganadero. La presencia de BVDV en Uruguay fue
confirmada en 1996. BVDV en nuestro pais es un virus endémico, con una seroprevalencia dentro de
los rodeos mayor al 80%. Sin embargo, hasta el dia de hoy no existe un programa para el control y la
vacunacion para BVDV no es obligatoria.

Al comenzar este trabajo doctoral a fines del 2015 se desconocia la incidencia de BVDV en nuestros
rodeos, no se contaba con un método robusto para su deteccion, se desconocian los genotipos y
subtipos virales circulantes y mucho menos aun su historia evolutiva. Por tanto, esta tesis planted
objetivos con la finalidad generar conocimientos en los temas mencionados sobre BVDV en Uruguay.
En el periodo 2014- 2017 se analizaron aproximadamente 3000 muestras de suero y tejidos de
animales con sospecha de infeccion por BVD por RT-PCR y secuenciacion. Con 390 muestras
colectadas en 2014 y analizando la region gendémica 5"UTR/Npro, se describié por primera vez la
epidemiologia molecular de BVDV en nuestro pais. Se detectd la circulacion de los subtipos BVDV-
la, BVDV-1i, y BVDV-2b en rodeos con problemas reproductivos de Uruguay, siendo el subtipo
BVDV-1a el mas prevalente, representando el 87.5% del total.

Posteriormente, se realizO un segundo trabajo en el que se analizaron 2600 muestras
aproximadamente y las regiones genomicas 5"UTR/Npro, la proteasa Npro, y la glicoproteina de
membrana E2 del virus. Se observo que el subtipo BVDV-1a continla siendo el méas prevalente en
Uruguay. De acuerdo con los estudios de dinamica poblacional BVDV-1a comenz6 a circular en
nuestros rodeos desde 1990. Este subtipo comenzd a esparcirse y evolucionar en nuestro territorio
acumulando mutaciones puntuales a una tasa de 3.48x10 sustituciones/sitio/afio, que le permitieron
adquirir caracteristicas genéticas especificas que dieron lugar al surgimiento de 2 linajes genéticos
BVDV-1a uruguayos. Estos linajes uruguayos, son divergentes de las cepas BVDV-1a que circulan
a nivel mundial, y de la cepa vacunal NADL generalmente usada en la profilaxis contra BVDV en
nuestro pais. Las diferencias entre estas cepas se concentran en la glicoproteina de membrana E2, y
algunas sustituciones aminoacidicas sugieren una posible falla o pérdida de neutralizacién por parte
de los anticuerpos generados luego de la vacunacion. Para tener un conocimiento mas profundo, cepas
BVDV-1a uruguayas fueron aisladas en cultivos celulares y sus genomas completos secuenciados. El
analisis de los genomas completos de nuestras cepas confirmé la distancia genética previamente
observada entre nuestras cepas BVDV-1a de campo y la cepa vacunal, lo que estaria apoyando nuestra
hipotesis de una eventual necesidad de actualizacion de las vacunas a nivel nacional.

En suma, los resultados obtenidos en esta tesis han permitido conocer y tener informacién sobre

BVDV en Uruguay como para elaborar un plan estratégico que permita mitigar las pérdidas
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econdmicas causadas por este patdgeno. Por otro lado, es necesario continuar investigando sobre el
tema en diversos aspectos epidemioldgicos, evolutivos y en estudios que aporten nuevas herramientas

biotecnolodgicas para las vacunas y que evallen el impacto de la vacunacion.



1- INTRODUCCION GENERAL

El Virus de la Diarrea viral bovina (BVDV) esta diseminado a nivel mundial. BVDV es un virus
econdomicamente importante que genera cuantiosas pérdidas econdmicas ya que induce desordenes
reproductivos como ser: muerte embrionaria, abortos, y reduccion de la fertilidad. Este virus también
afecta la produccion ganadera ya que causa inmunosupresion, problemas respiratorios, diarrea, y
animales persistentemente infectados (PI) que son inmunotolerantes al virus (Baker, 1987; 1995;
Houe, 1999).

En nuestro pais hay 12 millones de cabezas de bovinos entre ganado lechero y de carne, y este nimero
ha permanecido practicamente incambiado desde 1998. Se cree que BVDV es uno de los factores
detras de la invariabilidad de estos nimeros afectando la prefiez y el procreo nacional (Plan Nacional
en investigacion en sanidad animal 2009, PLANISA). En Uruguay no hay un programa nacional para
el control de BVDV, y la vacunacion no es obligatoria. Un estudio realizado en el afio 2000, reveld
que solo el 3% de los productores vacunan contra este patdgeno, y BVDV tiene una seroprevalencia
de 100% en los rodeos uruguayos, y del 67% dentro de cada predio (Guarino et al., 2008). Estos datos
fueron actualizados recientemente, obteniendo valores similares de seroprevalencia a nivel de rodeos
(98.8%), pero valores mas altos dentro de los establecimientos (aprox. 80%) (Dr. Federico Fernandez,
Ministerio de Ganaderia, Agricultura y Pesca, MGAP, comunicacidn personal). Una extensa revision
bibliogréafica realizada por Yarnall and Thrusfield en el afio 2017, reveld que el impacto econémico
causado por BVDV oscila entre 0 a 710 dd6lares/animal/afio, teniendo en cuenta desde las infecciones
subclinicas, generalmente observadas en predios en que BVDV es endémico, y las infecciones
agudas, observadas mas frecuentemente en predios naive a BVDV (Yarnall and Thrusfield, 2017).
El PLANISA elaborado en el afio 2009, pone de manifiesto y plantea las necesidades a nivel Uruguay
en la tematica BVDV. En el afio 2014 se cre6 la Plataforma en Salud Animal (PSA) de INIA que
establece los lineamientos principales a abordar, y ayuda a llevar a cabo los cometidos y necesidades
planteadas en el PLANISA. Basandonos en los lineamientos propuestos en el PLANISA vy la realidad
que nos encontramos en el afio 2015 en la tematica BVDV, como ser: carencia de métodos de
deteccion robustos para BVDV, desconocimiento de los genotipos y subtipos de BVDV circulantes
en nuestros rodeos, fue que se plantearon los objetivos de esta tesis de doctorado, buscando dar

respuestas a esta tematica que causa pérdidas econdémicas y es tan compleja para nuestra ganaderia.

1.1- Biotipos virales y sindromes
Hay 2 biotipos de BVDV de acuerdo con su comportamiento en cultivos celulares: el biotipo
citopatico (cp) de BVDV es capaz de matar a la célula hospedera en cultivos celulares, y el biotipo

no- citopatico de BVDV (ncp) que en cultivos celulares no mata a la célula hospedera.



El biotipo ncp es el que se encuentra mas frecuentemente infectando los rodeos, y es capaz de
transmitirse entre los animales de manera horizontal y de manera vertical generando en el hospedero

los sindromes que se describen a continuacion:

a) Diarreaviral bovina

Es el sindrome mas frecuentemente observado en la transmision horizontal. BVDV es un virus con
una alta morbilidad y generalmente una baja mortalidad, que se capta por la via oronasal por su
eliminacién en la mayoria de las secreciones y excreciones como ser: orina, heces, mucus y lagrimas.
Esta via de transmision se ve facilitada en animales que se encuentran en convivencia cercana como
sucede en los tambos y en feedlots (Lértora, 2003)

El sindrome Diarrea viral bovina se caracteriza por causar una infeccién aguda transitoria que puede
ser asintomatica o presentar algunos signos clinicos como ser diarrea, inapetencia, fiebre transitoria
y reduccidn en el rendimiento lechero. Menos frecuentemente se pueden observar infecciones agudas
graves con altas tasas de mortalidad como en el denominado “sindrome hemorragico” causado por
BVDV-2 (Pellerin et al., 1994).

El BVDV ademas es capaz de inmunodeprimir a los animales porque infecta a células del sistema
inmune del hospedero como son los macrofagos y linfocitos T. Ademas, durante la infeccion
interfiere en la sintesis de IFN-I, obstaculizando de esta manera a las “barreras™ que tiene la célula
hospedera contra las infecciones, y dejando al hospedero mas susceptible a otras infecciones (Baker,
1987)

Este virus también forma parte del “complejo de las diarreas neonatales” y del “complejo respiratorio
bovino” junto a otros patdgenos virales y bacterianos, causando enteritis y problemas respiratorios,
respectivamente, afectando principalmente a animales de corta edad (Saif and Smith, 1985; Baker,
1995).

BVDV, ademaés produce diversos trastornos reproductivos. En la Tabla 1 se muestran las principales
bacterias (Brucelosis, Leptospira, Trichomona, Neospora, y Campilobacter) y virus (RIB:
Herpersvirus bovino, PI3: Parainfluenza-3, y BVD (virus de la Diarrea Viral Bovina) que afectan la
reproduccion en bovinos provocando diversos trastornos. La afeccion de BVDV a la reproduccion,

por su impacto econdmico, es una de las consecuencias mas “visibles” para el productor.



Enferme | Aborto |[Reptic. |Momias |Reabsor. | Celos Neonatos | Mortina | Retenc. | Metritis
dad servicio embrion. |silentes |débiles | tos placent.

Brucelos. X X X X
Leptosp. X X X X X X

Trichom. X X X X
Neospor. X X X X X X

Campil. X X X X X
RIB X X X

PI3 X X X?

BVD X X X X X

Tabla 1. Patdgenos que afectan la reproduccidn en bovinos. Se resaltan los trastornos reproductivos inducidos
por BVDV (Tomada de http://www.prenareurogenetica.com/sindrome-reproductivo-infeccioso-bovino-srib/)

b) Animales persistentemente infectados (PI)

Es el sindrome que se produce como consecuencia de transmision vertical del virus por su capacidad
de atravesar la placenta. El feto se puede infectar ya sea porque la hembra gestante se infecta con
BVDV o por el uso de un toro infectado o semen, y de esta manera infectar al feto en gestacion. El
virus es capaz de atravesar la placenta durante toda la gestacion y las consecuencias de la infeccion
dependeran del periodo de gestacion en que ocurra la infeccion.

La infeccidn persistente del feto se da cuando la infeccion ocurre entre el segundo y cuarto mes de

los 9.5 meses que dura la prefiez o gestacion (Figura 1).

ncp biotype

insemination birth
| 2nd _ 4th month

j—

v

PERSISTENT INFECTION abortion, malformation

- immunotolerance

Figura 1. La infeccién de la hembra gestante entre el segundo y cuarto mes de prefiez resulta en la paricion
de un ternero persistentemente infectado (P1). (Tomada y modificada de Peterhans et al., 2010)



Dada la temprana etapa de gestacion en que ocurre la infeccién, el sistema inmune del animal en
desarrollo no es capaz de montar una respuesta inmune contra el virus porque aun no se encuentra
maduro, y en consecuencia el animal se hace inmunotolerante a la cepa viral con la cual esta infectado
(Brownlie et al., 1984). Estos animales Pl una vez nacidos excretan permanentemente grandes
cantidades del virus, disemin&ndolo de esta manera al resto del rodeo (Houe, 1995). Los animales Pl
pueden mostrar apariencia normal, signos de inmunosupresion (como ser diarrea y neumonia
intermitente) y crecimiento retardado (Peterhans et al., 2010). Muchos animales Pl mueren en su
primer afo de vida; sin embargo, otros alcanzan la madurez sexual y se reproducen (Baker et al.,
1987).

c) Elsindrome conocido como Enfermedad de las mucosas (EM)

Es la forma letal de la enfermedad causada por BVDV y se observa exclusivamente en los animales
PI. Estos animales, luego de unos meses o afios, desarrollan la EM que se caracteriza por diarrea
sanguinolenta, fiebre, en algunos casos lesiones en la boca y en las membranas interdigitales, Ulceras
en diferentes partes del aparato digestivo, particularmente en las placas de Peyer, provocando
finalmente la muerte del animal (Baker, 1995).

En animales con EM se pueden aislar los 2 biotipos de BVDV, citopatico (cp) y no-citopatico (ncp),
que son muy similares a nivel génico y antigénico dado que el biotipo cp surge por eventos genéticos
como insercion génica, duplicacidn, delecidn o rearreglos génicos de la cepa ncp que infecté al animal
de manera persistente. Las cepas cp que han sido estudiadas muestran como rasgo comin una
produccion exacerbada de la proteina no estructural NS3. Este aumento en NS3 se asocia a una mayor
sintesis de ARN viral y en cultivos celulares, a la induccién de la muerte celular por apoptosis. La

proteina NS3 es considerada marcador proteico del biotipo cp (Peterhans et al., 2010).

1.2-  Especies virales de BVDV

El BVDV pertenece a la familia Flaviviridae del género Pestivirus. EI Comité internacional de
taxonomia viral (ICTV) reconoce 3 especies virales BVDV-1 y BVDV-2, y Pestivirus tipo HoBi o
BVDV-3, recientemente renombradas como Pestivirus A, B, y H respectivamente (Figura 2) (ICTV,
2018).
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Figura 2. Arbol filogenético de las especies del género Pestivirus realizada con los aa 3312- 3899, usando el
método de Maxima verosimilitud y el modelo de sustitucidn nucleotidica JTT+G con el programa MEGAG
(Tamuraetal., 2013). A la derecha se encuentran los nombres de las especies. Con recuadros grises se resaltan
las especies BVDV-1, BVDV-2 y Pestivirus tipo HoBi. (Tomado y modificado del informe de ICTV de afio
2018)

1.3- Organizacion del genoma de BVDV y proteinas virales

El genoma de BVDV es ARN simple hebra de polaridad positiva de 12.3 kb de largo
aproximadamente. EI genoma de BVDV tiene un Gnico marco abierto de lectura (ORF) que codifica
para una poliproteina que luego es clivada en las proteinas individuales. En ambos extremos el
genoma tiene regiones no traducidas (UTRs), 5UTR y 3'UTR, respectivamente (Figura 3)
(Lindenbach et al., 2007).



Genomic polyprotein
S'H itid 3'-OH

Figura 3. Esquema que muestra la organizacion del genoma de BVDV vy las proteinas para las cuales
codifica la poliproteina viral. (Tomada de http://viralzone.expasy.org)

Ambas UTR se pliegan formando estructuras secundarias que interactian con proteinas virales y
celulares durante la replicacion, transcripcion y traduccion del genoma viral, ya que el genoma del
virus carece de las estructuras caracteristicas de los ARN mensajeros celulares como ser el cap en el
extremo 57y la cola poliA en el extremo 3" (Pestova et al., 1999; Yu et al., 2000; Isken et al., 2004;
Moes et al., 2007). La 5"UTR se pliega en una estructura secundaria denominada IRES (sitio de
entrada interno para ribosomas) que es reconocida por proteinas celulares que participan en la
traduccion y dirigen al ribosoma hacia el codon de inicio AUG correcto en el marco abierto de lectura
(ORF).

1.4-  Proteinas virales y estructura de la particula viral
BVDV tiene un Unico ORF que codifica para una poliproteina que es procesada post
traduccionalmente por las proteasas virales y celulares dando lugar a 11-12 proteinas estructurales y

no- estructurales (Figura 4).
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Figura 4. Organizacién genémica de BVDV, y procesamiento de la poliproteina en proteinas estructurales y
no-estructurales (Tomada y modificada de Informe de ICTV)

El virus codifica 4 proteinas estructurales: la proteina del Core (C) que forma la nucleocapside y 3
glicoproteinas de membrana: Erns, E1 y E2; y 8 proteinas no- estructurales: la autoproteasa viral
(NP™), la proteasa viral (NS2-3), el co-factor de la proteasa viral (NS4A/B), la proteina que forma
parte del complejo de replicacién del genoma viral (NS5A), la ARN polimerasa ARN dependiente
(NS5B) (Figura 3) (Lindenbach et al., 2007).

La particula viral de BVDV se compone de una region de core formada por el ARN genodmico rodeado

de la proteina de capside C. Este core estd rodeado por una bicapa lipidica que forma la envoltura



viral que tiene las glicoproteinas virales insertas en ella (Figura 5). El virion mide entre 40 -60 nm de
diametro (Neill et al., 2013)

T=3-like organization
= of surface dimers

Figura 5. Estructura de la particula viral de BVDV. (Tomada de http://viralzone.expasy.org/)

1.5- Variabilidad genética de BVDV

BVDV durante su ciclo replicativo posee distintos mecanismos moleculares que le confieren una
importante capacidad de variabilidad genética. Los principales mecanismos son: a) la mutacion
puntual, b) la recombinacion homéloga y c¢) recombinacion no- homdloga.

a) Mutacion puntual: especies y subtipos virales de BVDV

El ICTV reconoce 3 especies virales: BVDV-1 (Pestivirus A), BVDV-2 (Pestivirus B) y el Pestivirus
tipo HoBi (Pestivirus H) (ICTV, 2018). Si bien el ICTV no contempla la division de las especies, la
realidad es que éstas se han ido diversificando en subtipos virales. La emergencia de los diferentes
subtipos virales dentro de cada una de las especies de BVDV se debe a la acumulacion de mutaciones
puntuales por la incapacidad de su ARN polimerasa ARN dependiente de corregir errores. Distintas
regiones del genoma de BVDV evolucionan a diferentes tasas de sustitucion nucleotidica/sitio/afo,
siendo la 5"UTR la regién mas conservada con tasas de sustitucion nucleotidica/sitio/ afio calculadas
en el orden de 10 (Luzzago et al., 2012; Chernick et al., 2014). La glicoproteina de membrana E2
se une al receptor celular CD46 en macréfagos y linfocitos (Maurer et al., 2004). La E2 tiene los
mayores determinantes antigénicos que se ubican en el extremo amino terminal de la proteina, y por
tanto la mayor parte de la respuesta humoral del hospedero esta dirigida a esta glicoproteina de
membrana (Deregt et al., 1998). Debido a esta presion selectiva ejercida por el sistema inmune del
hospedero las glicoproteinas de membrana E1-E2 tienen una tasa de sustitucion nucleotidica/sitio/afio
de un orden mayor a la de la 5> UTR, del orden de 10 (Chernick et al., 2014).

La diversidad genética de BVDV ha sido estudiada mediante analisis filogenéticos a partir de

secuencias nucleotidicas de diferentes regiones del genoma viral, como ser la5"UTR, la glicoproteina
10



de membrana E2, la autoproteasa NP™, y la proteasa NS3 (Vilceck et al., 1994; Ridpath et al., 1994;
Becher et al., 1997; Weber et al., 2015).

De esta manera se ha determinado que la especie BVDV-1 es la mas diversa genéticamente y al
momento se han descrito 23 subtipos virales denominadas BVDV-1a al 1w (Giammarioli et al., 2015;
Jackova et al., 2008; Luzzago et al., 2014; Nagai et al., 2008; Vilcek et al., 2001; Xue et al., 2010 y
Deng et al., 2015; 2020). La diversidad de subtipos virales de esta especie viral ha sido descrita en
Europa y Asia (Yesilbag et al., 2017).

El BVDV-2 y el Pestivirus tipo HoBi serian menos divergentes y al momento se han reportado 4
subtipos virales para cada una de estas especies virales denominadas como BVDV-2a al 2d (Vilcek
et al., 1994; Flores et al., 2002; Peterhans et al., 2010; Jenckel et al., 2014); y para el Pestivirus tipo
HoBi “a” a “d” (Mishra et al., 2014; Giammarioli et al., 2015; Silveira et al., 2020). La especie
BVDV-2 y sus subtipos parece estar mas presente en las américas (Yesilbag et al., 2017). El Pestivirus
tipo HoBi aparentemente tendria una distribucién més limitada que las otras 2 especies, y sus subtipos
virales ya que ha sido descrita su presencia solo en determinados paises como ser India (Mishra et
al., 2014), Italia (Decaro et al., 2012; Giammarioli et al., 2015), Brasil (Weber et al., 2016; Cruz et
al., 2018; Silveira S. et al., 2020) y Argentina (Pecora et al., 2019).

b) Recombinacion

La recombinacion homdloga y no- homdloga también son mecanismos moleculares generadores de
variabilidad genética en el genoma de BVDV.

La recombinacion no homdloga del ARN es la responsable de la emergencia del biotipo cp en los
animales Pl a partir de una cepa ncp. De esta manera es que se han descrito diversos tipos de
secuencias de ARN viral o fragmentos de ARN del hospedero en el genoma de las cepas del biotipo
cp (Peterhans et al., 2010). Este tipo de recombinacion se ha observado de manera asociada a la
replicacion por el cambio de molde por parte de la ARN polimerasa dependiente de ARN, o bien de
manera independiente a la replicacion (Gallei et al., 2004). Estos eventos de recombinacion que dan
lugar a inserciones en el genoma de las cepas cp son Unicas de cada cepa cp que emerge. Las cepas
Cp no se transmiten entre animales, por lo que cuando emergen son conocidas como “virus emergentes
condenadas a su extincion” (Peterhans et al., 2010).

Tambien se han descripto en BVDV, aunque son poco frecuente, eventos de recombinacién homologa
entre cepas del mismo o de diferente subtipo viral (Jones et al., 2004; Weber et al., 2015; Kévago et
al., 2016). No se han descrito cepas recombinantes infectantes, por lo que son eventos aislados que
no participan en la emergencia de las nuevas especies o genotipos virales de BVDV (Bolin et al.,
2004).
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1.6- Medidas de control para BVDV
Los paises que han implementado planes de saneamiento para BVDV han usado estrategias que se
basan en: vigilancia continua del virus, eliminacion de los animales Pl y prevencion de nacimiento
de animales con esta condicion, controles antes de movilizar animales para no introducir animales
infectados en predios libres de BVDV, y vacunacion (Moennig and Becher, 2018).

a) Deteccion de BVDV vy vigilancia
Muchos métodos han sido desarrollados para la deteccion de BVDV, incluyendo: aislamiento viral
(VI), inmunohistoquimica (IHC), retrotranscripcion - amplificacion en cadena de la polimerasa (RT-
PCR), y ensayo inmunoabsorbente ligado a enzima de captura de antigeno (ACE). Cada una de estas
pruebas tiene sus fortalezas y debilidades en cuanto a sensibilidad, costos, cuan laboriosas son, y el
tiempo que insumen. De los 4 métodos, para la vigilancia de BVDV en los rodeos, el método mas
apropiado es la PCR en tiempo real ya que es una técnica rapida y sensible, que permite testear la
presencia del antigeno a partir de diversas matrices como ser: suero, sangre, tanque de leche, semen,
y tejidos. Ademas, las muestras de suero y/o sangre de un mismo rodeo pueden ser agrupadas para su
analisis, reduciendo asi los costos de manera significativa (OIE, Manual terrestre 2018).
La deteccion de BVDV sirve para detectar animales PI. Estos animales PI, como ya se menciond
anteriormente, son excretores continuos del virus diseminandolo al resto de los animales del rodeo,
por lo que deben ser eliminados de los rodeos.
La deteccién molecular de BVDV, también sirve para realizar vigilancia continua de BVDV y
controlar a los animales antes de movilizarlos para no introducir animales infectados en predios libres
del virus.

b) Vacunacién
La vacunacién es la medida de control preferida para el control de una determinada enfermedad
debido a su efectividad y bajo costo. De preferencia se utilizan las vacunas vivas modificadas (MLV)
dado que rememoran la infeccion natural y por tanto se logra una respuesta inmune del tipo humoral
y celular dirigida a E2 y NS23 principalmente, y en menor medida contra E1 y Erns (Bolin and
Ridpath, 1989). El problema al que nos enfrentamos al trabajar con BVDV, es que las vacunas MLV
no son recomendadas para el uso de hembras prefiadas dado que el virus vacunal, al igual que el virus
de campo, es capaz de atravesar la placenta, y se observaron algunos casos de Enfermedad de las
mucosas e inmunodepresion post vacunacion (Ridpath, 2013). Las nuevas vacunas MLV se hacen
usando cepas citopaticas de BVDV, ya que este biotipo no es capaz de producir animales Pl (Ridpath,
2013).
Las vacunas con virus inactivado, también denominadas vacunas a virus muerto (KVs), pueden ser

usadas a cualquier edad y en cualquier etapa de la gestacion. Estas vacunas deben usar adyuvante
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para la presentacion del antigeno, y desarrollan inmunidad del tipo humoral principalmente dirigida
a E2 y la inmunidad celular que generan es variable, que puede ser desde incompleta a fuerte
(Ridpath, 2013; Moennig and Becher, 2018).

1.7- Antecedentes en Uruguay al 2015 y justificacion de tesis de Doctorado

Se presume que BVDV esta presente en Uruguay desde 1980. Sin embargo, su presencia se confirmé
mediante inmunohistoquimica en 1996 (Saizar et al., 1998; Guarino et al., 2008). En un estudio
representativo de todos los rodeos del pais realizado con muestras de suero colectadas durante el afio
2000, se determind que BVDV esta presente en el 100% de los rodeos y tiene una seroprevalencia de
67,4% dentro de los mismos (Guarino et al., 2008). Actualmente la seroprevalencia en ganado de
carne es de 82,8% en ganado de carne y 80,9% en ganado de leche (Dr. Federico Fernandez,
Ministerio de Ganaderia, Agricultura y Pesca, MGAP, comunicacion personal)

En Uruguay, la problemética o incidencia de BVDV ha sido, por lo general, subestimada ya sea
porgue generalmente se presenta la infeccidn aguda transitoria con signos clinicos leves, o porque los
problemas reproductivos en los que BVDV tiene gran impacto son atribuidos, generalmente, a causas
nutricionales, segun la informacion recabada en el documento “Propuesta de lineas de investigacion
y acciones para el Plan Nacional de Investigacion en Salud Animal” (PLANISA) que fue presentado
en setiembre de 2009. EI PLANISA fue el primer Plan Nacional de Investigacion en Salud Animal,
elaborado de y para uruguayos, con la conjuncién de instituciones y la participacion de técnicos,
investigadores, productores, industriales, actores publicos y privados con el cometido de establecer
las principales lineas de investigacion en salud animal para el periodo 2009-2013. De acuerdo con el
PLANISA las enfermedades reproductivas se encuentran dentro de las 5 enfermedades principales
que afectan al ganado de carne y leche. EI PLANISA, apoyandose en la alta seroprevalencia de
BVDV en nuestro pais destaca que la Diarrea viral bovina debe ser una de las enfermedades a estudiar.
El PLANISA dice de BVDV, y de otras enfermedades reproductivas:

- Tienen deficiencias en sus métodos de diagnostico

- No se cuentan con vacunas eficaces

- No estan claras las mejores estrategias de prevencion

- Por tanto, la investigacion en ellas deberia aportar numerosas respuestas

El PLANISA en el afio 2013 pasé a llamarse CCISA (Comité de coordinacion en investigacion en
Salud Animal). Este comité apoy0 al grupo de asesoramiento estratégico contratado por la Direccion
Nacional de INIA para el disefio de su Plataforma de Salud Animal (PSA) que se cred en el afio 2014.
La PSA tuvo el cometido inicial de priorizar 3 lineas de investigacion:

- Resistencia a parasitaria
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- Mortalidad de terneros

- Enfermedades infecciosas de la reproduccion en bovinos

De estas 3 lineas de investigacion, BVDV tiene impacto en las ultimas 2. La PSA y la ANII crearon
el Fondo Sectorial en Salud Animal, los proyectos de investigacién que se denominaron fondos de
investigacion INNOVAGRO. De esta manera la PSA de INIA financi6 proyectos de investigacion
relacionados a las 2 primeras lineas de investigacion; y la PSA y ANII financiaron proyectos de
investigacion vinculados a la tercera linea de investigacion.

Nuestro grupo gand un proyecto Innovagro intitulado “Estudio de la epidemiologia molecular y
prevalencia serologica del virus de la Diarrea Viral Bovina en rodeos de carne y leche en el Uruguay
con el fin de seleccionar cepas para una vacuna protectora de alcance masivo”. Ese proyecto
comparti6 objetivos con esta tesis de doctorado y ademas, permitio financiar y hacer posible el trabajo
de investigacion realizado.

Basados en los antecedentes en la teméatica BVDV descritos anteriormente y la necesidad de estudiar
en profundidad tanto el grado de afectacidn a nivel pais como las caracteristicas epidemioldgicas y

evolutivas de BVDV en Uruguay, fue gque se establecieron los objetivos de esta tesis.
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2- HIPOTESIS DE TRABAJO

1- Uruguay mantiene una estrecha relacion comercial con sus paises vecinos Argentina y Brasil, y
por tanto es de esperar:

- Que en Uruguay la situacién epidemioldgica sea similar a la de Argentina y Brasil, y por tanto que
circulen las 3 especies virales de BVDV, BVDV-1, BVDV-2, y Pestivirus tipo HoBI

- Que las cepas uruguayas de BVDV sean similares genéticamente a las de Argentina y Brasil

2- En la formulacion de las vacunas Uruguayas se encuentra la cepa NADL del subtipo BVDV-1a
que data de la década del 80", por tanto es de esperar que las cepas uruguayas de BVDV de ese

subtipo viral sean divergentes respecto a la cepa vacunal.

3- OBJETIVOS

2.1- Objetivo general

Caracterizacion genética y evolutiva del virus de la Diarrea Viral Bovina (BVDV) en Uruguay

2.2- Objetivos especificos

- Objetivo especifico 1: Desarrollo de un método robusto para la deteccién molecular de BVDV-1,
BVDV-2y BVDV-3.

- Objetivo especifico 2: Estudiar el grado de variabilidad genética y la diversidad viral existente en
las cepas Uruguayas, respecto a las cepas de la region y el resto del mundo.

- Objetivo especifico 3: Realizar estudios de coalescencia para conocer y reconstruir la historia
evolutiva de BVDV en la region y el mundo.

- Objetivo especifico 4: Realizar analisis comparativos de las cepas de campo uruguayas de BVDV
con las cepas vacunales utilizadas en la profilaxis contra BVDV en Uruguay

- Objetivo especifico 5: Realizar el aislamiento de cepas de campo potencialmente promisorias a ser

utilizadas en una vacuna.
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4- CAPITULOS

Capitulo 1 Manuscrito 1:

Maya L, Puentes R, Reoldn E, Acufa P, Riet F, Rivero R, Cristina J, Colina R (2016) Molecular
diversity of bovine viral diarrhea virus in Uruguay. Arch Virol 1613:529-535.

