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RESUMO

Os herpesvirus bovinos tipos 1 (BoHV-1), 2 (BoHV-2), 4 (BoHV-4), 5 (BoHV-5) e 0
herpesvirus ovino tipo 2 (OvHV-2) apresentam como caracteristica comum a indugédo de
infeccdes latentes em seus hospedeiros. Estes agentes estdo associados a diferentes
enfermidades em bovinos, embora na maioria dos animais infectados a infec¢do primaria
ocorra com poucos ou sem sinais clinicos evidentes. Eventualmente, hospedeiros
suscetiveis podem apresentar quedas na produtividade, perdas reprodutivas ou mesmo
sofrer doenca fatal. Esta tese compreende dois estudos independentes, que visam contribuir
para um maior conhecimento sobre infec¢fes por herpesvirus em bovinos. O primeiro
capitulo reporta os achados de uma pesquisa sobre a presenca do DNA de BoHV-2,
BoHV-4 e OvHV-2 em géanglios trigémeos (GT) de bovinos. Fragmentos de 200 GT (de
100 animais) foram coletados e submetidos a extracdo de DNA. Um conjunto de PCRs,
duas das quais “semi-nested”, foi padronizado para amplificar parte do gene que codifica a
glicoproteina B de BoHV-2 e BoHV-4. Outra PCR foi desenhada tendo como alvo o gene
que codifica a proteina FGAM-sintase de OvHV-2. Controles internos foram construidos e
utilizados para determinar a sensibilidade dos testes. Genomas de BoHV-2 foram
encontrados em 2% (2/100) das amostras analisadas; genomas de BoHV-4 e OvHV-2 néo
foram detectados. No segundo capitulo desta tese, na busca de um imundgeno capaz de
minimizar as perdas decorrentes de encefalites causadas por BoHV-5, o potencial
imunogénico de uma amostra recombinante de BoHV-5, da qual os genes que codificam as
glicoproteinas I, E e a proteina US9 foram deletados (BoHV5 gl/gE/US9’), em uma
formulacdo vacinal inativada. Para a avaliagdo da vacina, oito terneiros (grupo vacinado;
GV) foram vacinados com 3 ml da preparacdo por via subcutanea nos dias 0 e 28. Outros
quatro terneiros foram vacinados com a preparacdo vacinal sem antigeno (grupo controle;
GC). Apds o desafio com o virus parental selvagem (EVI 88/95), os animais do GV
apresentaram sinais leves de infeccdo respiratéria, enquanto que os animais do GC
desenvolveram doenca respiratoria e encefalite grave, o que levou a eutanasia de dois dos
quatro animais controle. A vacina conferiu protecdo contra encefalite nos animais do GV
apos o desafio, porém nao impediu a reativacdo do virus selvagem. Os estudos aqui
realizados permitiram demonstrar pela primeira vez a ocorréncia de co-infec¢cbes com
BoHV-1, BoHV-2 e BoHV-5, mas ndo com BoHV-4 e OvHV-2, em ganglios trigémeos de
bovinos. No segundo capitulo, foi demonstrada a eficacia do recombinante BoHV5
gl/gE/USY’, na protecdo de bovinos contra encefalites causadas por BoHV-5 selvagem.

Tese de doutorado, Doutorado em Ciéncias Veterinarias, Microbiologia Veterinaria, Virologia, Programa de
Pés Graduacdo em Ciéncias Veterinarias, Faculdade de Veterinaria, Universidade Federal do Rio Grande do
Sul, Porto Alegre, RS, Brasil. (96 p.) Setembro, 2012.
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ABSTRACT

Bovine herpesvirus type 1 (BoHV-1), 2 (BoHV-2), 4 (BoHV-4), 5 (BoHV-5) and ovine
herpesvirus type 2 (OvHV-2) are known to induce latent infections in their natural hosts.
These agents are associated with different diseases in cattle, although in the majority of
infected animals, primary infections occur with few or no evident clinical signs.
Eventually, susceptible hosts may display decreased productivity, reproductive losses or
undergo fatal disease. This thesis comprises two studies intended to increase the
knowledge on herpesvirus infections in cattle. The first chapter reports the findings of a
search for DNA of BoHV-2, BoHV-4 and OvHV-2 in trigeminal ganglia (TG) of cattle.
Fragments of 200 TG (from 100 animals) were collected and submitted to DNA extraction.
A set of PCRs, two of which "semi-nested" was standardized to amplify a portion of the
gene encoding the BoHV-2 and BoHV-4 glycoprotein B. Another PCR was designed
targeting the gene coding for the FGAM-synthase of OvHV-2. Internal controls were
constructed and used to determine the sensitivity of the tests. BoHV-2 genomes were found
in 2% (2/100) of the examined samples. Genomes of BoHV-4 and OvHV-2 were not
detected. In the second chapter of this thesis, a recombinant BoHV-5 in which the genes
encoding glycoproteins I, E and protein US9 were deleted (BoHV5 gl/gE/US9’) was
evaluated in its potential to protect cattle against BoHV-5 encephalitis in an inactivated
vaccine. Eight calves were subcutaneously vaccinated with 3 ml of the vaccine on days 0
and 28 (vaccinated group; VG). Another four calves were mock vaccinated with the
vaccine diluent (control group, CG). After challenge with wild type virus (EVI 88/95), the
VG animals showed mild clinical signs of respiratory infection, whereas animals CG
developed severe respiratory disease and encephalitis, which led to euthanasia of two of
the four CG animals. The inactivated vaccine conferred protection against encephalitis in
animals after challenge, but did not prevent viral reactivation. The studies conducted here
demonstrate for the first time the occurrence of co-infections with BoHV-1, BoHV-2 and
BoHV-5, but not with BoHV-4 and OvHV-2 in TG of cattle. In the second chapter,
demonstrated the efficacy of an inactivated vaccine prepared with the recombinant BoHV5
gl/gE/USY" in the protection of cattle against encephalitis caused by wild-type BoHV-5.

'Doctoral thesis, Doctor of Veterinary Science, Veterinary Microbiology, Virology, Graduate Program in
Veterinary Sciences, Faculty of Veterinary, Federal University of Rio Grande do Sul, Porto Alegre, Brazil.
(p. 96), September, 2012.
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1 - INTRODUCAO

Os membros da familia Herpesviridae séo virus envelopados que possuem uma
molécula de DNA fita dupla como genoma. Os virus desta familia tm co-evoluido com
seus hospedeiros por milhdes de anos, sendo a maioria usualmente associada a uma Unica
espécie hospedeira, embora ocasionalmente possam infectar hospedeiros distintos
(ROIZMAN E PELLETT, 2001; DAVISON, 2002). Como exemplo, Vvarios herpesvirus
tém sido identificados em bovinos, tais como o herpesvirus bovino tipo 1 (BoHV-1), o
herpesvirus bovino tipo 2 (BoHV-2), herpesvirus bovino tipo 4 (BoHV-4), herpesvirus
bovino tipo 5 (BoHV-5) e o herpesvirus ovino tipo 2 (OvHV-2). Esses virus compartilham
propriedades moleculares e antigénicas e estdo relacionados a diferentes infecc¢Ges clinicas
em bovinos (THIRY et al.,, 2006). Normalmente, em fungdo do longo tempo de co-
evolucdo, os herpesvirus tendem a causar poucas doencas ou afeccBes de baixa gravidade
em seus hospedeiros naturais. Entretanto, quando ocasionalmente afetam outras espécies
que ndo seus hospedeiros naturais, as consequéncias sdo geralmente graves (DAVISON,
2002).

Taxonomicamente, a ordem Herpesvirales inclui 3 familias, 3 subfamilias, 14
géneros e 136 espécies (DAVISON et al., 2009). A familia Herpesviridae, onde séo
classificados os herpesvirus de mamiferos e aves, € dividida em trés subfamilias, chamadas
de Alfa-, Beta- e Gammaherpesvirinae. Os BoHV-1, BoHV-2 e BoHV-5 s&o classificados
no género Varicellovirus dentro da subfamilia Alphaherpesvirinae. Ja& a subfamilia
Gammabherpesvirinae, possui membros como o BoHV-4 e 0 OvHV-2 (DAVISON et al.,
2009). Os herpesvirus caracterizam-se pela capacidade de induzir infecces latentes. Os
alfaherpesvirus sdo capazes de induzir infeccdes latentes em neur6nios, ao passo que 0S
beta e gamaherpesvirus induzem laténcia em células do sistema linfoide (ROIZMAN &
PELLETT, 2001).

Entre os alfaherpesvirus que infectam ruminantes, o virus protétipo é o BoHV-1
(género Varicellovirus), um patégeno de bovinos associado a uma série de quadros
clinicos, incluindo a rinotraqueite infecciosa bovina (IBR), a vulvovaginite pustular
infecciosa (IPV) a balanopostite pustular infecciosa (IPB) e outras patologias, tais como
encefalites, conjuntivites e falhas reprodutivas (PASTORET et al., 1982). As infe¢des por
BoHV-1 tem despertado uma grande preocupagdo econémica em varias partes do mundo,
especialmente na Europa, onde a IBR estd em processo de erradicagdo (ou erradicada) em

varios paises (THIRY et al., 1999). No Brasil este virus esta disseminado, com um grande
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namero de propriedades contendo rebanhos soropositivos (ROEHE et al., 1997a), e ndo
existe nenhum programa de controle implementado.

O BoHV-2 pertence ao género Simplexvirus e tem sido associado com duas formas
clinicas distintas e bem definidas em bovinos: lesbes localizadas nos tetos ou
ocasionalmente disseminadas pelo Ubere (mamilite herpética) e lesdes generalizadas na
pele (dermatose nodular atipica) (GIBBS & RWEYEMAMU, 1977). As lesdes de
mamilite podem ser confundidas com outras infeccdes de pele de bovinos, incluindo
aquelas causadas pelo virus da pseudocowpox e pelo virus Vaccinia (JACKSON, 1993;
LOBATO et al., 2005). O BoHV-2 foi isolado pela primeira vez em 1957 na Africa do Sul,
de bovinos que apresentavam lesdes generalizadas na pele (ALEXANDER et al., 1957) e
posteriormente em Ruanda Urandi, a partir de lesbes nos tetos de vacas leiteiras
(HUYGELEN et al., 1960). No entanto, a importancia do BoHV-2 como agente de
mamilite s6 foi destacada em 1964, apds o isolamento do virus de uma doenga ulcerativa
de tetos e ubere de vacas leiteiras (MARTIN et al., 1966). A infec¢do pelo BoHV-2 tem
sido detectada por isolamento/sorologia em varios paises, incluindo o Kénia (MARTIN &
GWYNNE, 1968), Austradlia (TURNER et al., 1974), Reino Unido (GIBBS &
RWEYEMAMU, 1977), EUA (LETCHWORTH & LADUE, 1982), Itdlia (CASTRUCCI
et al., 1982), Brasil (ALICE, 1977) e Japdo (IMAI et al., 2005).

O BoHV-4, diferentemente dos virus anteriores, € um membro da subfamilia
Gammabherpesvirinae, género Rhadinovirus. Foi isolado pela primeira vez em bovinos
jovens com infec¢édo respiratoria e ceratoconjuntivite na Hungria (BARTHA et al., 1966).
Desde entdo, tem sido detectado em bovinos apresentando sinais clinicos variados, como:
conjuntivite, metrite, pneumonias, enterites, mastite, lesdes de pele e tumores no rimen e
na bexiga (GOYAL & NAEEM, 1992; EGYED et al., 1996), mas também de bovinos
aparentemente sadios (BELAK & PALFI, 1974). Apesar do envolvimento do virus com
diferentes enfermidades em bovinos, um nimero crescente de estudos vem demonstrando
que o virus esta relacionado a enfermidades reprodutivas (DEIM et al., 2007; DONOFRIO
et al., 2007). O BoHV-4 apresenta distribuicdo mundial e ja foi detectado em varios paises,
como Suica (METZLER & WYLER, 1986), Bélgica (VAN MALDEREN et al., 1987),
Holanda (WELLENBERG et al., 1999), Alemanha (TRUMAND et al., 1986), Espanha
(MONGE et al., 2006), Japdo (IZUMI et al., 2006), Turkia (BILGE-DAGALP et al.,
2007), Itdlia (DONOFRIO et al., 2009), Argentina (PEREZ et al., 2011) e no Brasil
(KRUGER, 2012).
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O BoHV-5, pertencente ao género Varicellovirus, é o agente etioldgico da
meningoencefalite viral bovina ou encefalite herpética bovina, uma enfermidade que
acomete principalmente bovinos jovens e na sua forma aguda é geralmente fatal
(ROIZMAN et al., 1992). O BoHV-5 tem sua histdria natural ainda pouco conhecida, em
funcdo da similaridade antigénica e molecular com BoHV-1 (ROEHE et al., 1997a).
Entretanto, com base em estudos capazes de diferenciar estes dois virus, foi demonstrado
que o BoHV-5 pode ser encontrado em fetos abortados, sémen e ganglios trigémeos de
bovinos (ESTEVES et al., 2003; GOMES et al., 2003; AFONSO et al., 2007; CAMPOS et
al., 2009; KIRKLAND et al., 2009; OLIVEIRA et al., 2011). Nos EUA, casos isolados de
meningoencefalites por BoHV-5 j& foram documentados (D'OFFAY et al., 1993; ELY et
al., 1996; ASHBAUGH et al., 1997). Entretanto, por razbes ainda desconhecidas, a
distribuicdo do BoHV-5 esta restrita a paises do Hemisfério Sul. Um dos primeiros
isolados de BoHV-5 é australiano (FRENCH, 1962; SMITH et al., 1995) e surtos de
meningoencefalite tém sido detectados no Brasil, Argentina e Uruguai (SCHUDEL et al.,
1986; SALVADOR et al., 1998; PIDONE et al., 1999; SILVA, et al., 2007a).

O OvHV-2 pertence ao género Macavirus e é 0 agente causador da febre catarral
maligna (FCM) associada aos ovinos, uma grave sindrome linfoproliferativa que
ocasionalmente afeta bovinos. A enfermidade ja foi diagnosticada na Europa, Oriente
Médio, Africa e América do Sul (RUSSELL et al., 2009). O virus é transmitido
principalmente pela via respiratéria e pode ser eliminado de forma intermitente em
secrecdes nasais (LI et al., 2004; OIE, 2008). Embora a doenca geralmente seja fatal em
bovinos, bufalos, veados e outros ndo-ruminantes, como suinos (LOKEN et al., 1998;
ACKERMANN, 2006; LI et al., 2006), o virus persiste subclinicamente em ovinos, 0 seu
reservatorio natural, e um namero elevado de ruminantes podem sobreviver a infeccdes por
OvVHV-2 com ou sem sinais clinicos de FCM (VIKOREN et al., 2006). O OvHV-2 € o
principal causador da FCM em bovinos no Brasil, principalmente quando ocorre cria¢éo
concomitante com ovinos (RIET-CORREA et al., 1998). Um detalhe importante é que esse
virus nunca foi isolado em cultivo celular (STORZ et al., 1976; PLOWRIGHT, 1990).

O Brasil possui atualmente o maior rebanho comercial do mundo, com
aproximadamente 213 milhGes de bovinos e 75% dessa producdo € consumida
internamente no pais (MAPA, 2011). O controle de doencas contribui para o aumento da
producdo e auxilia nas exportacbes. Em 2008, por exemplo, aproximadamente 59% do
territorio nacional foram considerados pela Organizacao Internacional de Epizootias (OIE),

livres da febre aftosa. Além disso, os estados da Regido Sul possuem a menor prevaléncia
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de brucelose e tuberculose animal do pais (MAPA, 2011). Nessa mesma linha, se torna
essencial expandir o conhecimento sobre a biologia dos herpesvirus que podem afetar
bovinos e outros ruminantes.

Em dados recentes, um estudo identificou a presenca de DNA viral em ganglios
trigmeos, de animais aparentemente sadios, coletados em frigorifico. Em uma
amostragem de 200 animais, 87% estavam latentemente infectados. Dentre estes, a
prevaléncia de infeccbes somente por BoHV-5 (93,1%) foi maior que a de infeccbes
somente por BoHV-1 (75,9%). Além disso, 66% dos animais estavam coinfectados com
ambos os tipos de virus (CAMPOS et al., 2009). Entdo, o objetivo da primeira etapa desta
tese foi investigar a presenca de outros herpesvirus que afetam ruminantes. Como por
exemplo, o BoHV-2 que pode estabelecer infeccdes latentes em ganglios sensoriais
(LETCHWORTH & CARMICHAEL, 1982;. TORRES et al., 2009a) e BoHV-4 e OVHV-
2, que apesar de estarem associados a diferentes condic¢Bes clinicas, ambos o0s virus tém
sido encontrados em secre¢des nasais de bovinos (DUBUISSON et al., 1989, HUSSY et
al., 2002, LI et al., 2004).

A vacinacdo é uma das formas de minimizar os danos causados pela infeccdo de
herpesvirus (KAASHOEK et al., 1995). Vacinas recombinantes estdo sendo desenvolvidas
através da delecdo de genes ndo essenciais e licenciadas para uso a campo (VAN
DRUNEN LITTEL-VAN DEN HURK, 2006). Estas delecOes visam tornar a amostra
vacinal apatogénica e reter sua capacidade imunogénica (BELKNAP et al., 1994;
FRANCO et al.,, 2002). Alem disso, a remoc¢do de genes ndo essenciais permite, em
conjunto com testes diagnosticos especificos, a distingdo entre animais vacinados e
naturalmente infectados (VAN OIRSCHOT et al., 1996a; MARS et al., 2001). No Brasil,
existem poucas vacinas especificas contra infeccdes pelo BoHV- 5, pelo que os produtores
tém poucas alternativas para o controle dessa infec¢do e acabam imunizando seus animais
contra BoHV-1 (SINDAM, 2012). Neste sentido, dentro de uma linha de pesquisa que visa
0 desenvolvimento de recombinantes com potencial uso vacinal, Franco e colaboradores
(2007) construiram um BoHV-5 recombinante, do qual foram deletados os genes gl, gE e
US9, denominado BoHV-5 gl/gE/US9". Este recombinante mostrou-se significativamente
menos patogénico que o virus selvagem parental, quando utilizado como vacina atenuada,
mas ainda apresentou patogenicidade residual (HUBNER et al., 2005). N&o obstante, esse
recombinante foi considerado interessante para ser utilizado na forma inativada, pois desta
forma, mantém sua caracteristica marcadora e pode proteger os animais vacinados. Uma

vacina inativada pode ter eficacia comparavel a de uma vacina similar contendo o agente
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atenuado, com a vantagem de ser mais segura (KAASHOEK et al., 1995) no sentido que
que ndo ocorre risco de reversdo a viruléncia. Entdo no segundo capitulo desta tese foi
realizada a avaliacdo do virus recombinante BoHV-5 gl/gE/US9" como antigeno vacinal

em uma preparacao inativada.

