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RESUMO

Dissertacao de Mestrado
Programa de Pés-graduagdo em Medicina Veterindria
Universidade Federal de Santa Maria

ATENUACAOE IMUNOGENICIDADE DE UMA CEPA
RECOMBINANTE DO HERPESVIRUS BOVINO TIPO 5 DEFECTIVA

NA GLICOPROTEINA E E ENZIMA TIMIDINA QUINASE
AUTOR: DENIZ ANZILIERO
ORIENTADOR: RUDI WEIBLEN
Santa Maria, 16 de agosto de 2010

O presente trabalho descreve a atenuacdo/viruléncia e imunogenicidade de uma cepa
recombinante do herpesvirus bovino tipo 5 (BoHV-5) candidata a cepa vacinal. O
recombinante BoHV-5gE/TKA foi construido a partir da cepa brasileira SV507/99 e contém
dele¢des nos genes da glicoproteina E (gE) — como marcador antigénico - e da enzima
timidina quinase (TK), para atenuacdo. No capitulo 1, investigou-se a atenuagdo e
imunogenicidade do recombinante em bezerros. Bezerros com 80 a 90 dias de idade (n=6),
inoculados pela via intranasal (IN) com o virus recombinante (titulo de 10" TCIDsy) ndo
apresentaram sinais clinicos, e excretaram titulos baixos de virus nas secre¢des nasais. No dia
30 pos-infeccdo (pi), todos os animais possuiam anticorpos neutralizantes contra o BoHV-5,
em titulos entre 4 e 8§, permanecendo soronegativos para a gE. Administragdo de
dexametasona (Dx) a quatro desses bezerros no dia 42 pi (0.1mg/kg/dia durante 5 dias) ndo
resultou em excrecdo viral ou em aumento dos titulos de anticorpos, indicando auséncia de
reativagdo viral. Em um segundo experimento, vacinacao intramuscular (IM) de bezerros com
8 meses de idade (n=9) com o recombinante (107’5TCID50/animal) nao resultou em excre¢ao
viral ou em manifestagdes clinicas. Os animais vacinados desenvolveram anticorpos
neutralizantes em titulos de 2 a 8 no dia 42 pds-vacinagdo (PV) e permaneceram negativos
para anticorpos anti-gE. Finalmente, 21 bezerros (aproximadamente 10 meses de idade) foram
vacinados com o recombinante (10" TCIDs) pela via IM. Todos os animais vacinados
desenvolveram anticorpos neutralizantes em titulos de 2 a 16 no dia 30pv. Revacinagao desses
animais no dia 240 pv provocou uma resposta anamnéstica rapida e intensa, resultando em
titulos neutralizantes entre 16 e 256 no dia 14 pos-revacinagdo. O soro de todos os animais
permaneceu negativo para anticorpos contra a gE. Amostras de soro dos animais vacinados
apresentaram atividade neutralizante cruzada frente a nove isolados de BoHV-5 e oito de

BoHV-1. O capitulo 2 relata uma investigacdo sobre a imunogenicidade e protecdo conferida



pelo virus recombinante frente a desafio homoélogo (BoHV-5) e heter6logo (BoHV-1). Para
isso, nove bezerros soronegativos para o BoHV-5 foram vacinados pela via intramuscular
com uma dose de 107’5DICC50 do virus recombinante e oito animais foram mantidos como
controle. Todos os animais vacinados soroconverteram aos 14 dias pos-vacinagdo (pv),
apresentando titulos de anticorpos neutralizantes entre 2 e 4. No dia 42 p6s-vacinagdo (pv), os
animais vacinados e os controles foram desafiados pela inoculagdo intranasal (IN) de isolados
de BoHV-5 ou de BoHV-1. Apos o desafio, a excre¢do de virus pelos animais vacinados foi
reduzida em comparagdo com os nao vacinados, nos dois grupos (desafiados com BoHV-1 e
BoHV-5). Os animais vacinados também ndo apresentaram sinais clinicos sistémicos,
respiratorios ou neuroldgicos pos desafio. Por outro lado, os animais controles inoculados
com o BoHV-5 (n=4) desenvolveram doenca neurologica severa e foram eutanasiados in
extremis entre os dias 13 e 14 pos-desafio (pd). O desafio provocou uma resposta anamnéstica
intensa e rdpida nos animais vacinados, induzindo titulos neutralizantes superiores aos
animais ndo vacinados. Anticorpos contra a gE foram detectados apenas apds o desafio, tanto
nos vacinados quanto nos controles. Esses resultados indicam que o recombinante BoHV-5
gB/TKA ¢ um candidato adequado a cepa vacinal com marcador antigénico, pois € atenuado e

imunogénico para bezerros, confere prote¢do homoéloga e também contra o BoHV-1.