DOI: 10.1007/s00705-015-2688-4

En este articulo se analiza la seroprevalencia y prevalencia de BVDV en 390 animales no vacunados
provenientes de 14 predios con fallas reproductivas.
También se describe por primera vez en Uruguay la diversidad genética de las cepas de BVDV.
Los principales hallazgos de este trabajo fueron los siguientes:
e Todos los predios estudiados (n=14) fueron seropositivos a BVDV, y una seroprevalencia de
76.4%, 298 animales seropositivos de un total de 390.
e El4.1% (n= 16) de los animales fueron positivos a BVDV por PCR en Tiempo real.
e La genotipificacion de las cepas positivas reveld que en nuestros rodeos estan presentes la
especie BVDV-1, subtipos BVDV-1a y BVDV-1i; y la especie BVDV-2, subtipo BVDV-2b.
e El subtipo mayoritario encontrado en nuestro muestreo fue BVDV-1a
e Las cepas Uruguayas BVDV-1a (n=12) fueron similares a algunas cepas de este subtipo viral
originarias de Brasil.
e La cepa del subtipo BVDV-1i (n=1) encontrada en Uruguay fue un evento inesperado ya que
se creia que la circulacion de ese subtipo estaba limitada a Reino Unido.
e La cepa BVDV-2b (n=1) se agrup6 con las cepas de referencia de este subtipo viral, no

guardando similitud con cepas de campo regionales.
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Abstract Bovine viml diarthea (BVD) affecis bovine
produection and reproduction causing significant economic
losses all over the world. Two viral species has been recog-
nized: BVDY-1 and BVDV-2, both distributed worldwide.
Recently, novel specie of BVDYV named Ho Bi-like pestivines
was discovered. The presence of BVDV was confirmed in
19 in Umigueay, however, doss not exist until oday a
schedule of compulsory waccination alomg the country.
Serological studies with samples from all Uniguayan hends
wene perfomed during 2000 and 2001 demon strating that all
of them werne seropositive o BVDY with a mean prevalence
of 69 %. In addition, there have been no new studies done
since those previously described and it is important to
mention tha the genatic diversity of BVD has never been
described in Unuguay. Mowadays, there is strongly suspect
that BVDWV iz one of the maost important causes of
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reprodective failures inowr herds. The aim of this stedy was
to describe for the first time in Uneguay the genetic diversity
of BYDY with samples collected from different regions
along the country. Serological states of 349 non-vacc nated
animals against BVIDW with reproductive problems from
farms of Rivers, Tacusrembd and Florida departments of
Urniguay werestudied. All hends wene seropositive to BYDY
and high proportion of animals were positive {29829,
while 4.1 % (16,3 of the animals were positive o Antigen
Capture ELISA test and Real Time PCE. Phylogenetic
analysis performed with concatenated sequences from the
F'UTR and Mpro genomic regions revealed that BVIDV-1
and BVDY-2Z ame infecting our herds, being BVDY-1 the
most frequently found. The major subtype was BVDY-1a,
followed by BVDW-1i and BVDWV-2h, This is the first study
that describes the genetic diversity of BVD'Y in Urnguay and
it will contribute to the elaboration of sanitization programs,

Abbreviations

ACE Antigen capture ELISA
Bp Base pair

BV Bovine viral diamhea

BVDYV  Bovine viral diamhea virnes

ELISA Enzyme-linked immune sorbent assay
ORF Open reading frame

PCR Polymerase chaim reaction

UTR Uniranslated region

Introaduction

Bovine viral diarhea (BVDY) is an economically important
disease causing a wide mange of clinical signe and repro-
ductive faillunes [12]. Bovine Viral Diarthea Vires (BVIDW)
is rmsmitted horizontally by secretions and excretions

) springer
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{such as tears, mucus, feces) and animal management
{gloves, syringes) inducing reproductive disonders {abor-
tion, delayed calving and meduce fertility) and affecting
productivity by its immune depressive effects, respiratory
problems and diamhea [1, 2] BVIWV it is also transmitied
vertically due to its ability to cross the placenta in pregnant
dams causing abortion, malformations and inow notolerani
persistent infected (PT) calves [12]. These PI animals are
the major disseminator of the vires in herds spreading it to
other susceptible animals [11]. In infected herds, the
prevalence indices of PI animals vary between (L5 to 2 %
[1Z]. PI animals wewally die during the first bwo years of life
from the fatal form of the disease “mucozal disease™, or
due to other diseases mostly as a consequence of immune
depression cause by the vines [2, 18],

BYDW belongs to the Pesfharis genus into the Fla-
viviridae family, and their genome is a single standed
positive sense ENA of 123 Kb approximately in length
Aanked at both ends by untranslated regions (UTR) The
only open neading frame (ORF) of BVDVY codifies for a
single polyprotein that is cleaved post translationally into
structural and non-strectural proteins [19],

Diifferent gemomics regions of BVDY have been wsed to
study the gemetic divemity and evolution of the vims,
including the FUTR, the glycoprotein E2, auto protease
Mpro and N53 protease [4, 24, 29, 30]. There are 2 species
recognized by the Imemational Committee of Taxonomy
Vims {(ICTVE: BVDV-1 and BVDWV-2, both distribuied
worldwide [12]. BVDV-1 genotype is the most genetically
diverse, being described twenty subtypes, BVDWV-1a to
BVDY-1i [, 14, 17, 20, 32, 35]. Neventheless, only two
subtypes of BYDWV-2 {BVDY-2a and BVDW-2h) have been
described [7]. Recently, HoBi-like pestivirus has been
proposed a5 a new species of the genera based on its
genetic and antigenic closeness to BVDV-1 and BVDW -2
[3, 1, 26].

Uruguay iz located in Souwth America bordered by
Argentina and Brazil. According to official data, cattle
population in Uruguay is approximately 11.5 million and
beef and milk produection are among the main products for
the Umguayan ecomomry. The totl numbers of bovine
population have remained almost unchanged since 1995,
and the calving rate, in the past sevemteen years had
reached valwes as low as 59.2 % and the upper rate reached
was Tl 4 % [6]. Producers and techmician related to anea
have shown concern abouwt this numbers and it i suspecied
that BVDY could be one of the majpr contributors to this
situation [23].

In Uruguay, BVDY seems to be cinculating since the
cighties, dlthough its presence was not confirmed unil
1996 by immunohistochemistry technigues [25]. Thene is
no prophylaxis schedule for BVDWY and a research done
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about fifteen years ago revealad that only 3 % of the pro-
ducers implement some vaccine against it [Y].

Semological studics of Ureguay an herds duning 2000 and
2001 revealad that all hends had BV semopositive cattle
with & mean prevalence of 69 % [Y]: nevertheless, the
genatic diversity of BVIDY has never been described in
Urguay.

The aim of this study was to describe for the first time in
Umegueay the genetic diversity of BVDY with samples
collected from different regions along the country from
herds having reproductive problems,

Materials and methods
Sample collecton

Dwuring 2014, 30 animals ranging & month to one year old
that belong to 14 farms from the depanments of Tacwar-
emhd (n = 5], Rivera {n = 2), {Beef farms) and Flonda
{m = 7)) {dairy farming) of Uregeay, were collected. Ani-
mals came from hends with reproductive problems and
wheme mo waccination schedule against the disease was
applied. The herds belong to nonthern and southern geo-
graphic regions of Unigeay. The animals showed a wide
range of climcal manifestations charactenstic of BYVD such
as wedkness, fever, diamhea, affected growth rate and
nervous problems like muscle shaking and incoordination.
Blood serum samples were collected and then remitted to
the Faculty of Veterinary, University of the Republic and
stome at —20 *C until be tested by indirect and direct
ELISA.

Sample screening by indirect and capure ELISA

In order to detect BVDY antibodies in serum samples an
Antibody enzyme-linked immunosorbent assay (TDEXX
BVDY toial Ab — Switzerand) was done following the
manufacturer’s protocaol,

Antigen screening of serum samples was done by an
Ems antigen capture ELISA {ACE) {IDEXX- Switzerland)
performed following manufactunefs ins trections.

Real Time PCR

Vil ENA was extracted from blood serum samples using
QIAamp virl RNA mini Kit (QIAGEN", Germany) fol-
lowing instructions specifiad by the manufacturer, Reverse
transcription was made using mndom primers and Super-
Script 11 enzyme ﬂm-'itlt-gmm. USA) Real time PCR
assays targeting 207 bp of $UTR region of BVDYV were
performed wsing primers BVDWV]9F and V326, and Tag-
Man® probe TO-Pesti described by Hoffman et al. {2006)
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and Gaede et al. (NN)5), mspectively. In onder to detect
BVDV-1, BVDV-I and HoBi-like pestivirus, some bases
of primers and probe were degenerated for this work as itis
shown in bold type letter in Tahle 1. All Real Time PCR
reactions were performed with SensiMin™ 11 Probe Kit
{Bioline Reagents Lid) and Rotor-Gens ) insmumment
{Qingcnﬂ] following manufactiune’s recommendation. The
following temperature profile was wsed: 10 min at 95 C
{activation Tag polymerase), followed by 45 cycles of 105
at 45 O {denatwration), 6 = a 50 O {annecaling and
cxtension).

Amphlfication by conventional PCHR

With the aim i genotype positive samples of BVDWY
previpusly deected by Real Time PCR, 288 bp of the
5'UTR of the vins werne amplified using primems V324 and
Va2 designed by Vileek et al. { 1994) that werne degener-
ated in this smdy as it is shown in Table 1. PCR reactions
weme performed using 1D of Tag DMA Polymemse {In-
vitmgen™) following thermal cycling PCR conditions
described by Viloek at al. {1994, A second mound of PCR
using SUTR Real time PCR primers and the same PCR
conditions described above was done to positive samples in
which it was not possible to get an amplicon.

A hemi nested PCR was performed to get an amplicon
of 424 bp of the Npro gene as follows: first round of PCR
amplified a fragment of 738 bp from Mpro and a pant of the
C coding region wsing primers BD'] and BD2 described by
Wileek et al. (19497). The second round of PCR, hemi nested
PCR, which amplified a fragment of 424 bp was done
using primer B} and BD2, the former one described by
Vileek et al. 20013, All PCR reactions were performed
using 111 of Tag DNA Polymerase ﬂm‘it‘c-gcn'nj. First
round of PCR was performed with 35 cycles: | min at
95 *C (denatration); 45 5 at 52 °C {annealing); and 30 = at
72°C {extension). The second round of PCR was per-
formed at the same thermal conditions owver 30 cycles,

Positive amplicons to 5 UTR and Npro were purified by
QlAquick PCR purification kit (QLIAGEN" , Germany ) and

both strands were sequenced on the automated sequencer
ABR 13 Genetic Analyzer {Applied Eic::ystcmsﬂ. Foster
City, CA, 1.5.A) by the DNA Sequencing Service of
Institwte Pasteur of Montevideo. Sequences wene edited
and assembled using DMASTAR softwane. The origin and
the genotyping of the Uniguayan strains ane summ arized in
Table 2.

Phylogenetic amalysis

In order to achieve better bootstrapped nodes in the phy-
logenotic analysis, 5UTR and Npm sequences were con-
catenated into a fragment of 607pb length and were aligned
along with BVDY mepresentative stmins of BVDV-],
BYDV-2 and HoBi-like pestivirus genotypes and subtypes
retrieved from GenBank datahase, Accession numbers of
reference sequences were putted as 5 UTR/Mpro fiollowing
the name of the strain in the phylogenetic reconstruction,
Refarence sequence of Bonder disesse virus (BDW) was
uzad as owt-group, The evolutionary maodel that best fited
the data set was chosen based on jmodelTest software
results. Phylogenetic tmee was constrscted by M imumm
likelibond (ML) method and in order to test its statistical
significance Bootstrap method was camied owt {1000
replicates) using Mega version & [28].

Resulis

Of the total number of animals tested, TH.4 % (29873900
wemne seropositive to BVDV. All 14 herds resulted to be
seropositive. Eleven samples wene positive to BVDYV
antigen by ACE and negative to indirect ELISA test at the
time of sampling. These positive samples wene confimed
by Real Time PCR. On the other hand, 14 additional
samples that were nearly the cutoff valee of ACE and were
negative to indinect ELISA test, wene assessed by Feal time
PCR and five of them resulted to be positive to BVIDW, In
summeary, a total of 16 (4.1 %) positive samples out of 2480
serologically tested samples were detected by real time

Tahle 1 Primers and prohe
u=ed in PCR experiment= in this

Name of primerfprobe and it s=quence

Reference

sty

BVDV19Fnad 5° FAM- GDAGTOO TCARTGOTTOGO AC-3
VIMmad 5- ATOOCWTAGTAGGACTAGCA-3

Widimad 5-WEAACTOCATOTOOCA TG TAC-F

TO)-Pesti probe mad 5'-TOCYA YO TGO ADG AGOGCRTOC-
BD1: 5= TCTCTOOTOT ACATOGCACA TG-3

BD2: 5'- TTGTTRTOGTACARROOGTC'

BD3: 5= CCATCTATRCACA CAT AAA TG TGGT-3"

Madified of Haoffman et al 2004
Madified of Vilcek et 2l. 1994
Madified of Vilcek et 2l. 1994
Muodified of Gaede et al. 2005
Wiloek etal. 1997

Wiloek etal. 1997

Wiloek etal. 2001

Madified hases in this work ane shownin bold ype, where D& 0, Aand T; Ris Gor A W is Tor A; and Y

s TorC
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Tahle 2 BVDV positve sirains

s B sy, il g, Straim Region of islation Acc number 5 UTR&Npm BYIDW type
::;::m mumer and BVDV SIEThalTY A1 721114 Tacwremhs KTHIITHT BVDV-1a
A9ThalTY A1 720114 Tacwremha KTHIITES BVDV-1a
A29ThalTY AIR2I14 Tacwremhi KTHEIITHS BVDV-1a
S30ThalTY A1E2014 Tacwremhs KTH33740 BVDV-12
A3 1ThalTY A1E21114 Tacwremha KTH33791 BVDV-12
A3 ThalTY AIE21114 Tacwzremhs KTHI3792 BVDV-1a
A33Fall YA 4 Flarida KTHI3793 BVDV-1a
3Rl YA 4 Flarida KTHIITE BVDV-1a
A3 5Fall YA 4 Flarida KTHIITH BVDV-1a
A36F2LI YIS0 4 Flarida KTHIIT95 BVDV-1i
A3TTholTY A1421114 Tacwremha KTHIIT% BVDV-1a
A3RTholTY A1421114 Tacwremhs KTHEIIT97 BVDV-1a
A39RVLTY AIR2014 Rivera KTHEI3T9 BVDV.2h
5 ITha L TY AIR21014 Tacwremhi KTEIIT98 BVDV-1a
65 1 ThalTY A1521114 Tacwremhs Mot genctyped
A5 LY ThadlE20114 Tacwremha Mot genctyped
PCR and belonged to Tamuarembd {nmo= 111, Florida  Discuossion

{n =4) and Rivera {n = 1).

Amplicons obtained from the 5'UTR and Mpm genomic
regions from 14 of the 16 detected samples, were sucoess-
fully sequenced and then edited, concaenated and analyzed
by phylogenetic methods. Strain number, geographic region,
acoession number and genotype, ane listed in Table 2. The
hest fited nuclectide evolutionary model for the datase
obtained in this study was GTR plus gamma acconding to
Modeltest. The phylogenetic meconstrection showed that
Unuguay an strains were separated in 2 clusers. As it can be
seen in Fig. 1, 13 out of 14 local stmins groupsd into
BVDV-1 genotype and only one strain 439RvUTYDE1014
clustered into BVDV-2, being both clusters well supported
with highbootstrap valwes of 93 % and 100 %, respectively.
Moo=t BVDV-1 Uniguayan stmins (n = 132) clustered toge-
ther in BVDV-1a subtype (98 % of boowrap value). This
BVDV-la growp was subdivided in 2 suhgroups whose
genetic simianity was 99,1 %. The mayor subgroup had
997 % of nucleotide similarity among its 9 sequences (408,
408 TholMYAOT214; 429, 430, 432TholTY AIE014;
4334 35FRUYANIZ0 14 and 653TholTY AE3014 ). This sub-
group included sequences typed as BVDV-1a from Brazil
(LV170WL3 and LVG0-3W13). The other subgroup of
BYIW-la was kess haterogeneous and sequence diversity
batween 431 TholAEXN4, 437 and 43ETholY AMI014
wene 003 %. 436FalIYA52014 belonged to  subtype
BYDW-li as clustercd along with strain 23-15 of this sub-
type bootsrappad by B3 %. Only one local stmin,
4WRVIY 082014 grouped in BYDWV-2 genotype, and was
particulardy related o BYDY-2h mneference strains namad
Soldan and Gieszen 6.

£) sprnger

Surveillance of BVDY by serological techniques in non-
vaccinated herds is a very useful and powerful tool because
it gives waluable information abowt individoeal anional
health and herd states. Positive nesults mean that thene are
animals that have been previously exposed to the vines and
it iz also indicative that those positive amimals are mot
persistent infectad. At a hend level, to have a high pro-
portion of seropositive animals it is also indicat ve that the
animals are in diract exposure to the vires and probably due
to the presence of P1 animals in the hend disseminating the
vimes, PI animals of BYDY can be diagnosed based on
negative results to Indirect ELISA and positive nesults to
antigen BVDW presence by direct ELISA or by molecular
technigues such as Real Time PCR.

Inithe present study 390 animals belong ing to 14 different
herds with neproductive problems were screened by indirect
ELISA and 76.4 % of them were seropositive. At herd level,
1) % of the hends tested in this siudy wene semlo gically
positive to BYDYY, Previous studies made in our country in
period 2000-2001, representative of all Uniguayan hends,
denoted that 100 % of herds wene sero-positive [9].

Of all animals tested during the present work, 4,1 %
wene positive to BYDY by real time PCR. Since all of
these animals were negative to indirect ELISA test at the
time of sampling, they could be either having an acute
transient infection with BVDY or they could be PI animals
simee its youthfulness and high percentage of seropositive
animals, This percentage of animals with acute infections
i5 in agreement with previows studies done in Belgium in
herds with reproductive problems [10].
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Fig. 1 Phykgenstic ge=
oomsirucied by the Maximum
likelihond method using S17 ni
of the ooncatenated mequences
of 5 UTR and Npro of BVDY
gemenme. Baosirap | 100
replicas) are indicated at
imtermal nodes. Unuguayan
strzins are highlighed by dots
Reference sequences of
pemtypes BVDW -1, BVDW -2
and HaoBi-lile pestivims were
retrieved from Genhank for
covmperison pupaees. BVD
(Bonder diseases virus) ssquence
was included in the amzlysis 2=
3N aui-group
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BVDV-2b

Maolecular genotyping studies were done in Argenting,
Brazil and Chile, most of them with partial sequence of
S5UTR and the viral glycoprotein EZ, detecting the 3
genotypes of BVDV: BVDV-1, BVDV-I and HoBi-like
vime in these countries [5, 7, 15, 22, 33]. Weher a al
{2014) were the only one that analyzed SUTR and Npmo
genomdic megions, tues being the only regional isolates
included in the present phylogenetic analysis.

Genotyping analysis of the 14 positive BVDYV Ure-
guayan samples, revealed that BVDY-1 and BVDV-2 cir-
culates in our hends, being BVDV-1 the most prevalent
genotype with a frequency of 929 % while one strain,
4R ITY/OERD 14, were genotyped s BVDWV-2 repre-
senting 7.1 % of the tesied samples. BVDV-1 genoty pe it is
also highly frequently in Argentina, while in Brazi and
Chile the situation is different as both genotypes are dis-
tributed almost at equal frequencies [21, 22, 34]. In Ure-
guay as well a in Brazil [M], among BVDV-1 genotype,

R MEAR-RCDA3ETE

the most frequent subtype was BVDWV-1a92.3 % (n = 12).
The major subgroup of BVDWV-1a Uruguayan strains were
highly similar to Brazilian stmins LV 17-08/13 and LVG0-
3¥13 since it clustered together with 99 % of bootstrap
value. In Argentina BVIDV-1a was the predominant sub-
type between 1964 and 19940 [1 5], then, probably due to the
selection pressure of vaccines including this subty pe, there
was a shift to subtype BVDWV-1b [21]. In Chile as well asin
Argentina BVDV-1b predominates over BVD'WV-la and
BYVIDWV-1c, which are also found in that couniry [22Z].

Umne Uriguayan srain, 436FallYA52014, were sub-
typed as BVDW-1li. This subtype is not commonly found
and was never described in Argenting, Brazil and Chile.
Actually, it was described for the first time in samples from
United Kindom (England and Wales) in 1997 [31, 32]. This
subtype has only been neported in the United Kindom
whemne its incidence has increased in ien years from 3 % to
6 & [27].

2 spinges
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Strain 43YRvUYAEZ014 was subtyped as BVDV-Zb as
it clustered along with the references strains of this geno-
type named Soldan and Giessen 6 at the phylogenetic
reconstruction. In Chile only BVID'W-2a has been neported,
while in Argentina it has boen described BYVDWV-2a and
BVDYV-2Ih, the former with a prevalence of 2.2 % in rela-
tiom to the other subtypes [21, 22]. In contrast, in Brazil
BVDV-2b was the only one subtype of BVIDV-2 found by
Weber et al. (2014 ) with a prevalence of 42 4 % nelative to
BVDV-1. Uruguayan =sitrain BVDV-2Zh iz more closely
genatic related with the Brazilian stmins BVDWV-2h LV4(-
313 and LYVED-5T/13 since it clustered together,

In summary, the present work revealed that BVDY
seroprevalence is high in animals manged between 6 to
I 2 month old and the percentage of animals having acute
infections are according to those ones observed in hends
having reproductive problems. Forthe first time we nevealed
the presence of BYVDW subitypes BVIDWV-1a, BVDV-1i and
BVDV-2bin Uruguayan herds, The present work aims to add
new dataon a very imporntant vines forwhich so farthere was
no data on the molecular epidemiclogy in Unuguay . Mever-
theless, more sudies would be neceszary in onder o assess
the epidemiology and molecular evolution of BVDYV in
Umguayan herds. The results obtained during this reseanch
represent the first step for a better knowledge and future
contml programs of BVDY in Unuguay.
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Capitulo 2_ Manuscrito 2:

da Silva Silveira C, Maya L, Casaux ML, Schild C, Caffarena D, Ardoz V, da Costa RA, Macias-
Rioseco M, Perdomo Y, Castells M, Colina R, Fraga M, Riet-Correa F, Giannitti F. (2020) Diseases
associated with bovine viral diarrhea virus subtypes 1a and 2b in beef and dairy cattle in Uruguay.
Braz J Microbiol. Mar;51(1):357-368. Epub 2019 Oct 24. DOI: 10.1007/s42770-019-00170-7

En este trabajo se estudio la epidemiologia, clinica, patologia y los virus relacionados a brotes de
enfermedades asociadas a BVDV.

Se describieron las siguientes presentaciones clinicas a las que BVDV se encuentra asociado:
Como resultado de la infeccion persistente (PI) con BVDV:

e Enfermedad de las mucosas

Como producto de la infeccién transitoria de BVDV y también por la co- infeccion con otros

patdgenos, se observaron infecciones:

e Digestivas

e Respiratorias

e Urinarias

e Entéricas

e Enfermedades transplacentarias

e Abortos

En estas presentaciones clinicas se identificaron a los subtipos BVDV-1a'y BVDV-2b, y no se los
vincul6 con alguna de las presentaciones clinicas en particular.
La conclusion de este trabajo fue que BVDV contribuye a la enfermedad y muerte de bovinos en

nuestro pais.
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Abstract

Bovme viral diarthes vines (BVDW, Pesrivirg) canses significant coonomic losses to the livestock industry worldwide. Although
semological surveys show that BVDY cxposure & widespread o catfle m Uruguay, BV DV -associatod discases amc greatly
underreportad. The aim of this work & to descnbe the epidemaclogical, chmcal, pathological, and virological findings from
spontancous outhreaks of BVDV-associated discases in catile in Uruguay. Dhagnostic investgations were performed dunng 6
spomtaneos dizease outhreaks on beef and dary catle farms in the deparments of Colonia, Rio Megm, and Soriano bebween
Mowvember 2016 and Apnl 201 8. Carcasses of § nathumally deccased cattle from these outhreaks wene noccmopsicd and subjocied to
histological examinaton and immumah stochemistry o detect BY DV antigen in the tissues. Reverse wanscniption real-time PCR
amd genomic soguencing wore also performed o identify BV DV at the specics and subtype levels, Other ancillary diagnostic
test, inchuding hactenal cultures, were performead on a case-by-case hasis to rule in‘out differential diagnoses based on initial
clinicopathological presunptve diagnoses. BVDW-assocmtod conditions that were diagnosad inthe 8 cases inchsded muscosal
discase, transicnt postnatal BVDY infections associated with digestive/septicemic salmonclloss by Salmaorella scrovar
typhimunum, Axfoph iy somrl bronchopneumonia, unnary tract coinfoctons with Erchericiia ool and Sreplboncos sp.,
enteric comfocton with coccidia, and transplacental fetal infections and abortons with Neospora canimem coinfocton. BYVDA-1a
and BV DWV-2h were cach identified in four of the eight cases. We conclude that BV IDWV-1a and BVIDV-2h contnbute sigmificantdy
to discase and maortality in catfle in Uniguay. Future rescarch should estimaie the coonomic impact of BVDY in the Unaguay an
livezinck sactor.

Keywords Bovine viral diarthcavines - Infoctious discasces - Livestock - Pestivirus - South America
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Bovine viral diamhea vimus {BVDY) & an coveloped vims
with a single-strandad BRMA genome, which belongs to the
goms Pestiarus, family Flavivindac, and is disributed world-
wide [1] BVDV causes significant economic losses to the
dary and becf livesinck indusinics, which arc afiributed to
menrhidity, mortality, growth retardarion, reduced milk produc-
tion, prematme culling, reduced reproductive performance,
and increased ocourmences of other diseases [2, 3] The two
currently recognized BVDY spocics are BV IDV-1 and BV DWV-
2, and they wene recenitly renamed Pesriviris A and B, respec-
tiwely [4, 5]. BVDY-1 15 the most genchically diverse, with 21
subtypes (BY DV-1a through u) currently recogmzed, while 4
subtypes {a—d) have boen descnibod for BVDV-2 [6-9]. Morme
recantly, the Pestivires HoBi-like vims has beon proposcdas a
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new BV DV species (BYDV-3 or Peaivires H) based on ani-
genic and genetic similanties [4, 5, 10, 11].

Clinical outcomes of BVDV infection include {a) ransient
or acute infection with subclinical, respiminry, and'or sevene
digestive climical manifesmtion chamctenzed by high maorad-
ity and variable mortaity and genemlly associated with
noncy o pathic (NCP) viral strams; (b reproductve indections,
including oocytesperm infoctions that neg atively affect fertl-
ity, or transplacen @l 'congenital trans mission that may resultin
cmhbryonic or fotal death; mummification; abortion; con geni-
tal anomalics; stillbirths; or, if the fetus survives, the hirth of
perastenily infected (PI) calves, particularly when the fotuses
ame infacied by WCP strains before 4 months of gestaton; and
() muscosal disease (MDY charmcermad by low morbadity and
wery high lethaliy in PIanimals, wsually before 2 years of age.
M D is associaied with supermfecton with a cytopathic {CF)
bhiotype that can ansc through mutation, recombnation, or
genomic reamangements of e BWCP viral sirain that infects
PI cattle [12, 13].

Az viruses with worldwide distibution [9], BVDV-1 and
BVDWY-2 have been recognizad for many years in South
Amencan counirics, inchiding Brazil [ 14], Argentina [15],
Colombia [ 16], Pemy, Chile [17], and Uniguay [18], while
the Pesivirus HoBilike vins has cumrently only been ideno-
ficd in Argenting | 19] and Brazil [ 20] on this subcontinent. In
Uruguay, the frst evidence of BVDV circulation dates foom
194946 [21]. A semlogical sidy revealed that BVDV exposune
15 widespread m beef cattle throughout Urugeay [ 22]. Mone
recently, actve BV infections and circulating specics and
subty pes were explored in catile herds with reproductive prob-
lems, and BVIDV-1a was revealed as the prod ominant species!
subtype, followed by BVIDIV-1i and BVIDA-Zh [1E].

Climcopathological desonptions of BVDA-associated dis-
cases in Uruguay and the impact of these discases on bovine
production systems in the counmry are lacking in the scientific
literahure. Beco gnizing and identifying these diseases in spon-
tancous field outhreaks 1= essential for esmblishing control
programs to reduce their economic mpact at the herd and
national levels, This waork desernibes the epidemio logical, clin-
ical, pathological, and vimnlogical findings in spontaneous dis-
case outhmeaks associted with BV DV infectons in cattle in
Ulruguay.

Materials and methods

Caze selection

Eight natural cases of BY DV-associated discases (cases 1-8)
durng =six outhreaks {outhreaks 1-6) m commencial beef and
dairy herds in Urugusy are described. Cases were diagnosad

betacon Movember 2016 and Apnl 2018 at [NILAS Vietennary
Diagnostic Laboratory {Animal Health Platform) in La
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Esmnrucla, Colonia Deparmeent, Unuguay, Carcasscs of the
doeceased catfle in cases 1-8 were provided for necropsy by
wotermary practitoners and famers. Additionally, in cases 1
and 6, serum sam ples collected prior to death by the votermary
practitioners wene made availahle fortesing. Epidemiolkogical
and climical m formation was gatherad for each outhreak when
avaiahle.

Mecropsy, histology, and immunoh ktochemistry

All E caitle died spontancously af commencial fams and wene
subzequently necropsicd. Tissue samples wene collected, pre-
served froeen at — 20 °C for virology, and fixed in 10% newtral
buffered formalin for 48 h. Fixed tissues weare dehydrated,
cmbeddod in pamafiin, sectioned at 45 pm, mounted on glass
slides, and smined with hematoecylin and eosin for routine
histological examination under an optic MiCroscope
{ AxioScope.Al, CarkZeiss, Gormany).

Selected formaln-fixed paraffin-embedded (FFPE) soc-
tioms of vanous tissues from all cases wene processed for im-
munchisochemisry (IHC) to detect Pesrivings antigen using a
standard operating procedurs kindly provided by Jan Shives
from the University of Minnesota Vetennary [Dhagnostic
Labommtory. Bricfly, heat-induced antigen refrieval was per-
formed by placing the depamfiinized sectons ina decloaking
chamber (Bincare Medical)at 110°C for 30 2. A commercial-
Iy awailahle anti BVDY monoclonal antibody isotype 12,
produced m mice fcatalogue DES, VMBED, Pullman, WA,
UUSA) was applied as the pnmary antibody for 45 min at a
1:20 dilution. An anti-mouse horserad gh peroxdase | HEP-
labeled polymer (EnVision+ HRP goat anti-mouse [g3,
E4001, Dako) was used as the detection system, with 3-
amine-9-cthylearbazole (AEC no. 3469, Dako) as the sub-
strate chromogen. 4 FFPE section of anchived imtestine foom
anaturally infected calf that tesied positve for BVDV by RT-
PCR and [HC was used as a positive conirol. For the negative
comtmls, senal sactons of all tested tissues were processed in
parallel as described above, ut the primary antibody was
replaced with mormal mouse serum (NC4990, Biocare
Maodical) at the same dilution.

Real-time PCR

Muclkeic acids were extractad from froeen senum or tisswue sam-
ples in all cases using the QlAamp® cador® Pathogen Mmi
Kit (QLAGENE, Gemany), following the manufacthurers in-
structions. Reverse ranscnption {AT) was peformed wsing
random primers and Super-Scnpt [ enzyme | Ivitrogend®,
USA). Real-time PCR assays @rpeting 2 207-bp fragment of
the SUTR megion of the BV DV were porformed usmg the
pamers BVIV190F and V326, and the Tag-Man® probe
T-Pesti as described by Hoffman et al [23] and Gacde
ot al. [24 ], respactively, and later modified by Maya et al.
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[1E], to detect BVDV-1, BVDV-2, and the HoBi-like
FPegvirus. All real-time PCHs wene performed using the
SensiMixTM II Probe Kit {Bioline Reagents Ltd.) and a
Roior-(aene () insrument { Chagend®) following the manufac-
Turer s recomimeend ations.