1.2 - Objetivos
1.2.1 - Objetivo geral

Os objetivos gerais do presente trabalho foram:

a) Contribuir para o conhecimento da biologia dos herpesvirus (BoHV-1, BoHV-
2, BoHV-4, BoHV-5 e OvHV-2) em bovinos e suas possiveis interacdes com 0s
hospedeiros;

b) Contribuir para o desenvolvimento de medidas mais eficazes para o controle de

infecgdes por BoHV-5.

1.2.2 - Objetivos especificos

a) Padronizar métodos de deteccdo molecular do DNA de BoHV-2, BoHV-4 e
OVHV-2 e pesquisar a presenca destes virus em ganglios trigémeos de bovinos;
b) Avaliar o potencial de BoHV-5 recombinante como amostra vacinal inativada

frente ao desafio com BoHV-5 selvagem.
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2 - REVISAO BIBLIOGRAFICA

2.1 — Familia Herpesviridae

Os membros da familia Herpesviridae pertencentes a ordem Herpesvirales sao
virus que apresentam um admiravel sucesso evolutivo. O nome, derivado do grego
“gpmewv” (herpein) = "serpentear”, refere-se a caracteristica das lesbes provocadas por
herpesvirus humanos: vesiculas causadas pelo herpesvirus humano tipos 1 (HHV-1), 2
(HHV-2) e 3 (HHV-3), atribuidas ao animais rastejadores na antiguidade. Esta familia
abriga mais de 130 virus de hospedeiros tdo diversos como aves e mamiferos (ROIZMAN
& PELLETT, 2001; DAVISON et al., 2009). Na natureza, a maioria dos herpesvirus esta
usualmente associada a uma determinada espécie hospedeira, sendo que quase todos 0s
animais investigados até 0 momento apresentam infeccdes por pelo menos uma espécie de
herpesvirus (DAVISON, 2002).

Os herpesvirus caracterizam-se morfologicamente por apresentarem o genoma de
DNA contido em um capsideo icosaédrico formando o nucleocapsideo. Esta estrutura é
envolta por uma matriz proteica denominada tegumento e por um envelope composto de
uma bicamada lipidica entremeada por proteinas virais conforme ilustrado na Fig. 1
(PELLETT & ROIZMAN, 2006).

nucleocapsideo

tegumento

genoma

envelope

\ glicoproteinas

Figura 1 - Esquema e fotomicrografia de um virion (microscopia eletrbnica) de herpesvirus humano 1,
(prototipo da familia Herpesviridae). As linhas indicam os principais componentes do virion

(nucleocapsideo, tegumento, genoma, envelope e glicoproteinas). Fonte: ICTVdB, 2006.

Taxonomicamente, a familia Herpesviridae € dividida em trés subfamilias de
acordo com aspectos biologicos e moleculares em comum: Alfa-, Beta- e
Gammabherpesvirinae. A subfamilia Alphaherpesvirinae abriga importantes patégenos de

humanos e de animais, incluindo os herpesvirus humano (HHV-1, HHV-2 e HHV-3),
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bovino (BoHV-1 e BoHV-5), 0 virus da doencga de Aujeszky (PRV), o herpesvirus caprino
1 (CpHV-1), entre outros (Tabela 1). Os membros dessa subfamilia caracterizam-se por
apresentarem um ciclo replicativo curto e disseminacdo rapida em células de cultivo, por
possuirem um amplo espectro de hospedeiros e pela capacidade de estabelecerem
infeccdes latentes em ganglios sensoriais e autondémicos (ROIZMAN et al., 1992).

A subfamilia Gammaherpesvirinae também abriga importantes patdgenos humanos
(HHV-4; HHV-8) e de animais, como o herpesvirus alcelafino tipo 1 (AIHV-1) e OVHV-2,
que infectam, respectivamente gnus e ovinos, e sdo responsaveis pela FCM em bovinos
(ROIZMAN & PELLETT, 2001) (Tabela 1). Os virus que pertencem a essa subfamilia
possuem uma gama restrita de hospedeiros (exceto o BoHV-4) e caracterizam-se por sua
replicacdo em linfécitos T e B, pelo estabelecimento de infeccBes latentes em tecidos
linféides e por causar doencgas linfoproliferativas, neoplasias e morte celular (MURPHY et
al., 1999). O agente da FCM foi inicialmente denominado herpesvirus bovino tipo 3 até
sua caracterizacdo molecular (ROSSITER et al., 1988).

Tabela 1 — Classificagdo taxonémica de alguns representantes da ordem Herpesvirales*.

Familia Subfamilia Género Espécie Acrbénimo

Herpesvirus bovino 2 BoHV2

Herpesvirus humano 1 HHV1

Herpesvirus humano 2 HHV2

Simplexvirus Herpesvirus macacino 1 McHV1

Herpesvirus papiino 2 PaHV2

Herpesvirus saimiriino 1 SaHV1

Herpesvirus bovino 1 BoHV1

Alphaherpesvirinae Herpesvirus bovino 5 BoHV5
Herpesvirus bubalino 1 BuHV1

Herpesvirus canino 1 CaHV1

Varicellovirus Herpesvirus caprino 1 CpHV1

Herpesvirus cervideo 1 CvHV1

Herpesvirus equino 1 EHV1

Herpesviridae Herpesvir,us humano 3 HHV3
Herpesvirus suino 1 SuHV1

Herpesvirus atelino 2 AtHV?2

Herpesvirus bovino 4 BoHV4

Herpesvirus humano 8 HHV8

Rhadinovirus Herpesvirus macacino 5 McHV5
Herpesvirus murino 4 MuHV4

Herpesvirus saimiriino 2 SaHV2

Gammaherpesvirinae

Herpesvirus alcelafino 1 AlHV1

Herpesvirus bovino 6 BoHV6

Macavirus Herpesvirus caprino 2 CpHV2

Herpesvirus hippotraginol  HiHV1
Herpesvirus ovino 2 OvHV?2

Herpesvirus suino 3 SuHV3

*Adaptado de Davison (2009). Em destaque os virus abordados neste estudo.
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2.2 — Genoma

O genoma dos virus desta familia é composto de uma molécula de DNA dupla fita

e 0 seu arranjo € dividido em seis classes diferentes (ROIZMAN et al., 1992) (Figura 2).

Tipos Genomas Isbmeros
LTR RTR
A T i 1
B ik T 1
R4 R3 R2 Rt
C ik o i R ]| 1
R Us TR
D e ————| 2
anhb Y b’ ahc'yg ca
E IS Z | 4
F 1

Figura 2 — Estruturas de DNA de Herpesvirus. As linhas representam sequencias Gnicas e 0s blocos
representam sequéncias repetidas. Os isdmeros sdo os diferentes formatos que o genoma pode apresentar
conforme a orientagdo das sequencias Unicas e das sequencias repetidas (adaptado de ROIZMAN et al.,
1992).

Os alfaherpesvirus do género Varicellovirus, como o BoHV-1 e o BoHV-5,
apresentam o tipo “D” de organizacdo gendmica, sendo composto de duas sequéncias
unicas: uma unica longa ou “long” (UL) e uma unica curta ou “short” (US), sendo esta
ultima flanqueada por sequéncias terminais repetidas inseridas de forma invertida no
genoma: a regido repetida interna (IR) e a regido repetida terminal (TR) (SCHWYZER &
ACKERMANN, 1996). O genoma de BoHV-1 e BoHV-5 é linear e possui
respectivamente, 135.301 e 137.821 pares de bases (pb) (DELHON, et al., 2003,
GENBANK, 2012).

O BoHV-2 possui 0 tipo “E” de organiza¢do gendmica, sendo semelhante aos
quatro isémeros do genoma presentes em herpesvirus humano (ROIZMAN et al., 1992).
As sequencias dos genes de BoHV-2, tais como, UL23 (timidina quinase), UL27
(glicoproteina B), UL28 e UL 29 (“infected cell protein” — ICP 18.5 e 8) foram
determinados e compartilham um maior grau de identidade com os HHV- 1 e HHV-2 do
que com 0s outros herpesvirus bovino. Esta relacdo é tdo proxima para a UL27, que tem
permitido especular que BoHV-2 divergiu durante a evolucdo dos herpesvirus de primatas
(MCGEOCH & COOK, 1994).

O BoHV-4 possui 0 genoma com estrutura tipo “B” (ROIZMAN & PELLET,
2001) de 108.873 pb (GENBANK, 2012). Esta molécula de acido nucleico é constituida de
uma sequéncia central denominada long and unique region (LUR). Em ambas as

extremidades, existem em numero varidvel o chamado DNA poli-repetitivo (prDNA):
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unidades monoméricas de classe I, 1l e 1l que, ao todo, somam 15 segmentos. A regido
prDNA é entendida como ndo codificadora (EHLERS et al.,1985; BROLL et al.,1999).

O OvHV-2 apresenta 0 genoma circular com 135.135 pb e possui o tipo “B” de
organizacdo gendmica (HART et al., 2007). Através da analise computacional foram
identificadas 73 fases abertas de leituras ou do inglés “open reading frames” (ORFs) no seu
genoma. Foi proposto, com base no parentesco evolutivo de sequencias conservadas de
ORF, que os gamaherpesvirus associados FCM possuem 0 seu proprio género, o
Macavirus (MCGEOCH et al., 2006). Este novo agrupamento foi confirmado pelo
sequenciamento do genoma, mostrando que OvHV-2 € muito semelhante ao AIHV-1 e
SuHV-3 (HART et al., 2007).

2.3 — Espécies hospedeiras

Uma caracteristica dos alfaherpesvirus, que pode ter importantes implicagdes
epidemioldgicas, é o seu amplo espectro de hospedeiros susceptiveis (ROIZMAN et al.,
1992). Existem varias evidéncias da capacidade desses virus de cruzar a barreira
interespécies e infectar espécies relacionadas. A infeccdo natural pelo BoHV-1 ja foi
relatada em caprinos com sinais neuroldgicos, e posteriormente o virus foi reativado pela
administracdo de dexametasona em animais do mesmo rebanho (TOLARI et al., 1990).
Anticorpos contra 0 BoHV-1 também j& foram detectados em caprinos no Brasil
(ALEXANDRINO et al., 2010) e na Turquia (YESILBAG et al., 2003). Além disso,
evidéncias soroldgicas da infeccdo pelo BoHV-1 em ruminantes selvagens foram relatadas
na Franca e na Bélgica (THIRY et al., 1988), nos EUA (FULTON et al., 1982; AGUIRRE
et al., 1995), no Brasil (LAGE et al., 1996), e no Canada (JORDAN et al., 2003).

Além das evidéncias de infeccdo natural, infeccBes experimentais de espécies
heter6logas com os alfaherpesvirus também tém sido realizadas com sucesso. A inoculacao
de caprinos com o BoHV-1 resultou no desenvolvimento de sinais respiratorios brandos e
soroconversao, com a subsequente reativacdo da infeccdo latente ap6s a administracdo de
dexametasona. Além disso, bovinos inoculados com o CpHV-1 também excretaram o virus
em secregdes nasais e soroconverteram (SIX et al., 2001). InfeccOes experimentais
realizadas com o BoHV-1 em ovinos também demonstraram a susceptibilidade desta
espéecie ao agente (HAGE et al., 1997). O BoHV-5 demonstrou ser capaz de produzir
enfermidade neuroldgica em ovinos (BELAK et al., 1999; SILVA et al., 1999), bem como

de reativar a infeccdo latente ap6s a administracdo de dexametasona (SILVA et al., 1999).
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O BoHV-1 e 0 BoHV-5 séo estreitamente relacionados com outros herpesvirus de
ruminantes, incluindo o CpHV-1, o herpesvirus bubalino 1 (BuHV-1) e os herpesvirus
cervideo tipos 1 e 2 (CvHV-1 e 2) (THIRY et al., 2006). A reatividade sorologica cruzada,
associada com a possibilidade dos alfaherpesvirus se disseminarem entre as populagdes de
ruminantes constituem-se em ameacas potenciais aos programas de controle e erradicacéo
do BoHV-1 (THIRY et al., 2006). Espécies que potencialmente possam ser infectadas pelo
BoHV-1 podem servir de reservatorios para o virus e contribuir para a sua manutencao na
natureza (SIX et al., 2001). Entretanto, a importancia epidemioldgica de outra espécie, que
ndo a bovina, na manutencdo do BoHV-1 e BoHV-5 na natureza permanece controvertida
(ENGELS et al., 1992; HAGE et al., 1997; ACKERMANN & ENGELS, 2006; THIRY et
al., 2006) e vem sendo alvo de varios estudos (HAGE et al., 1997; BELAK et al., 1999;
SIX et al., 2001).

Anticorpos contra 0 BoHV-2 tém sido detectados no rebanho bovino de vérios
paises (DARDIRI & STONE, 1972; ALICE, 1977; MARTIN & GWYNNE, 1968;
CASTRO et al., 1988; IMAI et al., 2005) e em varias espécies de animais silvestres,
mesmo na auséncia de sinais clinicos da infeccdo, sugerindo que as infecgdes sdo
frequentemente subclinicas (MARTIN & GWYNNE, 1968). A infec¢do ja foi reproduzida
experimentalmente em camundongos, coelhos, cobaias (PEPPER et al., 1966; SMEE &
LEONHARD, 1994), ovinos e caprinos (WESTBURY, 1981). Ovinos inoculados com o
virus podem desenvolver lesdes semelhantes as observadas em bovinos (ALMEIDA et al.,
2008). A capacidade do BoHV-2 estabelecer infec¢des latentes em bovinos foi confirmada
por Martin & Scott (1979). A biologia da infec¢do latente, no entanto, ainda ndo foi
satisfatoriamente esclarecida, com resultados inconsistentes de reativagdo experimental da
infeccdo (WESTBURY, 1981; ALMEIDA et al., 2008).

A replicacdo da maioria dos gamaherpesvirus € restrita a espécies que sao
naturalmente hospedeiras. O BoHV-4 é uma das poucas exce¢des a regra. Ao contrario dos
demais, o BoHV-4 tem se mostrado capaz de se multiplicar em ampla diversidade de
espécies tanto in vivo como in vitro. Além de bovinos europeus, o0 BoHV-4 tem sido
isolado de espécies de ruminantes, tais como zebu (Bos indicus), bisdo americano (Bison
bison), bufalo africano (Sincerus caffer) e ovinos (Ovis aries). Isolamentos esporadicos
foram relatados em ledes (Panthera leo), gatos (Felis catus), macacos (Aotus trivirgatus).
Experimentalmente, foi comprovado que BoHV-4 pode infectar cabras, porcos da india e

coelhos. Quando in vitro, 0 BoHV-4 é capaz de se replicar em diferentes células de cultivo
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primario ou de linhagens de diversas espécies animais (EGYED, 1998; GILLET et al.,
2004).

Ovinos séo considerados os reservatorios de OvHV-2 na FCM associada ao ovino
(PLOWRIGHT, 1990). A FCM associada ao gnu é induzida pelo herpesvirus alcelafino 1
(AIHV-1) (PLOWRIGHT, 1990; MURPHY et al., 1999). Como os gnus, teoricamente
ovelhas adultas sob condic¢bes naturais de rebanho podem estar infectadas (LI, H. et al.,
1994, 1995). De maneira semelhante ao que ocorre com AIHV-1 em relacdo aos gnus, a
transmissdo de OvHV-2 aos bovinos e outros ruminantes é associada ao periodo perinatal
dos ovinos; cordeiros seriam uma importante fonte de transmissdo do virus (BAXTER et
al., 1997). Entretanto, existem estudos indicando que cordeiros recém-nascidos ndo séo
infectados e, portanto, ndo sdo fontes importantes para a transmissdo de OvHV-2 (LI et al.,
2000, 2004). O grupo de virus da FCM séo espécie-especificos e a maioria das espécies de
ruminantes, domesticos ou selvagens, sdo bem adaptadas a eles, isto é, esses virus induzem
pouco ou nenhum efeito em seus hospedeiros naturais, mas podem causar doenga quando
afetam espécies diferentes pouco adaptadas. (ROIZMAN et al., 1981; BRIDGEN & REID,
1991).

2.4 — Ciclo replicativo

Os herpesvirus sao transmissiveis de hospedeiros imunes como particulas virais
livres e precisam evitar a neutralizacdo pelos anticorpos do hospedeiro (GRECO et al.,
2000). Eles replicam o seu genoma no nucleo da célula hospedeira utilizando fatores virais
e celulares (Figura 3). Neste processo, para a replicacdo do HHV-1 (prot6tipo da familia),
algumas glicoproteinas sdo consideradas essenciais (gB, gD, gH, gL e gK). Outras
glicoproteinas (gC, gE, gl, gM), embora desempenhem funcBGes importantes, sao
consideradas ndo essenciais, pois sua remocao ndo leva a um bloqueio total da replicacao
viral (SCHWYZER & ACKERMANN, 1996).

As glicoproteinas atuam em inUmeras etapas do ciclo de replicacdo viral
(reconhecimento e ligacdo aos receptores celulares; fusdo das membranas viral e celular;
penetracdo do material viral no citoplasma; maturacdo e saida das particulas virais da
célula e na evasdo da resposta imune). Em face da sua localizagdo no envelope e na
superficie das células infectadas, sd@o importantes alvos para o sistema imune do
hospedeiro (SCHWYZER & ACKERMANN, 1996; HANON et al., 1999; WINKLER et
al., 1999; LIMAN et al., 2000; KOPPERS-LALIC et al., 2001).
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Figura 3 — Ciclo replicativo do herpesvirus humano 1. As principais fases do clico replicativo sdo ilustradas
acima: (1) Adsorcéo e penetracdo. (2) Desnudamento e liberacdo do genoma no interior do nicleo. (3)
Transcricdo dos genes alfa, beta e gama. (4) Morfogénese seguida do empacotamento. (5) Transporte dos
virions em  vesiculas até a liberagdo na  superficie  celular.  Fonte:  QIAGEN:
https://www.giagen.com/geneglobe/pathwayview.aspx?pathway1D=228.

A infeccdo de células permissivas resulta na expressao do conjunto completo de
genes virais e na producdo de progénie viral infecciosa. Entretanto, este processo €
incompativel com a sobrevivéncia das células e resulta inevitavelmente em lise, sendo
denominado ciclo litico (ROIZMAN & KNIPE, 2001). Este ciclo é divido didaticamente

em etapas descritas brevemente a seguir.