Palavras-chave: BoHV-5, BoHV-1, doencas de bovinos, virus recombinante, vacina

diferencial.
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The present study describes an investigation of the attenuation/virulence and immunogenicity
of a recombinant BoHV-5, a candidate vaccine strain. The recombinant BoHV-5gE/TKA was
constructed out of a Brazilian BoHV-5 strain (SV507/99) and contains deletions in
glycoprotein E (gE) gene — as antigenic marker - and thymidine kinase (TK) gene for
attenuation. In Chapter 1, we investigated the attenuation and immunogenicity of the
recombinant in calves. Eighty-to-ninety days old calves (n=6) inoculated intranasally (IN)
with the recombinant virus (titer of 10”> TCIDs,) showed no clinical signs, and shed low titers
of virus in nasal secretions. On day 30 post-infection (pi), all animals had neutralizing
antibodies against BoHV-5, in titers from 4 to 8 and remained negative for antibodies to
gE. Administration of dexamethasone (Dx) to four of these calves at day 42 pi (0.1mg/kg/day
during 5 days) did not result in virus shedding or increase in antibody titers, indicating lack of
viral reactivation. In a second experiment, intramuscular immunization (IM) of calves with 8
months of age (n=9) with the recombinant virus (10" TCIDs¢/animal) did not result in virus
shedding or clinical signs. Vaccinated animals developed neutralizing antibodies in titers from
2 to 8 at day 42 post-vaccination (PV) and remained negative for gE antibodies. Finally, 21
calves (approximately 10 months old) were vaccinated IM with the recombinant virus
(1072 TCIDsy). All vaccinated animals developed neutralizing antibodies in titers from 2 to 16
at day 30pv. A boost vaccination performed on those animals at day 240 pv resulted in a rapid
and strong anamnestic antibody response, with VN titers reaching from 16 to 256 at day 14
post-booster. Serum samples of all animals remained negative for gE antibodies. Serum
samples from vaccinated animals showed cross-neutralizing activity against nine field isolates

of BoHV-5 and eight of BoHV-1. Chapter 2 describes an investigation of the immunogenicity



and protection conferred by the recombinant virus against homologous (BoHV-5)

heterologous challenge (BoHV-1). A group of nine calves seronegative for BoHV-5 were
vaccinated IM in a dose of 107 TCIDsg of the recombinant virus and eight animals were
maintained as non vaccinated controls. All vaccinated animals seroconverted 14 days post-
vaccination (pv), with neutralizing antibody titers from 2 to 4. At day 42 post-vaccination
(pv), the vaccinated animals and controls were challenged by IN instillation of BoHV-5 or
BoHV-1 isolates. After challenge, the length and magnitude of virus shedding was reduced in
vaccinated animals compared to controls in both groups (challenged with BoHV-1 and
BoHV-5). The vaccinated animals did not show systemic, respiratory or neurological clinical
signs after challenge. Furthermore, the control animals challenged with BoHV-5 (n=4)
developed severe neurological disease and were euthanized in extremis between days 13 and
14 post-challenge (pd). The challenge resulted in a strong and rapid anamnestic response in
vaccinated animals, inducing neutralizing titers higher than in control animals. Antibodies to
gE were detected only after challenge in both vaccinated and controls calves. These results
indicate that recombinant BoHV-5 gE/TKA is an adequate candidate for a vaccine strain, with
an antigenic marker, since it is attenuated and immunogenic for calves and provides

homologous and heterologous (BoHV-1) protection.

Key words: BoHV-5, BoHV-1, cattle disease, recombinant virus, differential vaccine.
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1. INTRODUCAO

O herpesvirus bovino tipo 5 (BoHV-5) ¢ um virus envelopado, com genoma DNA de
fita dupla com aproximadamente 138 quilobases (kb), pertencente a familia Herpesviridae,
subfamilia Alphaherpesvirinae, género Varicellovirus (ROIZMAN et al., 1992). O BoHV-5 ¢
o agente etiologico da meningoencefalite herpética bovina, enfermidade de ocorréncia mais
frequente em animais jovens e submetidos a situagdes de estresse (SALVADOR et al., 1998;
COLODEL et al., 2002; ELIAS et al., 2004; RISSI, et al., 2006). A doenga ¢ caracterizada por
apatia profunda, tremores, andar cambaleante e/ou em circulos, bruxismo, protusao de lingua,
flexionamento do pescogo, opistdtono, salivagdo excessiva, pressionamento da cabeca contra
anteparos, ataxia, decubito, convulsdes e morte (RISSI et al., 2007). O agente ja foi descrito
em varios continentes, no entanto, parece ocorrer com maior frequéncia na América do Sul,
sobretudo no Brasil e na Argentina (CARRILLO et al., 1983; SALVADOR et al., 1998;
SILVA et al., 2007). O BoHV-5 possui aproximadamente 82% de identidade de aminoacidos
com o BoHV-1, agente da rinotraqueite infecciosa bovina (IBR) (DELHON et al., 2003) .
Devido a essa similaridade e a extensa reatividade sorolégica cruzada, parte dos surtos
envolvendo doeng¢a neuroldgica por herpesvirus foram atribuidos ao BoHV-1, o que contribui
para a indefini¢do sobre a real prevaléncia e distribuicao das infec¢oes (DELHON et al.,
2003).