Conventional PCR, sequendng, and phylogenetic
analysis

Om all real-timee PCR-positive samples, a 207-bp fragment of
the S'UTR was amphfied by conventional PCR, using the
same primer pair used for the real-time PCR. The amplicons
were sequencad at Macmogen, Inc. {(Seoul, South Korea) inan
ABIITIOXL Genetic Analyzer (Appliad Biosysems, CA,
USA). The seguences wene edited using Seghlan sofaare
{ DM Astar Lasergene) and deposiied in the GenBank datahase.
Specics and subtype assignment were done by phylogenetic
anabyas of Ungusy an 31U TR sequences, alon g with represen-
tative BVDWV-1, BVDWV-2, and HoBi-like Pesfiviens sirains
retmeved from the GenBank. Nucleotide scquences were
alignod usmg Chstal W oimplemented in MECGA 6 06 s0 fiwane
[25]. The model of mclootide substitution that best fit the
dataset (Eimura 2 parameters + gamma) was selected using
the Model Test program acconding to the Akaike Information
Cricnion (AIC; Akaike, 1974) [26]. A phylogenctic troc was
constructad by the neighbor-joiming { W) method, and statist-
cal significance Bootstrap method was camied owt { 1000 rep-
licates) wsimg Mega 606 version [25].

Ancilary diagnostic testing

Diagnostic investigations in cach case also involved
perfomuing spocific bactenological, virological serological,
and maolecular labomatory st o asess for other pathogens,
hased om the presumptive chmical and pathological diagnoses
in cach case. Online Respurce | summanzes the ancillary
diagnostic tests performed on cach of the § necropsicd cattle.

Results

Tahle 1 summanzes the information on the discase dingnoscs,
date of diagnosis confirmation, herd goographic location,
breed, production class, age, and the BVDY specics/!
subtypes identificd i all & cases, and whether cattle fiom
other farms had been recontly intmduced & theaffectied herds.
Additional epidemiological climcal, and pathological mifor-
mation on cach case'outbreak and interpretation of the ancil-
lary and diagmostic test results (Online Resounce 1) ane poo-
widad below

Outbreak 1 Outhreak 1 ocourred in a herd of 340 mtationaly
grazng Aberdeon Angus heifers in a commeercial broeding

herd. Twelve heifers died spomdically from September to
Movember 2006 {mortaliy 3.5%). Chnical examinaton of
an 1E-month-old heifer {case 1) revealed tachypnea (120
broathemmuic), tachycardia (48 bea /mime), a rectal tem-
porature of 395 °C (normothermia), ruminal atony, foul-
smelling diarthea, dehydration, and weight loss, The animal
died spontaneously after a 96-h chmical course.

The necropsy rew caled mu tiple imegu lar, well-defined eno-
sioms and nonperforatng uleers up to 0.5 cm in the mucosa of
the tyoracic region of the csophames (Fig. |a), petechiae, and
cochymosis mothe jojunal semsa, with brown, bloody, flod,
foulsmelling contents in the jejumuim, cecum, and colon.
Dnffiusely, the colonic mueosa was markedly reddensd, with
brown viscous contents and clotted blond adhered o the sur-
face (hemomrhagic colits) (Fig. 1h).

Micmscomeally, there was multifocal necrotiang uleers-
tive eanphagtis {Fig. le)with microthombosis in the submma-
cosn and individual kemtmocyte necroas’apoptosis, multifo-
cal superficial mmenits and reticulitis with swelling and
hydropic keratmocyte degeneration, and neutrophil ransmi-
gration in the cpithclium. Scvere extensive necrotiang
enteroty phloco hitis with submucosal adema, mocrothrombosie
in the lhmina propra, and neurophilic cryptitis with necrotic
enterocytes was also obsarved. [HC for BV DV antigen detec-
tion revealed abundant, stron g and freguent mralesional, fme-
Iy granular, and homogenoous mmunolabelng in the cyto-
plsm of the epithchal (keratmocy s and enterocyics) and
inflammatory ¢olls in the ceophagus (Fig. 1d), small mtestne,
and colomn.

The BVDY genome was detocted m the serum wia RT-
qPCR (ct 27.70), and BV [DV-1a was further identified by =o-
gquencing the 3TTR genomic region (GenBank MM 159214).
Mucozal discase was diagnosed based on these nesults
{Table 1), while other causes of enterocolitis in cattle, melud-
ing Seimonrsla spp. and bovine coromay s, wene ruled out
by spacific testing (see Unline Resounce 1.

Cutbreak 2 Outbreak 2 occumed at a dairy herd of 1222
Haolstein cattle, including 580 milking cows, 40 dry cows,
200 heifers, 400 cabves, and 2 bullke. OFf 533 pregnant cows!
heifers aged 2 to 7 yeams, 16% shoried between 4 and B
maonths of gestation. A male fous {case 2) that had heen
aboricd at approximately 240 gestational days by a 5.5-ycar
old cow was necropeicd.

The only macroscopic lesion was mild pleural petechiation
in theright lung. Histology revealed multfocal maoderate mec-
rotizing lymphocytic/histiocytic encephalitis with glicsis,
multifocal modemate-to-severe lymphocytic and histiocytic
myocanditis, and multifeeal mmmal mphocytic and histio-
cytic glossitie. As shown i Online Resource 1, an [HC poo-
codure for detecting Neaspora carinum antigen revealed
intraleziomal immunolabeling in the fetal encephalon and
heart. The protozcan’s genome was detected by PCR on a
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Takie 1
resulis for B BVDW mibcton caes

Disease dizgmosis, dete, hard geogmphic locaton, beedprodudion cless, ape, BVDV spaciesfubtype klenti fiad, and mmamamaohis doch amocal

Cluthrenk no.f Case Disesse dixgnosis
gemraphic locaton’ nik
date

1ol omaMow 2016 1 Mucosal disease

2R MegmiFeh 2017 2 Abartion, saeimnsient BVDY
miction, comfactin with
N caninum
Acuiefransient BVDW infecton,
ooin faction with 5. enderica saoitype
ty i i {emten o seplicami o
salmonelksis )
4 Acuiefransient BVDW infiecton,
oon faction with AL somm
{Tremchopmeumeam iz )
Acuiefransient BVDW infecton,
urinary imcl ayvmiechon with
Srrepioencaussp. and E cod
Pumsihle muosal d sease or severe
tramnsient mfecton, enieric
oo faction with Emera .
G ol omia Tec 2007 7 Abartion, auiefransient BVDV mfec-
amd Jan 20ME tiam
8 Abartion, auiefransient BVDV mfec-
tiam

3ol oma M=y 2017 3

4 Calonia Fune 2017 5

SBoranaApnl 218 6

= Zeyearalkd beef sieer, feed ot

Haolstan sieer, heefl producton, 4

Dy, ahoried ftus, 180-210

Dy, ahoried ftus, 280-270

Bred, production cless, xpe BVDW BVIN  Recentcatile
seckes’ T mirad uctions
smibtype  msul fremm cther farmes

Aberdeen Angus heifer, heef BVIWV-1a Positve ND

presduction on pesture, 18
memihs okl

Dy, sharied ftus, 240-270 BVIWV-1a Megative ND

pestatvmal days

Dhairy hesifier BVDNV-Zb Positve Yes

Dhairy hesifier BVDW-Zb Positive

BVDWV-1a Tositve Yes

BVDWV-1a Tositve Yes
years

BVIV-2 Negtive ND

pesiational days
BVDV-Zh Negtive MD

pesiational days

JHC mmam oo dncham stry, N not detemmined

frozen brain zample. Based on these mesults, an etological
diagnosis of encephalitis and myocarditis caused by
N canirum was reached. Howewver, the BV DV genome was
datected by RT-gPCR {ct 27.37) from a pool of fietal tissues
and further identificd as BVDV-1a (GenBank MM159211).
[THC immumalabeling for BVDY antigen was negative for all
fiztal tissues ana by 7od wusing thistechmnigue { brain, kidney, hmg,
spleen, and liver), suggesting an acute‘transient BY DV indec-
tiom rather than a PI fetus { Tahle 1).

Outbreak 3 Cutbreak 3 occurmred on a famn dedicated to near-
ing dairy calvesheifers brought from vanouws fams in differ-
cnt departments of Uniguay. A respimory discase outbreak
was regiiered ina group of approsimately 200 heifers aged 3
to 4 momihs that kad been brought o the farm approscimate by
30 days earlier. The respimatory dieease outhreak swred in 20
calves {10%) 15 days after admission, and 5 days later, ap-
proccmaely B0 ammalk (40%) were affected. Morbid iy and
martality rabes were B0% and 7.5% {15 heifers), respectively.

Twao heifers were necropsiad (cases 3 and 4). The pathological
fmdings incase 3 mchuded diffuse moderate fibrmous histocytic
and neutrophilic inkeraitial pneumaonia with nocroting hronchi-
ohlitis, multifocal nastrophilic alveolits, and microthrombosis
with multifocal pleurtis. Multifocally, the hmgs and kidneys
showed segmental mphohisiocytic and necrotzing vasculits
affectmg the medium-strad antenoles (Fig. 2a). Addiionalby,
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there was maoderaie multifoeal emsrve yphlocobos with necm-
tzmg cryptitie, with inflammatory mfitrate extendod o te sub-
mucosa, along with fibnnous mesentenc lymphadenitis and
mderate multifocal bmphocytic and nenmophibe ahomasios.
Mild diffuse portal hophocytc, histiooytic, and neutrophilic
hepatitis with chaestasis inthe bile ducts and minimeal mulofocal
random necrotizing histocytic and neutrophilic hepatitis
throughoust the parenchyma wene also observed.

Salmorala erferica semoiype typhinrium was isolated
fromn the mesenteric lymph node and intestines, while hovine
corpnayitus and several vITUSCS causing pRoUmOonia were
ruled out {2z Unline Respurce 1. BVDY was identified via
RT-gPCR (ct 27.35) foma pool of frozen tssues and chamac-
tenzed as BVIV-Zh by soquencmg {GenBank MM 139205,
[HC for BV DV antogen detecoon m the ung revealed finely
granular, homog enous, and focal immunclabeling in the cyto-
plasm of smooth muscle and endothelial cells from an aren-
ole affected by anenolitis and infiltrating macrophages (Fig.
2b1. Mo immunolbeling occumed in the kidney, small intes-
time, colon, or lver tesues. Based on these resule, we diag-
nosad septicemic salmonellosis in coinfecton with BY DAV-2h
{Tahle 1), which was detecied by [THC within the anenolar
lesions in the lung and was thus suspected to have cansed
the artenolitis.

Case 4 from the same outbreak had pathological findings
including severe extensive fibrinosuppurative
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Fg.1 Pathological findings in an Abexleen Angus heifer with mucosal
disease caused by BVDV-1a (ase 1). a The mucosa of the esophagus
shows multipl, coalescing, imegular, well-defined erosions and
nonperforating ukoers (uloerative esophagitis), some of which have 2
hemorhagic hado. b The mknic mucosais markedly raddened, necratic,
and ukcerstal and contains saant bowndmgead fluxd and £w blood clots
(necro-hemarrhagic colitss). ¢ Low-magnification micrograph of the

bronchopreumonia mvolving approximately 70% of the pulmo-
nary parenchyma and fibrmous pleuntis. The tongue showed
multfocal nocross of the hasal keratinocyte layer in the mucosa
and mutifocal apoptosis of individia| keratinocytes in the csoph-
agus and mumen.

Histophilus somni was solated from the lung, and vimal
causcs of pncumonia were rukd out (Online Resource 1).
BVDV was dentificd in a frozen sampk of pooled tissucs
by RTqPCR (ct 26.08), and genome sequencing revealked
the same subtype as in casc 3 of this outbreak (GenBank
MN159204). [HC for BVDV antigen revealed focal
intralesional immunolabeling in the basal mucosal epithelum
of the tongue, in the cytoplasm of the endothehal and muscu-
lar cells of blood vessels in the lungs and in macrophages
infiltrating the pleura and interstitum. No mmunolabeling
was found in the kidnecy, lymph node, heant, intestinal, or
rumen tissucs. A somni bronchopncumonia was diagnosed
(Table 1) in comfection with BVDV-2b that was detected by
[HC in the pulmonary and lingual lesions.

Outbreak 4 Outbreak 4 occurred in a foedlot with approxi-
mately 300 becfcattle from different ongins. An approximate-
ly 2-ycar-old beef steer of undetermined bread (casce §5)

"“r;{ : 1 B :-ff ?'-2?:*-‘"\
esophagea mumsa depicting one of the ulcers shown in a, with under-
lying necrosis of the submucosa, and hydropic degeneration of
kentinocytes m the adpcent epitheliun, HEE stam. d BVDV mmrmuno-
histochemistry m 2 serial sectxm of the kesion shown in ¢ denoting aban-
dant antigen immunolshelng m the esophageal mumss adjpcent to the
ulcer bed

presented inappetence and stopped drinking water.
Antibiotic treatment (penicillin G procaine and
dihydrostreptomycin) was administered for 5 days: however,
the steer died after a 10-day clinical course. Within 6 months,
two othersteers with similarclinical presentations died, yicld-
ing a 1% mortality rate.

A partial nocropsy was performed by the vetermary pract-
tioner, and some organs, including the kidney, heant, liver,
unnary bladder, and smalland large mtestines, were submitted
to the diagnostic laboratory. Pathological findings m the kid-
ncys included extensive cortical coagulative necrosis (renal
infarcts) (Fig. 3a) and occasional necrotizing scgmental
arterio litis with thrombosis (Fig. 3b). Scevere acute/subacute
transmural necrotizing, fibnnosuppurative, and hemomhagic
urocystitis with thromboss and individual necrosss of arterio-
lar lelomyocytes was also present. In addition, focal acute
mild colitis with nocrotizing cry ptitis was obscrved.

BVDV was detected by RTgPCR (ct 34.04) from the fro-
zen tissue pool and further identified as BVDV-1a via sc-
quencing { GenBank MN 159221). [HC for BVDV antigende-
tection showed multifocal and infrequent cytoplasmic
immumolabeling in macrophages infiltrating the unnary blad-
dermucosa: no labeling was seen in any other analyzed tissues

&£ springer
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Fig. 2 Mionmoomic lesims in the lung of 2 Holdan heiba with transient
BVIDW-2h infection (case 31 & Infammadngy celk mifilirade the tumca
media of 2 mediumesized areriole m the pulmonary inerstitum

{bver, kidney, spleen, hmg, and colon). Additionally, in this
case, Sreplococos sp. was isolated from the kidney, and
Egchericfua coli was Bolaied from the kidney, unnary blad-
der, and liver (Online Resounce 1), These wene considerad
potential opporiunistic secondary pathogens. Because
BYVIDW [HC was negative in multple tissues except the blad-
der, an acute’transient BVIDW- 1a imfection was suspocied.

Outbreak 5 Cutbreak 5 pocumed at a calf-reaning and sieer-
fattening operation, with 708 catle of different breeds and oni-
gins. Between Jamueary and April 201, 12 Holstein steers { L. 7%)
presenicd emaciation, anorex, anlation, and disrthea and died
after a 1-momith climical course. An approximaiely 4-year-old
Hokiem sicer fcase 6) in poor-body condition was necropsied.

The pathological examination revealed a chromic enterop-
athy affectimg the Tleum and colon, chamctenzed by depletion
of intestinal glands/crypts in the mucosa, occasional
newtrophilic/mecrotizing cryptitis, and infreguent
imtracpithehal cocodia, momhologically compatible with
Eimeira spp. Additionally, multifocal, moderaie, chrome,
lymphocytic interstitial nephntis was observed as well as
maoderate pleuntis with pleural fibrosis and fibrosing interst-
tial pnoumonia and moderate suppurative Iy mphadenitis of
undetermined etiology.

[HC for BYVDY revealed srong and abundant fmely gran-
ular and homo gencous inimacy oplasmic immmo Bbeling in
the epithelial cells, which was diffuse throughowt all ccaminaed
tiszues (lung, intestines, Irver, and kbidney). BV DV was detect-
od m the serum by BET-gPCR (ot 2E.75), and BVIDV-1a was
identified by sequencing {((ienBank MMIEG041). Other
cauzes of enterscalitis were mulad out, inchiding Salwomelie
spp., Mycobacierium avium paranberadosis, boy e COromna-
wirns, and group A ro@vins {(Online Resource 1), Based on
the overall resuls, this was likely eithera PI calf with BYIW-
laora sevens ransient infection.

Outbreak & Cuthreak 6 ocourned at a dairy farm of unknown
herd size, where an increased abortion rate was registensd.
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Two abonad Holstein fetuses (cases 7 and 8 ) of approccmate by
180-210 gesmtional days were necropsied. For case 7, the
dignostic mvestigation did not allow determining the cause
of the aborion becase the fetus presented no lesions, and all
ancillary diagnostic tesi were negative (Online Resource 1)
cxcept the RT-gPCR for BV (ot 32.17), which was positive
from a pool of fotal tissucs,

Im case &, the hewmlogical examinaton revealed moderate
mu ltifoecal lymphohistocytic necrotzing encephalitis, sevene
random multfocal nocrotizing hepatitis, moderate multfocal
Iymphocytic myocanditis, and multfocal bymphohistocytic
placentiti=s with trophoblast necrosis. All lesions were highly
compatble with neosponsis. Neospora carirism was detected
intralesionally by ITHC i the bain and by PCR in the same
tissue (Onhne Resounce 1), BVDY was detected by BT-gPCR
{ct 33,90 from the pool of fetal tissues,

BYIDW-2h was identificd in both fouses by soguencing
{GenBank MNI1EGI3Y and MN1EGOMD. THC for BVDV an-
tigen detoction was negatve in tesucs from both fehses, in-
cluding the brain, hing, and spleen in case 7 and the brain,
kidney, liver, and spleen in case . Based on these results,
acute/transient BVDY infections, rather than PI, were
sus pocicd in both cases (Tahle 10

Phylogenetic analysis

As shoam in Fig. 4, the phylogenctc anabysis revealad that 4
of the stmms were BV la and the other 4 BV DV-2h with
bootsrap values of 71% and 63%, nespectieely.

Discussion

The diagnoses of BVDY mfection in ¥ cases reported hene
wiere hased on viral genome deection by RT-gPCR along with
detailed pathological exammations & chamctenze the lesions
and THC to identify BVDV antigen in the tissues of the

30



Braz ) Miarabiol | 2020) 51-357-368

Fig. 3 Remal lskms in a bast steer infactal with BVDV-la (case S m A
sadim of kidney shows muibcal cotical remal mircts. b Micmgraph
af the affecied Kdney depicting severe arerialitis with thrombosis

deceased cattle. The BVIDV subtype mvolved inall cases was
identified by seguencing the 53'UTR genomic region.
Ancillary tests were performad to wdentfy comfoctons and
to rule m'out differental diagnoses on a case-by-case basi
{Umline Resournce 1), Diagnostic inyastigations m te & cases
wene compatible with different BVDY mfoction outcomes,
including MDD jcase 1 and eventually case 6, transplacen@l’
congenital transmission with potential transient’acute fetml in-
fection (cases 2, 7, and §), transient’acute posmatal infections
asspciied with coinfections by pathogenic hactena, such as
Sabmonelly typhimunum (case 3) and Hisropfilis somm (case
4}, or opporiunistic bacteria, such as Mreploco ooy sp. and
E_ roli case 5), or eventually severcly wansient infoction as-
sociated with enteric cocoidia (case 6).

The chnical signs and pathological findings i the heifer
from cuthreak 1 were those typically deseribed inthe liematune
fior MDD cases |13, 27] Detection of the viral genome and the
colocalizaton of BV DV antigen intralesionally by THC con-
frmed the chiological diagnosis, while other causes of necno-
tizmg coliti, such as Salmoreliz spp. and bovine coronayirs,
wore ruled out [13].

The ocourrence of MD requines the presence of P amimalks
congenitally mfecied with BV, which ame the main source
of infections in the herds. PI cattle are viremic, lifelong viral
shodders, and immumoinlerant o the NCP stram with whach
they ane infiocted bocause ther immume systems do not racog-
nize the BY DV mitigens as foreign, thus leading to exiensive
wiral replication in the @wrgetecdls [13, 27]. Inour case, v iremia
was oon fimmed by identifying BV DV-1a in the serum, while
THC allowed detocting abundant wiral antigen in the alimen-
tary tract tissues (csophagus, small, and large inicstines),
which showed typical MD lesions. MD ocourrs in PL animale
when the MCF BVDY stmain is converied to the oy pathic
hiotype via mumtion, reeom bination, and'or genomic rear-
rangements. Genemally, the NWSL3 viral protease contaiming

{hastionn ) amed extemsive oomgu bstive necmsis af the adpcent anrbical renal
tubades with infersiitia] hemeomhege @ome mrction), HAE stvm

the MCP srain is cleaved o NS2 and NS3 in the cyiopathic
strains [12, 2E]. This resuls in a devastating mfection that
destroys the host cells, to which the amimal s mmune system
canmot respond [13].

PI neomate cabves may be climically momal, weak, bom
smealler than normal, or show growth retandation; however,
most die of MDD before 2 years of age |12, 13], which is the
same age range of the heidor with MDD in case 1. The 4-year-
old sieer in outhreak 5 {case 6) presentod severe inbostinal
histological lesions compatble with MDD, although no macmo-
scopic lesions typical of MD were obsarved m the digestive
tract. Thiz reinforces the idea that PI animals can remamn
asymptomatc in the hends for more than 2 years, parpeuating
infection and disease. In BVDY Pl cattle, [HC should sho
strong positiye immmumalabeling in all or mast tssues/organs,
gince imfection in these amimals is diszseminated/
i ftisystemic, and the tissues usually conmin high vimal loads
[29]. The siromg widespread imira- and exiralesional
immunalabeling in the lungs, intestines, liver, and kidneys
of case 6, along with the viral genome detected in the serum,
imdicated that this steer was viremic and most likely represent-
ed a PI animal.

Feml mesponses to BVDW infection are influenced mamly
by gesmtional age, fetal immume response, and viral biotype
and subtype [29, 30]. Abortions at 68 gestatonal months
pdentifiod as cascs 2 oand & m this work were most hkely
cauzad by A corirum given the nature of the fetal lesions,
which were typical of this protoeean, and its miralesional de-
tection via [HC in the brmin'myocardium as well as by PCR in
the braim in both cases. However, coimfections with BYVDA-1a
(casc 2) and BV DV-2b {casc B) were identificd by RT-gPCRS
sequencing, indicating a congenital‘ransp lbeental creulation
and transmiszion of both viml specice’subtypes m these fe-
mises. Because fetses infocted with BNCPF BVDY srains be-
fiore the 4th gesmtional month are generalby immumn ool erant to
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the vines and therefore develop persigent infections, the vimal
load in PI fetal tissucs is usually high and detectable by [HC
|29]. In contrast, in our fetuses {cases 2, 7, and E), the vins
was undetected by [HC, although it was identified by RT-
qPCR, suggeding that the viral load may have been below
the IHC detection limit and indirectly suggesting that these
fotal imfections wene transient’acute. The roless of BVDA-1a
and BVDV-2h infections as causes of abortions in these cases
could not be determmed. Interestingly, in a study conducted in
dairy catile, BV DV-induced mmrmmosuppression was hypoth-
czizad o contnbute to the occurrence of aborions due to
N comirum [31], although more detmiled investigations ane
necded to confirm the possible synergistic association be-
twoen these agents [12]

Femses that survive NCP BVDV strain infoctions before
day 90, and more rarely up to day 125 of gestation, imvariahly
develop immumatolerance to the vins and are born PL [33].
Immumotolerance & postulated & be mediaed by the virus's
ahility to inhibit type [ interferon production in infected fetal
cclls, allowing the infoction to persist [ 34]. However, depend-
ing on the gestational age and viral stam, transplacentl in-
faction can aleo result in embrpomic fetal death (reabsomption,
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compazizm. Labels and sequemos names mdicatng the BVDWY species
and subtypes. A horder diseme ving (BDV ) sequenae was included s an
ol -EE

mummification, or abortion), congenital malformations, or
bhirth of clinically healthy catves [30, 35].

BV subtyping of the case 2 fetus {outhreak 2) was
identified as BYVIN- la, whike for the case 7 and B foluses
{outbreak &), subtyping was identficd as BVDV-2h,
Biclkefeldt-Ohmann et al. [29] reported that both BVIA-2
and BVDW-1b have a simalar tissue tropism, although
BYVDV-2I passcs through the placenta more guickly.
Additionally, antigenic immunoklbeling in the feml tissues
was mone intense for BV IDWV-2 than for BVDY-1h [29]. In
the 3 feuses evahiated moour study, BV DV immunolbeling
was negative moall analyzoed tissues, independent of the in-
foctng viral specics’subtype. This finding suggests that the
fiotuses were not PL but rather were acutely/transienthy in-
focied, which may or may not have coniributed to abortomn
due o AN corimem in cases I and B as discused previoushy.
When infection oocurs in the last thind of gestation, the fatal
bovime immume system is sufficiently developed to respond
to the wirus, being comparable with a transient postnatal
infecton |35, 36]. Semological asays to assess whether these
fetuses had developad specific humdaoral responses to BVIDW

wiere not performed moour study.
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Transient'acute BY DV infections ane largely subclimical or
canse mild chmical signs, altwough they can induce keukopenia
{ by mphopenia, monoeytopenia) and reduce antithody produc-
tiom and nenrophil release and function, resulting o imomums-
suppreszsion. Such immunosup pression avors secondary bac-
tenal and'or virml infections [13] that can comtnibute to respi-
ratory, digestive, or septicemic diseases [13, 37]. In the three
amimals from outhreaks 3 and 4 {cases 3-5), BVDV infection
likely contributed to the occurrence of pneumonic
histophilosis {case 3), enteric/septicemic salmonellosis (case
41, and scptcomia or unnary infection by opporumistc path-
ogens such as Sreprococaes sp. and £ coll (case 5). These
coinfections wene confirmed by isolating the hacienal agenis
imvolved im each case, and their pathogenic role was
catablished by cvaluating the lesions compatible with those
caused by these agents in the mespective pathological
COLATI AEIOTE,

Apgquinng animals withowut checking ther BV DV infecton
s@ms is an impor@ant rigk facior for BYVDY infecton in cattle
herds. This is directly related to miroducing PI anmals that
can carry the infection or new wiral strains into the hends
[3E—41] Im 3 of the outhreaks reporicd here (outhreaks 3-5],
the mammestic information revealad that camle from differont
ongins were introduced and mizxed into the herds without prior
BYDW tesing, which possibly contnibuted to disseminatng
and spreading infection and discase bebweon fams. Detecting
and removing infected cattle from the herds is key in conitrol-
limg BV W mfoctions,

BVDW-2 is generally considersd more vinulent, being fro-
quently relaied to disease and death | 36, 42]. However, m a
sdy conducted in the USA, both BVDV-1 and BYVDIV-2
weredagnosed incatle with clinical respiratory and digestive
manifestations, a8 well as in nocropsicd cattle [42], wath
BYVIV-1 being the most commaon specics [42, 43). BVDW-
lafcases 1, 5, and 6) and BYDV-2b (cazes 3 and 4) weme
identified in heiferssteers in our work, mdicatimg that both
spocics are relaied to postnatal morbidity and mortality in
cattle im Uruguay. In other South Amencan countnes, climcal
discase has been reported for BVIIV-12, BVDY-1h, BVIV-
2a, and BVIDA-Zh im Argentima [44—46]); BV 1Th, BVDW-
1d, BVIV-1i, and BV DW-2b in Brazl [47-50]; and BVIIV-
1a, BVIW-1b, and BV DW-1c in Chile and Paru [ 17, 51].

Although cattle exposed to BV DY in uwiern constiuie a
sigmificant portion of climcal presentations, cases of
transient/acute postnatal infecton may be significant sources
ofdinect losses [1]. Several of the deathe reported m owthnzaks
3 and 4 {cases 3-5) were likely due o tansient'acute BV
infections aggravabed by scoondary bactenal infectons. The
artenolitis ohserved in case 3 15 a kesion frequently found in
BYDYW cases [13], whercas it is not 2 typical finding in =al-
momellosis [52], the agent with which this calf was coinfecied.
Thiz caze presented typical kesions of both agents, and al-
though Salmoralla typhinmum can casse disease and death

by imelf, it also behaves as an opporhmistic pathogen, and
thus, in this case, the BVDY may have predisposed to climical
zalmonelosiz. Additonal evidence of tansient/acute infection
in these cases included detection of intralesional BVDW anti-
gens by THC im only someof the calf tissues evamined by this
techmigue.

The [HC performed in this study wsad acommencial maono-
clonal prmary antibody agaimst BVDW glycoprotem 55 {en-
welope glycoprotein EX) made using the BV NADL straim.
Although this antibody binds to and cross-reacts with most
BVIDY simins, it docs not hind to some straims {such as
Oregon C24V usad 0 produce vaccines in the TISA) per the
meamufactmer and published information [53]. The major gly-
coproiein E2 & the most vanable and immmumadommant gly-
coproiin in BY DY, and as such, some strams may not bind to
this antbody [54]. Cur resuls indicated that this procedurs
cnabled identifying at least four Unaguayan field sraims: three
BV V-1a strains from outhreaks 1,4, and 5, and one BV DV-
2b ztmain from outhreak 3. However, additional cross-
neutraleation studics should be performed to assess whether
this antibody cross-reacts with other local ficld BVDY strains,
zince raduced reactivity of ant-BVDY antbodics has heen
identificd to cauze failed detection of ficld izolates
{ particularly BVIDW-2a) [55].

Im Urnguay, a serological study conducted in beef cattle in
20002001 indicated that 69% of 635§ animals wene seropos-
itive and that 100% of 230 herds had at least one semopostive
amimal [ 22). Evenwith a high viral circulation in the country =
caftle populaton, only 3% of famers implement preventive
waccinatons [22]. More recently, active BVDV infections in
cattle in Uniguay were explored in a smdy inwhich 390 senm
samples from 14 herds were analyzed to seanch for viral ani-
gens by capture ELISA and for virmal genomes by ET-gPCR.
Sinteen (4.15%) of tese animals wene positive by both tach-
niques [1 8], suggesting that they werecither PI animals and’or
acuic/transient infections acquired posmatally. Intercsongly,
the maortality mate was 3.5% in the herd with MDY from oust-
break 1 im our shedy, sug gesting, hypothetcally, that 3.5% of
this herd could have beon Pl anmals, a value closc to that
found by Maya et al. [18]. Although the prevalence of PI
amimals in a herd & generally < 2%, it can be as high as 25—
30% in herds where many cows'heifers wene cxposed to MCP
BY DWW srains dunng early pregnancy [13].