2.4.1 — Adsorcao

O primeiro estagio de qualquer infeccdo viral é a adsorcdo. Neste processo, as

glicoproteinas virais sdo reconhecidas por receptores especificos na membrana celular. A
primeira interacdo envolve uma ligacdo de baixa afinidade entre a gB e/ou gC a receptores
celulares como o “proteoglican heparan sulfato” e o mediador de entrada do herpesvirus
humano 1 (HVEM, sigla para “herpes simplex virus entry mediator”) (HARROP et al.,
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1998). Esta é seguida por uma interacéo de alta afinidade entre a gD e a nectina 1 (membro
da superfamilia das imunoglobulinas), com subsequente penetracdo viral por fusdo do
envelope com a membrana celular (LI, Y. et al., 1995; GERAGHTY et al., 1998; MEYER
etal., 1999).

2.4.2 — Fusdo e penetracdo

O processo de fusdo do envelope viral com a membrana celular requer pelo menos
o envolvimento de quatro glicoproteinas: gD, gB e um heterodimero formado pela gH e gL
(LIANG et al., 1995; MEYER et al., 1998; GERDTS et al., 2000). A gD exerce um papel
central neste processo, auxiliando nos passos iniciais da adsorcao viral atraves da ligacdo a
receptores celulares e ativando outras proteinas virais que promovem a fusdo das
membranas (LIANG et al., 1995;). A gB € essencial para fusdo entre o envelope viral e
membrana celular e atua na disseminacédo viral célula-a-célula (GERDTS et al., 2000). A
gH também esta envolvida na fusdo das membranas celular e viral e atua na disseminagdo
viral célula-a-célula, além de formar um complexo com a gL (MEYER et al., 1998). Apds
a fusdo do envelope viral com a membrana plasmatica ocorre a penetracdo do
nucleocapsideo e tegumento no citoplasma das células infectadas. No citoplasma ocorre o
desnudamento e o genoma viral é transportado até o nucleo para replicacéo.

2.4.3 — Expressdo génica e replicacdo do genoma

No primeiro contato com o ambiente intracelular, algumas proteinas presentes no
tegumento do virion tém um papel importante: a proteina do virion 8 (\VP8) atua como um
sinal de localiza¢do nuclear para BoHV-1; a “virion host shutoff protein” (proteina VHS)
tem a fungdo de bloquear a sintese de inumeras proteinas celulares atuando na
desmontagem dos polissomas. Ja a proteina do virion 16 (VP16) ou trans-inducing factor
(alfa-TIF) é responsavel pela ativacdo da expressdo dos genes alfa (MISRA et al., 1995;
HINKLEY et al., 2000; ZHENG et al., 2004).

A transcricdo dos genes virais é regulada temporalmente durante a infec¢do. Ocorre
na forma de cascata e inclui a expressao cinética de trés classes de genes: “immediate
early” ou alfa, correspondentes as proteinas que regulam a replicacdo viral; 0s genes
“early” ou beta correspondentes as proteinas que sintetizam e empacotam o DNA viral e 0s
genes “late” ou gama correspondentes as proteinas envolvidas na morfogénese de novos
virions (WIRTH et al., 1989; WHITLEY & ROIZMAN, 2001).

Dentre as proteinas codificadas pelos genes alfa, cinco proteinas denominadas
“bovine infected cell protein” (BICPO, BICP4, BICP22, BICP27 e BICP47) ativam a

expressao dos genes beta, dando sequéncia a replicacdo do DNA viral (WIRTH et al.,
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1992; GEISER et al., 2005; JONES et al., 2006; SAYDAM et al., 2006). As beta-proteinas
atuam na regulacdo da transcricdo, suprimindo as alfa-proteinas e promovendo a expressdo
das gama-proteinas. Além disto, atuam no processo de replicacdo do genoma viral. A
expressao dos genes gama € iniciada durante a replicacdo do DNA viral. As gama-
proteinas sdo requeridas para a sintese da nova progénie viral (ROIZMAN & KNIPE,
2001).

Nos gamaherpesvirus, durante a infecgéo litica, trés proteinas estdo envolvidas na
transativacdo. Estas sdo transcritas de genes alfa que codificam proteinas imediatamente
precoces e iniciam o ciclo de replicacédo litica. Duas destas proteinas sdo codificadas por
sequéncias (ORF) conservadas (ORF50 ou Rta/IE2, ORF57 ou Mta/lE-1), a terceira é por
um gene nao conservado, que no BoHV-4 chama-se Bo4/5. A ativacdo do promotor por
estas proteinas tem efeito decisivo na sintese de DNA a partir da origem litica (ori Iyt) da
replicacdo, como resultado virions sdo produzidos e liberados da célula infectada
(ACKERMAN, 2006).

2.4.4 — Morfogénese e liberacdo

O processo de montagem das particulas viricas é denominado morfogénese. A
montagem dos capsideos acontece no ndcleo das células infectadas através da interacéo de
determinadas proteinas virais (pUL18; pUL19; pUL35 e pUL38). Os capsideos sdo
preenchidos com as moléculas do DNA viral através do auxilio de varias proteinas virais
(pUL33; pUL32; pUL28; pUL25; pUL15; pUL 26.5) (ROIZMAN & KNIPE, 2001;
METTENLEITER, 2002; METTENLEITER et al., 2006).

Apbés a montagem das particulas virais no ndcleo da célula hospedeira, o
nucleocapsideo viral é envelopado, através da fusdo com a membrana nuclear interna,
porém para que as particulas virais possam ser liberadas do nucleo, ocorre a fusdo do
envelope com a membrana nuclear externa, havendo uma acumulacdo de capsideos sem
envelope no citoplasma. Os capsideos sdo entdo re-envelopados por membranas do
complexo de Golgi e transportados em vesiculas para 0 meio extracelular. Particulas
defectivas (sem o capsideo) também sdo formadas, como representado na Figura 4
(METTENLEITER, 2002; MELANCON et al., 2004; METTENLEITER et al., 2006).
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Figura 4 - Diagrama de montagem dos herpesvirus. Nos capsideos pré-formados por um esqueleto de
proteinas intranucleares aglomeradas entre si (1-3) o DNA é empacotado (4). Em seguida, capsideos
contendo DNA (5) mantém contato com a membrana nuclear interna (6), ocorrendo uma brotacdo que resulta
na formacdo do envelope primario dos virions na fenda perinuclear (7). Este envelope se funde com a
membrana nuclear externa (8), levando a translocacéo do nucleocapsideo para o citosol. No citoplasma, o
nucleocapsideo envolvido pelas proteinas internas do tegumento (9) é transportado até o envoltdrio final (10),
onde glicoproteinas e proteinas externas do tegumento se aglomeram. Neste momento ocorre a formacéo do
envelope secundario do virion (11) que é transportado em uma vesicula (12) até a liberacdo na membrana
plasmética (13). Paralelamente também ocorre a formacéo e liberacdo de particulas defectivas sem capsideo
(10a-13a) (METTENLEITER et al., 2006).

2.5 — Laténcia

A infeccdo latente € uma importante estratégia de perpetuacdo dos herpesvirus nos
seus hospedeiros e provavelmente ocorre em todos os animais que desenvolvem uma
primo-infecgdo. Nos alfaherpesvirus, os virions invadem os neurdnios que inervam o sitio
de replicagdo primaria na mucosa infectada e sdo transportados via fluxo axonal retrogrado
para o nucleo dos ganglios neuronais associados (ganglios trigémeos ou para-vertebrais),
onde estabelecem a infeccdo latente (ENQUIST et al., 2002). Os gamaherpesvirus tendem
a favorecer o estabelecimento de laténcia a partir da infeccdo priméaria, com pouca lise
celular. A presengca do DNA viral tem sido encontrada em diferentes tecidos de animais
natural ou experimentalmente infectados, mas a tendéncia face ao conhecimento
acumulado é de que as células alvo para a laténcia sejam da linhagem monocitica
(ACKERMAN, 2006).

Durante a infecgdo latente, no qual o genoma viral € funcionalmente conservado
dentro do nucleo neuronal sem a producdo de virus infeccioso, 0 seu DNA permanece de
forma epissomal, fortemente associado com proteinas celulares e em um nimero de copias

variavel (DECMAN et al., 2005). H& um nivel de replicacdo viral no ganglio ainda durante
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a infeccdo primaria que, juntamente com a frequéncia de reativacdes, determinam o
namero de copias do genoma presente no ganglio latentemente infectado (JACOBSON et
al., 1998; SAWTELL et al., 1998; THOMPSON & SAWTELL, 2000).

Outros sitios de laténcia tém sido descritos para os alfaherpesvirus: 0 DNA de
BoHV-1 foi encontrado nos centros germinativos da tonsila faringea (WINKLER et al.
2000), em sangue periférico (FUCHS et al., 1999), linfonodos e baco (MWEENE et al.,
1996). Ja o DNA de BoHV-5 foi detectado no sistema nervoso central (principalmente no
cortex olfatorio, cerebelo, tAlamo, mesencéfalo e ponte) (MEYER et al., 2001; PEREZ et
al., 2002; VOGEL et al., 2003; HUBNER et al., 2005). Achados recentes detectaram o
DNA viral de BoHV-1 e BoHV-5 em sémen e no liquido folicular de animais
aparentemente sadios (OLIVEIRA et al., 2011; HENTGES et al., in prep). De fato, a
laténcia sempre tem sido historicamente buscada em ganglios, porém, estes achados,
recentes e ao longo dos anos, tem revelado que ha genomas virais em varias regifes e com
um percentual elevado nas populagdes estudadas, sugerindo que laténcia pode ocorrer em
outros 6rgdos e/ou tecidos, questao esta, que necessita ser investigada.

Em contraste com outros alfaherpesvirus de animais e humanos, a infeccao latente
por BoHV-2 tem sido pouco estudada e muitos aspectos de sua biologia permanecem
desconhecidos. A reativacdo experimental da infeccdo ndo foi demonstrada de forma
consistente (PROBERT & POVEY, 1975; TURNER et al., 1976; CASTRUCCI et al.,
1982) e tentativas de recuperar o virus via o cultivo de explantes de ganglios nervosos
falharam. Além disso, os locais em que o virus pode permanecer latente sdo desconhecidos
(LETCHWORTH & CARMICHAEL, 1984). Um recente estudo demonstrou que o0 BoHV-
2 pode estabelecer infeccao latente em ganglios nervosos e linfonodos de ovinos (TORRES
etal., 2009a).

Contrariamente a infeccdo litica, na qual ha expressdo de todos 0s genes virais, na
laténcia somente ha a presenca dos chamados transcritos relacionados a laténcia (do inglés,
“latency-related transcript” ou LTRS) que apresentam vérias funcdes inibitorias em nivel
celular e viral: na apoptose, na entrada da célula na fase S e na expressdo da BICPO
(HENDERSON et al., 2004; SCHANG et al., 1996; CIACCI-ZANELLA et al., 1999;
GEISER et al., 2002). Os gamaherpesvirus codificam um numero adicional de genes que
tém uma similaridade alta aos genes dos hospedeiros. Supde-se que estes genes se
expressem durante a laténcia e possam estar envolvidos no redirecionamento da resposta

imune e na sobrevivéncia da célula infectada durante a laténcia (ACKERMAN, 2006).
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Evidéncias acumuladas sugerem que as células da linhagem monocitica sejam o
sitio de laténcia do BoHV-4, mais especificamente células mononucleares esplénicas
(OSORIO & REED, 1983). Embora, de maneira controversa, varios tecidos e tipos de
células tém sido considerados também como sitios de laténcia para o BoHV-4. Dentre eles,
o sistema nervoso central (KROGMAN & MCADARAGH, 1982; CASTRUCCI et al.,
1987a, b; NAEEM et al., 1991) e os ganglios trigmeos (HOMAN & EASTERDAY,
1981) ja foram apontados como possiveis sitios, apesar de outros autores ndo detectarem o
virus em tecidos nervosos (OSORIO et al., 1982; EGYED et al., 1996). Em outro estudo, o
DNA de BoHV-4 foi detectado em tecidos como medula, hipocampo, cérebro e ganglios
trigémeos (EGYED & BARTHA, 1998).

O OvHV-2 estabelece laténcia nas células sanguineas mononucleares periféricas de
ovinos. Nesta espécie, 0 genoma de OvHV-2 esta geralmente presente numa conformacéo
circular, sendo que os transcritos correspondentes aos genes do ciclo litico sdo raramente
detectados (THONUR et al., 2006). Em contraste, quando se cultiva linfocitos bovinos
infectados verifica-se uma mistura de formas genémicas (circulares e lineares), indicando
uma mista forma de infeccdo: latente e produtiva. Adicionalmente, quando estas células
séo utilizadas para a infeccdo de animais experimentais, tais como, coelhos e hamsters, eles
desenvolvem uma enfermidade semelhante a FCM (“FCM-like”) (ANDERSON et al.,
2007; COULTER et al., 2001; REID et al., 1989; THONUR et al., 2006). O DNA de
OvHV-2 ja foi detectado em diferentes tecidos em ovinos, inclusive em ganglios trigémeos
(HUSSY et al., 2002), e também no cérebro de bovinos inoculados experimentalmente
(TAUS et al., 2006). Mas os receptores utilizados pelo virus para infectar células (epiteliais
ou linfécitos) para estabelecer infecgdo latente ou litica ndo sdo conhecidos. Além disso,
embora transcritos de DNA tenham sido detectados em leucdcitos no sangue, o sitio celular
de laténcia permanece desconhecido (RUSSEL et al., 2009).

A reativacdo viral na infeccdo latente por alfaherpesvirus parece ocorrer somente a
partir de uma pequena proporcéo de neuronios infectados (JONES et al., 2006). Esta pode
ocorrer ap0s a exposicdo a estimulos naturais (estresse, transporte, parto, desmame) ou
iatrogénicos, como a castracdo ou tratamento com corticosterdides. Estes fatores fazem
com que os capsideos sejam transportados, via movimento anterogrado, do corpo do
neurbnio até a extremidade axonal, atingindo as células da mucosa que promovem a
montagem e liberacdo viral (SMITH et al., 2001; ENQUIST et al., 2002).

Na mucosa epitelial, a intensidade da multiplicacdo viral vai depender

fundamentalmente da resposta imune adquirida pela exposi¢do natural ao virus ou por
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vacinacdo (PASTORET et al., 1979). A multiplicacdo viral consequente a reativacdo
resulta na disseminacdo e potencial transmissdo de virus infeccioso a hospedeiros
suscetiveis (NARITA et al., 1978; ACKERMANN et al., 1982; THIRY et al., 1987). A
habilidade de estabelecer e de reativar infecgbes latentes constitui-se na principal
propriedade bioldgica desses agentes, uma vez que permite a sua manutencao na natureza
(ROCK, 1994).

2.6 — Patogenia e enfermidades relacionadas aos herpesvirus de ruminantes

2.6.1 — BoHV-1 e BoHV-5

A maioria das infec¢bes provocadas por BoHV-1 e BoHV-5 séo subclinicas e a

severidade da doencga é influenciada por vérios fatores, tais como a viruléncia da amostra,
imunidade do hospedeiro, idade e presenca de infeccdo bacteriana concomitante
(KAASHOEK et al., 1996).

A porta de entrada natural do BoHV-1 é a mucosa do trato respiratrio superior ou
genital. A transmissdo direta ocorre pelo contato “focinho a focinho” e a indireta pode
ocorrer através de alimentos contaminados, agua ou fomites (MARS et al., 2000;
MUYLKENS et al., 2007). A infeccdo genital requer o contato direto via monta natural ou
através de sémen contaminado (KUPFERSCHMIED et al., 1986).

A replicagdo no sitio primério da infecgdo resulta numa massiva produgdo de virus.
A disseminacdo viral nos tecidos pode ocorrer por dois diferentes caminhos: 0s novos
virions saem para 0 meio extracelular e vdo infectar novas células e/ou ocorre a
disseminacédo célula-a-célula (BARANOWSKI et al., 1996; REBORDOSA, et al., 1996).
A progénie viral é excretada na mucosa nasal em altos titulos, sendo este o fator
responsavel por uma réapida disseminacdo da infec¢do dentro de um rebanho (ENGELS &
ACKERMANN, 1996).

2.6.1.1 — Rinotraqueite infecciosa bovina (IBR)

A IBR € a doenca mais reconhecida provocada por BoHV-1. Apresenta alta
morbidade e baixa mortalidade. Terneiros inoculados com BoHV-1 apresentaram como
sinais clinicos hipertemia (temperatura retal > 40,5°C), descarga nasal mucopurulenta,
tosse, conjuntivite e lesdes ulcerativas na mucosa nasal (MEYER et al., 2001). Vacas
adultas acometidas por IBR podem apresentar queda drastica na producéo de leite durante
alguns dias (HAGE et al., 1998; VAN SCHAIK et al., 1999). O BoHV-5 também é capaz

de causar infeccgdes respiratorias semelhantes a IBR (Figura 5).
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Figura 5 - Fotografia ilustrativa da secrecdo nasal mucopurulenta de um animal inoculado
experimentalmente com BoHV-5 nove dias pés-infeccdo (CAMPOS et al., 2011).

2.6.1.2 — Vulvovaginite pustular infecciosa (IPV)

Animais infectados com BoHV-1 por via vaginal podem desenvolver IPV, uma
infeccdo manifestada pela presenca de pdstulas, intumescimento vulvar e descarga
mucopurulenta. O exame interno revela pustulas ou placas de material necrético branco e

material mucopurulento no assoalho vaginal (KAHRS, 2001).

2.6.1.3 — Balanopostite pustular infecciosa (IPB)

Bovinos machos podem desenvolver IPB de forma clinica caracterizadas pela
formacdo de vesiculas e pustulas na mucosa do prepucio e pénis. Estas lesdes podem
coalescer formando placas e Ulceras e infec¢Bes bacterianas secundarias podem resultar em
areas cobertas com secrecdo branco-amarelada até lesdes hemorragicas (VAN OIRSCHOT
etal., 1995; VOGEL et al., 2004).