The anly pubhshed study to explone BV DV genctic diver-
sty in Uruguay found that the main species'subtype was
BYIDA-1a [1E]. Comcidentally, thie subtype was found in
the MDD case (outhreak 1) and in owthreaks 2, 4, and 5 de-
scibed herein, mdicatng that besides bang frequent, this
subtype is associied with disease and death m catile, which
15 unprecedenicd m Unuguay in the scientific hiemure. Based
onourresults, BVDV-2h can also be regardad as a significant
cauze of diecase in Uniguay. In addiion, this work eopands
the geographical distribution {s=outh) and the hiotype of

ﬁ&pr.i.n;tl:

33



366

Bexr J Miombial { 2020) 51:357-368

infected catile {dairy) in Uruguay for BVDV-2h, smece this
subtype had previously been deected only in beef cattle in
the department of Rivera, in northem Uruguay [1E].

Vaccines commerncially available for BVDY prevention in
Uruguay ane manutactured with inactee ated vires and can only
provide partial protection, unlike modified-live vaccmes used
in other regions |36 ], including South Amencan countnes
such as Brazil [37). Recent invesogations in Argentona have
led to developing an enhanced BVDY subunit vaccine
cxpressad ina baculoyires, hased on a tnmcated E2 glyoco pro-
tein fused to a single-chain antibody that targets antigen-
presentm g cclks | 58] This vaccine's immmmog cnicity was tost-
cd in guinza pigs and cattle, and immumized cattle develo ped
high lewels of nenralizing antibodies agams BV DV up to 1
wear after immunization. Based on these results, the vacoime
was scaled up and regisicred and & being commencialized as
the first Argentinean subumit vaccine for cattle [59]. Whether
these vaccings protect agamst Unuguayan BYDV straims re-
mans i be addresed.

Conclusions

BV DV causes pathology and iz associaed with discases and
muartality im beef and dary cattle i Unoguay. More exiensive
and sysematc studics are noccssary to determine the epide-
miology and ecomomic impacts of BVIDV for lvestock in
Uruguay as well as the distmbution and froquency of the dif-
ferant specica’subtypes mvolved in clinical settmgs. Cost-
hencfit analyses and feasibility studies could help estab lish
preventive and conirol programs for BVDY at the tamm, re-
giomal, and national levels.
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Maya L, Macias-Rioseco M, Silveira C, Giannitti F, Castells M, Salvo M, Rivero R, Cristina J,
Gianneechini E, Puentes R, Flores EF, Riet-Correa F, Colina R. (2020) An extensive field study
reveals the circulation of new genetic variants of subtype 1a of bovine viral diarrhea virus in Uruguay.
Arch Virol. Jan;165(1):145-156. Epub 2019 Nov 19.

DOI: 10.1007/s00705-019-04446-z

En este trabajo se analizaron 2546 muestras colectadas entre 2015 y 2017, y se analizaron por PCR y

secuenciacion los fragmentos genomicos 5"UTR/NP™, NP y la glicoproteina de membrana E2.

Los principales hallazgos de este trabajo fueron los siguientes:

La epidemiologia molecular descrita previamente en Maya et al., (2016) continGia incambiada.
Es decir, circulan los subtipos BVDV-1a, li, y BVDV-2b, y el subtipo BVDV-1a continta
siendo el mas prevalente de acuerdo con nuestro muestreo.

Se realizaron estudios de dindmica poblacional y revelaron que BVDV-1a estaria circulando
en nuestros rodeos desde 1990 aproximadamente.

BVDV-1a se disemind y evolucion6 acumulando mutaciones puntuales a una tasa de 3,48 x
103 sustituciones / sitio / afio, adquiriendo caracteristicas genéticas especificas que dieron
lugar a dos linajes genéticos uruguayos de BVDV-1a

Estos linajes uruguayos difieren de las cepas BVDV-1a que circulan en otros paises y de la
cepa de vacuna que se utiliza actualmente en Uruguay.

Las diferencias mas notables entre las cepas de campo y de vacuna se encontraron en la
glicoproteina E2, lo que sugiere que las sustituciones de aminoacidos podrian resultar en un
fallo de la proteccion cruzada / neutralizacion después de la vacunacion.

Este es el primer estudio que compara cepas de campo y vacunas de BVDV uruguayo con
otras cepas de BVDV de todo el mundo.

Los resultados obtenidos en este estudio seran de gran utilidad para desarrollar un programa
de inmunizacion adecuado para el BVDV en Uruguay mediante la identificacion de cepas de

campo locales como candidatas para el desarrollo de vacunas.
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Abstract

Bovine viral diarrhea virus (BVDW) is a major pathogen worldwide, causing significant economic losses to the livestock sec-
tor. In Uruguay, BYDV seroprevalence at the farm level is =80%. In this work, 2546 serum, blood or tissue samples collected
from animals suspected of being affected by BVD) bevween 2015 and X017 wene analyzed by reverse ranscription PCR and
sequencing. Analysis of the BVDV genomic megions 5"UTR/NP™, N™ and E2 revealed that BVIV-1a. li and 2b circulate
in the country, with BYDV- la being the most prevalkent subtype. Popolation dynamics studies mevealed that BVIV-1a has
heen circulating in our herds since ~ 1990, This subtype began to spread and evolve, accumulating point mutations at & rate
of 3.48 x 10~ substitutions/site'ycar, acquiring specific genctic characteristics that gave rise to two local genetic lincages
of BVDV-la. These lineages ame divergent from those circulating worldwide, as well as the vaccine strain currently used
in Uruguay. The most notable differences between field and vaccine strains were found in the E2 glycoprotein, suggesting
that the amino acid substitutions could result in failume of cross-protection/neuiralization after vaccination. This is the first
study that compares Uruguayan BV fizld and vaccine strains with other BVIDYY strains from throughout the world. The
mesults obtained in this study will be wery useful for developing a suitable immunization program for BVIWV in Unuguay by
identifying local field strains as candidates for vaccine development.

Hamdling Editor: Zhenhzi Chen.

Introduction
Electronic supplementary matenal The online version of this
article (hitps fidod org!1 0 10 007 05-01 00444 6-x) contains B ovine viral diarrhea (BVID) is a disease of economic impor-
supplementary material, which is aveilabie 0 authorized wer. tance worldwide that causes a wide variety of clinical signs
5 Rodney Coline and meproductive failure in cattle [1]. The etiological agent,
rodney colina ] € gmail.com bovine viral diarrhea virus (BVIW ), induces reproductive

disorders {embryonic death, abortion, reduced fertility],
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and non-structural proteins, including NF™, C. Ems. E1LE2,
pf, NS3 (NS2-NB3), NS4A NS4R NS3A and NS5B [5].

There are three BVDV species curmently recognized by
the International Commities of Taxonomy Viros (BCTV),
namely Pesrivirus A, B and H, which include BVIW-1,
BVDV-2, and HoBi-like pestivirnus, mspectively [6, 7].

Previous studies using BYDWY nucleotide sequences of
the 3"UTR, N™ and E2 genomic regions have revealed that
BVIDIV-1 was the first to emerge, around 1802, followed by
HoBi-like pestivirus in 1380 and BVDV-2 in 1390 [7].

BVDW-1 is the most genetically diverse, and at least 21
subtypes (BVDV-1a to BVDV- lu) have been described
[B]. The greatest diversity of BYDWV- 1 subtypes has been
described in strains circulating in Europe, China and Torkey
[9]. In contrast, for BV V-2, only four subtypes (BYVIDV-2a
to BV IW-2d) have been described, and subtype 2a seems to
predominate on all continents [9-13].

To study the genetic diversity of BVDV, different genomic
mgions have been used, incloding the 3'UTE, the membrane
glycoprotzin EZ, the autoprotease NP, and the protease NS3
[10, 14-16]. Currently, the 3"UTR is the main genomic
megion used for this purpose. Analysis of this genomic mgion
has allowed the demarcation of BVDY species. However,
due to its short length and high nuckotide conservation
level, BVDV-1 subtypes usually cannot be casily defined,
sometimes leading to incormect subtype assignment [ 17, 18].
The use of 3"UTR/NF™ allows proper assignment of BY DV
strains to the different species and subtypes of BVDWY [19].
Alternatively, the E2 glycoprotein, which is 1122 nucheo-
tides in length, has been also used for this purpose. E2 is a
less-conserved genomic region, and the most variable region
of E2 is the amino-terminal end. The DA and DB domains of
the E2 protin (residucs 4-37 and B3- 164, mspectively), ax
the most exposed on the virus surface and thenfore contain
the main antigenic sites of the virion [20, 21]. Due to its
variability, phylogenetic studies carried out with E2 have
shown higher esolution than those based on other genomic
megions. Additionally, comparative analysis of ficld and vec-
cine strains has been useful for discovering strains that are
capahle of escaping neutralizing antibodies [22].

BVIWV-1 has a global distribution, while BVDV-Z seems
to have a more restricted geographic distribution [9]. In
South America, BVIW-| predominates, with BVDV- b
being the most frequent subtype [9]. BVIWV- 1a is the maost
abundant subtype in Brazil, and it predominated in Argen-
tima from 1984 to 1999 [23, 24]. There is a common belief
that, due to the selective pressure produced by the BYIWV- la
vaccine, ther was a shift towards subtype BVIV- 1b. Cur
renthy, BVIV- Ib appears o be the most prevalent subtype
im Argentina and is currently diversifying into a new group
named “Arglb™ [25].

In our previous work, we reported that BV V-1 and
BVIDW-2 circulate in Uruguayan herds, with BVDV-1a
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being the most frequent subtype [19]. The study of penetic
wariahility among Uruguayan strains provides information to
improve: the diagnosis of the discase and represents a starting
point for identifying local field strains for development of
protective vaccines using homologous strains. In this work,
as part of a national animal health project, we conducied
a broad study of the molecolar epidemiology of BVIW in
Uruguay and deeper evolutionary analysis of BVDV-1a
strains, the most prevalent subtype.

The results of this work will help o better understand
the e pidemiology, evolution and genetic variahility of Uru-
guayan straing of BYVIV and will provide tools to srengthen
prvention and control strategies.

Materials and methods
Uruguayan BVDV sequences
Sample collection

From March 2015 to December 2017, a total of 2346 serum,
blood and tissue samples were collected at the “Plataforma
de Salud Animal” of the “Instituto Nacional de Imtsl.igac[ﬂn
A gropecuaria”. Samples wer obtained from calves with and
without diarrhea, aborted fetuses, and heifers from farms
where abortions had been reported. Samples were submitted
to the mokecular virology leboratory at the “Ceniro Univer
sitario Salw, Universidad de la Repiblica”, and stomed at
-X°C until testing.

RMA extraction, reverse transcription and sample screening
by real-time PCR

Viral RNA was extracted from all samples using a QLA amp
cador Pathogen Mini Kit (QIAGEN, Germany) following
the instructions specificd by the manufacturer. In blood and
serum samples, the protocol “Purification of pathogenic
nucleic acids from fluid samples” was followed. Tissue
samples were pretreated according to the “Preteatment T17
protocol as described in the instructions. Reverse transcrip-
tion was carried oot using random primers and SuperScript
Il emzyme (Inv itrogen, USA). For the detection of BVIW-1,
BVDWV-2 and HoBi-like pestivirus, a real-time PCR assay
targeting 207 bp of the 3"UTR region of BVDY was per
formed using primers BVDW 1%0F and V326 and the Tag-
Man® probe TO-Pesti as described by Hoffman et al. and
Gacde et al., respectively, and latter modified by Maya et al.
[19, 26, 27]. All real-time PCR reactions were performed
using a SensiMix [ Probe Kit (Bioline Reagents Ltd.) and a
Eotor-Gene O instrument (QTAGEN) following the manu-
facturer’s mecommendations.
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Amplification by conventional PCR

A fragment of 207 bp of the 3"UTR was amplified from
mal-time-PCR- positive samples, using the same primer
pair that was used for the real-time PCR. Furthermore, a
fragment of 428 bp of the N* genomic region was ampli-
fied as described by Maya et al. [19]. A third amplicon of
606 bp belonging to the carbox yl-terminal region of the E1
glycoprotzin (213 bp) and the amino-terminal region of the
glycoprotein E2 (391 bp) was amplified using primers B1 1
and B32 with PCR conditions described by Couvreur et al.
[28]. The resulting amplicons wene sequenced by Macrogen
{Scoul, South Korea) in an ABI373XL Genetic Analyzer
{Applicd Biosysems, CA, USA).

Phylogenetic analysis

All of the sequences were edited uwsing Seqhan Softwar
(DNASTAR Lasergenc) and aligned using the Clustal W
algorithm in MEGA version 6.06 [29]. Genotype assignment
was done by phylogenatic analysis of Uroguayan 5°UTR
and NF" sequences concatenated into a fragment of 607 bp
{3'UTE and NF” sequences overlap by 28 bp) and named
“5"UTR/NF"", along with sequences from Uroguayan
BYDV strains published by Mayaet al. (n= 14) and those
of representative BVDV- 1, BVIV-2 and HoBi-like pestivi-
mus strains eirieved from the GenBank database. Sequences
from Uruguayan strains are listed in Table 1. For samples
from which only the 5"UTR region could be amplified. the
subtype was determined using the NCBI BLAST tool [30].

Analysis of the genetic variability of BYIW - 1 subty pes
was performed using the coding region of NF™ sequences
{410 bp) and the amino-erminal E2 nucleotide sequences
1391 bp) from Uruguayan strains and BVI'V- 1 a strains from
other countries based on the review by Yesilbag et al. [9],
using sequences available in the GenBank database. The
sequences used in these studies are summarized in Online
Besources | and 2.

In all phylogenctic analyses, a irencoe sequence of bor-
der disease virns (BOW ) was used as out-group. The model
of nuclkotide substitution that best it the different datasets
IGTE + gamma) was selected using the jhodel Test program
according to the Akaike information criterion (AIC; Akaike,
1974} [31]. Phylogenetic trees wene constructed by the maz-
imum-likelihood (ML) method, and statistical significanoe
was evaluated by the bootstrap method (1 000 eplicates) in
MEGA version 6.06 [29].

Sequence analysis of Uruguayan BYIV-1a strains
at the nucleotide and amino acld levels

The genetic distances of nucleotide and amino acid
sequences were deermined for the Uruguayan BYDV-1a

strains and between the Uroguayan BVIDV- 1o strains and the
NADL strain using NF" sequences (410 bp, and 136 amino
acids) and those of E2 (391 bp and 131 amino acids), using
MEGA wversion 6.06 [29].

The amino acid substitutions found in glycoprotein E2 of
the Uroguayan BVIIV-1a sirains and the MADL strain wene
mapped to the crystallographic structure of E2 determined
by El Omari et al. [20] (FDB ID: 2Y 20 using PyMOL [32].

Population dynamics analysis of Uruguayan BVDV-1a

Before performing molecular clock analysis, the TempEst
program was used to determine whether the sequences used
in this work showed a temporal structure [32]. The time
of the most moent common ancestor (IMRCA), the evolu-
tionary rate of the 5"UTR/NF™ (607 bp) of the Uruguayan
BYDW-la strains, and their demographic history werne
jointhy estimated using the BEAST v 1.7.5 package (available
online: hitpetmee bio.ed.sc.uk/softwany/beast') [34]. B ayes-
ian analysis was conducted under relaxed molecular clock
models with uncorrelated lognormal (UCLN) and expo-
nential (UCED) distributions and the strict molecular clock
model. The three mokecular clock models were evaluated
in combination with the constant size, exponential growth,
enpanzion growth and B ayesian skyline coalescent tree prior
using Bayes Factors. Markov chain Monte Carlo (MCMC)
simulations werne run for 200 million generations, and the
results wem visualized using the Tracer v1.5.0 program
(available from hitp:/fbeast bioed ac.ukTracer), excluding
the initial 10% of the run as burn-in. The effective sample
size (E55) values were checked to evaluate the comvergenoe
of the analysis, acoepting only values higher than 200 for all
of the parameters. The effective number of infections was
represenied graphically using Tracer v1.5.0.

Results

Geneatic diversity of Uruguayan BVDV strains based
on analysis of 5'UTR/NP™ saquences

Taenty-thme samples were positive for BYVIV by neal-time
PCR. These 23 samples, added to the 16 samples previously
obiained by our group, gave a total of 39 samples that wene
positive for BVDW (Table 13 [19].

In five of the 23 samples, only the 3"UTR region could
be amplified, and the subtype was defermined using the
MCBI BLAST tool, with three samples being characterized
as BYDW-la, and two samplkes as BVIWV-2b. In our previ-
ous work, two of the |6 positive samples were classified as
BVIW- la by BLAST, sowe obtained a total of five BVIV-
| & and two BYDV-2b isolates (Tablke 13 [19].
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Table 1 Sampi: name,

5 E name Geographic loce  Acoession Accession Acressaon BY [ sa

including the daie of callzction, o fom {department) pumber 5UTR  number number P

peopraphic locaton, GenBank = SUTR El-E?

accession numbers for the

J'UTR/NF=, SUTR and AEThOUY 72014 Tacuarembo KTE33757 MN159231  BVIV-la

El-ED sequences. and sublype  yoomirv72014  Tacwsembo  KTE33738 MNI50238  BVDV-lz

designation of the Unapuayan

sirsins from this siady and those ~ 429ThoUYAS2014  Tacuaremib KTE33780 BYDV-12

reported by Maya et al. (X}16) 430ThoUYOEN 14  Tacuarembo KT&33790 MNI59230  BVIV-1a
431ThoUYDEND14  Tacuarembo KTE33791 BYDV-12
437ThoUY RN 14  Tacuarembo KT&13792 MNI59229  BVIWV-la
ARV Florida KTE33793 MNIS9228  BVIV-la
APV Florida KT&13784 MN159227  BVIWV-1a
A35FUIY/AN 04 Forida KTE33794 MN159226 BVIV-la
AT ThoUY 42014 Tacuarembo KT&33796 BVIDV-12
435ThoUY 42014  Tacuarembo KTE33797 MN159236 BVIV-la
653TholYR2014  Tacuarembs KT&13798 BVIDV-12
651 Thol'YDE2014  Tacuarembs KTE13785 BYDV-12
652TholUYAR2014  Tacuarembs KTE33786 BVIDV-12
SEESaLIY /015 Salin MN 159206 MNI5S9225  BVIV-la
TSAUYAFAL1I015 Unknown MN 159207 MNI59224  BVIV-1a
IZBSTyTUYADZXN16 Teintay Tres  MNISU08 BYDV-12
15329UY/4016  San Jos MN 159209 BYDV-12
2144UY /2016 Unknown MN 159220 BYDV-12
2145UY /2016 Unknown MN 159219 BVIV-12
2146UY /2016 Unknown MN 159218 BYDV-12
147U 2016 Unknown MN 159217 MNI59235  BVIV-1a
2148UY /2016 Unknown MN 159213 BYDV-12
240281 UY/ 016 San Jos MN 159215 MNI59234  BVIV-1a
24058IUY /016 San Jos MN 159216 MN159233  BVIV-1a
I5148IUY/ 016 San Jos MN 159210 MN159232  BVIV-1a
IICNIAUY/2016  Colonia MN 159214 MN159237  BVIV-1a
IWSRNUYNIT  RioNepro MN159211 BVIDV-12
IIFICNESUY/01T  Canelanes MN 159212 BVDV-12
IIICNESUY/201T  Canelones MN150203 BVIDV-12
ITIECNIAUY2017  Colonia MN 159221 BVDV-12
ITICNIAUY201T  Coloniz MN159202 BVIDV-12
ITIMLAVUY20IT  Lavalieja MN159201 BVDV-12
A36FlYSN014  Florada KTE13795 BYDV-1i
AWRVUYDS2014  Rivera KTE33799 BYDV-2b
IWIUYRNDIE  RioNegro MN 159223 BYDV-2b
TEORNUYINIE  Rio Negro MN 159222 BYDV-2b
66ACNIAUY201T  Colonia MN 155205 BYDV-2b
66SCNIAUY2017  Colonia MN 159204 BYDV-2b

From the remaining 18 positive samples, the 3°UTR
and N*™ genomic regions could be successfully ampli-
fied, sequenced, edited and subsequently concatenated
to 5" UTR/NF fragments. Adding these 13 sequences to
those described by Maya et al. [19] (n = 14), a total of 32
Uruguayan 5" UTRS/MNF™ sequences from strains from 2014
017 wemr used for phylogenetic analysis and subsequent
studies.

€1 Springer

According to the results obtained from jModelTesy, the
best model of nuckotide substitution that described our
dataset was GTE + gamma.

The 32 samples were penotyped by performing a phylo-
genetic analysis hased on a 607-bp fragment of the 3"UTR/
WP region (Fig. 1). We found that 29 Uruguayan strains
belonged to the species Pestivirus A (BVDV-1), with
91% statistical support, and three belonged to the species
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Fig.1 Phylopenetic analy sis
of the 5"UTR/N™ region of

dots. BVDV-12, li and 2b

zre highlighted in gray and
indicated on the right side of the
figure. Numbers at the branches
of the trees are bootstrap valoes.
A BDV (border disease virus)
sequence was incladed in the
Enalysis &s &n out-group
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Pestivirus B (BVDV-2), with 100% support. Inside the
BVDWV-1 cluster, 28 of the 29 samples belonged to the sub-
type BVDV- la, and one sample belonged to the subty pe
BVDWV-1i. Al BYDWV-2 strains were assigned to BVDV-2b
subitype.

The sample name, viral species/subtype, peographic loca
tion {department) and GenBank accession number of the 5
"UTR/NF™, 5°UTR. and E1-E2 genomic regions are sum-
marized in Table L

Phylogenetic analysis shows that the Uruguayan BYIDW -
|z strains (n = 28} wemr subdivided into two clades, named
BVDV-la lineage 1 UY and BVDWV-1a lincage 2 UY (Fig-
ure 1). BVDV-1a lincage | UY was the main clade, con-
stituted by 24 BVIV- la sequences. This lineage formed a
group supporied by an 81% bootstrap value, along with five
Brazilian strains (LV6&0-33/13, LVA5-39 13, LV 17-09/13,
SV 66300 and LV 36-B0/13).

The smaller Uruguayan subgroup, designated as BYDV-
la lineage 2 UY, with 99% bootstrap support, is formed by
the emaining four Urnguayan sequences (see Fig. 1.

The Uruguayan strain 436FalUY D520 14 of the BYDV- i
subtype clusters together with the Brazilian strain ACM/
BE/20 16 and with strains from the United Kingdom. Within
this group, the strains from the United Kingdom grouped
separately from the two Latin American strains, with 9#89%,
statistical support.

The three Uruguayan strains of the BYDV-2b subtype
were divided into two groups: strain 439RvUY082014

grouped with Brazilian strains of this subty pe, and strains
POIUYRNZD 16 and 2ZT69UYRMN/ 2016 together formed
a separate group supported by a bootstrap valoe of 99%.

Analysis of the NF™ genomic region

Mucleotide and aming acdd distances among Uruguayan
EVDV-1a stralns

The 24 sequences of BVDV-1a lineagel UY had a
nucleotide saquence divergence of 4.4% (18/410) and an
amino acid sequence divergence of 2.9% (4'136). The 4
sequences of BVDV-1a lincage 2 UY had a nucleotide
sequence divergence of 2.9% (12/410) an amino acid
sequence divergence of 0.7% (1/136). These two Urue-
guayan lineages diverge in 11.3% of their nucleotides
{(47/410), and 5.2% (7/136) of their amino acids (Table 2.

Both Uruguayan lineages ame genetically divergent with
respect to the NADL vaccine strain. BVIDWV- |a lineage |
UY and the NADL strain diverge in 11% of their nuche-
otides (45/410) and 5.1% of their amino acids (7/136).
The BVDYV-1a lineage 2 UY diverges from the MADL
strain in 9.2% of its nucleotides (32410} and 5.9% of its
amino acids (8/136) (Table 21, In the NF™ protein, the teo
Uruguayan lincages have the residues NE, 1 K0 F 0.
which differ from those in the NADL strain, which has
DV 3 Beu5,  (Table 3a).

Table 2 Muclkeotide and amino

e
acid saquence differences

Nucleotide:zamino acid (number of differnozs)

herbwen Uruguzyan BYDY- 1a BYDY-1a lineaps 1 LY BY V- 12 Eneage 2 1Y MNADL

lineage | and 2 and the NATL

sITERn BYIW-12 lineaga | LY 18:4 487 457
BYDY-1z lineags2 LIY 487 11 338
H? Muclkeotide:zmine acid (mumber of differnozs)

BYDY-12 lineape 1 UY BY V- 12 Eneape 2 LY NADL

BYIW-12 linzaga | LY 3312 Bale #3:31
BYDY-1z lineags2 LIY Bacln — g

Table3 Amino acid sites with differences betwesn BY TDW-12 hineage | UY, BYDWY- la lineage 2 UY and the NADL sozin 8) in the sequence of
the F™ prodzin and b) in glycoprotein E2. The amino acids that zre par of the E2 anperprint of BYDY-12 lineage | UY 2re shown in bodd

) Stmainfresidue in NF i 9 75 100
BY - 1a lineaga] LY MNIE | K F
BYIDWV- 18 linzape? LY M [ K F
NATL I W R 5
L] Sirainfresidue in E2 15 | B 49 5 [t 71 #1 &7 88 o
BY DV- 12 tineage] LTY 5 I T K ¥ T 3T E LEWS R G
BY DV- 12 tinzage2 LY ] I M K M | 5 K 0 R B
MADL ] i K E M | T K R K E
@ Springer
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ogenetic analysis of the N*™ genomic reglon
Phyl Iys

A second phylogenetic analysis (Fig. 2) was performed
with 143 nucleotide sequences of the N™ protease (410
bp) from the BYDWV-la subtype isolates from Uruguay (n
= 28} and strains from Austria, Brazil, China, Cansda, the
United Kingdom and the United States of America, (Online
msource 1) selecied based on a review by Yesilbag et al. [9].

The mesults of these studies mvealed that several groups of
BYIDW-|a strains can be observed (Fig. 2). The Uroguayan
strains of lincage BVIW-1a shoaed the same topology when
using the 5'UTR/NF™ or N mgion for analysis (sce Fig. |
and 2). Strains of BVDV-1a lincage 1 UY were grouped with
92% statistical support with the five Brazilian strains and
the Chinese swrain (G35, Strains of BVD'V-1a lineage 2 UY
grouped together with a bootstrap value of 88%. Strains from
the United Kingdom formed several groups (named UK | to
UK 8). The Brazilian strains were separate from Uroguayan
lineage | UY and formed & group (BR clade). The same was
observed for the Canedian strains, which formed a group
called the “"CA clade™ (Online Resource 1).

Population dynamics analysis of Uruguayan BVDV-1a
Isolatas

To betier characterize the Uruguayan BVDYY la strains, and
their evolutionary and demographic history, we estimated
their tMRCA and mobecular clock. The nucleotide substitu-
tion model that best fit our data was GTR + gamma. The
msults ohtained using Tempest showed that the 5" UTR/NF
genomic region had a emporal structure, and theretore we
could proceed bo other estimates.

The results of these analyses mveaked that this subtype
began to spread in Urnguay in 1990 at a substitution rate of
348 % 10~ substitutions'site/vear (Table 4).

Analysis of the E1-E2 genomic region

Mudeotide and amino acid distances between Uruguayan
BVDWV-1a strains

El-E2 nuckeotide sequences (603 bp) were obiained for 15
Uruguayan strains of the BVDWV- la subtype, 14 of BVIV-
la lincage | UY, and one of the BVDV- la lincage 2 UY
(438TboUY 42014}, (see Table 1. The amplified region of
E2 (391 bp, and 131 amino acids of a total of 373) is shown
in white in Fig. 4a and b and corresponds to domains DA
{amino acids 4-27) and parily to domain DB {(amino acids
BE-164).

The E1-E2 region of the BV DV-1a lincage | UY isolates
showed a genetic diversity of 3.5% at the nuclootide level
and 6% at the amino acid kevel (Table 23, BVDV- la line-
age | UY differed from BVIYV-la lincage 2 UY in 14.3%

(86/603) of its nuckeotides and 12 9% of its amino acids
(Table 2). BVIW-1a lineage | UY has a nucleotide diver
genoe from the MADL vaccine strain of 13.8%, and 15.4% at
the amino acid level. When BVDW-la lineage 2 UY (strain
438Tball'YN420 |4) and the NADL strain were compared., a
divergence of [4.8% and 13.4% at the nucleotide and amino
acid kevel, respectively, was observed (Table 2.

The MADL strain differs from the two Urnguayan line-
ages of BVIW- laat 11 amino acid positions in the E2 glyco-
protein (Table 3b). Seven amino acid changes were found in
beta sheets (aa 15, X0 38, 4954, 68 and 81) and are shown
as while sphemes in Fig. 4b, and the four remaining residues
wem in the loops between the beta sheets (ga 71, 87, 88 and
U1} and are shown as light gray spheres in Fig. 4b. El Omari
et al. mapped a linear epitope of CSFY in the structure of
glycoprotein E2 of BVIW from amino acid 83 to 90 in the
DA and DB domains, in a loop betwesn bvro beta sheets
(light gray, Fig. 4a) [X)]. Substitutions at amino acids 87,
#8 and 9 found in Uruguayan lincages of BVIV- la with
respect to the NADL strain are part of this lincar epitope
{represented by light gray sphemes in Fig. 4b). An immuno-
dominant epitope has been mapped in BY IV E2 from amino
acid 71 to 74 of E2 (light gray, Fig. 4a) [33]. A substitution
at amino acid 71 of E2 was observed in most of the Urw-
guayan BVIW-1a strains (12 of 15) when compared to the
MADL strain (represented by a dark gray sphene in Fig. 4b).

Uruguayan BVID'V-1a lincages differ from each other by
5ix non-synonymous substitutions in the E2 protein (aa 15,
38, 54, 68, Bl and 90}, and substitutions at positions 38, 54,
68 and &1 of E2 were found only in the Uruguayan strains
of BVIV- la lineage | UY (Tahlke 3b).

Phylogenatic analysis of the E2 genomic region

A third phylogenetic analysis was done using 33 nuckotide
sequences from the amino-terminal region of the membrane
glycoprotein E2 (391 bp) (see Fig. 3), including strains from
the BVIDWV-1a subtype from Uruguay (n= 15) and strains
from China, Japan, the United States of America and Argen-
tinz (Online Resource ), selected on the basis of a review
by Yesilbag et al. [9]. To date, no available and compa-
rable sequences of the amino-erminal region of E2 from
Avustria, Brazil and the United Kingdom are available, so
a phylogenetic tree of NF™ and E2 could not be made with
sequences from those countries. The Canadian sequences of
E2 obtained by Chernick et al. [22] were too short (243 bp)
i be included in the analysis. The results of these studies
are shrarn in Figure 3.