2.6.1.4 — Aborto

Aborto é uma consequéncia da infeccao do trato respiratorio ou genital pelo BoHV-
1 em vacas soronegativas. Normalmente o aborto ocorre no terco final da gestacao,
entretanto este periodo pode ser bastante variavel. O intervalo entre a exposicao e o0 aborto
pode variar de uma semana até varios meses (KAHRS, 1977; KIRKBRIDE, 1992;
MILLER et al., 1991). Ha relato da identificacdo de BoHV-5 recuperado de casos de
aborto (SCHUDEL et al., 1986). Além de aborto, podem ocorrer quadros de endometrite,
ooforite, mortalidade embrionaria com retorno ao cio, natimorto e nascimento de animais
fracos (MILLER & VAN DER MAATEN, 1984; KAHRS, 2001).

2.6.1.5 — Encefalite

BoHV-1 e BoHV-5 replicam de maneira similar na mucosa nasal apds a

inoculacdo, mas diferem no potencial neuropatogénico. Posteriormente invadem as
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terminagOes nervosas dos neurdnios que se localizam nesta regido (MEYER et al., 2001).
O BoHV-5 invade terminacdes dos nervos olfatério e trigémeo e alcanga o bulbo olfatério
e ganglios trigémeos (GERDTS et al., 2000). Por outro lado, o BoHV-1 se detém a rota
trigeminal e geralmente estabelece a infeccdo latente nos ganglios trigémeos, sendo
somente esporadicamente responsavel por encefalites (D’OFFAY et al., 1993; HORIUCHI
etal., 1995; ELY etal., 1996; ROELS et al., 2000; SILVA et al., 2007a).

Apbs o BoHV-5 atingir o sistema nervoso central, o virus pode induzir a uma
meningoencefalite fatal em bovinos, principalmente em animais jovens (BELKNAP et al.
1994; MEYER et al., 2001; PEREZ et al., 2002; LEMOS, 2005). A doenca clinica é
caracterizada por tremores, opistétono, cegueira, convulsdes, bruxismo, incoordenagdo
motora e morte (BELKNAP et al., 1994; MEYER et al., 2001; VOGEL et al.; 2003;
HUBNER et al., 2005; SILVA et al.; 2006). Nos animais que apresentam encefalite,
virions, antigenos e DNA viral de BoHV-5 séo encontrados frequentemente no ganglio
trigémeo, cortex cerebral, tdlamo, mesencefalo e cerebelo (MEYER et al., 2001; VOGEL
et al.; 2003, HUBNER et al., 2005).

2.6.2 - BoHV-2

A infeccdo pelo BoHV-2 tem sido associada com duas formas clinicas distintas e

bem definidas: a mamilite herpética bovina e a dermatose nodular (GIBBS &
RWEYEMAMU, 1977). Um surto atipico de mamilite, caracterizado por severa deposicéo
de tecido granular difuso na regido de tetos e Ubere, além de lesbes vesiculares na regido de
focinho, foi descrito nos EUA e associado ao BoHV-2 (KEMP et al., 2008).

2.6.2.1 — Mamilite herpética bovina

A mamilite € uma doenca vesicular que afeta a pele do Ubere e tetos de vacas em
lactacdo (MARTIN & SCOTT, 1979). Acomete principalmente vacas primiparas de forma
subclinica ou acompanhada por sinais clinicos leves (TURNER et al., 1976; SCOTT &
HOLLIMAN, 1984). Embora a mamilite seja considerada uma enfermidade
frequentemente benigna e auto-limitante, em alguns casos, as vesiculas se transformam em
pustulas e a friccdo no processo de ordenha faz com que as lesdes se rompam formando
ulceragdes. Este processo pode resultar em uma queda significativa na producédo de leite,
aumento da susceptibilidade da glandula mamaria a mastite bacteriana e até mesmo no
abate de vacas produtivas devido a mastite cronica (LETCHWORTH & LADUE, 1982;
WELLENBERG et al., 2002).
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2.6.2.2 — Dermatose nodular atipica

A dermatose nodular atipica (do inglés, “pseudolumpy skin disease” ou PLSD) é
uma doenca viral de bovinos caracterizada pela erupcdo de nodulos cutaneos que se
assemelham a forma leve da “lumpy skin disease” cauda por um poxvirus que afeta
caprinos e ovinos, o lumpy skin disease virus (LSDV). A doenca é de ocorréncia rara e tem
sido reproduzida experimentalmente através da inoculacdo intravenosa do virus em
bovinos jovens. Os nddulos na pele sdo produzidos por reac6es inflamatorias resultantes da
ativacdo do complemento pela via classica, ou seja, ha necessidade da presenca de
anticorpos anti-BoHV-2 para que as alteraces patoldgicas observadas clinicamente sejam
desencadeadas (RWEYEMAMU et al., 1968; CASTRUCCI et al., 1975; WOODS et al.,
1996).

2.6.3 — BoHV-4

O BoHV-4 possui tropismo por células epiteliais e do estroma uterino. O virus
latente possivelmente € reativado de macrofagos para infectar as células do endométrio. A
replicacdo do virus atraves do ciclo litico ocasiona a morte celular e pode se constituir em
um dos fatores que leva a metrite (DONOFRIO et al., 2007). Foi atraves do isolamento de
uma amostra de BoHV-4 de um caso de metrite que se estabeleceu a primeira associa¢ao
entre este virus e infeccdo uterina (PARKS & KENDRICK, 1973). H4 relatos de infec¢des
uterinas relacionadas ao BoHV-4 também na Italia (CASTRUCCI et al., 1986), nos EUA
(EVERMANN et al., 1985; FRAZIER et al., 2001) e na Hungria (EGYED, et al., 2011).
Casos de orquite e epididimite relacionados a infeccdo por BoHV-4 foram evidenciados
em touros na Belgica (THIRY et al., 1981). O BoHV-4 foi ainda relacionado com mastite
em um estudo realizado em rebanhos leiteiros na Holanda (WELLENBERG et al., 2000).

2.6.4 — OVHV-2

2.6.4.1 - Febre catarral maligna

A FCM é uma doenca infecciosa, viral, sistémica, altamente fatal, com distribuicéo
geogréfica ampla. Além de bovinos, afeta diversas espécies de ruminantes silvestres e
suinos (LZKEN et al., 1998; LI et al., 1999; AUDIGE et al., 2001; DRIEMEIER et al.,
2002; SMITH, 2002). Caracteriza-se por febre alta, depressédo, corrimento nasal e ocular,
erosdes e ulceracbes na mucosa do trato respiratorio superior, ceratoconjuntivite,
linfadenopatia, enterite hemorrégica, diarréia, encefalite, exantema cutédneo e artrite
(BARKER et al., 1993; SMITH, 2002). A forma FCM associada a gnus (Conochaetes
taurinus) é induzida pelo AIHV-1 (PLOWRIGHT, 1990; MURPHY et al., 1999). Em

locais onde né@o ha gnus, mas ha criagcdo de ovinos, pode ocorrer a forma denominada FCM
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associada a ovinos. Nesta, ovinos portadores do virus sdo responsaveis pela infecgdo de
bovinos (ROIZMAN et al., 1981; BRIDGEN & REID, 1991). As manifestacGes clinicas e
patoldgicas das formas induzidas por AIHV-1 e OvHV-2 sdo as mesmas, apesar das

diferencas epidemiologicas entre as duas (SMITH, 2002).

2.7 — Diagnostico laboratorial

A confirmacdo laboratorial da suspeita de infecgdo por herpesvirus de ruminantes
pode ser obtida por isolamento viral (exceto OvHV-2), testes soroldgicos,
imunohistoquimica, ou identificagdo do DNA viral por técnicas moleculares.

2.7.1 — Isolamento viral

O isolamento de BoHV-1 e BoHV-5, quando em casos clinicamente evidentes,
pode ser realizado com relativa facilidade, seguindo métodos usuais de isolamento viral. O
virus encontra-se em quantidades que permitem isolamento sem dificuldade em secre¢des
ou tecidos de animais infectados (ROEHE et al., 1997a; SPILKI et al., 2002; ESTEVES, et
al., 2003). Suspensdes de tecidos ou secre¢des sdo previamente filtradas e inoculadas sobre
cultivos celulares. Apdés um periodo varidvel de incubacdo, a presenca de virus é
evidenciada pelo efeito citopatico (ECP) caracteristico. A confirmacdo do isolamento pode
ser feita por imunofluorescéncia (IF) ou imunoperoxidase (IPX) (WEIBLEN et al., 1992;
ROEHE et al., 1997b), utilizando anticorpos monoclonais especificos (SOUZA et al.,
2002).

Dificuldades de isolamento do BoHV-2 de lesbes de mamilite herpética tém sido
relatadas em varios estudos (MARTIN et al.,, 1969; MARTIN & SCOTT, 1979;
WESTBURY, 1981). Em todos eles, somente foi possivel isolar o virus durante a fase
exsudativa das lesbes, e por um curto espaco de tempo (um a dois dias). O rompimento
rapido das vesiculas e a dessecacdo das lesbes com formacdo de crostas dificulta a
recuperacdo de virus viavel (RWEYEMAMU et al., 1968). Porém isto contrasta com a
relativa facilidade de isolar o virus de secre¢fes nasais de cordeiros, provavelmente devido
a diferenca histologico-funcionais entre o epitélio nasal e o epitélio cutaneo dos tetos e
Ubere (ALMEIDA et al., 2008).

O BoHV-4 pode ser isolado de suabes de secre¢des uterinas, oculares e nasais,
fragmentos de 6rgéos e crostas da epiderme. O virus é capaz de se replicar em células de
cultivo priméario ou de linhagens de diferentes espécies de animais, tais como: bovinos,
ovinos, cabras, suinos, gatos, cdes, coelhos, cavalos, perus, galinhas, hamsters, ratos,

camundongos, coelhos e furbes (GILLET et al., 2004).
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2.7.2 — Diagnostico soroldgico

Usualmente, o diagnostico soroldgico de infeccdes por BoHV-1 e BoHV-5 é
realizado através de testes de soroneutralizacdo (SN). A SN é considerada a técnica padrao
para deteccdo de anticorpos neutralizantes contra BoHV (OIE, 2008). Entretanto, esta
prova apresenta uma série de varidveis que podem interferir significativamente em sua
execucao.

O periodo de incubacdo da mistura soro/virus, por exemplo, pode variar entre 1 a
24 horas. Entretanto, ha um aumento significativo da sensibilidade na técnica quando o
tempo de incubagdo da mistura soro/virus é ajustado para 24 horas (PERRIN et al., 1993;
KRAMPS et al., 1996; KRAMPS et al., 2004; CAMPOS et al., 2009; CAMPOS et al.,
2011).

Além disso, a SN ndo permite uma diferenciacdo clara entre animais infectados
com BoHV-1 ou BoHV-5 devido o alto grau de reatividade cruzada existente entre estes
(ROEHE et al., 1997b; TEIXEIRA et al., 1998; VARELA et al., 2010). Um estudo recente
comparou o uso de diferentes subtipos de BoHV-1 e BoHV-5 em teste de SN, revelando
uma importante variacdo dependendo da amostra utilizada como virus de confrontacao.
Ainda nesse estudo, comprovou-se que a maior sensibilidade da SN, isto é, a detec¢do do
maior nimero de amostras soropositivas, somente pode ser alcancada quando 0s soros
positivos para anticorpos frente a pelo menos quatro amostras diferentes de BoHV foram
somados (VARELA et al., 2010).

A SN também tem sido utilizada para a deteccdo de anticorpos anti-BoHV-2.
Torres (2009b) identificaram uma prevaléncia de 24,5% de anticorpos anti-BoHV-2
analisando 2.213 soros de diferentes municipios do RS. A SN também pode ser utilizada
para detectar anticorpos anti-BoHV-4 (FRAZIER et al., 2001).

Ensaios do tipo ELISA também estdo disponiveis para o diagndstico soroldgico de
infecgBes por BoHV-1, porém poucos para BoHV-5 (PAYMENT et al., 1979; CHO &
BOHAC, 1985; KRAMPS et al., 1994; GRAHAM et al., 1997; VAN OIRSCHOT et al.,
1997; TEIXEIRA et al., 2001; WELLENBERG et al., 2001; KRAMPS et al., 2004). No
entanto, assim como na SN, alguns autores relatam a ocorréncia de reagdes cruzadas
quando amostras positivas para BoHV-5 foram analisadas (MEYER e at., 2001;
TEIXEIRA et al., 2001; WELLENBERG et al., 2001). Atualmente ndo existe teste de
ELISA especifico para detecgdo de anticorpos anti-BoHV-2.

Anticorpos  anti-BoHV-4 podem ser detectados pelas técnicas de

imunofluorescéncia indireta (IFI), ensaio imunoenziméatico (ELISA indireto) e
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imunoperoxidase, ocorrendo a soro conversdo entre 14 e 20 dias apds a infeccdo primaria
(MONGE et al., 2006). Kriger (2012) recentemente desenvolveu um ELISA indireto com
isolado brasileiro para deteccao de anticorpos especificos anti-BoHV-4.

Os testes soroldgicos para a deteccdo de OvHV-2 em geral tém valor limitado para
diagnostico de casos clinicos de FCM ovino-associada porque somente uma pequena
porcentagem de animais soro-converte e, ainda assim, somente nos estagios finais do curso
da doenca. Além disso, o titulo de anticorpos € baixo e ha reacdo cruzada com outros
herpesvirus (LI et al., 1994, 1996).

2.7.3 — Amplificacdo de acidos nucleicos por PCR

A identificagdo de genomas virais ou fragmentos genémicos destes virus por
técnicas de amplificacdo de acidos nucléicos tem sido realizada basicamente através de
métodos baseados na PCR (VAN ENGELENBURG et al., 1993; ASHBAUGH et al.,
1997). A PCR baseia-se na replicacdo do DNA e tem como objetivo a amplificacdo de uma
regido alvo no DNA viral. Apresenta como vantagens alta sensibilidade e especificidade,
além da rapidez de execucdo e aplicabilidade em diferentes amostras clinicas. Além disto,
pode ser utilizada em amostras que contém virus inativado ou que mantém o virus no
estado latente (DEBIASI & TYLER, 2004). Diversas provas de PCR tém sido
desenvolvidas utilizando iniciadores para genes especificos de BoHV-1 e BoHV-5: UL44
(VAN ENGELENBURG et al., 1993; ESTEVES et al., 2008;); US6 (WAGTER et al.,
1996); sendo que algumas sdo capazes de distinguir a infeccdo por BoHV-1 e BoHV-5
tendo como alvo os genes: UL44 (ASHBAUGH et al., 1997; CLAUS et al., 2005;
CAMPOS et al., 2009); US6 (ROS et al., 1999) e UL23 (ALEGRE et al., 2001).

Em relacdo a BoHV-2 ja foram desenhados iniciadores para amplificar regiGes dos
genes UL27 (IMAI et al., 2002; TORRES et al., 2009a), UL24 (MAY, 2002) e UL22
(KALMAN & EGYED; 2005) para o uso em PCRs com objetivo diagnostico.

Iniciadores também foram desenhados para diferentes genes de BoHV-4 sendo 0s
que codificam a glicoproteina B (BOERNER et al.; 1999; WELLEMBERG et al., 2000;
FRAZIER et al.; 2002; MONGE et al., 2006) e a timidina quinase (EGYED et al., 1996;
EGYED & BARTHA, 1998; YAMAMOTO et al., 2000; ASANO et al., 2003; 1IZUMI et
al., 2006) os mais utilizados. Outras PCRs tem com alvo os genes que codificam a proteina
maior que se liga ao DNA, denominada MDP (NIKOLIN et al., 2007) e para 0s genes
incluidos nas ORF 1 a 4 (DONOFRIO et al., 2000).

No diagnostico de FCM ovino-associada, a PCR tem substituido amplamente os

testes biologicos de transmissdo, a partir do sangue total ou em tecidos colhidos na
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necropsia (BAXTER et al., 1993, 1997; LI, H. et al., 1995). A PCR para a forma ovino-
associada preconizada pela OIE é baseada nos iniciadores descritos por Baxter (1993). O
alvo desta PCR € o gene que codifica uma proteina do tegumento denominada “FGAM-
sintase like” a qual é homologa a familia de proteinas eucaridticas denominada
“phosphoribosylformylglycinamidine”. Outras PCRs tém como alvo a UL30
(HIMSWORTH et al., 2008) e UL27 (FOERSTER et al., in prep.).

2.7.3.1 - Controle interno

O controle interno (CI) é definido como uma sequencia de DNA que pode ser co-
amplificada com os mesmos iniciadores utilizados para amplificar o fragmento alvo. O
tamanho do CI normalmente difere do tamanho do produto alvo. Sua utilizagdo se torna
importante em PCRs padronizadas para uso em diagndstico clinico visando evitar a
ocorréncia de resultados falsos negativos, geralmente ocasionados pela presenca de
inibidores (PALLEN et al., 1992). Podem ser construidos atravées da insercdo, delecdo ou
substituices de fragmentos de DNA utilizando técnicas de clonagem (COUTLEE, et al.,
1995). Também podem ser construidos utilizando somente a PCR sob condigdes de
amplificacdes ndo ideias, com baixa temperatura de anelamento e alta concentracdo de
MgCl, (FORSTER et al., 1994).

Além de evitar resultados falsos negativos, o Cl pode ser utilizado para determinar
a sensibilidade de uma PCR através da utilizacdo de diluicdes seriadas (10%°, 10°, ... 10°,
10%) contendo quantidades conhecidas de moléculas de CI que sdo submetidas a
amplificacdo. Posteriormente, a quantidade de moléculas amplificada com a menor
diluicdo pode ser adicionada em todas as reaces. Apos a amplificacdo, a presenca do CI
na falta do produto viral, pode ser interpretada como auséncia de DNA viral ou, pelo
menos, auséncia de DNA em quantidades detectaveis pela sensibilidade do método. Por
outro lado, a auséncia de ambos, o produto viral e o CI, implicam em uma falha na
amplificacdo, o0 que pode ser considerado um resultado falso negativo (VAN
ENGELENBURG et al., 1993).

2.7.3.2 — Diagnostico de infeccdes latentes

O numero de copias de DNA viral encontradas nos ganglios trigémeos pode ser
muito baixo (WANG et al., 2005, CAMPOS et al., 2009). Varios trabalhos tiveram como
objetivo a aplicacdo de PCR para identificar e diferenciar BoHV-1 e BoHV-5 em amostras
clinicas (ASHBAUGH et al., 1997; ROS et al., 1999; ALEGRE et al., 2001; CLAUS et al.,
2005). Nestes trabalhos, diferentes alvos de amplificacdo foram utilizados e diferentes

sensibilidades de deteccdo foram obtidos. O uso do Cl e a baixa sensibilidade aliada a
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utilizacdo de duas nested PCRs tipo-especificas permitiu a identificacdo de infeccOes
latentes por BoHV-1 e BoHV-5 em ganglios trigémeos de bovinos (CAMPOS et al., 2009).

O DNA viral também foi detectado por PCR e semi-nested PCR em ganglios
trigémeos, tonsilas e em diversos linfonodos de cordeiros inoculados com o BoHV-2,
evidenciando a infeccdo latente nestes tecidos (TORRES et al., 2009a). A presenca do
genoma de BoHV-4 foi detectada por uma nested PCR em diversos tecidos coletados de
dois bovinos experimentalmente inoculados com o virus. Os autores demonstraram que um
baixo numero de particulas virais podem infectar os nddulos linfaticos, e
consequentemente, o numero de celulas contendo virus pode estar abaixo do limite de
sensibilidade da PCR, ou seja, a deteccdo do DNA viral depende do nimero de moléculas
virais nestes tecidos (EGYED & BARTHA, 1998).

Diferentes tecidos de dois bovinos inoculados com OvHV-2 foram examinados
quanto a presenga de DNA viral utilizando semi-nested ou PCR em tempo real (qPCR). As
amostras de um dos bovinos continham um alto nimero de cépias de DNA viral e foram
detectadas vias gPCR. Porém, o numero de cépias de DNA viral presente nos tecidos,
inclusive no cérebro, foi detectavel apenas utilizando a semi-nested PCR no segundo
animal inoculado (TAUS et al., 2006).

Todavia, a deteccdo de um baixo nimero de cOpias virais presentes em amostras
clinicas de animais natural ou experimentalmente inoculados depende, sobretudo, da
sensibilidade da PCR utilizada (VAN ENGELENBURG et al., 1993). Esta por sua vez €
favorecida quando se utiliza uma PCR seguida por uma nested ou semi-nested, devido ao

aumento do numero total de ciclos.

2.8 — Vacinacao e controle

Vérios paises da Europa tém iniciado programas de controle objetivando a
erradicacdo de BoHV-1 baseados no uso de vacinas marcadoras com 0 gene da
glicoproteina E deletado (gE’). Estas, quando utilizadas com a deteccdo soroldgica de
anticorpos especificos anti-gE, permitem a discriminacdo entre animais infectados e
vacinados e a posterior eliminacdo dos animais portadores dos rebanhos (VAN
OIRSCHOT et al., 1996b; VAN OIRSCHOT et al., 1997; MARS et al., 2001; LEHMANN
et al., 2002).

Acredita-se que os intensivos programas de vacinagdo contra BoHV-1 usados em
paises do Hemisfério Norte podem estar relacionados a baixa prevaléncia de encefalites
herpéticas nestas regides (ACKERMANN & ENGELS, 2006). No Brasil, assim como em
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outros paises da América do Sul, existem varias vacinas comerciais contra BoHV-1 e
algumas contra BoHV-5. Além disto, ndo existem programas intensivos de vacinagéo, o
que, além da presenca de um rebanho grande, falta de outras medidas de controle e ampla
disseminacéo de BoHV-1 e BoHV-5, favorece a manutencéo e distribuicdo destes virus na
populagédo (METZLER et al., 1986; SILVA et al., 2007b; CAMPOS et al., 2009).

2.8.1 — Vacinas contra BoHV-1 e BoHV-5

Apesar de existirem no mercado varias vacinas contra infec¢bes pelo BoHV-1, até

0 presente existem poucas vacinas contra infeccdes pelo BoHV-5 (SINDAM, 2012). O
nivel de protecdo cruzada fornecido por vacinas anti-BoHV-1 frente a infecces pelo
BoHV-5 pode ndo ser suficiente para induzir protecdo clinica satisfatéria (SILVA et al.,
2006).

Estudos realizados avaliando a protecdo cruzada induzida por uma vacina anti-
BoHV-1 contra BoHV-5 demonstraram uma reducdo do periodo de excrecdo viral e no
titulo viral (BRATANICH et al., 1991; CASCIO et al., 1999). Mas a interpretacdo dos
resultados fica comprometida, pois ndo foi possivel reproduzir a enfermidade clinica
(encefalite) nos animais durante o desafio.

A eficacia de uma vacina recombinante contendo BoHV-1 gE™ foi testada e esta ndo
foi capaz de conferir protecdo satisfatdria tanto em coelhos como em bovinos frente ao
desafio com BoHV-5 (SPILKI et al., 2004; SILVA et al., 2006). Outro estudo analisou a
imunogenicidade e a eficacia de vacinas de BoHV-1 e BoHV-5 inativadas contra BoHV-5.
Ambas as vacinas induziram uma resposta imune humoral e celular similares. Além disso,
0s animais vacinados foram parcialmente protegidos contra a infecgdo por BoHV-5, uma
vez que houve redugdo na excrecdo viral. Entretanto, 3 de 9 animais vacinados
apresentaram sinais clinicos de encefalite, evidenciando que a protecdo conferida por tais
vacinas foi insatisfatéria (DEL MEDICO ZAJAC et al., 2006).

Recentemente, uma vacina contendo antigenos inativados do recombinante BoHV-
5, nos quais os genes que codificam a timidina quinase e glicoproteina E foram deletados
(QE/TK-) induziu resposta sorolégica em niveis satisfatérios, constituindo-se, uma
alternativa a cepa vacinal diferencial (BRUM et al., 2010). Além disso, em outro
experimento terneiros foram vacinados com uma vacina viva com este mesmo
recombinante atenuado e, posteriormente, desafiados com um BoHV-1 e BoHV-5
selvagens. Os resultados demonstraram protecdo homologa e heterdloga, sendo o
recombinante indicado para a formulacéo de vacinas visando controlar as infeccbes BoHV-
1 e BoHV-5 (ANZILIERO et al.,, 2011). Contudo, o desenvolvimento de vacinas
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especificas anti-BoHV-5 pode viabilizar alternativas de controle mais eficazes em &reas
endémicas.

2.8.2 — Vacinas contras os demais herpesvirus de ruminantes

N&o existem vacinas comerciais disponiveis contra o0 BoHV-2 e as medidas de
controle baseiam-se no isolamento dos animais afetados e em cuidados para evitar a
transmissdo do agente (SMEE & LEONHARDT, 1994). O BoHV-4 tem sido utilizado
como vetor de vacinas para outros herpesvirus, como por exemplo, carreando o gene US6
que codifica a gD de BoHV-1 (DONOFRIO et al., 2006).

Vacinas contra AIHV-1 estdo sendo desenvolvidas (HAIG et al., 2008), porém nao
existem vacinas contra OvHV-2. As medidas de controle para evitar a FCM ovino-
associada incluem minimizar o contato entre bovinos e ovinos, particularmente durante a
fase de paricdo de cordeiros (SMITH, 2002).
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Abstract

In view of our previous findings on the high frequency of detection of Bovine herpesvirus 1 (BoHV-1) and 5
(BoHV-5) DNA in trigeminal ganglia (TG) of apparently healthy cattle, the present study was conducted to
investigate the presence of genomes of other three important herpesviruses in the same TG: Bovine
herpesvirus 2 (BoHV-2, bovine mamillitis virus), Bovine herpesvirus 4 (BoHV-4) and Ovine herpesvirus 2
(OvHV-2). Fragments of two hundred TG were collected from one hundred beef cattle and submitted to
DNA extraction. A set of PCR, two of which were semi-nested (snPCR), was designed to amplify part of the
genes coding for BoHV-2 and BoHV-4 glycoprotein B (gB) and the OvHV-2
“phosphoribosylformylglycinamidine synthase-like protein” (FGAM-synthetase). An internal control (IC) for
each PCR was constructed using the same primer pairs of the first PCR, generating products that could be
differentiated from the target fragment. After the construction of ICs, they were used to determine the
sensitivity of the PCRs (able to amplify of about 25 copies of IC). DNA of BoHV-2 was found in 2 %
(2/200) of the population examined, whereas no BoHV-4 and OvHV-2 DNA could be detected. The two
animals in which BoHV-2 DNA was identified, were also co-infected with BoHV-1 and BoHV-5. This report
provides evidence that genomes of BoHV-2, a virus usually associated to mamillitis, can be detected in
trigeminal ganglia of infected cattle. Moreover, this is the first report a co-infection of TG of cattle with three

distinct bovine herpesviruses.

Keywords: Bovine herpesvirus; Ovine herpesvirus; BoHV-2; BoHV-4; OvHV-2; PCR; latency.
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Introduction

Bovine herpesvirus type 2 (BoHV-2) is classified into the family Herpesviridae, subfamily
Alphaherpesvirinae, genus Simplexvirus. Bovine herpesvirus 4 (BoHV-2) and Ovine herpesvirus 2 (OvHV-
2), are members of the Gammaherpesvirinae subfamily, belong to Rhadinovirus and Macavirus genus,
respectively (Davison et al., 2009). These viruses are found worldwide in cattle populations and are
responsible for losses in dairy and beef cattle industry (Ackermann, 2006).

Bovine herpesvirus 2 causes two types of diseases in the cattle: bovine mammillitis, characterized by
vesicular, ulcerated or necrotic lesions of the teat and udder skin and pseudo-lumpy skin disease,
characterized by generalized superficial skin lesions (Gibbs and Rweyemamu, 1977). The infection may be
subclinical or relatively mild; however, it can also exhibit the most severe clinical presentation of all the viral
diseases that affect the udder skin of dairy cattle (Gibbs, 2004). In addition, infections with BoHV-2 may
increase the susceptibility of the mammary gland for bacterial mastitis (Wellenberg et al., 2002). In contrast
with other animal and human alphaherpesviruses, the BoHV-2 latent infection has been poorly studied.
Torres et al. (2009a) showed that lambs previously intranasally inoculated with BoHV-2 harbored latent viral
DNA in trigeminal ganglia, tonsils and regional lymph nodes.

Bovine herpesvirus 4 has not yet been clearly associated with a disorder (Donofrio et al., 2007). It was first
isolated in Europe from animals with respiratory and ocular diseases by Bartha et al. (1966). Subsequently, it
was detected in cattle with a number of other conditions such as metritis, abortion, pneumonia, diarrhea,
respiratory infection, mammary dermatitis, as well as in healthy cattle (Egyed et al., 1996; Wellenberg et al.,
2002; Ackermann, 2006). Although BoHV-4 is not considered a neurotropic virus, evidence suggests that
sites of BoHV-4 latency are the cells of the monocytic lineage, also the virus has been detected in peripheral
and/or central nervous system tissues in persistent infections (Egyed and Bartha, 1998).

Ovine herpesvirus 2 is the causative agent of the sheep-associated malignant catarrhal fever (MCF), a severe
lymphoproliferative syndrome which occasionally affects ruminants (Russell et al., 2009). The virus is
transmitted mainly by the respiratory route, probably in aerosols, and can be shed intermittently in nasal
secretions (Li et al., 2004; OIE, 2008). The disease is usually fatal in cattle, bison, deer, and other non-
ruminant species like pigs (Loken et al., 1998; Ackermann, 2006; Li et al., 2006), the virus persists
subclinically in sheep, its natural reservoir, and a high number of ruminants may survive OvHV-2 infections
with or without clinical signs of MCF (Vikaren et al., 2006). Monocytes are believed to be the site for latency

of this virus (Levy et al., 2012).
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We have recently demonstrated that BoHV-1 and BoHV-5 DNA can be detected concomitantly in TG of
infected cattle (Campos et al., 2009). It has been shown that BoHV-2 can establish latent infection in
sensorial ganglia (Letchworth and Carmichael, 1982; Torres et al., 2009a). Despite BoHV-4 and OvHV-2
have been associated with different conditions, both viruses have been found in nasal secretions of cattle and
have already been detected in TG of animals experimentally inoculated (Dubuisson et al., 1989; Hussy et al.,
2002; Li et al., 2004). However, the presence of these viruses in TG of naturally infected cattle has not been
examined to date. The following study was conducted to examine whether BoHV-2, BoHV-4 and OvHV-2

DNA could also be detected in such site.



95
96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

46

Materials and methods
Cells and viruses

The CRIB cell line, a bovine viral diarrhea virus-resistant clone derived from Madin-Darby bovine kidney
cells (MDBK), was used for virus multiplication and quantitation. The cells were maintained in Eagle’s
minimal essential medium (E-MEM, Gibco) supplemented with 10 % fetal bovine serum (Gibco), 10 pg/mL
streptomycin (Vitalfarma), 100 pg/mL gentamicin (Gentamax®, Marcolab), and 2 pg/mL amphotericin B
(Cristalia). The BoHV-4 strain used in this study belong to the European strain Movar, and was isolated by

Bartha et al. (1966).

Collection of trigeminal ganglia

Two hundred TG 100 cattle of mixed breeds, both male (17) and female (83), with a mean age of about 4
years old were collected in a slaughterhouse in the city of Pelotas, Rio Grande do Sul, Brazil. The samples
and the DNA extracts used for the present work are the same than used in a previous study (Campos et al.,

2009).

Extraction of total ganglion DNA

Fragments of TG of about 50 mg were placed in 1 ml lysis buffer [20 mM Tris-HCI (Affymetrix, USB), pH
7.4; 10 mM EDTA (Invitrogen), pH 8.0 and 200 mM NacCl, (J.T.Baker®); 100 ug proteinase K (BioAmerica
Inc.) and 1 % SDS (Serva)] and incubated over-night at 37 °C. After, this mixture was centrifuged at 12.000
g for 10 min to precipitate the non-digested material and 400 pl of supernatant was collected. After a
standard phenol (Invitrogen) extraction and ethanol (Synth) precipitation, the purified DNA was dissolved in
200 pl TE (10 mM Tris pH 7.4; 1 mM EDTA pH 8.0). To check the quantity and quality of the total DNA
obtained, 10 pl were analyzed on agarose (Agargen) gel 1.5 % and compared with knowing quantities of

phage lambda DNA (New England Biolabs).

BoHV-2, BoHV-4 and OvHV-2 PCR assays

In order to detect the low number of viral genomes present in ganglia, it was essential to optimize the PCR
and snPCR assays (Table 1).

The second reaction (snPCR) to identify BoHV-2 and OvHV-2 DNA used 1 pl of the first reaction as
template. All PCR and snPCR assays were performed in the Eppendorf Mastercycler in a final volume of 25

ul and contained 1 mM MgCI, (Invitrogen), 0.2 uM of each primer (IDT), 10 % dimethylsulfoxide (DMSO;
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Nuclear), 1 U Taq DNA polymerase (Invitrogen), 10 % of PCR buffer (Invitrogen) and 0.4 mM
deoxynucleoside triphosphates (GE Healthcare) per reaction. Conditions of PCR cycles, time and

temperature are described in Table 2.

Construction of internal control templates

An IC for each PCR assay was constructed through amplification of DNA extracted from TG with the same
primer pairs of the first reaction; however, under low stringency conditions of amplification [low melting
temperature (50 — 55°C) and high concentration of MgCl, (2 mM)]. After electrophoresis, products that
differed in size when compared with the PCR target fragments (Table 1) were selected as candidates for IC
templates. These fragments (753 bp for BoHV-2, 322 bp for BoHV-4 and 515 bp for OvHV-2) were purified,
cloned into pCR™ 2.1 vector (TOPO® TA Cloning® kit, Invitrogen) and sequenced (Supplementary data 1).
The resulting plasmids were used as ICs and used only in the first PCR (ICs were not added in the snPCR).

Furthermore, the 1Cs were used to determine the sensitivity of the PCR assays.

Sensitivity of the PCR assays and cares to avoid contamination

The sensitivity of the PCR assays was determined by titration of the IC DNA template using 10-fold serial
dilutions of known quantities of IC molecules. Different IC dilutions were used, ranging from 2.5 x 10° to 2.5
x 10" molecules. PCR assays were optimized to amplify low concentrations of DNA (approximately 20 to 40
copies per reaction). We also added to the IC dilutions fixed amounts (200 ng) of the bovine DNA extracted
from TG (data not shown). To avoid contamination with PCR products, separated rooms were used to
prepare the PCR mixes, extraction of DNA from ganglia and analyses of PCR products. Filter tips were used
throughout. Work benches were decontaminated with UV light and negative controls were included in every

five PCR reactions.

Sequencing of samples

In order to detect BoHV-2 and OvHV-2 DNA, all reactions of the first PCR assay (including apparently
negative results), were subjected to snPCR. All PCR products were cloned into pCR™ 2.1 vector
(Invitrogen) and submitted to nucleotide sequence analysis. Sequencing was carried out with the Big Dye
Terminator Cycle Sequencing Ready Reaction (Applied Biosystems, UK) in an ABI-PRISM 3100 Genetic

Analyzer (ABI, Foster City, CA), according to the protocol of the manufacturer. The sequences obtained
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were compared with  homologous nucleotide  sequences deposited in the GenBank

(http://lwww.ncbi.nlm.nih.gov/genbank/).

Phylogenetic analysis

Alignment of the nucleotide sequences was performed using the ClustalW application, version 2.0. The tree
was calculated on the computer program MEGA 5, using the Maximum Parsimony method based on the data
specific model (Nei and Kumar, 2000). A total of 359 positions were used for the phylogenetic re-
construction. Homolog sequences from BoHV-2 and other phylogenetically related herpesviruses were

downloaded from GenBank and used for comparisons.
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Results

Sensitivity of the PCR assays

The products of 25 molecules of 1C were visualized on a 1.5 % ethidium bromide-stained agarose gel in all
PCR reactions (Fig. 1a, lane 7; 1b, lane 6 and 1c, lane 7). This implies that the lower detection limit of these
PCRs was of about 25 IC molecules. Consequently, to each reaction, 25 molecules of the IC template were

added in all the first PCR to detect false negative results.

BoHV-2 PCR assay

Two hundred samples of TG extracted DNA were processed in the first PCR and 1 pl of this mixture was re-
amplified in the snPCR (Fig. 2). The prevalence of BoHV-2 was 2 % (2/100) in the present study. Sequenced
PCR products were 99-100 % identical to BoHV-2 sequences deposited in the GenBank. Interestingly, these

two female had already been tested positive for BoHV-1 and BoHV-5 DNA (Supplementary data 2).

BoHV-4 and OvHV-2 PCR assays
The result of the PCR assays was negative for all analyzed samples and no evidence for the presence of

BoHV-4 and OvHV-2 DNA was observed.

Sequences deposited in GenBank and phylogenetic analysis

The two partial sequences amplified from BoHV-2 gB gene present in TG were deposited in GenBank
(accession numbers JQ958306 and JQ958307). These sequences were 99-100 % identical to BoHV-2
sequences available at GenBank database (accession numbers M21628 and M21632). Phylogenetic
reconstructions based on the alignment of the gB gene nucleotide sequences are shown on Figure 3. The
Brazilian isolates are forming a subcluster within the BoHV-2 group.