Strains of BY DV-1a lincage | UY clustered together with
the Chinese strain G35, with 935, bootstrap support, whilks
BYDWV-la lincage 2 UY grouped with the Chincse strain
G524, with 4% bootstrap support (sex Fig. 35 The BV V-
la strains from Japan formed a separate group called the “JP

@ Sprimger
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Fig.2 Phylopenetic analy sis
of N*™ saquences of BVDV-1a
strzins. Uruguayan BVDV-1a
strains are indicated by dots.
The UK clade is indicated
by trianples, the CA clade by
squares, and the BR clade by
rhombuses. A BVD (border
disease virus) seguence was
included in the analysis as an
Oat-group
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Tableda BEAST meswits for the 5'UTR/MN™ penomic region of
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Fig. 3 Phylopenetic znatysis of EX nuckeotide sequences of BY DY-1a
strzins. Urapuayan BYDV- 1z sirzins ae indicated by dots. A BDW
(horder disease virus) saquence was included in the anslysis as an
- group

group”, with 98%, statistical support. Strains from Argentina

did not cluster together, mvealing a significant degree of

genetic variability among them.

Discussion

BVD is one of the most important infectious diseases of

livestock, causing significant economic losses to the live-
stock industry. In Australia, the beef and dairy industries ame
among the top three in the agriculiural sector. In Australia,
there are no mitigation programs for BYD, and this disease
iz second in importance to diseases carried by ticks. In tick-
free arcas, BVDYY is the most important pathogen [36].

In Uruguay, cattle industry exports represent around
0% of the country’s gross domestic product [37]. There

Fig. 4 Cartpon repesentation of the B2 monomer. 8) The amplined
mrgion of the E2 giycoproein is shown in white, and the mest of the
menHTEr is in dark grey. Antipemic sies mapped in classics] swine
fever virus and BYDY are shown in lipht prey and indscated by
squares. by Caninon representztion of the B2 monomer rotated shout
the y-axis 180 degrees counterclockwise. The 11 amino scid substite-
tions found in the Urugugyan sirzins of the BY Y- 1a sabtype are ep-
msented & spheres colored light grey if locaied in a known anbigenic
sile. Dtherwise, they are shawn in whike

i= a catthe population of around 12 million head, including
beef and dairy breeds, distribued on 42,1 14 farms. The
bovine population in Uruguay has remained practically
unchanged since 1998, and it is suspected that BVDV is
one of the tactors that contribute to this situation, affecting
pregnancy and procreation [38]. Research studies carried
out in Uruguay in 2000 revealed that only 3% of farm-
ers vaccinated cattle against BVDV. BVIW was foond
on [00% of the farms studied, and & seroprevalence of
67 % was found in cattle [39]. These data were updated
recently with similar values of seroprevalence at the farm
level (98 8%) and higher seroprevalence at the herd level
{approximately B0%, Dr. Federico Ferndndez, Ministerio
de Ganaderia, Agricoltura y Pesca, MGAP, personal com-
munication). Yarnall and Thrusfield estimated that farms
endemically infected with BVDV could experience an
economic impact ranging from 8.4 to 113 dollars per cow
per year [4].

In Uruguay, there is no national program for the eradi-
cation of BVIDW, and vaccination is not mandatory. The
vaccines against BVDY available in Uruguay are listed
in the national annual report to the World Organization
for Animal Health (OIE)Y; they are inactivated poly valent
vaccines that contain BYDV-1 and BVDV-2 [40]. Only
one of the manufacturers states that the vaccine contains
the MADL reference strain of the BVDV-la subtype and
the SV 323 strain of the BVIDIV-2a subtype. No information

e
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i= availablke on the viral subty pes included in the vaccines
prepancd by other manufacturers.

Many countries, such as Austria, Great Britain, Den-
mark, Finland, France, Germany, Ireland, [ialy, the Meth-
erlands, Norway, Scotland, Slovenia, Sweden and Switzer-
land have BVDW eradication programs in progress at the
national or regional kevel [36]. In Switzerland, the virs
has been sucoessfully eradicated [41].

BYIW eradication can kead to a significant reduction
of economic losses. To achieve this goal, a control policy
should be implemented consisting in identihication and
memoval of Pl animals, identification of natural in wero
intection of calwes, continuwed surveillance of animals
showing clinical signs characteristic of BV, and an effec-
tive vaccination program [42, 43].

In our previous work, we found that BVDV-1 and
BYDW-2 were circulating in Uruguayan herds with repro-
ductive problems and that the most frequent subby pe was
BYIW-la [19]. The current work extends the sampling
and supports the molecular epidemiclogy data obtained
previously, given that the BV V- la subty pe continues to
e the most frequent subtype in our country.

The geographical diversification of the Urugoayan
strains of BVDV-la described in our previous work
became mome evident when increasing the number of posi-
tive samples of this subty pe. Phylogenetic analy sis clearly
showed two clades of Urnguayan BVDV-1a (Figs. 1. 2
and 3). These clades were named “BVDV-1a lineage |
UY™ and "BYDV-la lincage 2 UY™. BVDV-1a lincage
I UY included a larger number of Uruguayan strains (n
= 24} and formed a clade together with some Brazilian
strains and the G535 strain isolated in China (Figs. | and
2). In contrast, BVDW-la lineage 2 UY incloded fewer
Uroguayan strains (n = 4) and only one foreign strain,
G524 of Chinese origin (Fig. 3).

According to the tIMBCA estimate, the BVOWV-1a sub-
type began circulating in Ureguay in 1990, approximately
7 wears ago. Since then, this subtype began to spread and
evolve, accumulating substitutions at a rate of 3.48 x 107
substitutions'sitevear (s/5'y) in the 5'UTR/NF™ region. In
this way, the BVIV-1a subtype in Uroguay diversified by
acquiring local specific penetic characteristics that gave rise
to two BVIV- la lineages, which are genetically different
from the BVIW-]a strains isolated in other countries and
from the vaccine strain NADL. The estimates of the substi-
tution raies found in these analyses (348 » 107 a'sly ) ame
consistent with those reported in previous studies [22, 44].

The resulis of these studies mvealed that both of the
BYDW-1a lincages circulating in Urugoay wene genetically
distant from the MADL vaccine strain (see Figs. 1-3). In the
NF™ protease mgion. the two Uruguayan lincages differed
from the MATIL strain by four amine acid changes NE, D,
IV, KR, F 8 (Tablk 3a).

@ Springer

In order o obtain more-detailed information on the diver-
gence between the MATDL vaccine strain and the Urnguasyan
BVIW- la strains, we analyzed the amino-terminal region of
glycoprotein E2. This region is more variable than the NF™
region due to its roke in the eplicative cycle of the virus. The
amino-terminal region of E2 is the most exposed megion on
the surface of the virus and therefore is the most antigenic
region of this protein [30]. In the E2 mgion, most of the
nuck-otide changes are non-synonymeus and lead to amino
acid changes (see Table 2). In this region, 11 amino acid
changes were found when comparing the two Urogoayan
linzages of BVIYY- la and the MADL strain, revealing a sig-
nificant degres of genetic variability among vaccine strain
and strains circolating in Uruguay (Table 3b, Fig. 4). Sub-
stitutions at residues 71, 87, 88 and 90 found in the tao
BYDV-la lincages circulating in Uruguay relative to the
MNADL strain are part of teo epitopes of E2 [0, 35]. There-
fiome, these substitutions in glycoprotein E2 of the Uroguayan
strains could kad to a protection/neutralization failure in
animals vaccinated with the NADL strain. More studies will
e needed to address this important isswe.

In addition to the mutations described above, the Ure-
guayan sequences from BYDV-la lineage 1 UY had a
unigue fingerprint T4,V ToE . in glycoprotein E2, which
differentiates them from strains of BVDV-1a lincage 2 UY
(8 M, LK D, the MADL strain (K, M, L K, ), and also
the rest of the strains of the BVIDV-1a subtype included in
these analyses (Table 3b, shown in white. Fig. 4a and bl.
Although the amino acid changes at residues 38, 68 and
&1 were not within previously reporied antigenic sies, they
might cause changes in the properties of the E2 protzin. The
mutation at residue 54 of BVIW-1a lineage | UY resulted in
a smaller B group in the valine residue than in the methio-
nine residue shared by the NADL vaccine strain and mem-
bers of BVDV- la lincage 2 UY. More studies are needed to
determine whether these amino acid changes ame relevant
fior the fitness of the Uruguayan strains with this amino acid
fingerprint.

The greatest diversity of BVDV-1 subtypes has been
described in Europe. The BVDV-1i subtype was first
described in the United Kingdom in 1999, It appeared to be
restricied to that country until 2014, when it was found in
Uruguay, and in 3016, it was also found in Brazil [19, 45,
46]. The strains from the United Kingdom grouped together
with 99% statistical support and were separated from the
strains from Brazil and Uruguay (Fig. | ). Strains isolated in
South America have a close genetic relationship with cach
other in the WF™ region and a more distant genetic distance
with strains isolated in the Unied Kingdom [46].

In contrast to the BVIV-1, the BVDV-2 iz not com-
mon in South America. However, BVDV-2b is the pre-

dominant subtype in Brazil [9]. The two Uroguayan strains
belonging to the BYIW-2b subtype (2Z391UYRN/A16 and
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ITe0UYRN/AD16) clustered together, separated from most
of the other strains of this subtype, including the Unuguayan
sirain 4398y UYDEXN 14, Mor: studies will be needed in order
tr ohserve if genetic diversification is taking place within the
BYVIDW-2b genotype in Uruguay.

The relationship betwesn the Brazilian, British, Chiness
and Urouguayan strains (BVDW-1a, 1i and BVIV-2b) could
probably be explained by the movement of the virus betaeen
these countries through commercial relationships in the live-
stock sector.

In summary, BVDWV iz a major health problem in Uro-
guayan herds, affecting production and reproduction. Appro-
priaie prevention measures shoubd be applied in order to con-
trol thiz pathogen and reduce the economic losses it causes.
This study provides information about the molecular epide-
miclegy of BVDW in our country. The BVDV- 1a subtype is
the most prevalent in Uruguay, and it has evobved over thee
decades, acquiring local characteristics that make it different
from the NADL vaccine strain.

The Uruguayan subtype BVDWV-2b should be included in
the vaccine formulation, even though only a few isolates of this
subtype were found. BVIV-2b also seems to be diverging in
the Urugusvan erritory, so surveillance of BVDWV needs to be
continued in order to have a clear picture of the behavior of
thi= wiral subtype in our country.

The mesults of these studies suggest that, to achieve ade-
quak: prophylaxis, it might be adequate to reformulate existing
vaccines o contain the teo types of BVIWV and the subtypes
BYIDWV- la and BV V-2h.

Additional in-depth studies are needed o investigate the
antigenic characteristics and determine the complete: penome
sequences of Uruguayan BYDW strains in order to select local
isolates as candidates for developing a suitable protective vac-
cine for our herds.
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Capitulo 4 Manuscrito 4:

Macias-Rioseco, Melissa, Silveira, Caroline, Fraga, Martin, Casaux, Laura, Cabrera, Andrés, Francia,
Maria E., Robello, Carlos, Maya, Leticia, Zarantonelli, Leticia, Suanes, Alejandra, Colina, Rodney,
Buschiazzo, Alejandro, Giannitti, Federico, & Riet-Correa, Franklin. (2020). Causes of abortion in
dairy cows in Uruguay. Pesquisa Veterinaria Brasileira, 40(5), 325-332. Epub July 17, 2020.
https://doi.org/10.1590/1678-5150-pvb-6550

En este trabajo se analizaron 102 abortos bovinos para determinar las causas de aborto y las
frecuencias de las mismas. Todos los casos se sometieron a examenes patologicos macroscopicos y
microscopicos, asi como a pruebas microbioldgicas y seroldgicas. La etiologia se determind en 54
(53%) de los casos, 51 de los cuales fueron causados por agentes infecciosos.

Los principales hallazgos de este trabajo en relacién a BVDV se resumen a continuacion:

e En 3 fetos se detecté a BVDV
e 2 de estos fetos estaban coinfectados con Neospora caninum

e En el tercer feto positivo a BVDV, se detecto la coinfeccion con Leptospira interrogans
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A case series study was conducted to determine the frequency of causes of abortion in
dairy cattle in Uruguay. The sample size of 102 cases was composed of 53 fetuses, 35 fetuses
with placentas, and 14 placentas without an associated fetus. All cases underwent gross
and microscopic pathologic examinations as well as microbiological and serological testing,
The etology was determined in 54 [(53%) of cases, 51 of which were caused by infectious
agents. Within the observed 102 cases, 30 [2924) were caused by Neospora caninum, 5x
(&%) by Coxella burmetil and two [(2%) by Campylobacter fetus subsp. venerealis. Bovine
Parainfluenza-3 virus and Salmonella enterica serovar Newport cansed one abortion each.
Opportunistic bacteria [Escherichia coli, Streptococcus sp., Staphylococous sp., Mannheimia
sp., Trueperella pyogenes, and Providencia stuartii) were associated with 11 abortions. In two
cases the fetal death was attributed to dystocia, and in one case the fetus had a congenital
mesothelioma. Bovine viral diarrhea virus (BVDV] infection was identified in three fetuses;
twe of which were co-infected with and had typical lesions of N. caninum. Ne lesions were
observed in the other fetus infected by BYDV. Leptospina interrogans was identified in one fetus
without lesions. Despite the relatively low overall success rate in establishing an etiological
diagnosis in cases of abortion in cattle, a systemic workup of bovine abortion is necessary to
establish prevention and control strategies. This also fadlitates monitoring and surveillance
of reproductive diseases in dairy cattle, some of which represent a risk to public health.

IMDEX TERMS: Dalry cartle, Uruguay, bovine abortion, Camppfobecter fetus, Codells burnetil, Neosporg
conmum, cattle,

RESUMO.- [Cansas de aborto em bovines de leite no
Uruguai.] Uma série de casos foi estudada para determinar a
frequéncia de causas do aborto em bovinos leiteiros no Uruguai
A amostra, de 102 casos, foi composta por 53 fetos, 35 fetos
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com placentas e 14 placentas sem feto associado. Todos os
casns foram submetidos 3 exames patldgicos macroscopicos
e microscopicos, além de testes microbiclégicos e soroldgicos.
A etiologia foi determinada em 54 (53%)] dos cases, 51 dos
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quais foram causados por agentes infecciosos. Mos 102
casos observados, 30 [(29%) foram causados por Neospong
caninum, seis (6%) por Coxiella burmetii e dois [2%) por
Campylobacter fetus subsp. venerealis. 0 virus da Parainfluenza-3
e Saimonella entericg serovar Newport causaram um aborto
cada. Bactérias oportunistas [ Escherichia coli, Streptococcus
sp., Staphyecoccus sp., Mennheimia sp., Truepereila pyogenes
e Providencia stuartii) foram associadas a 11 abortos. Em
dois casos, a morte fetal foi atribuida a distocia e, em um
caso, o feto apresentava mesotelioma congenito. & infeccdo
pelo virus da diarreia viral bovina [EVDV) foi identiticada em
tres fetns; dois dos quais foram co-infectados e apresentavam
lestes tipicas de N caminum. Nio foram ohservadas lesoes
no outro feto infectado pelo BVDV. Leptaspira interrogans fod
identificada em um feto sem lesdes. Apesar da relativaments
haixa taxa de sucesso no diagnostico etioldgico nos casos de
aborto em bovinos, € necessirio o diagndstico sistemdtico
dos abortos para estabelecer estratégias de prevencio e
controle. Isso também facilita o monitoramento e a vigilanda
de doengas reprodutivas em bovinos leiteires, alpunas das
quais representam um risco para a sadde publica,

TERMOS DE INDEXACAO: Aborto bovino, bovinos de leite, Urugual,
Campylobacter fetus, Coxiella burnehi, Neospora caninum.

INTRODUCTION

In Urugnay, dairy production is one of the most important
economic activities of the agricultural sector. Abortion in dairy
cattle increases the cost of reproduction, medical treatments,
feeding, and culling and replacement rates (De Vries 2008),
Abortions are gestational losses that occur bebween day 45
of pregnancy and the end of gestation (Campero et al, 2018),
There is little information available about the prevalence of
abortion in dairy cattle in South America. A study from Brazil
examined 161 aborted bovine fetuses from Rio Grande do Sul
and the cause of abortion was determined in 51.5% of the
cases [Corbellini et al. 2006). Nepsporg caninum was the most
commonly detected agent (23% of the cases) followed by
bacteriain 17.4%, fungi in 3.1% and vireses in 1.8% (Corbellini
et al. Z006). The most recent study from Argentina, examined
150 bovine fetuses between 2004 and 2006 (Morrell 20107,
The studied population was composed of dairy (23.4%] and
beef [69.2% ] cattle; the production class was unknown in the
remaining cases [ 7.4%). The diagnosis was determined in 52%
of the cases with N, caninum (14.7%), Campylobacter fetus
(9.3%]), Leptospira spp. (7.3%), and Brucella abortus (6.7%)
being the most common agents. An etiological diagnosis was
not achieved in the remainder 48% of the cazes, although
25.3% of these had microscopic lesions suggestive of an
infectons cause (Campero et al. Z018]).

In Chile, a longitudinal study of 20 years examined a total
of 494 bovine fetnses from 270 farms, Forty-eight percent
of cases were from dairy farms, 10.1% from beef farms, and
the rest from mixed production farms The etiology was
determined in 59.7% of the cases, and 52.2% of the cases
had an infectious cause. The most commonly identified
agent was Leptospirg spp. in 25.2%, About 22% of the cases
had microszcopic lesions compatible with N caninum, and B
abartus was detected in 14.3%. The two main viral agents
reported were bovine herpesvirus-1 in 13.4% and bovine

Pesq. Vet. Bras. 40(5):325-132, May 2020

wiral diarrhea virus (BVDV) in 7.7% of the infections cases
(Meyer Zarzar 2013).

Infectious eticlogies are among the mostcommonly reported
abortigenic agents in cattle in Uruguay, 4 study conducted
from 2002 to 2004 analyzed 431 aborted bovine fetuses
from dairy [(54%] and beef (#6%] farms. In 41% of the cases
with diagnosis, the abortion was atiributed to leptospirosis
based on the detection of leptospiral maternal antibodies,
and N, caninum was identified in 36%. Campylobacter fetus
was reported in 13% of the cases, one of which, based on
microscopic observation, was determined as coinfected
with Tritrichomonas foetus, The bacterial etiology with the
lowest reported frequency was B. abortus in 3% of the cases.
Lastly about 23% of the examined fetuses did not have any
macroscopic or microscopic lesions and were of undetermined
canse [Easton 2006].

The diagnosis of bovine abortion is complex, and the
diversity of causes cannot be identified despite extensive
laboratory testng [ Antoniassietal. 2013, Clothier & Anderson
2016). Bovine abortion has been considered a syndrome
because of the complexity of their causes [Anderson et al
1990, Campero et al. 2003), Fetal and placental autolysis is
commeon, precludes the observation of lesions interfering
with the successful identification of infectious agents. The
circulaton of more than one abortigenic agent in the same
herd could represent anather difficulty in the diagnosis of
bowvine abortion, particularly in epidemic cutbreaks (Macias-
Rioseco et al. 2019a). Likewise, bacterial cultures from fetal
tissues and placentas are trequently contaminated with non-
pathogenic or opportunistic bacteria (Clothier & Anderson
20116], making interpretation of results difficult, particularly
in cases without lesions typical of bacterial infection.
Nonetheless, a plethora of diagnostic approaches such as
necropsy histology, immunohistochemistry, bacteriology,
virelogy, immunology and molecular biolagy assays, aid in
the diagnosis of bovine abortion.

Achieving the etiologic diagnosis in bovine abortion
is challenging mainly when adequate diagnostic tests are
not available, particularly when caused by infrequent or
opportunistic agents, or agents that are nonculturable by
traditional microbiological methods, 4 study of 655 cases of
bovine abortion in California, revealed that about 20% of the
examined fetuszes did not have any specific lesions (Clothier
& Anderson 2016). Moreowver, about 11.7% of these cases had
macroscopic and/ or microscopic lesions [ abomasitis, pleuritis,
peritonitis, hepatitis, splenitis, myocarditis, encephalitis
and thymitis) with no pathogens identified. When a lesion
is identified but there is no etiology found, infectious agents
that are rarely detected in cases of abortion or difficult to
isolate should be considered. The ideal diagnostic tests may
be unavailable or perhaps the appropriate samples are not
submitted to the laboratory for testing, Ideal samples for
bowine abortion investigation are the aborted fetus, placenta,
and serum from aborted and matched pregnant non-aborted
dams. The objective of this work was to identify and determine
the relative frequency of etiologies in cases of abortion in
dairy cattle submitted to a veterinary diagnostic labaratory
in Uruguay from 2015 wo 2018.
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MATERIALS AND METHODS

Cage selection and case defindtion. From January 1st, 2015 to
Hovember 1st, 2018, bovine abortfion cases were processed at the
veterinary diagnostic laboratory of the Platform of Animal Health,
at the National Institute of Azricultural Research in La Estanzuela
experimental station, Colonia, Uruguay Caseswere elther submitted
to the laboratory by veterinary practidoners or collected directy
from the dairy farms by our team upon the practiioner’s reguest.
Cases were defined as: 1) an aborted fetus: 2] anaborted fetus with
its placenta; and 3) a placenta from an animal that aborted, Cases
submitted from the same farm at the same time and composed of
two or more fetuses and/or placentas from different dams were
categorized as different cases. The etiologic diagnosis was determined
by the associadon of the identified pathogen and the presence of
compatible gross and for mbcroscople lestons (see secton on diagnasde
tests below]. Cases with an identified pathogen butwith no lesions,
and cases with lesions but with no causatire agent identified were
categorized as abortion cazes of undetermined etbology Information
on 5ex date of submission, geceraphic location of the farm, breed
and age were abtalned from the veterinarians and farmers. The fetal
age in days was estimated based on the crown-to-rump length and
other gross characteristics of the fetuses, and further categorized
in first, second or third trimester of gestation. Cases were also
categorized biy the degree of antolysis as mild, moderate or severe,

Pathologic examdnatbon. Macrosoopbe evaluation of the placentas
and fetuses were done by veterinary laboratory diagnosticians
with pathology traming. Samples of liver, kKidneys, adrenal glands,
spleen, ymph nodes, thymus, lungs, heart, brain, skeletal muscles,
forestomachs, abomasum, cecum, gpiral colon, duodenum, jejunum,
Heam, and placenta (when availalble], were fieed in 10% neutral buffered
formalin, embedded in paraffin, secioned at £-6 pm, and stained
wiith hematoxylin and eosin for micrescople examination, Depending
on the inital microscopic examination and assessment of lesions
andor results of other diagnostic tests, and immunohistochemical
([HC) procedures for the detection of Coxielle burnetii, Chlamydia
spp. BYDV, bovine parainfluenza-3 virus, and,/or N caninum were
performed in selected tssues in some cases (see below). At necropsies,
samples were collected for bacteriology, molecular biology, and
serglogic testing (see below).

Dagnostic tests. Placenta, liver, lung, and abomasal fluid
from all cases were inoculated onto blood and MacConkey agars
(Orzoid, Basingstoke, Hampshire, England) and incubated at 37°C
in aerabic conditions. In addidon, samples were aleo inoculated
onte Skirrow agar (Oxoid, Basingstoke, Hampshire, England] and
incubated in anaerobic jars [CampyGenTM, Omoid, Basingstoke,
Hampshire, England], at 375C for 2 to 7 days in an atmosphers of
5-10% of oxygen and 5-10% carbon dicxdde [Chaban et al. 2013].
In the cases where bacterial isolates were obtained, bacterial
identfication was performed elther by routine biochemical test
ar by sequencing theles rENA. Placenta, liver, kidney, aguecus
humor, and abomasal Auid were aleo spiked into Leptospira Medium
Baze Ellinghausen, McCullowgh, [ohnson and Harris (EM[H) and
incubated in aercbiosis at 293°C for up to 6 months [Zarantonelli et
al. 2018), Fetal pericardial fluid [when available] was analyzed by
microagglutination test (MAT) to detect antibodies against Lepbospira
serovars Grippotyphosa, lcterchaemorrhagiae, Pomona, Canicola,
Hardjo Bovis, Hardjo Prajitne and Wolfii at a cutoff point of 110
(Zarantonelli et al. 2018).

MR for the lipL32 gene of pathogenic Leptospire species was done
from the 102 cases, as homogenates of liver, kdney and, placenta (when
avallable). The primers LipL32F [5-ATCTCCOTTGCACTETTTGE-37)

and Lipl32R (5 -ACCATCATCATCATCGO TECA-3") were used. The mix
was exposed at 95°C for 5 min, then 35 cycles of 30 sec at 95°C, for
denaturation, and 30 sec at 58°C, 40 sec at 72°C, and 7 min at 72°C
for annealing and extension [Zarantenelli et al. 2018}

Direct immunoflucrescence [DIF) for Campylobacter fetus was
done on impressbon smears from all placentas, abomasal fluid, lung,
and liver, Smears were fixed in ethaneol at room temperature and
Incubrated with an anti-Campwlobacter antibody conjugated with
fluorescein isothiccyanate (FITC) [Biotandil Tandil, Buenos Aires,
Argentina) (Fligueiredoetal. 2002). Similarly, DIF for Leptospira spp.
was performed on impression smears from kidney, liver, agueous
humor, and placenta using LEP-FAC multivalent rabbit FITC-bound
antibody [MVEL, Ames /14, U54) The smears were visualized in a
fluorescence microscope [AxiolabAl, Carl-Zeiss, Germany] set at
wavelengths of 95 nm excitation and 519 nm emission,

Additionally, abomasal fluid or placenta smears were examined
directly under dark field mbcroscopy toassess foragents morpholosgically
compatible with Compyiobacter spp., Lepiospirg spp. and Tritrichamonss
foetus. PCR for bovine herpesvirus-1 (BEHV-1) and RT-PCR for BEVDV
were performed in pools of Bven lung, spleen, kidney, thymus,
heart, brain, placenta, rmph node, and adrenal gland obtained
Individually in all cases that included fetuses, For BVDY, the primers
ViZimod (5'- ATGCCCWTAGTAGGACTAGCA-37) and V326émed (5
-WCAACTCCATGTGOCATGTAC-37) were used based on Maya et al.
[201&]). Briefly, the mix was expoged ab 95°C for 10 min, then 45 cycles
of 10 secat 95°C, for denamration, and 60 sec at 30°C for annealing
and extension. The primers gCHoHV F [5-GCGGEGGECTOGOOGAGGA-TT)
and gCRoHY B (5'-GRAGLGCACGLTCAGLRGGE-3") were used for BHV-1
PCR The mix was exposed at 955C for Smin, then 35 cycles of 30 sec
at 95°C, for denaturation, and 30 sec at 60°C for annealing, 1 min
at 72°C for extension and lasthy, 10 min at 72°C [Silva et al. 2007).

The [HC for BYDV antigen detection was done only in cazes with
a positive BT-PCE result for thisvirus. Heat induced antigen retrieval
wias performed ina decloaking chamber [ Blocare Medical). A mouse
I gtz amt-BYDY [VMED, Pullman WA) was applied as primary antilody,
followed by anti-mouse 126G horseradish peroxdase [HRF)-labeled
polymer [DAKD, Santa Clara/iCA), and 3-amimo-9-ethylcarbazole [AEC,
DAKD, Santa Clara/CA) as the chromogen. In one fetus with pneumonia
with syncytial cells, BT-PCR for bovine parainfluenza-3 (BPI-3)
virus was done from frozen samples of lung and the amplification
products were sequenced, a5 we have previously described for this
same case [Macias-Rioseco et al. 2019%),

Based on the presence of compatible lesions (necrotizing and
suppurative placentitis with Intratrophoblastc bacteria), THC for £
burretii and Chlamydia spp. were done in selected cases [Dilbeck
& McElwain 1994, Glanmitt et al. 2018), When a positve result for
C. burnetii by IHC was obtained, PCR was uwsed for detection of this
pathogen in the formalin-fixed paraffin-embedded [FFPE) blocks
containimg placenta (Lorenz et al. 19%€). The IHC procedures for
Chlamypdie spp. and C burnetli and the PCR n FFPE placenta in
these same cages has recently been publ shed by our group (Maclas-
Rioseco et al. 2019¢c),

Immunohistochemistory and PCR for detection of N caninum
antigen and DMA, respectively, were done only in cases with

ible histologic lesions in the brain, heart, placenta and,/
or liver. For the [HC, a goat polyclonal antibody (VMED, Pullman,
WA) against N caninum was used as a primary antibody; anti-
goat I1gh horseradish perosidase [HRF)-labeled polymer (Vector
polymer enzyme deteciion kit Burlingame /C4) as the secondary
antibody, and 3-aming-9-ethylearbazole as the chromogen (DAKD,
Santa Clara/CA). The PCR for N caninum was done following the
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procedure described by Yamage et al (1998], PCR products were
visualized on 1% agarose gel electrophoresis stained with SYER
safe ([ovitrogen, US4), purified with QLAquick PCR Purification Kit
and sequenced in house at the sequencing service of the “Institut
Pasteur de Montevides’, Uruguay. All tests were performed with
appropriate positive and negative contrels for each run,

Statistical methods. The results of the pathologic examinations
and diagnostc tests, as well as the fetal gestational age, degree of
autolysis and the department where the dairy farm was located
were recorded in a database nsing Microsoft Excel, and descriptive
statisties were obtained.

RESULTS

The series was composed of 102 cases; 53 of the cases were
only fetuses, 35 were placentas with fetuses, and 14 were

placentas only. The 102 cases were submitted from 45 difterent
farms. The maximum number of cazes submitted from the
same farm was 28. Most of the cases were submitted from
the department of Colonia with 58 cases, followed by San
Jose [17), Canelones (&), Lavalleja [4), Soriano (2], Florida
(2], and Rio Megro [2]). The department was not recorded in
11 cases. The degree of autolysis was recorded in 95 cases:
59 had mild autolysis, 28 had moderate autolysis, and eight
were severely autolyzed, five of these were mummitied fetuses
for which no eticlogy was determined. Forty-two fetuses
were in the second trimester of gestation at the time of the
abortion, followed by 33 cases in the third trimester and five
in the first trimester.