These 2 sequences displayed 0.8 % (JQ958306) and 0.6 % (JQ958307) nucleotide differences (data not
shown), in comparison with the other BoHV-2 gB genes. These nucleotides differences lead amino acid

changes (T 174 1 and Q 205 L) in gB in relation to the sequences deposited in GenBank (Fig. 4).
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Discussion

In the present study, three PCR assays to detect BoHV-2, BoHV-4 and OvHV-2 DNA were set up, optimized
and used to identify the presence of viral DNA in bovine TG. To improve the sensitivity and to avoid false
negative results, ICs were constructed for each PCR assay. An essential requirement of an IC template is that
it should be amplified with the same efficiency as the viral template. Generally, the number of viral DNA
molecules present in the TG is low (Wang et al., 2005). Therefore, the amount of IC template must be as low
as possible, but always detectable after addition of extracted DNA. Serial tenfold dilution of the IC molecules
were added just to find the lower detection limit for the ICs and to avoid failures in amplification. False
negative results may be caused by the presence of impurities, excess of DNA or residual traces of extraction
reagents in the samples, which have been reported to inhibit Tag polymerase (Van Engelenburg et al., 1993).
Therefore, the use of ICs is important for the study presented here mainly because: (1) it reduces the humber
of false negative results and (2) it helps in the PCR optimization and detection of the viral target product in
the absence of a positive control (as occurred in the detection of BoHV-2).

As previously mentioned, the sensitivity of these PCR assays was accurately determined so that non
detection of viral DNA, as in the case of BoHV-4 and OvHV-2, could neither be attributed to lack of
sensitivity nor to sequence variation of the target regions. BoHV-4 and OvHV-2 have already been detected
in bovines in Brazil, indicating that these viruses circulate among Brazilian cattle (Garmatz et al., 2004;
Costa et al., 2011). However, the virus identification has been performed in tissues and/or secretions of ill
animals, and not, necessarily, in latency sites. In this study, TG were collected from healthy animals to
investigate latent infections. The lack of detection of BoHV-4 and OvHV-2 DNA in TG may indicate a
restrict distribution of theses virus in Brazil when compared to BoHV-1 and 5 (Campos et al., 2009) or,
alternatively, TG are not the preferential latency sites of these two viruses. The results of this study
demonstrate that the adapted BoHV-2 gB-PCR is reliable to be used for the detection of BoHV-2 DNA in
bovine TG. Moreover, we chose to use a PCR to detect gB sequences because this gene is one of the most
conserved among the members of the family Herpesviridae (Nixdorf et al., 2000). In the study of Wellenberg
et al. (2001) a PCR for BoHV-4 gB had been compared with another PCR (for the TK gene) and proven to be
more sensitive. For this reason, the PCR targeting BoHV-4 gB was chosen. The OvHV-2 PCR was
previously described by Baxter et al. (1993) and the technique is recommended by the OIE (2008) to detect
OvHV-2. However, improved primers were used to optimize the annealing temperature of the PCR,

increasing the sensitivity of the test (Wu et al., 1991).
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We found BoHV-2 DNA in 2 % of the sampled population in Southern Brazil. Antibodies BoHV-2 were
previously detected in Brazilian cattle (Torres et al., 2009b). Kéalman and Egyed (2005) detected BoHV-2
DNA in nonbovine ruminants (roe deer, red deer, fallow deer, mouflon and domestic sheep) and the
prevalence in these species ranged from 3 % to 50 %. The difference found, however, could be due to the
latency site studied. While we analyzed TG, the previous study used other tissues to detected viral DNA
(lymph nodes or spleen). Interestingly, Torres et al. (2009a) examined the distribution of latent BoHV-2
DNA in different tissues [dorsal root (lumbar) ganglia, trigeminal ganglia and lymph nodes] and found that
lambs could have BoHV-2 positive lymph nodes and negative TG and the opposite situation was also found.
Our findings confirm that TG are the sites in which BoHV-2 may remain latent.

Phylogenetic analysis of the detected sequences (512 bp segment of the gB gene) suggests that the evaluated
samples in this study are genetically related to the samples described by Hammerschmidt et al. (1988). They
show that gB BoHV-2 gene is highly conserved compared to gB of Human herpesvirus 1. The phylogenetic
results obtained in this study, based on the distance of the detected samples, originated a new subcluster of
BoHV-2, suggesting a difference between our and the Genbank sequences. These differences lead to two
(JQ958306) and one (JQ958307) amino acid changes in relation to the corresponding amino acid sequences,
suggesting that there may be sequence variations and it may be related to the geographical localization of
viruses.

The detection of BoHV-2 DNA in TG tissues shown here confirm that bovines can also be co-infected with
more than one herpesvirus (Campos et al., 2009). To our knowledge, this is the first time that a co-infection
with three different Bovine herpesviruses is described in cattle. Co-infections with several herpesviruses have

been commonly described in humans (Koelle and Corey, 2008).
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Conclusions
In this study, three PCR assays to detect BoHV-2, BoHV-4 and OvHV-2 were optimized and used to identify

the presence of viral DNA in TG. An IC for each PCR was constructed, using the same primer pairs of the
first PCR, and the lower detection limit was of about 25 molecules for all PCR assays. Bovine herpesvirus 2
was detected, whereas no evidence of BoHV-4 and OvHV-2 was observed. Prevalence of BoHV-2 was from
2 % (2/100) in the studied population. Sequenced PCR products were 99-100 % identical to BoHV-2
sequences deposited in the GenBank. The detection of BoHV-2 is important to demonstrate that bovines can
be co-infected with more than one herpesvirus, since the two BoHV-2 positive animals were already co-
infected with BoHV-1 and BoHV-5. This is the first report that the co-infection with three bovine

herpesviruses has been identified.
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Table 1. Descriptions of the primers, size of products and target genes used in the PCR and snPCR assays.

Size of Target GenBank
Virus  Reactions Primers PCR 4 Reference
gene Access number
products
Forward®5’-TATGGAGAAGGAAGAGCCCG-3’ d M21628,
PCR? 608bp gB . Torres et al., 2009a
Reversel®5’-TTTTTAGCCGCGTGGTGTGC-3’ region: 6363..6970
BoHV-2
, Forward®5’-TATGGAGAAGGAAGAGCCCG-3’ d M21628,
snPCR 512 bp gB . Torres et al., 2009a
Reverse2 5’-CGGTGGTCTCAAGGTTGTTC-3’ region: 6363..6874
gB1 5’- CCCTTCTTTACCACCACCTACA-3’ AF318573,
BoHV-4  PCR? 615bp  ¢B° . Wellenberg et al., 2001
gB2 5>-TGCCATAGCAGAGAAACAATGA-3’ region: 11381..11995
P556modF© 5’-GGTATATGAATCCAGATGGC-3’ - ion:
PCR® 411pp FGAM- - DQILIBOB3, region: g, 0 ot o1 1993
P755modR © 5°-AAGCACCAGTTATGCATCTG-3’ synthase 121120..121530
OvHV-2
P556modF © 5°-GGTATATGAATCCAGATGGC-3’° . ion:
SNPCR? ° 197pp TCAM- - DQILIBOBS, region: gy ot a1, 1993
P555modR2° 5’-GTTTCTGGGGTAGTGGCG-3’ synthase 121120..121316

a Polymerase chain reaction (PCR).

b Semi-nested polymerase chain reaction (snPCR).
¢ Primers designed with modifications.

d Glycoprotein B (gB), UL 36.

e Primers amplify a region comprising a small portion (50 nt) of ORF 7 (transport protein) and a larger portion (575 nt) of ORF 8
(glycoprotein B).
f Phosphoribosylformylglycinamidine (FGAM) synthase-like protein, ORF 75.

Table 2. Description of the number of cycles, temperature and time used in the PCR assays.

. Initial Numbers of Final

Reaction denaturation cycles Step 1 Step 2 Step 3 extension

PCRto 94°C 35 cyclesb 94°C 62 °C 72°C 72°C
BoHV-2 3 min® 50 sec? 50 sec 50 sec? 3 min®
snPCR to 94 °C 35 cyclesb 94 °C 65 °C 72°C 72°C
BoHV-2 3 min? 50 sec? 50 sec 50 sec? 3 min®

PCR to 94 °C 35 cyclesb 94 °C 59 °C 72°C 72°C
BoHV-4 3 min® 50 sec? 50 sec 50 sec? 3 min®

PCRto 94°C 32 cycles® 94 °C 51°C 72°C 72°C
OVHV-2 3 min® 50 sec? 50 sec 50 sec? 3 min®
snPCR to 94°C 32 cycles® 94 °C 58 °C 72°C 72°C
OVHV-2 3 min® 50 sec? 50 sec 50 sec? 3 min®

a The same temperature and time for all reactions.

b The same numbers of cycles of BoHV-2 PCR/snPCR and of BoHV-4 PCR.

¢ The same numbers of cycles of OvHV-2 PCR/snPCR.



362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

380
381

59

Figure la. Titration the BoHV-2 IC DNA template using knowing quantities of IC molecules. A 10-fold
dilution series of this mixture was amplified by BoHV-2 PCR, and 5 pl of the PCR reaction mixture (25 pl)
were analyzed by electrophoresis in a 1.5 % agarose gel. The total number of molecules added to the reaction
was 2.5 x 10° (lane 2), 2.5 x 10° (lane 3), 2.5 x 10* (lane 4), 2.5 x 10° (lane 5), 2.5 x 107 (lane 6) and 2.5 x 10"
(lane 7). Lane 1: 100 bp DNA Ladder (BioLabs). The size of the BoHV-2 IC template is 753 bp.

Figure 1b. Titration the BoHV-4 IC DNA template using knowing quantities of IC molecules. A 10-fold
dilution series of this mixture was amplified by BoHV-4 PCR, and 5 pl of the PCR reaction mixture (25 pl)
were analyzed by electrophoresis in a 1.5 % agarose gel. The total number of molecules added to the reaction
was 2.5 x 10° (lane 2), 2.5 x 10* (lane 3), 2.5 x 10° (lane 4), 2.5 x 102 (lane 5), 2.5 x 10" (lanes 6 and 7). Lane
1: 100 bp DNA Ladder (BioLabs). Lane 7 included 200 ng of DNA extracted from the sample MOVAR
grown in CRIB cells, and the absence of a visible IC band in the presence of viral DNA is due to competition
between both templates. The size of the BoHV-4 IC template is 322 bp and the target PCR fragment is 615
bp.

Figure 1c. Titration the OvHV-2 IC DNA template using knowing quantities of 1C molecules. A 10-fold
dilution series of this mixture was amplified by OvHV-2 PCR, and 5 pl of the PCR reaction mixture (25 pl)
were analyzed by electrophoresis in a 1.5 % agarose gel. The total number of molecules added to the reaction
was 2.5 x 10° (lane 2), 2.5 x 10° (lane 3), 2.5 x 10* (lane 4), 2.5 x 10° (lane 5), 2.5 x 10° (lane 6) and 2.5 x 10"

(lane 7). Lane 1: 100 bp DNA Ladder (BioLabs). The size of the OvHV-2 IC template is 515 bp.
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382 Figure 2. Bovine herpesvirus 2 positive samples isolated from TG detected by snPCR. Five microliters out of
383 25 ul were analyzed on a 1.5 % agarose gel. Lane 1: 100 bp DNA Ladder (BioLabs), lanes 2 and 3: BoHV-2

384  positive samples. The size of the BoHV-2 snPCR product is 512 bp.
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387 Figure 3. Maximum likelihood tree showing the phylogenetic relatedness between Brazilian BoHV-2
388  samples, other BoHV-2 sequences previously reported and other herpesviruses. The tree with the highest log
389 likelihood (-1431.0586) is shown. The percentage of trees in which the associated taxa clustered together is
390  shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically as follows.
391  When the number of common sites was < 100 or less than one fourth of the total number of sites, the
392 maximum parsimony method was used; otherwise BIONJ method with MCL distance matrix was used. The
393  tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis

394  involved 9 nucleotide sequences.
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Figure 4. Comparison of the amino acid sequences of the gB fragment of BoHV-2 obtained from two bovine
TG. Nucleotides differences lead to 2 and 1, respectively, amino acid changes, in gB in relation to the gB

BoHV-2 sequences deposited in GenBank.
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Appendix A. Supplementary data

Supplementary data 1 - Description of the chimeric sequences originated from the construction of internal
controls to BoHV-2, BoHV-4 and OvHV-2.

>Seql: Chimeric sequence Bovine herpesvirus type 2 internal control is showed in the 5° - 3° sense. The
sequences in bold correspond to the primers (forward and reversel) used in BoHV-2 PCR (first reaction).

Showing 753 bp region from base 1 to base 753.
TATGGAGAAGGAAGAGCCCGATTGGCCGTACGCCGCGTTCCAACCCGGCGACCTATACCGGCGTCTTTACGCC
CGTACGTGAACTCTTTGCCGGCGTGCCGGAAGCGCGTTCACGCGGCTATACGCCAGGCCGTTTCAGCTTTAAC
GTGCGCGGCGGCCGCTGTGAAGCGTGCCAGGGCGACGGCGTAATCAAGGTTGAGATGCACTTCCTGCCGGATA
TCTACGTGCCGTGCGACCAGTGCAATGGTAAGCGTTATAACCGTGAAACGCTGGAGATTAAGTACAAAGGCAA
GACCATCCACGAAGTGCTGGATATGACCATCGAAGAGGCACGCGAGTTCTTTGACGCCGTCCCTGCGCTGGCG
CGTAAGCTGCAAACCCTCATGGATGTGGGTCTGACCTATACTCGTCTGGGGCAGTCAGCGACAACGCTGTCCG
GCGGTGAAGCGCAGCGCGTGAAGCTGGCGCGTGAGCAGTCCARACGCGGTACCGGTCAGACGCTGTATATTCT
GGATGAGCCGACCACCGGCCTGCACTTTGCGGATATCCAGCAGCTGCTGGACGTGCTGCACCAGCTGCGCGAT
CAGGGCAACACCATCGTGGTGATAGAGCACAACCTGGACGTGATTAAAACCGCTGACTGGATTGTCGATCTCG
GCCCGGAAGGCGGCAGCGGCGGCGGTGAARATCCTCGTCTCCGGTACGCCAGAGACCGTTGCAGAGTGCGAAGC
CTCGCACACCACGCGGCTAAAAA.

>Seq2: Chimeric sequence Bovine herpesvirus type 4 internal is showed in the 5” - 3’ sense. The sequences
in bold correspond to the primers (gB1 and gB2) used in BoHV-4 PCR.

Showing 322 bp region from base 1 to base 322.
CCCTTCTTTACCACCACCTACAGTCGATAGGTGTGCAATATGCTACTGGAGCAGAGCAGAGAAATAGCTACAG
AAAGAATGAAGAGGCTGAGCCAAAGCAGAAATGGCACACAGTTGTGTTTGTCTGATGGTGAAAGTAAAGTCCA
ACACTGTAAAGAATAATATTGCAAAGGAACCTGTAAGGTCCATGAATCAAGGTAAATTGGATGTGGTCAAACA
GGAGATGGCAAGAACAAACATCCACATTTTAGGAATCAGTGAACTAAAATGGATGGGAATGGGTGAATTTAAT
TCAGATGATCATTGTTTCTCTGCTATGGCA.

>Seq3: Chimeric sequence Ovine herpesvirus type 2 internal control is showed in the 5’ - 3’ sense. The
sequences in bold correspond to the primers (P556modF and P755modR) used in OvHV-2 PCR (first
reaction)