The etiology of the abortion was determined in 54 [53%)
cases, while the cause was undetermined in 48 [47%).
0f the cases with undetermined etiology 11 [23%) had
inflammatory and/or necrotizing lesions in various tissues
sugpesting an infectious process, although no agent could
be identified in the tissues by the set of diagnostic tests
performed in the study. Of the 54 cases that had an eticlogic
diagnosis, 51 [94.4%) were caused by infectious agents.
Thirty-eight of the 51 (74.5%) were cansed by agents that
are primarily recognized as reproductive pathogens, one was
cansed by BPI-3 virus and another by Salmoreila enterica
serovar Newport, The remainder 11 cases [21.5%]) wers
associated with epportunistic bacteria. The 38 cases cansed
by reproductive pathogens included N caninum (30 cases), L.
burnetii (6 cases), and £ fetus subsp. venerealis (2 cases), OF
the 11 cases caused by opportunistic pathogens, Escherichia
coli was identified in 4 cases, Streptococous spp.in 2 cases,
and Streptococcus progenes, Staphylococcus sp., Trueperella
pyvogenes, Providencia stuartii, and Mannheimia sp. were
identified in one case each, Placentitis, bronchopneumaonia,
and for hepatitis were the main histolegic lesions observed
in as=sociation with these opportunistic agents. Regarding the
three cases with non-infections causes [5.6% of the 54 cases
with an identified cause ], in two cases the death of the fetuzes
was due to dystocia and in one case the abortion was cansed
by a congenital mesothelioma affecting the abdominal and
pelvic viscera that was extensive enough to be considered
incompatible with life. The percentage of diagnosis was
variable according to the material sent to the laboratory. When
only the fetus was sent, the diagnosis was made in 50.9%
of the cases; when the fetus and placenta were received the
diagnosis was made in 62.8% of the cases, and when only the
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placenta was available the diagnosis was made in 37.7% of
the cases [Table 1)

The 30 abortions cansed by N caninum (55.6% of the 54
cases with determined eticlogy] were from different dairy
farms, accounting for 53.3% of the 45 farms included in the
study. Of the six abortions caused by £ burmetii, five were
from the same farm. Campylobacter fetus subsp. venerealis
was the eticlogy in 2 cases from different farms,

The number of cases submitted per farm varied from one
to 28, and the number of causes of abortion diagnesed on
each farm wvaried from one to four (Fig.1). In farm 42, four
different etologic agents causing abortion were identified: A
caninum in two cases, & bumetii in five, Salmonella enterica
serovar Newport in one, and EPI-3 virus in another In farm
43, five aborted fetuses were sent to the laboratory during
an abortion outbreak, one abortion was caused by £ fetus
subsp. vemerealis and two by N, caninum; in the other two
fetuses the cause of abortion was undetermined [Macias-
Ripseco et al. 2019a). In farm 1, one abortion was caused by
N. caninum, another by E coli, and one was due to dystocia,
In farm 17, an etiologic diagnosis could only be confirmed
in one of nine examined cases.

The casescaused by N caninum corresponded to abortions
within the second trimester of gestation. The 30 fetuses
aborted by neosporesis had typical lesions including non-
suppurative encephalitis and gliosis [ 29 fetuses), myocarditis
{24), nwrositis (diaphragm or tongue) (20] hepatitis (15,
interstitial nephritis [10) andfor interstitial pneumonia (&]).
Additionally, placenta was submitted along with the fetusin 10
of these 30 cases, 7 of which had placentitis. The six abortions
caused by £ burmetii corresponded to full-term gestations and
had moderate to severe multifocal necrotizing and suppurative
placentitis with intralesional and intratrophoblastic bacteria,
and only one case had mild nentrophilic alveolitis. No cases
of cordellosis were diagnosed in cases where no placenta
was available for examination. One case of abortion due to
G fetus subsp. venerealis had a non-suppurative fibrinous
epicarditis and mygcarditis; the placenta was not available
for examination, The other case of G, fetus subsp. venerealis
abortion had suppurative placentitis with arteriolitis and
fibrinoid necrosis, neutrophilic bronchioditis and alveolitis along
with neutrophilic and histiocytic portal hepatitis. Suppurative
and necrotizing placentitis was observed in cases associated
with E coli, T pyogenes, and & enterica serovar Newport.
The latter also had intralesional coccobacilli in the placenta,
along with minimal to mild newtrophilic rmphadenitis. In
one case caused by Staphylococcus sp., the agent was isolated
from the skin and from abomasal fluid, the fetus had diffuse
hyperkeratosis, neutrophilic, histiccytic and fibrinous synovitis,
along with moderate non-suppurative interstitial pneumonia

Table 1. Percentages of cases with diagnosis and without
diagnosis within type of sample submitted

Sample submitted ~ With diagnosis  Withouwt diagnosis Total
Fetus 27 [50.9%) 26 [49.1%) 53
Fetus and placenta 22 [(G2E%) 13(37.2%) 35
Flacenta 5 [35.74) 9 [66.3%) 14
Total 54 48 102

54



Canses of abortion in dairy cows in Uruguay 129

with neutrophilic alveolitis and mild non-suppurative
meningoencep halitis. One case caused by Mannheimio sp. had
a moderate lymphohistiocytic and nentrophilic placentitis
with multiforal trophoblastic necrosis, BPI-3 wirus cansed
multifocal neutrophilic and histiooyrtic alveolitis (pneumonia)
with a moderate number of syneytial cells in the lungs and
intestines in one case [Macias-Rioseco etal 2019b). In cases
with lesions but without an identified eticlogy, the lesions
cansisted of myocarditis, myositis, glessitis, cerebral gliosis,
nephritis, pneumonia, and hepatitis,

Brucellag abortus was not isolated in any case. Other
bacterial agents such as Acinetobacter lwofil, derococcus
urinae, Providencia sp., Yersinia sp. E. coli, Enterobacter sp.
Corynebacterium sp. and Serratia sp. were isolated on bacterial
cultures, but due the absence of associated lesions expected
for bacterial infections, these abortions were classified as of
undetermined etiology. The gene lipl32 of Leptospira spp.
was detected in one sample of liver by PCER. the cansality of
the abortion was not attributed to this agent based on the
lack of fetal lesions generally associated with leprospirosis
Maone of the tested fetal pericardial and /or thoracic fluids were
reactive at the cutoff reference point for MAT for Leptospira
spp. antibodies, including the case that was PCR-posidve for
this agent. Leptospira spp. culture was negative in all cases,
FCR for BHV-1 was negative in all cases, RT-PCER for BVDV
was positive in three cases; two of them were in co-infection
with M. caninum, and the protozoon was determined as the
causal agent based on the presence of typical lesions and the
positive results for N caninum PCR and [HC. Due the ahsence
of lesions, the etiolegy on the third BVDV-positive case was

i
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categorized as undetermined, Two of the three EVDYV PCE-
positive fetuses were aborted in the second trimester and the
other in the third trimester of gestation. To assess whether
these fetuses congenitally infected with BYDV harbored high
antigenic viral loads and thus were persistently infected, IHC
for BVDV antigen detection was performed in several tissues
{brain, lung, heart, thymus, liver and small intestine], with
negative results in all three cases [data not shown). Based on
these results, we interpreted that the fetuses were suffering
from transient EVDV infections.

DISCUSSION

In this case series, the most common cause of abortion was AL
caninum. A previous study in Uruguay, showed a seroprevalence
of N, eaninum of 22% in dairy cows and 92% of the herds
(Piaggio 2006 . Our series was composed mainly of tetuses of
gestational age in the second trimester, which may be explained
in part by the high frequency of neosporosis. Abortions due to
N caninum are most commonly seen during the second and
third trimesters of gestation (McAllister 2016). Our results
and the high proportion of farms with seropositive cattle
to N, coninum suggest that abortions caused by this agent
potentially occur in most farms (Silveira 2019).

Cowiella burnetii is rarely reported as a cause of abortion in
cattle [Agerholm 2014). In our study, this agent was chserved as
a sporadic cause of abortion [only one case in one dairy farm)
and as a cluster of five cases within a period of five months in
another farm [Macias-Rioseco et al, 2019¢). We were able to
identify abortions due to coxiellosis based on the microscopic

g 1Y T Y T Y YT ot T |

1 134 5678 9 10101213 14151617 08193021 223324253627 28 29303]1 323334 353637 38394040 43 45345 35
Number of farms.

B Number of Diferent Eviolog s Affecting the Farm

BEToral of Cases Submited per Farm

Fig.l. Frequency of different eticlogies affecting each farm and total number of cases submitted per farm.,
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evaluation of the placenta followed by THC along with PCR for
. burnetii. In all cases, the diagnosis of coxiellosis was based
on the presence of necrotizing and suppurative placentitis
with intralesional and intratrophoblastic bacteria identified
as L. burnetii. The presence of lesions associated with the
bacteria is key to the diagnosis of coxiellosis (Bildfell et al.
2000, Hazlett et al. 2013] sinee £ burnetti can be identified
by PCR in the placenta of ruminants without being the cause
of abortion (Hazlett et al. 2013).

These results suggest that & buwrmetii is a previously
undiagnosed cause of abortion in dairy cattle in Uruguay and
highlight the importance of examining the placenta in aborted
cattle to achieve this diagnesis. The presence of antibodies
against £, burnehl in slanghterhouse workers from Uruguay
has been associated with history of clinical signs, and a
clinical case of endocarditis (Moreira et al. 1987), showing
that this agent is an occupational hazard forveterinarians and
slanghterhouse workers, Also, antibodies against £ burneti
have been found in different animal species in this country
including cattle [Moreira et al. 1987).

Campylobacter fetus subsp. venerealis was chserved
in relative low frequency (2 cases of 54 with an identified
etiology]), which could be due the fact that this venereal
transmitted agent is usnally a canse of infertility and causes
abortion only sporadically [Michi etal. 2006, Silva et al. 2007].
Abortions are more commaonly detected between the fourth
and sixth months of gestation [Silveira etal Z018). A nadonal
survey that evaluated 340 dairy farms identified that about
S0% of the farms use only natural breeding with bulls, and
an additional 20% use a combination of natural breeding
and artificial insemination (INALE 2014). This suggest that
campylobacteriosis may still be a problem in dairy farms in
Uruguayp

As zeen In this study, several causes of abortion wens
diagnosed in some farms, which indicates that the diagnosis
of a primary cause of abortion, including neesporosis,
campylobacteriosis, or comiellosis, does not exclude other
caunses of abortion. Hence, itis recommended to attempt the
diagnosis in a5 many cases as possible in order to increase
the chances of detecting other abortifacients and better
understand the situation of each farm.

In our case series, onby one of the ested fetuses was positive
for Leptospira spp. by PCR on a liver sample Sequencing
confirmed that the infection corresponded to the species
L. interrogans, Fetal pericardial and/or thoracic fluids were
antibody-negative by MAT in all fetuses, including the PCR-
positive one. DIF and /or dark field microscopy for the detection
of leptospires were also negative in all fetal imprints and
abomasal fluids, While Lepfospira spp. cannot be excluded
as a relevant abortigenic pathogen in cattle in Urnguay, our
study did not allow for confirmation of Leptospira spp. as
a cause of abortions following the diagnostic criteria and
case definiion we established. Many Leptospirg species and
serovars have recently been isolated from bovine urine and
blood samples in Uruguay, including L. interrogans serogroup
Pomona serovar Kennewicki (20 strains), L. interrogans
serogroup Canicola serovar Canicola (1 strain), L borgpetersenil
serogroup Sejroe serovar Hardjo [ 10 strains) and L. noguchii
[% strains, belonging to a variety of serogroups) [ Zarantonel i
etal. 2018). According to that study, 2% of the almost 1,000
sampled cows were eliminating Leptospira spp. in the urine
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(Zarantonelli et al. 2018). It is striking that with such a high
number of animals eliminating leptospires in the urine, the
presentstudy did not find abortions caused by leptospirosis. It
cannat be ruled out that Leptospira-induced ahartions might
occur with no detectable infection of the fetus or placenta
and be canzsed by other mechanisms including the pathogen-
wiggered inflammatory cascade (Raghupathy 2001, Zi et
al. 2015). Examples of such abortgenic scenarios include
subclinical infections in the mother due to urinary tract
infection [Schieve et al. 1994), periedontitis [Zi et al. 2015],
bacterial vaginosis [Giakoumelon et al. 2016), among other
pathologies. In animals such inflammatory processes linked to
premature hirth or miscarriage have also heen described e.g.
in bovine wiral diarrhea (Meennig & Liess 1995), suggesting
thatditterent pathogen strains can produce ditterent clinical
outcomes. The role of the different Leptospira species found in
theurine of healthy cattle as a cause of sporadic abortions and
other reproductive failures should thus be further investigated
[Zarantonelli et al. 2018). In the present series of abortions,
mast cases corresponded to sporadic abortions and onby
few outbreaks were studied. It is possible that infections
by some Leptospira species and/or specific serovars may
canse abortion eutbreaks in herds, which probably were not
subjected to confirmatory laboratory investigation during
the period of this study, Establishing a surveillance system
to study abortion outbreaks in Urnguay seems important to
better understand the pathogenesis, epidemiology and best
diagnostic technigues for leptospiresis and other abortive
diseases in the country

Wiral abortions in cattle are reported in low fregquencies
in several studies (Vaucher et al, 2011, Clothier & Anderson
2016), In this case series, one abortion was caused by EFP1-3
wirns. This agent had been previously iselated from a bovine
fetus and the case diagnosed in our study has been published
glsewhere (Macias-Rioseco et al. 2019b). Abortions due to
EHV-1 and EVDV were not observed in this series, although
EVIDV ENA was detectad in three fetuses, None of the three
cases had lesions compatible to BVDVY, and [HC reactivities
for BVDWV antigen in liver, small intestine and brain were
negative. The molecular detection of the pathogen confirms
the circulation of the virus in these herds. Even though it
seems that BVDV was not responsible for the abortions in
these cases, it is important to test affected herds to identify
persistently infected animals and the possibility of the
occurrence of other forms of BVDV-as=sociated diseases in the
farms=, Tweo of the positive EVDYV animals were also positive
for N, caninum by PCR and/or IHC and in fact had tssue
lesions consistent with neosparoszis, that was considered the
primary cause of the abortions. It has been suggested that
EVDV infections allow other pathogens to easily cross the
fetoplacental barrier; increasing the risk of abortion (Murray
1991, Quinn et al. 2004).

(ne abortion in our series was due to Salmonsl/ aNewport,
which is rarely reported causing abortions [Campero et al.
2018). In this farm the serovar Newport also caused neonatal
calf diarrhea and neonatal mortality due to septicemia during
the same period (data not shown ), indicating that the abortion
was part of the specttum of diseases typically associated
with salmonellosis in dairy cattle and not an isolated event.
In cattle, Selmonello enterica serovars Typhimurium, Dublin,
and Newport are the most commonly cause of salmonellosis.
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The clinical disease can be enteritic and/or septicemic, the
latter can result in abortion in pregnant cattle (Uzal et al
2016, Campero et al. 2018, Costa et al. 2018). Abortions
due to Salmonella are mostly associated with Salmonella
Dublin (Campers et al. 2003), and less frequently, with 5
Typhimuriom (Easton 2006].

Other bacteriasuch us E coli, Streptococcus spp, T pyogenes,
Staphylococcus spp. and Mannheimia spp. have previously
been recognized as sporadic abortifacients in cattle, and as in
other reports, were associated with suppurative lesions in the
placenta, lungs, and occasionally other fetal tissues [Anderson
et al, 1990, Campero et al, 2003, Clothier & Anderson 2016,
Camperoetal. 2018). One case was attributed to a congenital
neoplasia (mesothelioma]. While congenital neoplasia in
cattle is very uncommon, mesothelioma is within the most
frequently diagnoesed cancers in bovine fetuses. Although
mesotheliomas are of mesenchymal origin, they should be
differentiated from disseminated metastatic adenocarcinomas.
In adults the cccurrence of mesotheliomas has been associated
with exposure to asbestos, while this is less clear in fetuses
(Peli et al. 20118).

CONCLUSIONS

Neosporosis is the main canse of abortions in the dairy
cattle population that we studied.

Coxiellosis is a canse of outbreaks or sporadic cases of
abortions in Urngnap

Campylobacteriosis is still a cause of abortions, and most
likely infertility in dairy cattle in the country

It is important to further investigate the pathogenesis
mechanisms, epidemiology and diagnosis of leptospirosis
to determine the importance of this disease as a cause of
abortion in Uruguay

The systematic diagnosis of bovine abortion is necessary
to set possible strategies of prevention and control, besides
maonitoring and surveillance of reproductive diseasesin dairy
cattle, some of which can represent a risk to public health.
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Capitulo 5 Manuscrito 5:

Rubén Dario Caffarena, Maria Laura Casaux, Carlos Omar Schild, Martin Fraga, Matias Castells,
Rodney Colina, Leticia Maya, Luis Gustavo Corbellini, Franklin Riet-Correa, Federico Giannitti
(2021). Causes of neonatal calf diarrhea and mortality in pasture-based dairy herds in Uruguay: a
farm-matched case-control study. Brazilian Journal of Microbiology. https://doi.org/10.1007/s42770-
021-00440-3

Este trabajo tuvo como cometido evaluar en terneros de tambos patdgenos asociados al complejo de
Diarreas neonatales de terneros y las muertes, y si estas infecciones, diarreas o muertes se asociaban
a la falla de transferencia de inmunidad pasiva.

Para BVDV se evaluaron suero o sangre de 231 terneros diarreicos y 249 terneros no diarreicos, de 1

a 30 dias de edad provenientes de 27 establecimientos.

Los principales hallazgos de este trabajo en relacién a BVDV se resumen a continuacion:
e 6 animales pertenecientes a 4 establecimientos fueron positivos a BVDV
e 4 de los animales positivos tenian diarrea, y 2 animales no tenian diarrea
e De acuerdo con los resultados de este trabajo no se encontr6 una asociacion entre el complejo
de las diarreas neonatales y la infeccion con BVDV. Se presume que esta falta de asociacion
se podria deber al bajo nimero de casos positivos a BVDV.
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Abstract

Mepnatal calfdiamheai MCD ) and mortality cause significant lossesto the dary mdustry. The preweaning dairy calf morality risk
im Unaguay is high { 15.2%); however, canaes for these bosos ae largely unknooan. This study ameed i asscss whether v anous
pathogens were associated with MO D and death m Uruguayan dairy cabvees and whether these infections, diarhea, or deaths wene
associied with the falhire of tanster of passive immunity (FTPD. Contemporany diamheic (i = 264, ) and non-diartheic (r = 2710
1-to 30-day-old calves from 27 farms wene zampled. Feces were analyzed by antigen-capture EL IS A for Cryprosporiadium spp.,
rotavines, bovine comnavins, and Erchericfia ooli F53+, RT-PCR for bovme astovimus (BoAstV), and bacterial culiures for
Sabmonrellz engericn. Blood'serum was analyzed by RT-PCR or antigen-captare ELISA for bovine viral diamhea vims (BY D).
Serum o= E-day-old calves {n="95)was asscscd by efractometry to determmn e the concention of scrum total proteins {STF) as
an mdicator of FTPL Whether the zampled calves died before weanmng was recorded. At least one pathogen was detocted in
65A4% of the calves, and this percentage was significantly higher in diarcheic (83, 75%) veosus non-diartheic (47,65 calves.
Unlike the other pathogens, Crypfosporidivm spp. and motavins were associaed with MCD. Diarheic calves, calves infactad
with any of the pathogens, and cabves infected with rotavines had significandy lower concentrations of STP. Diamrheic calves had
higher chances of dying before weaning than non-d amheic calves. Dhamheic calves infected with & enferica were at incrcasad
riek of mortality, Controling NCD, salmonclosis, cry pios pondiesis, and rotavines mfections, and improving colostnim man-
agement practices would help to reduce calf morb-maortality m dary tams in Unogueay .

Keywords Cryprosparidinm spp. - Dary calves - Diarthea - Fallure of transfer of passive immunity - Infections discases -
Mortality - Rotavins - Salmonella erferica

Introduction consumers of dairy products in Latin America [1], and ap-

proximately T0% of the milk produced in the country is
Drairy famuing in Uniguay is socio-culturally and economical- — exported [2). Urugeayan dairy faming systems are largely
ly important, as Uruguay is one of the top per capita  pashne-hasad, with 75% of the diet of te milking hend being
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farm-groown forage [3)]. From 1965 to 2006, milk production
grew lincarly at a mie of 3 2% per year, with an attendant
roduction in the number of farmers and the arca allocated to
dary famuing. This growth was due to increased stocking
rates, mdividual milk production and the milking cow:idry
cow matio |2, indicating a production nicnsificaion process.
However, the national dairy stock did not grow significanthy
over the past decade [2], which has partly been atrbuted to a
relatively high (152 %) nationwidcannual daity calfmorality
rik from birth to weaning [4)]. Despiie this, litle infomation
iz available in the scientific literahure on the causes of dairy
calf deeases and death in this coumtry.

Moonatal calf diamrhea (MCDY) is the leading case of dainy
calf morbidity and maortality within the first mont of life [4,
5] Affccied calves suffer from deh ydmaton, electmo by i imbal-
ances, and matabolic acidosie, which, if left untrcated, can
lead #o death [6] Long-term effects of MCD in dairy heifiors
include reduced weight gain and development, nereased time
to fra calving and reduced milk producton in the fra lacta-
tion, which result in significant economic losses o the live-
stock sactor |7, B]. As the leading cmsse of dainy calf morbidity
and maortality, MCD also raises senious concems on new bom
calf weltare | 9] and the excesive use of antibiotics with poten-
tial imcrease of antibiote resismnee [10, 11].

MWCD s a complex and mulifactonal syndrome, it can be
causad by several infections and parssitic agen®, including
vnss (eg., rotavines, bovne comnavins -BCoV-, and ho-
vime viral diarthea virus -BYIDW-), bacteria (e.g., enicmoto-
genic and enieropathogemic/enterohemomhagic Erehericofua
coll and Salmorella enterica), and protozoa {e.g.,
Cryprogporiditem spp. and Eimeria spp.) [ 12-15], some of
which are aoonotc. Although under ficld conditions BV
rarcly causes diarhea in neonaml calves that recerve colostral
antibodies, it can be associated with pennatal and neomnatal
mortality due to congenital infections [16, 17]. Other agenis
that mfect moonatal calves, such as bovine astrovirns
{BoAsiV), have been suspected to play a causative role in
N, although atempts to expermentally reproduce diamhea
in gnotobioic cabves have been unsuecesstul | 18], and indior-
mation availsble from ficld studies is limited [ 15]. Studying
causality in spontansows outhreaks of dscases with mukifac-
torial etiologics is challenging and requires extensive labora-
tory testing for vanous pathogens. A gents that cause WD can
he foumd hoth in diartheic and non-diamheic calves, and the
same or different calves moan owthreak can be confocted by
b or mone causative agents [19-21), makng intempretation
of individual test resulis difficult in climical contexts.

Additionally, MCDis frequently associated with nuiriional
and'or immunological factors, such as failure in the transfer of
passive ity { FT P [8, 22, and cnvimommeental and man-
agement factors that either favor the tansmission of the cans-
ative agents [20] or mencase the susceptibility of the calves.
Transfer of passive immmity is arguahby the zingle most
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important mon-infectows factor determining neonatal calf
health and survival [23]. Calves with FTPI are at increasad
riek of discase and mortality [22, 24], and a large proportion of
calf deaths up to 3 weeks of life can be atiribuied to FTPL [ 5,
25].

NCD outhreak imvestigations should be comprchensive
and consider mot only the infectiows and pamasitic etiological
agents in affecied and unafiecied calves, ut ako epidemio-
logical aspocts and hord management practices that can vary
greatly between farms [26). In this combext, farm-matched
case-contmol sudies represent adequaie designs for the evals-
ation of pesable assoc@tions hebween smgle or mixed infec-
tiom and clmical owicomes, to betier understand the causal mole
of the different agents while minimizing confounders. NCD
has been broadly studied through cross-sectonal [19, 20, 27,
28] and, to a lesser extent, case-contmol designs [21, 29, 30);
although these case-contml sudies were not matched consid-
cnng the famns of ongin of the calves, somewhat limating the
come lusions that can be drawn from them.

Because causes of WOCD and morabty in Urogesyan daimes
are largely unkmowm, in this shady, we aimed at assessing the
associton of seveml kmown (Crypiosporidium spp., rotavi-
rus, BOo'W, E ol F5+, & auerica), putative (BoAsty) and
oocasional (BVDY) patwgens for calves with diarrhea and'or
death, and whether those infections, diamhea, or death wers
associated with FTPI through a farm-maiched case-contnol
study .

Materials and methods
Study design

A case-conimn | study was conducted m 27T pasiire- hased, com-
mercial dairy fams in six Unogeayan depariments (San José,
Rio Megm, Coloni, Flores, Flonda and Sonano) hetweon
Jameary and Movember 20016, Fams were sampled by conve-
nicnce because they wene expenancing spontancous outhreaks
of MCD. In all famms, Holstein was either the only or the
predomimant breed of catile; pao farme had some Holstein-
Jersey crosses. Comtemporary calves with diarthea {cases)
and a similar mmber of non-diamrheic calves {contmo ) wene
zampled in each fam. Only calves aged 1-30 days were in-
cluded; comtrol calves were within an age mnge of —13 days
of their respective cases. On average, 198 calves per famn
{range: 13-29) were sampled, totaling 535 calves. Cwerall,
49.3% (n = 264) of the calves included in the study were
capenencing diamhea {cases) at the ame of sampling, and
the remainder S0.7% (r =271 werenotexperiencing diamhea
and did mot have a history of diamhea {controk). The overall
case:oonto | rmtio was 1:1.03. The zample size was calculated
uang anonline epidemiological caleulatr [3 1], considenng a
powerof B0% to detect an association bebween diarthea and a
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given infactious parasitc agent, a percentge of exposed con-
trok of 5%, and an Odds Ratio (0R) of 2.5 with a 95% con-
fidence lewel.

Animal specimens

Imdividual fecal, whole blood, and serum samples were ob-
tainad from cach calf by a weterinarian, following procaduncs
approved by [MLIA s animal ethics commitice for the wse of
ammals in expermenttion | protecol #20199). Foecal samples
were collecied from the rectum wsing indnidual stenle fecal
cups and ghowes. A fecal score was assignad to cach sample as
previously descnbed | 32], based on which cabves were classi-
fied as either non-diarheic {conrok; fecal score < 1) or diar-
rhieic {casex; fecal score = 2). Additionally, te fecal samples
were asmessad macmscopically for the presence of fibnn and/
ormucus. Blood samples wene drawn by jugular wenipume ture
usmg individual stenle needles and synnges and collected in
rad top twbes for serum and hepannized tubes (BOD YV acutaner,
Franklin, M1} for whaole blood.

Data collection

At the end of the calf-reaning penod ineach ofthe 27 famms, a
questionmaire was conducted to the tamers to assess whether
the individual calves sampled for this sidy had died within
the reanng period { before weaning), untl 60 days of age (fol-
low-up time), and the age in days ai death, when available
{ Supplementary Material 1)

Pathegen detection in feces

Enzyme-linked immunosorbent assay (ELISA)
for coproantigen detection

A commencial monoclonal antbody-hased antigen-capture
ELISA kit {Pathasure Enteritis 4, Biovet Inc., St-Hyacinthe,
Canada) was usad to deioct Crypio sporidiim spp., T YIrs,
BCoVand E coli F5+ (K994 ) antigens in fresh feces foom all
535 calwes [33], 24-72 haffer sample collection, following the
manufacner s recommendations.

Saimonella enterica culture and serotyping

All 535 fecal samples were cultured aerobically in
tetrathionate broth (Oxoid, code CMODG6TL) for 2448 h at
A7 (selective enrichment) after which 100 pl of hooth wene
phted onto xylose-lysine-deoxycholate (X LI agar (Oxoid,
code CMWOGY). Suspact colonies were selected, and routine
biochemical tests were performed for identification of
&, enterica, as proviously descnbed [ 34, Salmoneils enterion
semotypng was performead following te Kautfoman-White- Le
M maor classification scheme | 13] at the hactenology service of

the “Instituto de Higiene, Facultad de Medicina, Universidad
de la Repithlica,™ in Monevideo, Urageay .

RT-PR for bovine astrowvirus

A total of 3% focal samples were diluted 1:10 {v:v) in
phosphaie-buffersd zaline solution and coenvimfuged at 30g
at45C for 20 min. Supematants wene collected and stored moa
freczer at —R0PC. Viml BEMNA was exracied wusing () LAamp
cador Pathogen Mim Eit ((iagen) with an chution vohme of
50 pL. Reverse tanscniption {RT) was camied out with
RevertAid Reverse Transcriptase {Thamo Fisher, Scientific)
and random hewmamer pimers {Chagen) to obtam cDMA that
was stored at -30°C. BoAstY PCR was performed using
MangoMix {Bioling) and primers BoAsV-F and BoAstV-R
that amplify a 43Z2-nucleotide fragment of the polymerase
gene of BoAstV, a8 describad elsewhere [36]. PCR products
were visualized in 2% agarose gels. The results were

cxpressad as positie or negative.

Bovine viral diarrhea virus detection in blood or
SErum

Frozen samples of scrum (r = 4 18) or whole blood (r = 62)
were processad for BY DV detection, either by a commencial
antigen-capture ELISA (BVD'WV A g/Serum Phas Test, IDEXCK,
Switzerland) { 136 serum and 62 whaole blood samples) or by
RT-PCR (282 senum zamples). The RT-PCR was performead
as previously described [37).

Assessment of transfer of passive immunity in
neonatal calves

Semum zamples foom all calves that were < 8 days of ageat the
timee of samplmg (v =95) were analyzed for senm total solids
uang an optic refractometer (A TAGD PAL-1, Tokyo, Japan],
as an indicawr of the concentration of semm total proteins
{S5TF) m gdl A cutoff value of < 56 gidl was considered to
determime FTPL, as previously described [1E]. Additionally,
the nesults wene categorized to reflect calves with poor (< 5.1
gAdl), far (5.1-5.7 g/dl), good (5.8-6.1 g/dl), or excellent (=
6.2 gidl) transfer of passive immunity & suggestad by Godden
ctal. [23].

Data and statistical analyses

Drata of each sampled calf, inchidmg the age at sampling, famn
oforigin, ecoammence of diamhea, presence or absence of fibnn
amndor muscus i feces, all laboratory test results (pathogen
detection, STP concentration), and the information from the
questionmamre, including whether calves had dicd or survived
durnng the preweaning peniad (folow-up tme) was collected.
Drata was enterad into a Micnoso ft Excel 2013 spreadsheet to
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create a digital datahase { Supp lementmry Matenial 1) that was
uscd as atemplaie for stagstical analyscs. A bnef description
of the statistical amalyscs are presentod o the following pars-
graphs; a more detailed description is available in
Supplementry Matenial 2.

Diescrmptive statietics of the raw data mcluding proportons,
mcans, and standard deviations (S0, for data with normal dis-
tribution), median and mterquartile mnge (IR, for data not
nomeally distnbuted ) were caloulated. Differences bebtweon
the proportons of diamheic calves by age inwocks, the propor-
tions of diamrheic and non-diartheic calves that tested positive
at least one of the patwgens and to = 2 pathogens, and the
proportions of diamheic and non-diamheic cabees that dicd he-
fiore weaning weore assessad by chi-square. Differences in the
STP comcentrations {g/dl) in diamrheic versus non-diamheic
calves, as well as cabees that tested positive or negative for {a)
gven pathogenis) were evaluated by anabyses of varance wang
the procodure FROC MINED (3AS Univeraty Edition, SAS
Instituie Inc, Cary, MC, USA), controlling for herd as a random
cficct. Resul were expressod in least squares means (LMS)
and sandand emors of the means (SE M.

A logistic regression maodcl was fit @ asscss the offoct of
the pathogens on diamhes. The meode] acoountad for the strsc-
ture of the sample design in which diamheic calves {cases)
wenz matched with comtmol calves within a fam [39]. The
wariahle *age” groupad inweeks (1, 2,3, and > 3)was melud-
od in the model to adjust the OR. Interaction terms bebacen
the patho gens were tested o assess the effects of co-imfections.
The medel was made using the procodure FROC LOGISTIC
including the farm identification in the STRATA s@toment;
the modzl fit was checked by the Akaike Information
Crierion {(AIC) and r sguarad [22, 40, 41].