Showing 515 bp region from base 1 to base 515.
GGTATATGAATCCAGATGGCGCACACAGTTCTGTCTGGGGCCACCGCCCTCAGGCCTGGCCTTGGCCACATAA
GGGTGCGGCTGAAGGCCAGAGGCAACGCTAGCAGGTCATAGAGCCCCCGTGCCTTCCTAGGGCCCTTCTCTTT
GAGGAGCACACACAGACCCCAGCCAGGGCCGCCCCARAGTCCTCCCTCCTTAAATGCTCCAAATTTGGAATTG
GAGCTCCCCTAAATACTTGCTGTGTGACTTTGGGCACCTCTTGTGCGTCTCTGGGCCTCGTGTGTAAAATGGA
GGACATCGTCACGGAGACTGTGGCTAAGGGTCTAGAGGAGTTTCCAGAGGGTGAAGTCCTACAGAACTCTCAC
CAGGAGGGGCAGCCAGCCAAGGATTCAGACCCCACCTGGGGGGGTGCATCGAGGAGGCATCAGGTCATCTTGG
CACCTGGAGAAAGTAGGCCCTTGTGCTTCGCCTCATTTTGCTCATGCCCTCACTAAACAGATGCATAACTGGT
GCTT.
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Supplementary data 2 - Description of data collection of trigeminal ganglia
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Data collection of trigeminal ganglia nPCR? snPCR" | PCR snPCR
Animal Cog:ct:gon Gender City BOTV' Bo';V' Bo';v' BoHV-4 | OVHV-2
01 2/17/05 Female Dom Pedrito (+) (+) O] O] O]
02 2/17/05 Female Hulha Negra (+) (+) () () ()
03 2/17/05 Female Garruchos (+) O] O] O] O]
04 2/17/05 Female Arroio Grande O] O] O] O] O]
05 2/17/05 Male Alegrete ia° ia° ) ) )
06 2/23/05 Female Formigueiro O] O] O] O] O]
07 2/23/05 Female Dom Pedrito ) (+) ) ) )
08 2/23/05 Female Acegua O] O] O] O] O]
09 2/23/05 Female Acegua (+) (+) O] O] O]
10 2/23/05 Female | Palmares do Sul O] (+) O] O] O]
11 3/2/05 Female Arroio Grande (+) (+) O] O] O]
12 3/2/05 | Female Emj‘;"‘e rf't‘; +) +) 0 ) 0
13 3/2/05 | Female Emj‘;"‘e rf't‘; ) ) ) ) )
14 3/2/05 Female Quarai (+ (+ O] O] O]
15 3/2/05 Female Hulha Negra O] O] O] O] O]
16 3/2/05 Female Arroio Grande (+) (+) O] O] O]
17 3/2/05 Female Arroio Grande O] O] O] O] O]
18 3/2/05 Female Dom Pedrito ia° ia° ) () ()
19 3/16/05 Female | Palmares do Sul (+) O] O] O] O]
20 3/16/05 Female Itaqui O] O] O] O] O]
21 3/16/05 Female | Palmares do Sul (+) (+) O] O] O]
22 3/16/05 Female Camaqid (+) (+) O] O] O]
23 3/16/05 Female Itaqui (+) (+) (+) O] O]
24 3/16/05 Female Itaqui +) (+) ) ) )
25 7/19/05 Male Cerrito (+) (+) O] O] O]
26 7/19/05 Male Cerrito (+) (+) O] O] O]
27 7/19/05 Female Bagé +) (+) ) ) )
28 7/19/05 Female Jari €] (+) ) ) )
29 7/19/05 Female Quarai €] €] ) ) )
30 7/19/05 Female Espumoso O] O] O] O] O]
31 7/19/05 Female Espumoso (+) (+) O] O] O]
32 7/20/05 Male Jaguardo (+) (+) O] O] O]
33 7/20/05 Male Piratini (+) ) ) ) )
34 7/20/05 Female Turugu (+) (+) O] O] O]
35 7/20/05 Female | Julio de Castilhos (+) (+) O] O] O]
36 7/20/05 Female Piratini ) ) ) ) )
37 7/20/05 Female Piratini ) (+) ) ) )
38 7/20/05 Female Piratini ) (+) ) ) )
39 7/20/05 Female Piratini (+) (+) O] O] O]
40 7/20/05 Female Arroio Grande (+) (+) O] O] O]
41 7/21/05 Male Tupanciretd O] (+) O] O] O]
42 7/21/05 Male Tupanciretd (+) (+) O] O] O]
43 7/21/05 Male Arroio Grande (+) (+) O] O] O]
44 7/21/05 Male Arroio Grande (+) (+) ) O] O]
45 7020005 | Female | SAMAVIOMAO |y ) ) )
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Data collection of trigeminal ganglia nPCR? snPCR"| PCR SnPCR
46 7/21/05 Male Arambaré (+) (+) O] O] O]
47 7/21/05 Male Arambaré (+) (+ O] O] O]
48 7/21/05 Male Acegua ) ) ) ) )
49 7/21/05 Male Acegua (+) (+) () () ()
50 7/21/05 Male Jaguardo (+) (+) () ) ()
51 7/21/05 Male Acegua ) (+) ) ) )
52 8/30/05 Female Turugu (+) (+) O] O] O]
53 8/30/05 Female Turugu (+) (+) O] O] O]
54 8/30/05 Female Turucu (+) (+) (+ O] O]
55 8/30/05 Female Turucu (+) (+) O] O] O]
56 8/30/05 Female Turugu (+) (+) O] O] O]
57 8/30/05 Female Turugu (+) (+) O] O] O]
58 8/30/05 Female Turugu (+) (+) O] O] O]
59 8/30/05 Female Turugu (+) (+) O] O] O]
60 8/30/05 Female Turugu (+) (+) O] O] O]
61 8/30/05 Female Formigueiro (+) (+) O] O] O]
62 9/6/05 Female | Julio de Castilhos (+) (+) O] O] O]
63 9/6/05 Female | Julio de Castilhos (+) (+) O] () ()
64 10/26/05 Female | Cachoeira do Sul (+) (+) ) () ()
65 10/26/05 Female | Cachoeira do Sul (+) (+) O] ) )
66 10/26/05 Female | Cachoeira do Sul (+) (+) ) ) O]
67 10/26/05 Female | Cachoeira do Sul (+) (+) ) O] O]
68 10/26/05 Female | Cachoeira do Sul (+) (+) O] () ()
69 10/26/05 Female | Cachoeira do Sul (+) (+) O] () ()
70 10/26/05 Female | Cachoeira do Sul (+) (+) ) O] O]
71 10/26/05 Female | Cachoeira do Sul (+) (+) ) O] O]
72 10/26/05 Female | Cachoeira do Sul (+) (+) ) ) O]
73 10/26/05 Female | Cachoeira do Sul (+) (+) ) () ()
74 10/26/05 Female | Cachoeira do Sul (+) (+) ) () )
75 10/26/05 Female | Cachoeira do Sul (+) (+) ) ) )
76 10/27/05 Male Pedras Altas O] (+) O] ) )
77 10/27/05 Female | Cacapava do Sul (+) (+) ) ) )
78 10/27/05 Female | Cacapava do Sul O] (+) ) () ()
79 10/27/05 Female Tapes O] (+) ) () )
80 10/27/05 Female Tapes (+ O] O] O] O]
81 10/27/05 Female Tapes O] (+) O] O] O]
82 10/27/05 Female Tapes (+) (+) ) () )
83 10/27/05 Female Tapes (+) (+) O] O] O]
84 10/27/05 Female Tapes (+) (+) ) () )
85 10/27/05 Female Tapes O] O] O] O] O]
86 10/27/05 Female Tapes (+) (+) O] O] O]
87 10/27/05 Female | Palmares do Sul ) ) ) ) )
88 11/1/05 Female Pinhal Grande (+) (+) O] O] O]
89 11/1/05 Female Pinhal Grande (+) (+) O] O] O]
90 11/1/05 Female Pinhal Grande (+) (+) O] O] O]
91 11/1/05 Female Pinhal Grande (+) (+) O] O] O]
92 11/1/05 Female Pinhal Grande (+) (+) O] O] O]
93 11/1/05 Female Pinhal Grande (+ (+) O] O] O]
94 11/1/05 Female Pinhal Grande O] (+) O] O] )
95 11/1/05 Female Pinhal Grande O] (+) O] O] O]
96 11/1/05 Male Pinhal Grande ) (+) ) O] O]
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Data collection of trigeminal ganglia nPCR? snPCR? | PCR snPCR
97 11/1/05 Female | Cacapava do Sul (+) (+) ) ) )
98 11/1/05 Female | Cacapava do Sul (+) (+) ) ) )
99 11/1/05 Female | Cacapava do Sul (+) (+) ) ) )
100 11/11/05 Female Lavras do Sul (+) (+) () () ()

a. nested PCR, data collected from study of Campos et al. (2009)

b. semi nested PCR
c. ia = inhibited amplification (these samples were again subjected to DNA extraction prior to testing for the presence of

BoHV-2, 4 and OVHV-2)
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Bovine bevpesving
BoHV-5

Inaucttvated vasrine
Recomibyin ant wascine

Encep halitis

Bonvirse hear pesvin type 5 BaHV-5) i the causative sgent of bovine herpetic snce phalits.
In count ries where BoHV-5 is prevalent, attempls 1o vaccinate cattle to prevent clinical
signd from BoHV-5-induced disexts have relied eoentislly on vaccination with BoHV-1
vaccines. However, such practice has been shown nat to confer full protection to BoHV-5
challenge. In the present study, an insctivated, oil sdjuvanted vaccine prepared with a
recomibd nant BoHW-5 from which the genes coding lor glycoprotein | (gl glycoprotein E
(£E) and membrane protein USS were deleted (BoHV-5 gjgE/US0)L was evaluated in
cattle in 2 vaccination/challenge experiment. The vaccine was prepared Fom 3 vins
S RS BT CONVLA Mifg & e SCVaion Anligenic maid equivalent to 107 TCIDgjdade.
Thres mL of the inactivated vaocine were admin dl sk N o eight calves
srologically negative for BaHV-5 (vaccinated groupl Four other alves were mock-
vaceinated with i eqiivalent preparstion withoul viral antigens (contiol sroup) Both
Eroups were boditered 28 days later. Neither clinical signs of disease nor adverse elfecs
were abderved during o afber vaaination A specificserd ogical responie, revealed by the
development of newtralizing antibodies, was detected in all vaccinated animals after the
firat dete of vaccine, wheres contfol animall femained deronegative Calves wene
subvsequent]y duallenged on day 77 post-vaccination (pv) with 10935 TODy, of the wild-
type BoHV-5 ( parental strain BV188/95) Aler challengs, vaosinated cxtle displayed mild
signs of respiratory disesse, wheneas the control group devel oped respiratory disease and
severs encephalitiy which led o culling of 2[4 calves_ Sexrches for viral DNAGnthe central
nervows system (CNS) of veccinated calves indicated thar wild-type BoHV-5 did not
replicate, whereas in CNS tsuss of calves an the control group, viral DNA was widely
distributed. BaHW-5 shedding in natal secretions was significantly lower in vaocing ted
calves than in the control growp on days 2, 3, 4 and & post-challenge (pe) In addition, the
duration of virnes shedding was significantly shorer in the vaccinaed (7 days) than in
contrals (12 days) Attempls Do resctivate latent inkction by administration of
desamethasone st 147 days v led o reaudescencs of mild signs of respiratory disease
in both vaccinated and control groups. Infections virus shedding in nasal secreions was
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detected a1 reactivation and was = gnificamtly lower in vacd nated carle thanincontrals on
days 11-13 pest-resctivation (prl 1t is concluded that the inactivated vacdne preparsd
with the BalV-5 glfgF/USS~ recombinant was capable of conferring protection to
encephalitis when vaccinated cattle were challenged with 2 lirge infectious doge of the
parent sl wild type BaHV-5. However, it did not svoid the ssblidiment of litency nor
impeded dexame thasons indused resctivation of the virus, despite 3 ignilicint rduction
i virus dhedding after challenge and 5 reactivalion on vaoc naed calye.

© 2000 Hsevier BV All dghts reserved.

1. Introeduction

Bovine encephalitis herpesvirus or bovine herpesvims
type 5 (BoHW-5) i& a member of the order Herpeswirales,
family Herpesviridae, subfamily Alphaherpesviringe, genus
Variceloving (Davison et al, 3009) BoHV-5 is closely
related to bovine herpesvirus type 1 (BoHV-1] (Del Madico
Zajac et al., 2010).

Cases of BoHV-5-associated encephalitis have been
reported worddwide: in Australia (French, 1962; Smith
et al, 1995), Europe (Moretti et al., 1964; Bartha et al.,
1969; Magyar et al, 1989), North America { Barenfus et al_,
1963; Gough and James, 1975; D'Offay et al, 1993; Ely
et al, 1996; Aszhbaugh et al., 1997), and particularly in
South America (Carrillo et al., 1983; Schudel et al., 1986
Riet-Comea et al, 1989; Pidone et al, 19991 In Brazl,
outhreaks of BoHV-5 encephalitis seem to be increasing in
rmumber (Weiblen et al., 1980; Salvador et al., 1208; Spilld
et al, 2003, Silva et al_, 2007a; Rizsi and Pierezan, 2008).
However, determination of BoHV-5 prevalence rates has
been hampered initially by the unavailability of methods
capable of differentiating BoHV-1 and BoHV-5 infections;
sepondly, by the lack of a semlogical method capable of
distinguishing between the widely cross-reactive BoHV-1
and BoHV-5 antibodies (Warela et al, 2010; Holz et al,
2009} Moreover, dual BoHV-1 and BoHV-5 infections
make such distinction yet more complicated (Campos
etal, 2009). Decpite these sethacks, in a study carried out
in southemn Brazil, prevalence of BoHV-5 infections (and
oo-infections) was in fact higher than the prevalence of
BoHW-1 infections (Campos o al, 2009 ). This sugrests that
BoHV-5 is widely disseminated in cattle in Brazil, and
highlights the need for efficacious BoHV-5 vaccines,

In countries where BoHVS is prevalent, attempts to
vaccinate cattle to prevent clinical signs from BoHW-5-
induced diseaze have melied essentially on vacdnation with
BoHW-1 waccines (Petzhold e al, 2001) A highly effica-
cious, experimental gF-negative BoHWV-1 wvaccine was
unahble to confer full protection to BoHV-5 infection and
had no effect on nazal vine shedding or on the develop-
ment of encephalitic lesions (Spilki et al., 2004; Silva etal.,
2006 ).

In seanch for more efficacions vaccines, a recombinant
virus was constructed, based on a Brazilian BoHV-5 isolate,
from which the genes coding for glycoprotein | (gl).
ghycopratein E (gE) and the membrane protein LS9 were
deleted (Franoo et al, 2007 In pathogenicity experiments
incalves we demonsirated that such recombinant was still
capahle of eplicatingincells foom the hazal portions of the
central nervous systemn (Hibner et al, 2005). Therefore,

the possibility o fusing such a recombinant as vaccine virus
for an attenuated vaccine was hampered In addition,
zafety issues may hinder live attenuated virs vaccines in
certain countries. From this point of view, inactivated virus
vacrines are safer and may compare favorably to live
attenuated vaccines (Kaashoek et al, 1995)

In view of that, in the present study, an inactivated
vaccine was prepared with the BoHV-5 glfgE/US9~
recombinant and evaluated in vaccdnationichallenge
experiments, in order to determine whether such vaccine
would confer protection to BoHV-5-induced clinical
dizeaze Calves were vaccinated and challenged with a
vimlent BoHWV-5 wild type strain Subzequent |y, vaccinated
calwes were submitted to corticosteroid administration to
examine the effect of vaccination on latency.

2. Materiak and methods
21, Cells and viruses

The cell lineage CRIE{ Flores and Donis, 19495), a bovine
diarrhea virus-resistant clone derived from Madin-Darby
bovine kidney cells (MDBEK) was used for vims muli-
plication, quantification and virus isolation. Thecells wene
maintained in Eagle's minimal essential medium {E-MEM,
Gibco) supplemented with 10% fetal bovine semum
(Mutricell), 10pg/mL enmfloxacin (Baytril®, Bayer),
50 pg'ml gentamicin {Gentamax®, Marcolab), and 2 g/
mL amphaotericin B (Cristdlia).

The wild type BoHV-5 strain EV] 88 /95 was isolated in
1995 from an outbreak of meningoencephalitis in Mato
Grosso do Sul, Brazil, and previowsly characterized in our
laboratory ( Roehe et al, 1997; Souza et al, 2002; Esteves
et al, 2008). The virus was used for theconstructionof the
recombinant (BoHV-5 g/gE [USS™) as described by Franoo
et al. (2007). The EV] 885 vinis was also used as the
challenge virus.

22 Experimental desgn

Twehee calves of mixed Eumpean breeds, male and
female, 4—& months old, semlogically negative for BoHV-5
and BoHW-1 {as determined by serum neutralization tests),
were used in the experiment. Eight calves werevaccinated
with the recombinant virus BoaHV-5 gl/gEfUS9™ (vacci-
nated group; VG see below]. Fourother cabes were minck-
vaccinated with sterile vaccine diluents with adjuvant
{contm] group; OG). Both groups were boostered 28 days
later. Forty-nine days after the second vaccine dose (on day
77 pv), both vaccinated and control calves were challenged
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with the wild type BoHV-5 strain EV] 8895 by intranazal
inoculation and monitored for 14 days. Seventy days later
{on day 147 pv), all calves under study were subjected to
dexamethasone administration in attempting to reactivate
latent wviruses and to ohserve the effect of such adminis-
tration on vaccinated and control calves.

23, Vacooine preparation

CRIB cells were multiplied and 16-24 h after seeding
when monolayers were nearly confluent, the medium was
removed and cells inoculated with the recombinant virus
{BoHW-5 gl 'gEfLIS0 | at a multiplicity of infection equal to 1.
After 1h at 37°C, the inocuhim was removed, the bottles
replenished with E-MEM withowt fetal calf semum and
incubated for 16-24 hat 37 " C When cytopathic effect was
evident in 90 of the monolayers, bottles were shaken to
fully detach cells, frozen and stored at —70°C untl use
After thawing, infectious titers of the supernatants of
infected cultures were determined following standand
procedures (Reed and Muench, 193 8). The viral suspension
was inactivated with binary ethylenimine (BE as
described previously (Bahnemann, 1975) The wvaccine
was prepared in a 50% low viscosity water-in-oil-in-water
emulsion with oil (Montanide™ 1S4 206) content and
subjected to usual controls, as recommended (Petzhold
et al, 2001). Each 3 mL dose of the vaccine contained an
antigenic mass equivalent to 10%* 50% tissue culture
infective doses (TCIDsa). The inactivation process was
evaluated by titration of the inactivated suspension in 96-
well cell culture plates and by the inoculation of serial 10-
fold dilutions of the suspension in 25 cm® cell culture
flasks. As positivecontrols, aliquots of the viral suspension
previous to inactivation were included in the tests. The
vaccine was stored at 4°C until use.

24, Animal inoculation

Eight calves were vaccinated (day 0] subcutaneously in
the neck region with a 3 mL dose of the vaccine. Four ot her
cahwes were mock-vaccinated with 3 mlL of the oil-in-water
emulsion without antigen. Both groups were boostered 28
days later using the same administration protocol Clinical
ohservations and collec tion of specimens forvims isolation
are described beloer.

25, Challenge

Om day 77 post the first vaccination, all calves were
challenged with 10" TCIDg, of the wildtype BoHV-5
strain EV] 88 /05, ad ministered intranasally in 10 mL {5 mL
into each nostril] Seventy days after challenge (on day
147 pv), all calves were subjected to Cortoosterdd
administration in attempting to reactivate latent infec-
tions, Dexamethasone (0.2 mg per kg of body weight) was
administered intravenously for 5 consecutive days as
described (Silva et al., 2006). Calves were kept under
observation and zamples collected as below. All proce-
dures irvalving animal care, and handling were perfiormed
under wveterinary supervision and according to the
mrecommendations of the Brazilian Law (Mo 11.704,

2008 (Marques et al_, 2009). The project was approwed
by the Ethics Commission of the Institute for Veterinary
Research “Desidério Finamor™ under protoonl number 02
2004,

206, Chmical exomination

QOinical examinations were performed daily from day
12 prior to vaccination up to day 14pc The same
examination protoecol was followed from day 12 priar to
dexamethasone administration (reactivation) up to day
14 pr. Signs recorded were rectal temperature (fever was
defined as a mectal temperature of more than 39.5°C),
respiratory rate, coughing, congestion of the nasal mucosa,
conjunctivitis, ocular and nasal discharges, lesions on the
nasal and oml muopsa and changes in behavior and
appetite. The respiratory clinical scoring method was
adapted from Collie {1992 ), with modifications hased on
our previous experience with BoHV-1 experimental
inoculations (Franco et al, 2002). Thus, scores were
determined by attributing different weights to different
signs of disease. Mean clinical scores were cakulated daily
for each gmup. Meurological symptoms were detected by
the ohservation of depression, circling, tremors, brusxism
and incoordination. Seventy days later, during reactivation
attempts, clinical and wvirological examinations were
performed as described by Franco et al. (2002).

2.7, Virological exaominaton

Samples for virological examination were collected
daily fromdays 1 to 14 pc, as well asondays 1-14 pr. Nasal
swahs were eluted in 2 mL of E-MEM supplemented with
10 times the usual concentration of antimicrobials and
incubated for one hour at 4°C. The samples were
vigorously shaken, the swabs removed, dmined, the
medium clarified by low speed centrifugation and stored
at —T0"C Virus titrations were performed on 96-well
microtitre plates. Infectous titers were calculated and
expressed as ogis TCIDss per 50 L using the method of
Reed and Muench (1938).

2.8, Virus neutralization tests (VNTs)

Serurn zamiples were collected by jugular vemnipune ture
at weekly intervals from the first vaccination (day )
omaands till the end of the experiment (on day 161). VMTs
were performed acconrding to the protooo ] recommend ed
by OIE ( Kramps, 2008 ) Sera were tested in serial twofold
dilutions in a standard BoHV-5 neutralizing antibody test
(WMTs). Tests were caried out in duplicate im 96-well
microplates, with 50 pl per well of each serum dilution
against 100 TCIDs, of the BoHV-5 strain EV] B8/{95. After a
24h incubation at 37°C in a 5% 003 incubator (Forma
Scientific), 100 pL ofa cell suspension containing 3 = 104
cells were added to wells and the plates further incubated
at 37*Cin a 5500, incubator. Up to 4 days after the start of
the VNTs the cells were examined for the presence of the
characteristic BoHV-5 cytopathic effect. Meutralizing anti-
body titers were calculated by the method of Reed and
Muench {1938).
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29 Mecropsied and histopat hology

Tizsues from necropsied animals collected for histolo-
gical examination were fixed in 10X buffered formalin,
embedded in paraffin, sectioned at 6 pm and stained with
haematoogylin-eosin folowing routine protocols (Prophet
et al, 1992). The brain sections were collected following
the protoon] described by Vogel et al. (2003 )

270, Vines isoletion from Hssuwes

Tizsues from necropsied animak collected were sub-
mitted to virus isolation The tissues were homogenized
with sterile sand at 10% (wv) with E-MEM supplemented
with 10-fold usual concentration of antibiotics and
clarified at 2500 =g for 20min at 4°C Volumes of
200 pL of each supematant were inoculated onto CRIB
monaolayers prepared on 96-well plates in quadmplicate
(50 plfwell). Infected cultures were checked for the
presence of vinus for 7 days. All negative cultures were
frozen at —70°C, thawed and paszaged once more on fresh
CRIE monolayers. When wiral cytopathic effect was
detected, 10fold dilutions of the original suspensions
wiere titrated on CRIB cells. Recovered viruses were titrated
and its identity confirmed by a polymerase chain reaction
(PCR) as described below. Infectious titers were deter
mined, calculated and expressed as logms TODss per 50 plL
after 72 h of incubation at 37 °C as previously described.

2.11. PCR amplification

Detection of viml DMNA from tissues was performed by
PCR. At first, samples were submitted to the extraction of
total DMA following a standard phenol (Invitrogen)
extraction and ethanol (Synth) precipitation (Sambrook
and Russell, 2001), later the purified DMA was dissolved in
00 L TE {10 mM Tris pH 74; 1 mM EDTA pH 80) The
primers used in the PCR assay annmeal to a region of
ghycoprotein C (gC) shared by both BoHV-1 and BoHV-5
{Esteves et al, 3008 ; Campos et al, 2008 | To identify false
positive results, negative contmol reactions were added to
eachset of four PCRs and an internal control was added to
eachreaction This protoonl was also applied to confirm the
identity of isolated viruses from tisspes

212, Statistical malysis

Analysis ofvarance for repeated measures (ANOVA) was
performed using mixed procedure in SAS v. 92 and the
multiple comparisons were perfomed using the LSMeans
P with Tukey-Kmamer Adjustment The graphs wene
performed with Data Analysis Supplement for ExcelTM
(Office Systern 2007 for ‘WindowsTM, Micmsoft Corp,
Seattle, USA) Differences of p< 005 were considered
significant

3. Results
3.1. Vaoocnation

Mo significant clinical signs or adverse effects wene seen
during or after vaccination. A post-vaccination gramulo-

matous reaction was detected in 50% of the inoculated
calves (4/8 on WG and 2/4 on CG) Apart from that, all
animals wene clinically healthy and no signs of respiratory
dizease were observed up to challenge on day 77 pv.

3.2, CHnical and virolgical findings pc

Between days 3 and 11 pc, vaccnated calves displayed
mild clinical signs of respiratory disease (mild nasal
lezions, nasal discharge, smeezing, coughing] Pirexia was
observed among vaccinated calves only on days 3 and 4 pc
(Fig. 1a) All animals on VG shed BoHV-5 in nasal secretions
from days 1 to 7 pc. The virus titers ranged from 10%%* to
105 TCIDg/mL (Fig. 2a) BoHV-5 shedding after chal-
lenge in nasal secretions was significantly lower (p < 0L05)
invaccinated calves than in control calves on days 2, 3, 4
and & pc (Fig. 2a). The OG calves developed dlinical signs of
respimtory disease during the pc period, albeit much more
intense than those on VG Additionally, 2/4 calves on CG
developed severe clinical neumlogical signs of illness
which started onday 10pc (calf no. 9)and 12 (calfno. 12
Due to the severity of the cinical signs, these calves wene
euthanized on humanitary grounds. The intensity and the
range of neurological signs were different between cahres,
In calf mo. 9 the signs were characterized by muscle
trembling, ataxia followed by lateral recumbence, pad-
dling and opisthotonus. In calve no. 12 a progressive
weight loss, difficulties of standing and walking, crding,
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dizorientation and blindness were observed. In all of the
G calves, on day 2 pe, the rectal temperatures started to
rize beyond of 395 °C. Fever was recorded from days 2 to 4
and on day 12 (Fig 1a). Virus shedding was detected in
nasal secretions from day 1 to 12pc on all CG calves.
Honsrever, the period of viral excretion was longer on 06
than on calves from VG Infectious virus titers of the 0G
calves mnged from 109%F to 10°* TCIOg/mL in nasal
serretions (Fig 2a)

33, inical and vinelogical findings following recctivation
attempis

Calves were treated with dexamethasone to determine
if inactivated BoHV-5 gl/gE/US0- vacdne influenced
reactivation of latent wirus, All animal were cinically
normal before dexamethasone treatment After adminis-
tration of the corticostemid, calves from both VG and OG
developed signs of respimtory disease similar to those
ohserved an the pc period. However, such signs started on
day 3 pr and remained detectable until the end of
meactivation. Calves on VG were pymexic on days 7 and
&pr, whereas on the OG, on days 6-8pr (Fg. 1b). The

days 3 to 11pr {1 10 TODsaimL, Fig. 2Zb).
Infectious virus shedding in nasal secretions was sig-
nificanthy lower (p < (L05) between groups after reactiva-
tion on day 11-13 (Fig. 2b). In additon, during
reactivation, no signs of neurclegical disease were noticed
in both groups,

34. Neurmralizing antibody responses

Mone of the calves had detectable BoHV-5 neutralizing
antibodies previous to the experiments. Calves an OG
remained seronegative to BoHV-5 until challenge. Afterthe
first vaccination, the calves mos. 2 and 6 (WG) had
detectable neutralizing antibodies to BoHV-5 (on day
Tpv)l Onday 21, all calves seroconverted to BoHV-5. The
mean neutralizing antibody titer detected after the second
dose of vaorine in all vaccinated animals increased in
comparisan to the mean titer obtained after the first dose
of vaccine. After challenge, again a boost in BoHWV-5
neutralizing antibody titers was detected in all VG calves,
which produced higher antibody titers after challenge than
the0G calves (Fig. 3). Ondays 84-119 pv and onday 161 pv
the mean newtralizing antibody titer was significantly
higher on WG than on CG (p <0.05; Fig. 3).

3.5. Necropsy and histopathology

Two OG calves were severely affected and displayed
evident signs of neurolo gical disease after challenge. These
were euthanized in extremis, one on day 14 pc (calf no. 9)
and another aon day 16 pc (calf no. 12) On day 9pr, one
vaccinated calf (mo. 6) was necropsied. Pos-mortem
examinations revealed that only the necropsied calves
on CG had typical BoHV-5 lesions inbrain tissues, with foci
of malada and sinking areas on the fromtal, parietal and
temparal lobes. Mononuclear meningoencephalitis with
perivascular infiltrates was consistent micm scopical find-
ings. However, typical BoHV-5 lesions in the brain the calf
no. 6 were not detected. Instead, the lung parenchyma
revealed congestion, intra-alveolar and interstitial ederma,
fibrin deposition and extensive hemomrhages.

36 Virws solofion

Infectious virus was recovered from all tissves o fCG calf
no. 9, euthanized in exiremis on day 14 pc (Table 1) From
the CG calf no. 12, euthanized in extremis on day 16 pc,
infectious virus was recovered from tonsils, adrenal glands,
kidmeys and all brain sections (Table 1). On the other hand,
infectious virus was not recovered from the vaccinated calf
{no. 6], euthanized in extremis on day 9 pr (Table 11

3.7. PCR amplificaton
The PCR assay was applied on the tissues of CG calves

with meuralogical signs (calves nos. 9 and 12) and the
vaccinated calf (no. 6) that died during the reactivation
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period. PCR assay was performed with a series of brain
sections. Most of the samples from infected calves which
died from meningoencephalitis during primary infection
had detectable BoHV-5 genomes in different parts of the
brain (Table 2). In contrast, vaccinated calf no. & had
BoHV-5 DMA only in the trigeminal ganglia and three
regions of the brain (thalamus, midbrain and olfactory
cortex; Tahle 2]

4. Discussion

In wiew of the high degree of antigenic relatedness
between BoHV-1 and BoHV-5, the need for a vaccine with
BoHV-5-zpecific antigens still remains. It has been
speculated that BoHV-5 infections would not oocur in
countries  where BoHWV-1 wvaccdnation is  massively
employed (Ackermann and Engels, 2006). Howewver,
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despite the apparent epidemiological evidence, no experi-
ments have been made to support such hypothesis
Vaccination to BoHV-1 has been employed in attempting
to control outhreaks of BoHV-5 encephalitis (Silva et al,
2006, 2007k ). In a previous study, we have demaonstrated
that an experimental gE-negative BoHV-1 vaccine would
not confer satisfactory protection to BoHV-5 challenge
(Silwa et al_, 2008). Thiz highlights the need for efficacious
BoHV-5 vaccines. Cumently, in Brazil, some bovine
herpesvine vaccines include BoHV-5 antigens in its
preparations (SINDAM, 2010) Yet, to our knowledge, data
on the efficacy of such vaccines have not been made
publically available. In this study, a vaccination challenge
experiment was conducted with an inactivated vaccine
prepared with a recombinamt BoHW-5 (glfgE/LS9)
Vaccinated and control groups were monitored for 14
days prior to vaccine administration and then from
vaccination (day 0 and 28) to challenge (on day 77 up
to reactivation atternprs (on day 147-161) The vaccine
was safe for use in calves sinceit did not cause any relevant
adverse effects on inooulated animals. More important, it
was shown to confer protection to encephalits in cattle
upon challenge with a high dosage of virulent BoHV-5.
MNone of the vaccinated calves showed amy clinical signs of
encephalitis. Im contrast, two of four non-vaccinated calves
infected with BoHV-5 dizplayed evident signs of neuralo-
gical disease Moreower, vaccinated cahves shed wild type
virus in nasal secretions for a shorter period of time than
did mock-vaccinated calves. Thus, the vaccne was ako
efficacious in reducing the duration of nasal virusshedding
in varcinated cahles

Hilbner et al. (2005) examined the effect of the
intranmasal inoculation of the infectious, triple BaHV-5
deletion mutant (BoHV-5 gl/gE/US97) in calves. Those
authors observed some degmee of neural damage inthe (NS
of inoculated calves; such undesirable effect would
compromise its potential use as an attemuated vaccine
On the other hand, as shown here, the inactivated oil
adjuvanted vaccine prepared with the same recombinant
caused no damage to the CNS of vaccinated animals. This
was of course expected since no infectious vims was
present in the inactivated vaccine preparation.

Despite protecting from encephalitis, the vaccine was
not capable of prewenting vinus infection upon challenge,
since the challenge virus was still able to replicatein nazal
tizsues at the site of inoculation, as detected by virus
izolation. Therefore, here, as reported on a number of
oocasions for other herpesvirus vaccines, vaccination did
nat prevent infection, though confering protection to the
major clinical signs of disease (Cascio e al, 1999, Meyer
et al, 2001; Hibner et al, 3005; Del Medico Zajac et al,
2006 Silva et al., 2006).

After dexamethasone adminisiration, the vaccnated
calf mo. 6 (WG] was euthanized onday 10 pr on humanitary
grounds; the calf displayed climical signs which were
cons istent with a secondary pulmonary infection, probably
related to the immunosuppressive effects of the corticos-
temid administration Mo signs of neurological disease
were ohserved on this calf To rule out encephalitis by
BoHW-5 as the cause of illne<s inthis animal, weexamined
im detail tissues zamples obtained during necropsy. Virus

izolation attempts from post-mortem tissue samples were
negative. PCR tests in search for BoHV-5 DMA were also
negative, except inthe rigeminal ganglion and three brain
regions (thalamus, midbrain and olfactory cortex) in the
(M5 The presence of wiral DMA in these regions, the
abzence of infections virus in tissues, plus the absence of
detectable clinical signs and lesions in brain tissues of this
calf confirmed that it was latently infected with the
challenge virus. Reactivation in fact took place, as detected
by the presence of infections virus in nasal secretions;
however, infectious vine apparently did not spread to
other brain tizsues. This is interesting since it shows that
BoHV-5 may also be reactivated at peripheral sites and
produce infectious wirus and not necessarily lead to
encephalitis - despite the vins' recognized neumwviru-
lence.

The vaccine imnduced high titers of mneutralizing anti-
bodies. After challenge, vaccinated animals responded
with a significant secondary mesponse, indicating that it
was highly effective in inducing neutralizing antibodies
and in stimulating memory cells. These results were
similar to those obtained inother vaccination experiments
using BoHV-5 vaccines (Hiibner et al, 2005; Cascio et al,
19949). In addition, the inactivated vaccine induced higher
antibody titers than, most likely due to the addition of the
ad juvant.

The data presented here show that the inactivated, odl
adjuvanted vaccine prepared with the BoHV-5 gl /gEfLI%a~
recombinant was safe and protected vaccnated calves
against encephalitis when challenged with a high infec-
tious dose( 10%* TCIDsa) of vinulent wild type BaHV-5_The
vaccine did not prevent infection, but vaccinated calves
displayed only mild respimtory clinical signs after such a
massive infections virus dosage Such vaccine prepamation
seems promising and must be evaluated further in field
studies in order to determine its applicability to control
BoHV-5 disease in the field Moreover, the recom binant
BoHV-5 tested heme in an inactivated formulation has the
potential to be used as a marker vaccine, which would
allow the semlogical differentiation of vaccinated and
naturally infected animals, crucial to an efficient control of
infections inanimal populatons. it may be argued that the
abzence of gE in the vaccine might make it less prone to
induce protection to encephalitis. There is strong evidence
highlighting the importance of gE in neurovirulence (Al-
Mubamk et al, 2004; Meyer et al, 1996). Actually, the
three proteins not coded by the BoHV-5 glfgEfLIS9~
evaluated here seem to play some role in neurovinlence,
as pointed out previpusly (Hibner et al, 2005) Mone-
theless, despite the abs ence of such genes, the inactivated
reoomhbinant was sdll able to induce protection to
neurovinlence. Thus, it is very likely that other proteins
beyond gE gl and US9 might ako be involved in
neurapathogenicity. In a mbbit model, this triple recom-
himant was also shown to retain some neumpathogenicity
(Silva et al, 20049). In fact, the removal of any residual
neurcpathogenicity — cleady unacceptable in a vaccine -
was one of the main reasons for testing the inactivated
prepamation described here. Nevertheless, the reason why
such a severely deleted recombinant was still able to
protect cattle against neurological dizease remains
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unknown. These findings provide more evidence to
support the imcolvernent of other mechanisms than those
already explored to justify neumwvirulence. In view of
recent previous reports (Gabev et al, 2010), it might also
be suggested that g0 might be the main immunolegical
target of the recombinant vaccine here reported This,
howrever, can memrely be hypothesized since such demon-
stration was beyond the scope of the present study.

5 Conclusions

The efficacy of BoHV-5 g gk US9™ recombinant was
evaluated as an inactivated, oil adjuvanted vaccine in
vaccinationchallenge experiments in cattle. After chal-
lenge with the parental virus stmin (BoHV-5 EVI] BE [95),
vaccinated calves were protected from encephalitis. Vims
shedding was significantly shortened in vaccinated calves
(7 days) when compared to controls (12 days). Dexa-
methasone administration at 147 days post-vaccnation
led to recrudescence of mild respiratory clinical signs in
bath vaccinated and contral groups, though nasal vims
shedding differ significantly between groups at reactiva-
tan. In view of its immuno genicity and protective effect
upan challenge with avirulent BoHV-5, it is concluded that
the reoombinant vaccine evaluated here is suitable to be
further evaluated in larger field experiments.
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5 - CONSIDERACOES FINAIS

Detection of genomes of Bovine herpesvirus 2 but no Bovine herpesvirus 4 and
Ovine herpesvirus 2 DNA in trigeminal ganglia of cattle

O trabalho sobre a deteccdo de BoHV-2, BoHV-4 e OvHV-2 identificou a presenca
do DNA de BoHV-2 em ganglios trigémeos e evidenciando que os ganglios trigémeos de
bovinos podem ser um sitio de laténcia para BoHV-2, mas ndo para BoHV-4 e OvHV-2.
Além disso, pela primeira vez foi demonstrado que um bovino pode estar latentemente
infectado por trés herpesvirus distintos: BoHV-1, BoHV-2 e BoHV-5.

Efficacy of an inactivated, recombinant bovine herpesvirus type 5 (BoHV-5)
vaccine

No segundo capitulo desta tese a eficacia de uma vacina inativada preparada com
adjuvante oleoso e uma amostra de BoHV-5 recombinante foi avaliada. Concluiu-se que a
vacina inativada n&o evitou o estabelecimento da laténcia e nem impediu a reativacéo viral
induzida por dexametasona, entretanto ela foi capaz de conferir protecdo a encefalite nos
animais vacinados ap6s o desafio com o virus selvagem. Além disso, essa amostra
apresenta o potencial para aproveitamento como vacina diferencial, embora este aspecto

nao tenha sido avaliado neste estudo.
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