A wunivariate genemalized cstimating cquation {GEE)
repeated-measures logistic model was made to assess the ef-
fiect of the concentraton of TP on diamhea, rotay mus, BCoV,
and E ool F5+ deection adusied by the age of the calves in
days. This hypothesis was tested hocause vaccination Sgainst
these pathogens is a commaon practice in Unigoayan dairy
farms. For this model, values of STP concentraton < 5.6 g/
dl were classified as low and compatble with FTPL as previ-
ously descnibod [ 2E].

A multivanate (GEE repeaed-measures logistc model was
cmployed o assees the association bebwoen the presence of
fibnn or mucus in the feoes and the pathog ens adjusted by age
of the calves in wedks.

Fimally, we tested the nsk of death among diamheic calves
infocted with X engerica, motay mus and Crgpiasporkd dom Spp.
adpsicd by age in days wsing fhe same multivanate GEE
madel sruchure but imchidng the Poisson msicad of the bine-
mial disribution to estmate the risk of death [42]. BCaV,
BoAstY, BVDYV, and £ coli F34+ wome not included because
there wore cither only one { BCoV, BVDV and E colil F54) or
too few (BoAstV) deccased diarheic calves infected with
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these pathogens. For this, dat from all the diamheic calves
for which the questionmaire was available {118 calves) was
used; these calves were followod-up until the end of the pre-
weanng penod.

A significance level (alpha) of 5% {(p < 0.05) was consid-
cred for all the statistical analyses

Results

At the time of sampling, the calves had a median of 1 1 days of
life ()R = 9), with a mnge of 1 to 30 days [ non-diamheic
calves = 1 2{ IR = 14), diarrheic calves = 11 ()R = 5)]. The
proporton of diamheic calves was 39.9% (61/153) i the first
week of life, 71.8% (138210 in the scoond, 2895 (33/114)
in the thind and 25.0% (1 24 §) after the third weck oflife. The
proporton of diamheic calves was significanthy higher in the
second wodk of hife (p < 00010 Fibnn or muoss wene ob-
served inthe foces of B.1% (21259 and 47.1% (122.259) of
diarmheic calves and 2.6% (7/266) and 32.3% (B6/266) of non-
damheic calves, espoctively.

The gquestionnaine was completed for 241 cabves {118 cases
and 123 controls), 19.9% (48/241) of which had died before
weaning at 537 days of age {modian age at death: 16, [QR =
13). The remainder B0.1% (193/241) of the calves survived
after weaning (> 60 days of age). Thirny-one (64.6%) of the
calves that died before weaning werns diarheic, and the re-
mainder 35.4% (174 8) were non-diamheic at the time of sam-
pling. OF the 193 calves that survived afier weaning, 45.0%
{87/193) werne diarheic, and the remander 550% (106/193)
wre non-diamheic at the time of z=ampling. The proportion of
calves that dicd before weaning was significantly higher
among diartheic than non-diarheic calves (p < 0.02).
Imdividual results for cach calf im each famn are shown in

Supp kementary Matenial 1.

Detection of pathogens in feces and BVDV in
serum blood

At least one of the pathogens was detected in 63 4% (3500333)
of the cabvcs, this porcentage was significanthy higher in diar-
rheic {B3.7%, 221/264) versus non-diartheic {(47.6%, 129/
271 calves (p < 0001 ). Im 34.6% (185/335) of the calves no
agents wore detected, being 76.8% (142185) of them non-
diamheic and the remaining 232% (43/185) diamheic ones.
Individuwal pathogens and coinfections were identified in
4312% (231/535) and 22 25 (119535) of the calves, respec-
tively. The froquencics of detacton of each pathogen mdivid-
ually and in coinfections are shown in Table land
Supplementary Matenial 1. Cryeprosporidiim spp., BoAstV
and rotavines were the most frequenty detocied agents, hoth
at the animal and fam levels (Table 1) Crvprosporiaium s pp.
and motavirus were detected with a significantly higher
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Tabe 1 Overall frequancoy of detection of pahogens m 535 disnhac and non-disrrheic dammy calves from 27 ferms in Unugusy
Tests {sample type Ma. of samples amahered  Tobl no (Fjaf Totl no. (%) af Towlna (Fhaf Mo of farms with = 1 posiie
and tot] No. analyral)  fom diarheic and positive calves ihamheic postive  nonedisrrheic anmmal (% af tota] Mo. of fome,
mn-charrheic calves cahves positive calves n=IM
Crypésporidom n. 264 and 271 256 @TEE) 183 §H93%) T3 (26.9%) 27 (100.F%)
ELISA (feaes, 535)
BoA=V 186 and 2140 RAC21.MED (21 %) 47 (214D 21 [TI.E%)
RT-PCR (fees, 396
Faotavims 2654 and 271 Q4176 ) & (24 M%) 3011 24 (BR.9)
ELISA (feaes, 535)
Salmonsdla enteriom 2654 and 271 21 {39%) 14 {539%) T 2.6%) B{296%)
isnlation | fisaes, 535)
Escherichia coli F5+ 264 and 271 112 1% & (23%) 5 {1.8%) S{18.5%)
ELISA {fees, 535)
BV 264 and 271 B (1.5%) 5(1.9%) 3(1.0%) S{185%)
ELISA (feaes, 535)
BV antigen 251 and 249 6 (1.3%) 4 (LT%) 2 LB A (148%)
ELISA or RT-PCR
(seumihload, 280

ELSA enrymedmkal immumnesarhent sy, Sodod hovine astrovines, 8 TPCR revernse transoriplase pabyamerase chan sacton, 8CoV havine coro-

navius, VIV hovine viml diarhes vims

frequency in disrheic calves, incontrast to BoAaV, which as
a smgle infecton had a significantly higher frequency in non-
diarmrheic calves The proportion of diamheic calves infected
with one pathogen was 59.3% (137/231). In the 119 calves
with coinfections { B4 cases and 35 contro k), tam (B9, 15%:; 106/
119 or three (10,95 13/119) pathogens were identified. A
proportion of G69.8% (74/106) of te calves coinfected with
two pathogens were diartheic, while the remainder 30.2%
{327106) were non-diamheic. Of the 13 calves coinfected with
three pathogens, 76,95 (10V13) were diamheic. The propor-
tiom of diartheic calves coinfected with > 2 patho gens was
TO6% (B4 1190 Al izolated Salmorella straing were
5. enterico subspecics srferica serotype T yphimunum, except
fior two isolates from one farm tat were serotype Anatm.

Association between pathogens, diarrhea, and
preweaning death

Im the fimal multivariate conditonal ko gistic regression madel
indvidual infoctions with Cryprosporidivm spp. (OR = 1635,
Q56 CI=1.25-2.17, p = 00004}, rovimes (O =1.79, 955%
Cl =136-2.35, p< 00001}, and ther interaction (p = 00274)
were associated with diamhea Mo associaton was ohserved
hetaeen diarhea and infection with BCoV, E. coli F5+ or
5. enferica. There was an interaction effect bebween
Cryprosporiditm spp. and motavinus, which means that the
effect of one of this pathogens on diamhea differered accond-
mmg with the infection statis by the other and viceversa. The
odds of diarrhea were higher in calves infected with
Cryprasporidium spp. that wene negative for rotavins (OR =
307, 95% CI = 3.47-9.61), and i calves miccied with rots-
wirus that were negative for Cryprasporidim spp. (OR =493,

Q55 CI= 231-10.54), than in calves that were positive for
hoth agent. The modz] with interacton terms had the best fit
comparcd with the full model and with the model without
interaction acconding to the AIC (5076 )and r squared values
(0.35). Calves in the second week of hife had significandy
higher odds of being diamheic (OR = 2.16, 95% CI = 1.25-
369, p < 0.0001), while the odds decreased i calves i the
third week of life (0R = 0L6, 95% Cl=033-1.11, p <0.03).
There were no associations betweon diarhea and infection
with BVDWV (0R = 055, 95% Cl = 00E-3.70, p = 0.54) or
BoAstV {OR = 0LES, 95% CI = 048-1.50, p = 0.58).

Calves without diarrhea at the time of zampling had lower
chances of dying before weaning (OR = 0040, 95% CI=0.1%
084, p = 002) than diartheic calves.

Pathogens and the presence of fibrin or muous in
feoes

[mdividual infoctons with 5. erfericn and rotavines were sig-
nificanily associated with the presence of fibrin in the faces in
the multivariate repeated-measures logitic mode]. The odds
of & swerica-positive calves presenting fibrin in the feces was
58 tmees greater than for X enterioe-negative calves (OR =
6.8, 95% CL 2.4-18.9, p=< 0001}, while the odds o f rotavins-
positive calves presenting fibnn in the foces was 1.2 times
greater than for motavirus-negative calves (OR =22, 95%
CI: 1,144, p =003). MNone of the evaluated pathogens wene
associaied with the presence of mucus in the foces.
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Transfer of passive immunity, diarrhea, pathogens,
and preweaning death

The STP concentration was assessed in 95 = B-day-old calves
with {r = 40) and withowt {r = 55) diarthea, 45 of them
(47 4% ) had FTPI hased on the cutoff proposed by [3E]
(5TF = 5.6 g/dl). According to the four-level categonzaton
suggested by Godden et al. [23], 2B 4% (27/495), 26.3% (25/
951, 13.7% (139 5) and 31.6% (30/95) of the calves had poor,
fair, good, or cxcellent transter of passive iTmumity, Tespec-
tively . Theoverall mean STP concentraton was 564 g/'dl (SD
=09, min =4, max = E6), the L5SM for the STPF concentration
was 5E1 g/dl ir = 55, SEM = 0.200) in non-diamheic calves,
and 5.36 g/dl {r = 40, SEM = 0. 19) in diarheic cabves, these
differences were statistically significant {p = 0.0445).
Similarly, the STP concentration was significanthy lower in
calves mfocted with any of the pathogens under study (r =
62, LSM = 540 g/dl, SEM = 0.16) than in those that were
negative to all ested pathogens (e = 33, LSM = 6.08 gidl,
SEM = 0.210{p = 0.0016). Although calves with concentra-
tions of STP = 5.6 gidl had 54.0% lower odds of presenting
diarmrhea than cabes with STP concentratons < 5.6 g/dl (OR =
046, 95% CI =021-1.03, p = 0.059), this differonee was not
statistically significant.

The calwes that tested positive only for motay mus had sig-
nificandy lower concenrations of STP{r = 13, LSM = 520
gl SEM =10.24) than the negative oncs (r = 82, LSM =567
gl SEM = 0.16) {p = 0L.0469). Calves with STP concenira
tions = 5.6 g/dl had 64.0% lower odds of being positive to
rotavites than cabves with concentrations of STP < 5.6 gdl
(OR =036, 95% CI = 0.12-1.07, p = 0.07), this difference
was not smtistically signicant. There were no associations be-
tarcen the STP concentraton and infections by BCoV or
E. colil F5+, aor with proweaning death.

Pathogens and rsk of death during the preweaning
period in diarheic cabres

The nzk of death before weaning was 0.9 times higher in
diarrheic X emterica-positive calves than i diarrheic
5. ewerica-negative oncs (RR = 1.9, 95% Cl = 1.13-3.14,
p =00015). The other evaluated pathogens werenot assocated
with increased risk of death of diartheic calves hefore
weAning.

Discussion

MCD is ome of the lcading causes ofdeath in dairy calves [5].
In coheence with this, in our shedy, calves that manifested
diarmrhea early in their lives had significantly higher chances of
dymg hefiore weaning than contemporary non-d amheic ones,
imdicating that controlling and preventing NOCD regardless of
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its cause would ad m reducmg calf mortabity o Uruguesy an
dairy farms. As a mulofactonal syndrome associated with
wvanous infectious amd parasitic agents, as well as non-
infectous factors [13], determining its etiology is a complex
process that usually reguires labomtory testing alomg with
clmical and epidemiological investgations. [n this work, the
frequency of infection with vanous known or putative patho-
gens, and their associaton with BCD, the presence of fibnn or
mucus in feccs, FTPD and death, was evalated through a
large-scale fam-matched case-control study in conemporany
calves with and without diamhea Case-conitmol shedies arekey
to identify the possible associations and the mole of the agents
in dizease, since most of the causative agents of MCD can be
fiound in climcally healthy calves, and themefore their mene
presence docs not warrant disease causality. Additionally, be-
cauze MCD is a multifactonial syndrome, the mtermaction be-
tween different potential etologies necds o be considerad 1n
studics aiming at asscssing causality. Case-control studics
with large mumbers of dairy calves that investigaie muliaple
possible etiologies of WOCD and conduct statistical anabyacs to
assess intcractions between multple agents to obtain mobust
and reliahle epidemiological information are scant in the sci-
entific literature [21, 29, 30).

Im pur shady, at least one of the evaluaed pathogens was
datected in 654% of the 535 calves, and B3.7% of the 264
diamheic calwves, The atributable factorin exposad calves was
052 { not shown), meaning that 82% of the MCD cases may be
atributed to the studied agents. This also suggests that oter
infectious (ic., ataching and effacng -entero pathogenic and
enterohemomagic- £ coli) or non- mfectous (e, mimtional )
faciors not assessed o this sudy, may also be contributng to
MWD in a smaller proporton of cases. In our shady, the pro-
portion of diamheic calves was higher in the second week of
life, which indicates that calves ame exposad to diamheagenic
agents carly afier birth, as observed by other authors [ 20, 43].
A decline m the levels of colostral neuralizing antibodics in
the intestne 15 the main detorminant for the ooccurmrence of
infectous diamhea durmg the second week of life [44, 45].

The most frequently detected agenits were Cryplosporidiim
spp., BoAstY and rotavines, both as individual mifections and
colnfections. This is remarkable given the high frogquency of
detection of these agents at the farm level The detection fre-
quencics of mavins n diarheic (24 2%) or non-diamheic
{11.1%) calves in our sudy were much lower than those re-
portad by RT-gPCR by Casiells et al [446] in the same country
uang mostly the zame sample set {721 % and 59.9%, respec-
tively). Im our simdy, this frequency iz probably
undercstimated considenng that the detoction bt and the
sensitvity of the antigen-capture ELISA are lower than RT-
qPCRE, mainly in subclmical infections, and nenralizing ani-
bodics denved aither from colostrum or active immunc re-
sponsss may ineriere with viral deisetion by antig en-cap une
ELISA [47]. Given the high frequency of these pathogens,
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transmission routes within and between famms need to be fur-
ther smdiad locally to better understand their cpideminlogical
cycle. Rotvins and Crprosporidivm spp. ane highly resistant
to environmenil conditions; calves gat infected by contact
with feces from dams, which shed these pathogens subclmi-
cally contamimatng the wdder or calving arcas. As calves ane
the main hiplogical amplifyers of these enteric pathogens,
transmission bebweon calves oocurs by dincet contact incom-
mumal pens, or indractoontact by focal contamination of rear-
ing uiensils [48]. Waterbome transmission seems plausible,
congidermg that water is the main transmission route for
Cryprosporidiie spp. and has alse been sug gested for group
A mtavins in dary calves in Unaguay [49], and that most
dary farms in the couniry admm ster untreated und ergroumd
water or surface water © livesiock. Given the geographic
procimuity of the dainy calf reanng arcas and natural surface
watersmurees in Unoguay, the dense nebwork of nivers and the
relatvely high anmual rminalls and occasional flonding cvents
in this country, calves pose a nsk for surface watker contani-
nation with focal pathogens, notably Crypos poridiiee spp.
[#0]. Bocause some subtypes of Creprosporid i parviee
are zopnotic and cattle are reservor of potentally zoonotic
strams [51, 52)], and considenng that Cryplosporidiie spp.
has been identifiod as a canse of diarthea o children in
Uruguay [ 53], we further speciated and subtypod the crypto-
spondiadetected in calvesin this study. Intercstingly, of seven
C. parvim subtypes detoctod in 166 calves, five subtypos
datocted in 143 calves from nearly all farms had been detoctod
in humans ckewhere and have zoonotic potential | 50].

Regarding comfections and interactions betw cen
Cryprosporidiie spp. and motavines, both agents were assocl-
atod with diarthea in cabves that had md ivid ual infections with
cither pathogen, and in those that were coinfocted. Howewver,
an uncxpected finding was that in comfocted calves the odds
ofdiamhes were lower than in those infiocied with either path-
ogen. Bocause Cryprosporiadivm spp. and rotavines are both
imtracelhular pathogens that invade and affcct the same target
colls (superficial emterncytes) of e small imtestine [34, 55,
resulting o simalar lesions, it can be spoculated that they oc-
cupy the same cellular or subcellular niches {ic., recepinms,
signaling pathways), andfor that infocton with one of them
somechod interfercs with the ability of the other to cause fur-
ther intcstinal damage and diamhea A study in mice cxperi-
myenitally infected with C. paraem and a strain o f Erfarooocois
Sfaevaliy administered a5 a probiotic demaonstrated that when
both agents were present in the zame imestnal location, the
bactenum interfercd with O parviss infoecton [56].

Im humans, astrovineses case acute infantle diamhea [57]:
howewver, the chmcal relevance of entenc astroy ruses in cattle
15 not entinely clear. A rocentreview on viral enteriis incalves
come huded that it & cumrently unclear whether BoAsty is a
relevant primary pathogen, a potential cause of discase with
colnfections ora chnically imelevant vines [15]. To the best of

our knowladge, ours is tie first work in which the possible
role of BoAstY was evaluated as one of the agents of NCD
and calf maortality m a famn-matchod case-comntmol study con-
sidening multipke ctiologics in the study design and st@tstical
analyses, Despite the relatwvely high frequency of BoAsty
infecton {21.7% of the calves and 77.8% of the farme), no
association with diarhea or disease was observed in our
study, as suggested by Sharp ot al. in Scotland [5E].
Conversely, moour study, the freguency of BoAstV infection
as an individual agent was significantly higher in non-
diarrheic than diamheic calves (27 of the 31 calves that wens
only infected with BoAstV wore non-diamheic). This not anly
calls imto question the causatve ok of entenc BoAstVY in
MNCD, but also suggests a possible beneficial imdection with a
protective cffect on diamhea which should be further cxploned.
Recent meolecular studics by our group indicatea high genctic
diversity for BoAsty nmfectmg dainy calves in Uruguay, in-
cluding throe different Mamastrowrus specics, the most fre-
quent of which represented an unclassificd specics [59].
Whether cattle harbor Mamasrrovingg specics with zoonotic
poential, or whether entenc BoAstV share smnilaritics with a
nauratropc BoAsty rcondly identficd a8 a canse of enceph-
alitis m cattle in this country [60] neads furter investigation.

Although the mole of BCoV and BVDY as causes of diar-
rhea i catle is well documented [13, 14, 61], these vinuscs
wiere not associated with MCD i our study . The lack of asso-
ciation may have been related to the low frequency of detec-
tion, a5 indicatad in other works camed ot in vanows coun-
trice [ 19-21]. However, it should be considered that both
agents can case cither enteric (BCoV and BVIDY) or gystem-
ic discase (BVDV) in older cattle. 'We have occazionally di-
agnoeed discases and mortabtics causad by BVDV i 3-to 4-
maonth-old heifors [61] and BCoV in neonate calves (unpub-
lished data) im dairy catle in Uniguay through pathologic
craminations and molecular virology, and also detocted
BYVDVY i aboried daity foteses [61). In our stody, 1.5% of
the calves and 185% of the farms were positive for BCoV,
and 1.3% of the calves and 14.8% of the farms were pos tive
for BV DWW, demonstratng the circulation of these vinses at an
carty agein dary cabves, However, Castells et al. 201 9 report-
od a higher detection rate (7. 7% ) of BCoV in foces of noonate
calves by RT-gPCR [62]. As with rotavines, BCoV antigen-
capture ELISA has a lower sensitivity and limit of detoction
than RT-gPCR, mainly in subclinical infactions, and newral-
1zing antihodies derived from colostrum or active immune
responses may interfere with vimal datection by antigen-
capture ELISA [47, 63]. T, the froquency of BCoV detec-
tion in our study & probably underesimated; in this coniext,
the lack of association between BCoV and diamrhea could
have boen a consequence of the low datection froquency .
Regarding BV DY, the relatvely low froquency of detoction
at the calf level was not unexpected, as BVD'V rarcly causcs
diarrhea in neonatal calves under field conditions.
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Additionally, it should be mentioned that the antig en-cap e
ELISA porformed to detoct BVIY im 136 of te 480 calves
amabyzed for this vines, 15 not sugecstad to detect BYVDW in
zera from pesistently mfected cabves, mainly those younger
than 3 months of age in which specific colostrum-denved
antibody titers are moderate or high [, 65]. However, con-
sidenng that 14.8% of the farms had at least one BV pos-
itive calf either by antigen-capture ELISA or RT-gPCR, and
that BVDW can be particularly responsible for sevens oconom-
ic losses [66], further investigations are necdad i assess the
impact of this vins to the local livestock soctor.

Salmonella enterica was detoctod m 3.9% ofthe calves (14
cascs and T conimols) and 296% of the fams in this sidy,
these proportons are probably underestimatod considenng the
relatve low sensitvity and high specificity of the selective
culture for this agent [67). Even though the proporton of
mmfected ammals was more than double m diardseic versus
non-diamheic cabyes, the agent was not stafistically assocated
with diamrhca However, & angerion infoction was assocatod
with the presence of fibrin in the feces of the calves.
Salmonelin enferica causcs sovere inicstmal lesions, as well
as invasive/septicemic infoctions leading to death [14). The
inteztinal damage induced by this bacterium can be so severs
to result m fibnn cxudation into the intestinal hamen ( fitn-
noE necrotiAang enterbis’enterncalitis) [68], even without ar
hefiore man ifestation of diamrhea. The presence of fibnn m the
foces B sugeestive, though not exchusive, of enteric salmoncl-
losiz, and should prompt te votermary practiioners to siab-
lish an early medical treatment to avold calf mortality.

The association between rotavires infection and the
presence of fibnn in feces in our study was unexpectod.
From a pathologic standpoint this vimus causes superficial
cnterocyte lysis and exfoliaton m the small mtestine
{mostly jejunum and ileum) resulting in shortening,
blhmtm and fusion of the intestmal villi {atrophic enterop-
athy) [14], which 1= unhkely to result i sigmficant ex-
travasation of fibrin from the propial blosd vessels into
the intestinal lumen, unless there are sccondary hacterial
complications leading to ulceration. We did not find
multicollineanty problems or confision bias between ro-
tavirus and X enferica infection and the presence of fibnn
in feces based on the statistical test pammmeters, sug gesting
that this iz not an spurious association betweon these ban
pathogens. However, other hacterial pathogens that may
cause severns intestingl, colomic and'or cecal damage such
as attaching and effacing -enteropathogenic and
enierohemomhagic- £ colil , were not assessed for in this
study. A study on virulence genes of £ codf isolated foom
diarrheic and non-diartheic dairy calves in Uruguay, using
samples of the dairy calves of this sudy, found a poor
representation of gones associated with the shiga toxin-
producing £ coli (STEC) / enterchemomhagic £ coli
{EHEC) group, as well as enteropathogenic £ coli
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{EPEC) [69]. Interestingly, a study on postmortem find-
imgs and laboratory-hascd diagnosis of causcs of death in
dairy calves in the USA found that calves with necrotizing
and ulcemative intestinal lesions were more likely to he
diagnozed with rotavimus infection [ 70].

All darrhaic & emferica-posiive calves that died before
weaning did sowithin 3 days of sampling at ages that ranged
between 9 and 18 days, while non-diamheic X enrarica-posi-
tive calves, all of which survived after weaning at least until
day 1 22 of age {101 days after samplm g, data not shown), The
diamheic X enrericg- mfected calves inowr study had a signif-
icantly higher riek of dying during the preweaning period than
the diamheic calves not mfocted with this agent. Thus salmo-
nellosi should be considered a significant cawse of calf maor-
tality m the rearmg penod in dairy farms in Unuguay . Besides
its impact on animal health, the mole of cattle as sounces of
human salmonellosis should be further studied, as
K. entericg has been recognized a5 a human patogen m this
coumiry [ 53, T1], whene the cattle population per capita is the
highest in the world [72]. The predominant 5 enterica sem-
type m our study was 5. Typhimurmm {1 9 calves in 7 farms),
followed by & Anatum {2 calves from the same farm).
Because antibiotic resisance m animal and man patho gens
i5 of major global concern and moul ti-drug-resistant 5.
Typhimurium sirains kave boen identified in uman patients
in Ulnuguay | 71], we assessed antibiotic susceptbiliy ofall the
Safmoreliy smains obtamed in tis smdy [ 73], The mmimum
mmhibitory concentration to 14 antibiotes in 9 antinotic clas-
ses was assessed by micrdihotion. All 21 stmns wene mesis-
tant to at least one antibiotic clas, and 1121 strains were
resistant to = 3 antibiotic classes (predominanthy tefracyclines,
amineglycosides and beta-lactams), and were thus considerad
i fi-drug resistant strains [73]. The phenoty pic and molacu-
lar hases for antibiotc resismance nead to be further eoplored.

E. cali F5+ was found in a relatively low frogquency at
the individual (2.1% of the calves) and farm {18.5%)
lewels and was not associated with MCD. The low fie-
quency of £ coll F53+ in neonatl calves had been previ-
ouwsly documented in the region [74, 75), a8 well as in
other parts of the world [12, 20, 21]. i should be consid-
crad that enterotoxigenic £ ool affects calves < 1 week
of age [76], and our zampling frame included calves up to
4 wecks of age, which probably represents a bias, In our
study, of the 11 calves that testad positive for £, coll F5+,
9 weme = 5 days of life and the remainder two were 12 and
15 days old. Mo association with diamrhea was found cven
when only calves within the fist week of life were con-
sidercd for the statistical analysis {(not shown).
Furthermore, it should be considerad that even though
the expression of the fimbrial antigen F5 and the produc-
tipn of hecat-stable toxin {5Ta) are highly associated in
cnterotoocigenic £ coli, some studics have found £ coli
F5+ strains without teerigenic potential (e, PCR negative
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for the STa-ecncoding gene). This could explain why diar-
rhea was not observed in zome of the positive calves
|77—E0]. Im addition, it is= not wmexpected to have false
negative results wsing antigen-captun: ELISA for F5, a8
this test has a low sensitivity [12].

Dietermining the STP concentration in sorum & an ndract
way of assessing the mumume status of the calves, particulary
the transfer of passve immunity {colostral antibodies) in the
first week of life [23, 3E]. Low concentrations of STF have
boen associated with imereased morbidity and mortaliy [5,
28). In our study, almost half of the calves (47 4% ) samplad
for STF determination had vales < 56 g'dl consisent with
FTPI. A higher concentration of STF was observad in non-
duarmrheic calves, as well a5 in cabves that were negative for
rotavines . Calves with higher STP concentrations had lower
odds of manfestmg diamhea as well as being posiive for this
pathogen. This suggests that higher STF concenrations, in-
dicative of successfil transfer of passive immunity, may have
had a proiective cffact against diamhea and rotay mes indechon.
Waccines available to prevent MNCD wsually contain rotavins
and other various viral and hactenal antigens {spmetimes in-
cluding BCoV and E. cadi F53+, depending on the manufac tur-
ing lahoratory) and amn at mercasing specific colostral mom-
nity in the dams, 20 they require adequate colo strum managse-
ment practices i wamant suceessful transfer of immumity to
protect the calves. Whether motavines antigens included in the
vaccines available inm Urnguay (all of which consist of
imactivated v irus) protect against the pradominant viral strains
negds to be addressed and deeper antigenic chamcienzations
of local rotavirus strains should be performed. Curmenthy , thene
are no commercially available vaccines for Cryprasporidium
spp.; however, it has been postulaed tiat calves withan ade-
quake immune status, acquired through colostrum, are less
likely to shed this agent in fioces [El] and 0 have clinical
crypspondiosts [ 52]. Imerestingly, in our study, the mean
STP concentration was higher in Cryprosporidiem spp-nega-
tive {5.71 gL » = 66) than -positive cabves {547 gidl, r =29
{data mo shoram ). Although this difference was not satistically
significant, these mean STF concentrations wene above and
below, respectively, of the cutoff value to determme FTPI
[ 38]. This highlights the importance of app by ing readily avail-
able and cost-efiective management practices, such as vacci-
nation of the dams to obtain quality colostmum and its earky
adminisration to calves to prevent NCD. Although vaccing-
tion to prevent MCD iz recommended m all dary farms, it &
ot meaningiul in these where colos rum manasement prac-
tiges ane adequate. Unforhumately, madequate colostrum man-
agement practices are widespread among dairy farms in
Urnguay [4], which may partially explain the high pecentage
of calves with low 5TP concentrations found in our stsdy.
Regarding the lack of statistical association between STP
and preweaning death, it should benotad that among 31 calves
with STF values < 5.6 g/dl, 14 had missing data on

proweaning death. In addition, 22 cabves with STP values =
5.6 g/dl had missing data on prewecaning death
{ Supplementary Matenial 1), This represents 37 95 | 36/495)
of calves with mizsmg data, which probably influenced the
owicome of the statistcal analysis

Conclusions

We genermied rehable epidemiological information to apphy
specific comtrol and preventive maasunes to reduce NCD as-
sociated bosses in Uruguay. Thiswas achieved through a fam-
matched caze-control study, evaluating multiple
enteropathogens, climcal signs, preweaning death, FTPL and
their associations. We conclude that NCD 15 an important
cauze fior moriliy of dairy calves in Uruguay, regandless of
its canae. Cryprospo ridim spp.and motay mes canse NOCD and
are frequent both at the calf and farm levels. Salmonealle
erteriay infecton results m fibnnous siools and mereases the
rek of proweamng mortahty m diamheic calves, BoAstY, de-
spitc heing frequent 15 not a primary case of diamhea for
dairy calves im Unuguay. Although the frequencies of BCoV,
BV and E. colil F53+ arerclatively low, these pathogens ane
probably underestmated and ther role in neonatal discase
should not be disregarded. The STP concentration in neonate
calves has a protectree effcct agaimst diamhea and rotavinus
infection, demonsrating the imporance of apply ng adoguate
colosnum management practices o improve neomatal calf
heakth and welbbemg and roduce diamhea-associated mortal-
ity. Lastly, ncomatl dairy calves in Unoguay are reservoirs of
potentially zoonotic pathogens, notably Salmonrella
Typhimumum and Crygpio sporidiiem spp. that have boen iden-
tificd in human patents in this country .
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Capitulo 6 Manuscrito 6:
Maya L, Panzera Y, Pérez R, Marandino A, Colina R. GENOME SEQUENCES OF NOVEL

BVDV-1la URUGUAYAN STRAINS.

Este trabajo tuvo como cometido aislar y secuenciar el genoma completo de 2 cepas uruguayas
BVDV-1a.

Los principales resultados de este trabajo son los siguientes:

e Seaislaron los primeras cepas Uruguayas de BVDV

e Se secuenciaron los primeros genomas completos de cepas uruguayas de BVDV

e Las distancia genética entre las cepas de campo y vacunal de BVDV estudiadas previamente
con regiones parciales del genoma viral, fue confirmada al realizar los analisis comparativos
usando el genoma completo

e Lasimilitud de las cepas uruguayas BVDV-1ay la cepa de origen Chino G5S fue confirmada

e Los protocolos para el aislamiento y secuenciacion de genomas de BVDV fueron puestos a
punto y podran ser utilizados posteriormente para realizar mas aislamientos de este subtipo

viral, asi como también del subtipo BVDV-2b que también circula en nuestros rodeos
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GENOME SEQUENCES OF NOVEL BVDV-1a URUGUAY AN STRAINS
Maya L', Panzera Y2, Pérez R?, Marandino A?, Colina R?

1 Laboratorio de Virologia Molecular, Departamento de Ciencias Biclégicas, CENUR Litoral
More-Sede Salto, Universidad de la Repdblica, Gral. Rivera 1350,50000 Salte, Uruguay

2 Seccion Genética Evolutiva, Departamenio de Biclogia Animal, Instituto de Biologia, Facultad
de Ciencias, Universidad de la Republica, Montevideo, Uruguay.

ABSTRACT

Bovine wviral diarrhea virus (BVDV) i1s a pathogen of economic importance that
affects production and reproduction in cattle. BVDV has been associated with
reproductive failure, abortion, and respiratory and entenc infechions. BVDV 1s
endemic in Uruguay and most herds (.80%) are seropositive to the virus.

The BVDWV-1a subtype is prevalent in Uruguayan territory; this subtype has
diverged locally and is distantly related to the NADL vaccine strain. The amino
acid differences between field and vaccine wviruses may lead to failure in
neutralization/vaccine protection.

In the present study, two Uruguayan BVDV-1a strains were isolated by cell
culture and their complete genomes were obtained using lllumina sequencing.
These isolates were the first obtained in Uruguay and became the starting point
for building a Biobank of BVDV strains. Comparative analyzes of the genomes of
the Uruguayan strains revealed that are genetically closely related to G55
Chinese strain, and diverge from the NADL vaccine strain. The most notable
differences that were found among vaccine and field strain were found on the
encoding sequences of E2 membrane glycoprotein, Core and N54. Notably, we
found that most of these mutations leads to synonymous changes on Core and
M54 proteins; while on E2 membrane glycoprotein most changes were non-
synonymous. These findings support and will allow more genetic and
evolutionary studies, including more in-depth comparative analyzes among field
and vaccine strains to raise the question of whether cumrent vaccines need to be

reformulated in order to be massive protective.
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Bovine viral diarrhea virus (BVDV) 1s a pathogen of global economic importance
that causes a wide vanety of clinical signs and reproductive failure in catile [Houe
1999). BVDV belongs to the genus Pesfivirus in the family Flavivindae and has a
single-stranded positive-sense RNA genome of approximately 12.3 kb in length
flanked at both ends by untranslated regions (UTRs). The only open reading
frame (ORF) of BVDVY encodes a single polyprotein of 3898 amino acid residues
that i1s cleaved co- and post-iransiationally into 11-12 proteins (Meyers, 1996).
There are three BVDV species cumently recognized by the Intemational
Committee on Taxonomy of Virusas (ICTV), namely BVDV-1, BVDWY-2, and HobBi-
like Pestivirus (ICTV).

Uruguay is a livestock country, and agro-industrial exports represent 8.4% of the
country's gross domestic product (MGAP, DIEA 2018). Uruguay has
approximately 12 million cattle, including beef and dairy cattle and this number
has remained practically unchanged since 1993. BVDV is presumably one of the
factors contributing to reduce pragnancy and calf survival at weaning (PLANISA).
BYDV is endemic in Uruguay; the 98.8% of the farms were seropositive for BVDY
according to a sampling study performed by the Uruguayan livestock ministry in
2015. The BVDV seroprevalence was 80.9% and 82 8% for dairy farms and beef
cattle, respectively. In Uruguay there is not sanitary program to BVDV and its
vaccination is not compulsory; only 32.1% of dairy farms and 14.6% of beef cattle
farms vaccinate against BVDY (Dr. Fedenco Femandez, Ministerio de
Ganaderia, Agncultura y Pesca, MGAP, personal communication). There are
reports of BVDV acting on reproductive failures, abortions, and BVDV associated
diseases, including mucosal disease and respiratory and entenic problems, due
to co-infections associated with bactena (Maya et al., 2016; Macias-Rioseco et
al., 2020; da Silva Silveira et al., 2020).

BVDV-1a is the major subtype in Uruguayan herds [Maya et al., 2020]. Previous
studies using partial nuclectide sequences of 5'UTR, NF® and E2 genomic
regions revealed that BVDV-1a Uruguayan strains are genetically distant from
NADL vaccine strain and others worldwide BVDV-1a strains, having some amino
acids changes that could lead to failure of protection through vaccination (Maya
et al., 2020).

In the present study, 2 Uruguayan BVDV-1a strains were isolated from serum

samples and their complete genomes were sequenced and analyzed.
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Brefly, serum samples of strains 754 UYAFA4/112015 and 2402UY5J2016 were
subjected to virus isolation using Pestivirus-free Madin-Darby bovine kidney cells
(MDBK) with Minimum essential medium (MEM) supplemented with 10% horse
serum and antibiotics (Penicillin  (10,000Ulf/mL), Streptomycin (10mg/mL),
Amphotericin B (250pg / mL)). The plates were incubated at 37 °C with 5% COz
and examined daily for up to 3 days. Three consecutive blind passages were
performed for each sample.

MDBK. cells infected with 7T54UYAFA4/112015 and 2402UYSJi2016 strains were
submitted to three freeze/thaw cycles to release BVDY viral particles. After that,
viral stocks were centnfuged at 3000 = rpm for 3 min to clanfy the supematant of
cellular debns before RMA isolation. RNA was i1solated using 1 mL of cultured
supematant using Quick-RNA™ MiniPrep kit (Zymo Research, Irvine, CA, USA).
The extracted RNA was reverse-transcnbed using the Maxima H Minus Double-
Stranded cDNA Synthesis kit (Thermo Fisher Scientific, USA). The cDNA was
punfied using AMPure XP (Benchman, USA) and 100 ng was subjected to
Mextera DNA Flex Library Preparation kit (lllumina, USA) using MiniSeq Mid
Output Reagent Carindge (300-cycles, paired-end reads). Library was
sequenced on an lllumina MimiSeq platform. Adapter/quality tnmming and filtenng
of raw data were performed with BBDuk and clean reads were mapped to the
BVDV-1a strain G55 isolated in China in 2013 (KJ541471) as reference
sequence using Geneious Prime 202012 (https:/fwww.geneious.com/). The
complete genomes of TA4UYAFA4/112015 and 2402U%YSJ/2016 strains were
submitted in GenBank database under accession number x and x, respechively.
Genetic similanty between the two Uruguayan strains and the NADL strain was
analyzed using MEGA 7 (Kumar, Stecher and Tamura, 2016).

A phylogenetic tree was constructed using the maxamum likelihood (ML) method,
and the statistical significance were conducted using the bootstrap method (1000
repetitions) in MEGA 7 (Kumar, Stecher and Tamura, 2016). The model of
nuclectide substitution that best fit the dataset (GTR + gamma) was selected
using the ModelTest program according to the Akaike information cntenion (AIC;
Akake, 1974) (Posada, 2008). The phylogenetic tree included Uruguayan
sequences and 75 sequences of BVDV-1 species available on the NIAID Virus
Pathogen Database and Analysis Resource (VIPR) through the web sie at
https:/fwww viprbrc. orgfbre/vipr_genome_search.spg. Redundant, shorter, and
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not subtyped genomes were removed from the final data set. Border disease
virus (BDOV) reference sequence (X818) was used as outgroup.

Using the UGENE software, an ORF of 11,694 nucleotides and a polyprotein of
3898 amino acid residues in length were identified in both Uruguayan strains, and
11 indradual proteins were found that were annotated (Table 1).Nuclectide and
amino acid similanties among Uruguayan strains were 94 7%, and 96,7%,
respectively (Table 1).

Uruguayan strains associate with the BVDV-1a strains on phylogenetic analysis
and appear closely related to the Chinese strain G55 (Figure 1, black dots).
Mucleofide and amino acid similanties between the Uruguayans and GS5 strains
ranged between 92%, and 95%, respectively. In contrast, Uruguayan strains
were distantly to NADL vaccine strain on phylogenetic free (Figure 1, astensk),
having a nucleotide and amino acid divergence of 12% and 8%, respectively
(Table 1). Nuclectide and amino acid divergence of the Uruguayan and NADL
strains is higher in variable genomic regions such as the encoding region of E2
membrane glycoprotein (Table 1) (El Oman et al., 2013; Maya et al., 2020).
Another genomics regions such as encoding region of core (capsid protein), and
NS4A (cofactor for NS3 serine protease) showed higher divergence at nucleotide
level than the encoding region of E2 membrane glycoprotein (showed in bold on
Table 1) (Murray et al_, 2008; Xu et al_, 19597). When those genomic regions were
compared at amino acid level its vanability decreased drastically, showing that
most of the nuclecotide changes were non- synonymous (Table 1). It is likely that
genomic regions (e.g., EZ encoding region) were subjected to positive selective
pressures exerted by the host's immune system (Ma et al., 2018). These regions
wolld evolve faster by the acquisition of non-synonymous changes, explaining
the high amino acid divergence in the E2 membrane glycoprotein compared with
the remaining viral proteins (Table 1)

The genetic vanability of circulating BVDV strains it could question the efficacy of
current available vaccines and the sensitivity of diagnostic BVDY tests. Thus, the
present study complement and adds remarkable and valuable information to the
previous studies of BVDY Uruguayan strains that our group has been doing for
the last 5 years (Maya et al., 2016, 2020).

Strans 7TH4UYAFA4/112015 and 2402UYSJ/2016 were the first Uruguayan
aufochthonous isolates, providing a new framework to understand BVDYV genome
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variability of Uruguayan strains and to propel BVDY applied research in Uruguay.
Our resulis represent the milestone in the construction of a collection of
Uruguayan strains of BVDY that will allow more genetic and evolutionary studies,
including more in-depth comparative analyzes among field and vaccine strains.
The knowledge acquired in this study it I1s also valuable to continue BVDY
survelllance, keeping the diagnostic tests up-to-date, develop massive and
effective vaccines, and promote more effective BVDV mitigation strategies.
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Figure 1. Phylogenstic analysis of full encoding sequences of BVDY strains. Uruguayan strains
are indicated by black dots and MADL vaccine straim by an asterisk. BVDV-1 subtypes are shown
on the right side of the figure, and BVDW-1a subtype is highlight in bold. Numbers at the
branches of the trees are bootstrap wvalues. A BDV (border disease virus) seguence was
included im the analysis as an out-group.
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5- DISCUSION GLOBAL

Uruguay es un pais ganadero y la economia del pais depende en gran medida de la produccion
ganadera. En el afio 2018 alrededor del 27% de las exportaciones que realizd6 Uruguay
correspondieron a carne bovina y bovinos en pie, representando alrededor de 2 millones de ddlares
(Anuario estadistico DIEA 2019).

BVDV es un virus con gran impacto econémico ya que afecta la reproduccion y produccion bovina.
BVDV, de acuerdo con los datos de relevados en un muestreo del afio 2015, el 80.9% del ganado de
leche y el 82.8% del ganado de carne es seropositivo a BVDV en Uruguay (Dr Federico Fernandez,
Ministerio de Ganaderia, Agricultura y Pesca, MGAP, comunicacion personal). Uruguay no tiene un
plan sanitario para el control de BVDV vy la vacunacion no es obligatoria, quedando a criterio del
productor o del médico veterinario del establecimiento.

En rodeos en que BVDV es endémico se estima que las pérdidas econémicas oscilan entre 8.4 y 113
dolares/vaca/ afio; y en rodeos que presentan brotes de BVDV las pérdidas van desde 37 a 3090
dolares/animal/afio (Yarnall and Thrusfield, 2017). Las mayores pérdidas econdémicas se deben a
afecciones reproductivas. Las repercusiones econdmicas de BVDV como fruto de la inmunosupresion
y el menor rendimiento lechero son menos estudiadas, por lo que se cree que estan subestimadas
(Yarnall and Thrusfield, 2017).

Paises ganaderos como Escocia, Nueva Zelanda y Suiza, han implementado exitosamente estrategias
para el control de BVDV, basados en vigilancia continua del virus, vacunacion y eliminacion de
animales PI. De esta manera han visto mejoras en la reproduccion, rendimiento lechero, y se redujeron
las enfermedades asociadas a BVDV, de manera que han podido mitigar las pérdidas economicas
debidas a este patdgeno (Oguejiofor et al., 2019).

En Uruguay, de acuerdo con los puntos planteados en el PLANISA, antes de elaborar una estrategia
para el control y la mitigacion de BVDV de nuestros rodeos, teniamos un “camino” previo por
recorrer, y es ese el punto donde empieza esta tesis.

Dados los antecedentes y las necesidades respecto a la teméatica BVDV planteada por el PLANISA,
lo primero que realizamos fue desarrollar una metodologia molecular robusta para la deteccion de
BVDV.

Pusimos a punto un método de extraccién de acidos nucleicos que adecuamos a todos los tipos de
matrices recibidas: suero, sangre, semen, leche y diversos tipos de tejidos. Para la deteccion molecular
de BVDV, adecuamos el protocolo de PCR en tiempo real (qPCR) previamente desarrollado por
Hoffman et al., (2006) y Gaede et al., (2005) que amplifica 207 pb de la 5’UTR del genoma de
BVDV, modificando algunos nucledtidos por degeneracion para hacer posible la deteccion de
BVDV-1, BVDV-2 y el Pestivirus tipo HoBi (Tabla 1, manuscrito 1 Maya et al., 2016). En la
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deteccion de BVDV, la qPCR es més sensible que el ELISA de captura IDEXX BVDV Ag/Serum
Plus (IDEXX- Switzerland) (Hanon et al., 2014; Maya et al., 2016).

5.1- Diversidad genética de BVDV en Uruguay

Para estudiar la diversidad genética de BVDV por medio de arboles filogenéticos, la 5’UTR es la
regioén gendmica mas comunmente usada. Esta region no codificante del genoma de BVDV, es corta
y altamente conservada, permitiendo diferenciar las especies de BVDV, pero no es suficientemente
informativa para la correcta asignacion en subtipos virales (Xia et al., 2007; Booth et al., 2013). Para
estudiar la diversidad genética de las estirpes de BVDV que circulan en Uruguay, por medio de
arboles filogenéticos con nodos de buen soporte estadistico, se utilizd un fragmento de 607 pb de las
secuencias nucleotidicas concatenadas de la5"UTR y la proteasa viral NP (5"UTR/NP™), y el extremo
amino terminal de la glicoproteina de membrana E2 (Maya et al., 2016, 2020).

De esta manera detectamos las especies BVDV-1y BVDV-2, y los subtipos virales de BVDV en los
siguientes porcentajes: BVDV-1a (87.5%), BVDV-1i (6.2%), y BVDV-2b (6.3%) (Maya et al.,
2016). Al aumentar el nimero de casos positivos a BVDV (n= 42) en nuestros siguientes trabajos
(Maya et al., 2020; da Silva Silveira et al., 2020), observamos que la epidemiologia molecular de
BVDV permanecid incambiada y BVDV-1a continud siendo el subtipo viral mayoritario, seguido por
los subtipos virales BVDV-2b, y BVDV-1i.

El subtipo BVDV-1a fue detectado en el 81% de los animales positivos. En nuestro primer articulo,
analizamos 12 secuencias de la region gendémica 5’"UTR/NP™ y en el segundo articulo el nimero
ascendi6 a 28 cepas BVDV-la. Al analizar un mayor nimero de cepas observamos una
diversificacion geografica del subtipo BVDV-1a en Uruguay, formando 2 linajes Uruguayos a los
que denominamos como BVDV-1a linajel uy y BVDV-1a linaje2 uy (Figura 1, manuscrito 3 Maya
et al., 2020). EI BVDV-1a linajel uy esta compuesto por 24 cepas Uruguayas y se agrupa con cepas
de Brasil y 1 cepa de origen Chino. EI BVDV-1a linaje2 uy, integrado por un menor nimero de cepas
(n=4), se agrupa también con una cepa de origen Chino.

De total de animales positivos a BVDV, un unico animal muestreado en el afio 2014 estaba infectado
con el subtipo BVDV-1i (Figura 1, manuscrito 1 Maya et al., 2016). El hecho que sea un Unico caso,
podria estar denotando que este subtipo no tendria una circulacion extensa en nuestros rodeos, y su
hallazgo representaria un hecho aislado. El subtipo BVDV-1i fue descrito por primera vez en 1999
en el Reino Unido (Vilcek et al., 2001), y su incidencia fue aumentando (Strong et al., 2013). Este
subtipo viral parecia estar restringido a Reino Unido hasta que en el afio 2014 fue detectado en

Uruguay y posteriormente en el afio 2016 en Brasil (Maya et al., 2016; Mdsena et al., 2016). Las
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cepas de Uruguay y Brasil se relacionan méas cercanamente entre si, y se distancian de las cepas
BVDV-1i de Reino Unido (Figura 1, manuscrito 3) (Mosena et al., 2016; Maya et al., 2020).

En Uruguay el subtipo BVDV-2b, de acuerdo con nuestro muestreo, no parece tener alta incidencia
representando el 16.6% de total de animales positivos. En las 3 muestras que pudimos amplificar las
regiones gendmicas 5"UTR/NP™y hacer anélisis comparativos, observamos que las cepas Uruguayas
2391UYRN/2016 y 2769UYRN/2016 se agruparon, y se separaron del resto de las cepas de este
subtipo viral, incluida la cepa Uruguaya 439RvUY/082014 (Figura 1, manuscrito 3). Esto podria estar
denotando una diversificacion del subtipo BVDV-2b en nuestro territorio, pero seria apropiado
aumentar el nimero de cepas para estar en condiciones de afirmar este comportamiento (Maya et al.,
2020).

Los subtipos virales descritos anteriormente fueron detectados en predios con fallas reproductivas, y
fueron vinculados como agente infeccioso causante o co-participante en abortos (Tabla 1, manuscrito
2) (Maya et al., 2016; Macias-Rioseco et al., 2020; da Silva Silveira et al., 2020). Estos subtipos
virales, ademas fueron detectados en otras enfermedades asociadas a BVDV como ser enfermedad
de las mucosas, y en problemas respiratorios y entéricos co-infectando de manera asociada a bacterias
y otros virus (Tabla 1, manuscrito 2; Tabla 1 manuscrito 5) (Macias-Rioseco et al., 2020; da Silva
Silveira et al., 2020; Caffarena et al., 2021). El reconocer e identificar las enfermedades asociadas a
BVDV es fundamental para la vigilancia de BVDV y una pieza esencial en la elaboracion de

programas de control.

5.2- Caracterizacion genética y evolutiva de las cepas de BVDV-1a Uruguayas

Las cepas del subtipo BVDV-1a, siendo el subtipo mayoritario en nuestros rodeos, ameritaron a ser
analizadas en mayor profundidad.

Los linajes BVDV-1a linajel uy y BVDV-1a linaje2 uy surgen en Uruguay como producto de la
evolucién que ha tenido este subtipo viral en nuestros rodeos. De acuerdo con nuestros calculos de
TMRCA (Time Most Recent Common Ancestor), BVDV-1a comenzé a circular en Uruguay en 1990
(Tabla 4, manuscrito 3). Estos resultados concuerdan con los datos clinicos, que BVDV circularia en
Uruguay desde los 807, y en 1996 BVDV fue detectado por primera vez por inmunohistoquimica
(Saizar et al., 1998).

En estos afios luego de su emergencia en nuestro territorio, BVDV-1a ha usado a la mutacion puntual
como mecanismo de evolucién y generador de variabilidad genética. De esta manera, BVDV-1a ha
acumulado mutaciones a una tasa de 3.48x107 sustituciones nucleotidicas/sitio/afio (Tabla 4,

manuscrito 3), que le han permitido adquirir caracteristicas genéticas propias, que han diferenciado
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las cepas BVDV-1la Uruguayas de otras cepas BVDV-1a, formando los linajes uruguayos ya
mencionados.

En particular las cepas de los linajes BVDV-1a Uruguayas se han diversificado de la cepa vacunal
NADL (Tabla 2, manuscrito 3). Al analizar la proteasa viral NPy la glicoproteina de membrana E2
se encontraron cambios amino acidicos, 4 y 11, respectivamente (Tabla 3, manuscrito 3). Era de
esperar encontrar mas cambios amino acidicos en la proteina E2 dado que es el principal sitio
antigenico del virion por su rol de unirse al receptor celular en la célula hospedera. De las
sustituciones aminoacidicas encontradas en E2 son de destacar las de los residuos 71, 87, 88 y 90,
dado que forman parte de 2 epitopes en E2 que pueden producir una falla de neutralizacion y
proteccion en animales vacunados con la cepa NADL (Figura 4, manuscrito 3) (El Omari et al., 2013;
Ridpath, 2013). El linaje BVDV-1a linajel uy tiene 4 cambios en los amino acidos T3zgVs4TesEs1 €n
E2 que parecen ser Unicos de las cepas Uruguayas de este linaje, constituyendo lo que denominamos
como “su huella dactilar”, que lo diferencian del linaje BVDV-1a linaje2 uy (M3sgMsalesKs1) y de la
cepa NADL (KssMsaslesKs1), y de las restantes cepas BVDV-1a incluidas en el analisis (Tabla 3b,
manuscrito 3) (Maya et al, 2020). Al momento no hay reportes de que estos aminoacidos formen
parte de sitios antigénicos, sin embargo, pueden cambiar las propiedades de la E2 dado que algunas
de estas sustituciones implican cambios en las propiedades quimicas de los amino acidos (Maya et
al., 2020). A futuro haremos analisis para esclarecer si esta “huella dactilar” del linaje BVDV-1a

linajel uy juega un rol en el fitness de estas cepas Uruguayas.

5.3- Secuenciacion del genoma completo de cepas BVDV-1a Uruguayas

La variabilidad genética entre las cepas circulantes de BVDV hace dificil la elaboracion de estrategias
para el control y mitigacion de este patdgeno mediante el disefio de tests diagndsticos robustos, y
también el desarrollo e implementacion de vacunas efectivas. Teniendo en mente esto y dados los
conocimientos previos generados de las cepas uruguayas y descriptos en los puntos anteriores,
consideramos que el paso siguiente mas atinado a realizar en nuestra investigacion en BVDV debia
ser el aislamiento de cepas uruguayas Y la secuenciacion de sus genomas completos (manuscrito 6).
En este sentido el aislamiento de cepas BVDV-1a uruguayas y la secuenciacion de sus genomas
completos hacen un aporte importante. Se escogié comenzar este tipo de estudios con las cepas
BVDV-1a por las caracteristicas estudiadas y discutidas anteriormente. Los protocolos de aislamiento
y secuenciacion masiva fueron puestos a punto para cepas BVDV en general, por lo que luego
podremos continuar con el aislamiento y secuenciacion de los otros subtipos presentes en nuestros

rodeos que también ameritan estudios mas profundos.
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Al comparar mediante un arbol filogenético los genomas completos de las cepas BVDV-1a uruguayas
con 75 genomas de los diferentes subtipos de la especie BVDV-1, se observd que ambas cepas
uruguayas se agrupan con la cepa del subtipo BVDV-1la G5S procedente de China (Figura 1,
manuscrito 6). Por tanto, el uso de las regiones 5"UTR/NP™ y glicoproteina de membrana E2 es vélida
para la clasificacion en especies y subtipos de BVDV ya que de las 2 cepas cuyos genomas fueron
secuenciados ya se habia observado esta relacion cercana con la cepa China G5S en los arboles
filogenéticos realizados con las regiones genomicas 5"UTR/Npro (Figura 1, manuscrito 3) y la
glicoproteina de membrana E2 (Figura 3, manuscrito 3).

Los genomas de ambas cepas uruguayas son divergentes respecto al genoma de la cepa vacunal
NADL tanto a nivel nucleotidico y aminoacidico (Tabla 2, manuscrito 6). Como se discutio
anteriormente, divergencia de las cepas uruguayas y vacunal queda mas evidente en regiones mas
variables como la glicoproteina de membrana E2 en comparacion con la proteasa viral.
Evidentemente la diversidad de estas cepas a lo largo del genoma varia por las diversas presiones
selectivas a las que estan sometidas a las distintas regiones gendmicas, reflejandose que, en promedio,
la divergencia nucleotidica y aminoacidica de las cepas uruguayas y vacunales en el genoma completo
es menor que cuando se estudio la proteasa Npro y la glicoproteina de membrana E2 (Tabla 2,
manuscrito 3).

Es de destacar que estas 2 cepas representan los primeros aislamientos de cepas autoctonas uruguayas.
Este representa el primer paso en la construccion de un cepario uruguayo de BVDV que permitira
realizar estudios genéticos y evolutivos de las cepas uruguayas, asi como también analisis
comparativos de las cepas de campo y vacunales en mayor profundidad una vez que contemos con

un mayor numero de genomas completos de cepas Uruguayas.
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6- CONCLUSIONES

3- Se disefid un método de deteccion molecular de BVDV robusto que permite su deteccion a

partir de diferentes matrices

4- Se detectd en los rodeos uruguayos la presencia de las especies BVDV-1, subtipos BVDV-1a
y BVDV-1i; y de la especie BVDV-2 el subtipo BVDV-2b

5- En nuestro muestreo no fue detectado el Pestivirus tipo HoBi

6- El subtipo prevalente en nuestros rodeos es BVDV-1a

7- Se realizaron aportes fundamentales para la vigilancia de BVDV en Uruguay y muy

importantes para la elaboracion de futuros planes de control, identificando y reconociendo
enfermedades causadas por BVDV, y a las cuales se encuentra asociado.

8- El subtipo BVDV-1a a partir que empez0 a circular en nuestros rodeos hace 30 afios apx. Fue
acumulando mutaciones puntuales al punto tal que se formaron 2 linajes BVDV-1a uruguayos con
caracteristicas genéticas propias.

9- Las cepas BVDV-la Uruguayas son divergentes respecto a la cepa vacunal NADL,
provocando posiblemente fallas en animales vacunados a nivel de neutralizacion y proteccion

10-  Las cepas de los linajes Uruguayos BVDV-1a son similares a cepas aisladas en China

11-  Estas similitudes y divergencias se observaron al estudiar las regiones gendmicas
5"UTR/Npro, la glicoproteina de membrana E2, y fueron confirmadas cuando los estudios
comparativos se ampliaron y se utilizé el genoma completo de BVDV.

12-  Serealizaron los 2 primeros aislados autdctonos Uruguayos, representando el paso inicial en
la construccién de un cepario nacional de BVDV

13- Los 2 genomas de BVDV secuenciados en esta tesis representan los primeros genomas

completos de BVDV Uruguayos.
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/- PERSPECTIVAS

Creemos que los resultados obtenidos en esta tesis que han sido publicados en revistas internacionales
arbitradas, en conjunto con otros trabajos que han publicado otros miembros de este equipo
multidisciplinario han aportado informacién valiosisima y han hecho mas visible la tematica BVDV
en los rodeos uruguayos. Seguiremos trabajando en pos de un plan de saneamiento de BVDV y es

por eso que nos planteamos las siguientes perspectivas:

- Continuar la vigilancia de BVDV.

Esto nos permitira mantener actualizada la epidemiologia molecular de BVDV en Uruguay y nuestras
metodologias de deteccion molecular de BVDV.

Identificacion y remocidon de animales Pl de manera coordinada con los productores y veterinarios de
establecimientos.

Testear animales antes de movilizar ganado de un predio a otro.

- Generar un cepario nacional de BVDV
Realizar mas aislamientos virales a partir de muestras clinicas con el fin de comenzar a generar un

cepario nacional de BVDV datado.

-Realizar ensayos de neutralizacion con las cepas Uruguayas aisladas

Al momento sabemos que las cepas uruguayas tienen diferencias amino acidicas en 2 epitopes de la
glicoproteina de membrana E2, que provocarian una falla en la neutralizacion por los anticuerpos
generados por la cepa NADL. Estos datos tedricos hay que probarlos in vitro. Para esto se haran

ensayos de neutralizacion con cepas de BVDV uruguayas aisladas en cultivos celulares.

- Amplificar un mayor nimero de genomas de BVDV y explorar nuevas regiones del genoma de las
cepas uruguayas

El genoma de BVDV es variable, lo que provoca que haya una falla en el apareamiento de bases de
los cebadores publicados en la literatura y las cepas Uruguayas. Por tanto, al contar con los 2 genomas
secuenciados en esta tesis podremos disefiar cebadores especificos para las cepas Uruguayas de
BVDV. Esto nos permitira amplificar y estudiar otras regiones del genoma de BVDV, y a su vez

amplificar un mayor nimero de genomas.

- Desarrollos biotecnolégicos
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La construccion del cepario uruguayo y el estudio en mayor profundidad de los genomas se realizara
en vistas de comenzar a trabajar en desarrollos biotecnoldgicos para lograr generar prototipos de

vacunas en conjunto con instituciones de investigacion nacionales y regionales.

- Profundizar colaboraciones con laboratorios de Uruguay y laboratorios de la region

Nuestro grupo trabaja en colaboracion con otros grupos de Uruguay y de la region. Realicé una
pasantia en el laboratorio de Virologia del referente en BVDV el Dr. Eduardo Flores Furtado
ubicado en la Universidad de Santa Maria de Rio Grande del Sur- Brasil. La situacion
epidemioldgica por la pandemia de COVID-19 que vivimos desde el afio pasado ha impedido
realizar una nueva pasantia, pero ni bien se den nuevamente las condiciones se retomaran trabajos
conjuntos en el régimen de pasantias.

En colaboracion con la Plataforma Gendmica de Facultad de Ciencias dirigida por la Dra. Yanina
Panzera secuenciamos los 2 primeros genomas completos de las cepas uruguayas de BVDV. Ni bien
la situacion epidemioldgica lo permita haré una pasantia en la plataforma, como era la idea original
hasta que se presentd la actual pandemia, y aprenderé los pormenores de NGS y secuenciaremos
mas cepas uruguayas.

En este momento nos encontramos en una etapa y grado de avance en la investigacién de BVDV en

que podemos profundizar estas colaboraciones y establecer nuevas a nivel nacional, y regional.

- Estudiar BVDV en otras especies

BVDV infecta principalmente a bovinos, pero también ha sido detectado en otras especies animales
de pezufia hendida como ser ovejas y cerdos. En el caso de los ovinos hay predios en los que hay co
pastoreo con bovinos. En este caso pueden surgir al menos 2 problematicas: comenzar a tener
problemas reproductivos en los ovinos del predio causados por BVDV, y también el ovino podria
oficiar de posible eventual “reservorio” del virus para el bovino. Por tanto, entendemos que seria muy

atil e interesante analizar muestras de estas 2 especies de animales.
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