A transmissdao do BoHV-1 e 5 ocorre preferencialmente por contato direto ou indireto
(ENGELS & ACKERMANN, 1996). O virus penetra pelo trato respiratdrio superior, onde
estabelece uma fase de replicacdo primdria, apos a qual, o virus invade os neurOnios
sensoriais regionais, onde pode replicar ativamente ou estabelecer laténcia. A partir dai, a
infeccdo pode progredir para o estabelecimento de infec¢do latente, sem replicagdo ou
producdo de progénie viral; ou o virus pode invadir o sistema nervoso central (SNC), onde
replica e dissemina-se causando meningoencefalite de curso frequentemente fatal
(CHOWDHURY et al., 1997; SILVA et al., 1999; DIEL et al., 2005). Estudos realizados em
bovinos e em coelhos tem demonstrado que a infec¢do do cortex pela via olfatdria (bulbo
olfatorio) constitui-se a principal via de acesso do virus ao SNC. Dessa forma, duas vias
parecem ser importantes para a neuroinvasdo, uma vez que, o transporte pela via trigeminal
permite ao virus alcancar o ganglio trigémeo e estabelecer infec¢ao latente (CHOWDHURY

etal., 1997; LEE et al., 1999; DIEL et al., 2005).
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A vacinacdo representa a estratégia mais eficaz no controle de infec¢des causadas por
herpesvirus bovino e, tem sido amplamente utilizada no controle e erradicacdo destas
infeccdes (VAN OIRSCHOT, 1999). Em geral, as vacinas para os herpesvirus podem ser
inativadas ou atenuadas, ¢ convencionais ou diferenciais (VAN OIRSCHOT et al., 1996a;
VAN DRUNEN LITTEL-VAN DEN HURK, 2007). As vacinas convencionais, inativadas ou
atenuadas, tem sido amplamente utilizadas no controle e erradicacdo do BoHV-1 em varios
paises (VAN OIRSCHOT, 1999; JONES & CHOWDHURY, 2007; VAN DRUNEN
LITTEL-VAN DEN HURK, 2007). As vacinas inativadas estimulam preferencialmente a
resposta humoral, induzem resposta imune em niveis moderados e passageiros e geralmente
necessitam refor¢os para induzir protecdo adequada (VAN OIRSCHOT, 1999; JONES &
CHOWDHURY, 2007; VAN DRUNEN LITTEL-VAN DEN HURK, 2007). Por outro lado,
as vacinas atenuadas estimulam tanto a resposta humoral quanto celular, e induzem uma
imunidade de maior magnitude e duracio (VAN DRUNEN LITTEL-VAN DEN HURK,
2007). Uma importante restricdo as vacinas convencionais, inativadas ou atenuadas, ¢ a
impossibilidade da diferenciacdo sorologica entre animais vacinados e infectados
naturalmente (VAN DRUNEN LITTEL-VAN DEN HURK, 2006).

As vacinas diferenciais, inativadas ou atenuadas, sdo baseadas em cepas virais
contendo delegdes de um ou mais genes ndo-essenciais que codificam proteinas
imunogeénicas, o que torna possivel a diferenciagdo soroldgica dos animais vacinados (VAN
OIRSCHOT et al., 1996b). Ha alguns anos, vacinas diferenciais para o BoHV-1 ¢ PRV vem
sendo utilizadas em varios paises como medida de controle e erradicagdo destas enfermidades
(VAN OIRSCHOT, 1999; ACKERMANN & ENGELS, 2006).

O BoHV-5 possui mais de dez glicoproteinas no envelope, que desempenham
importantes fungdes na biologia do virus, pela mediagdo da penetragdao nas células, fusdo,
disseminagdo direta entre células e interagdo com o sistema imunoldgico do hospedeiro
(SCHWYZER & ACKERMANN, 1996). As glicoproteinas podem ser classificadas em
essenciais, quando sdo necessarias para replicacdo viral produtiva em células de cultivo, e
ndo-essenciais, se sao dispensaveis para a multiplicagdo viral in vitro (SCHWYZER &
ACKERMANN, 1996; METTENLEITER, 2003).

Delecdes em alguns genes dos alfaherpesvirus vem sendo realizadas para o estudo da
funcdo dos produtos génicos na replicagdo viral. Essas delecdes tem resultado em atenuagdo
do virus, tanto nos hospedeiros naturais como em modelos experimentais
(METTENLEITTER, 2003). Nos herpesvirus bovino, varios genes sdo candidatos potenciais

a dele¢do para fins de atenuacdo e de marcacdo antigénica. Em especial, as glicoproteinas nao
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essenciais do envelope sdo candidatas adequadas para essa finalidade. Assim, varias
glicoproteinas de envelope dos herpesvirus ja foram deletadas e, os virus resultantes, testados
como cepas vacinais (KAASHOEK et al.,, 1998; VAN OIRSCHOT, 1999). Uma dessas
glicoproteinas, a glicoproteina E (gE), desempenha importante papel na neuroviruléncia e
neuroinvasividade do BoHV-5. Delegdes na glicoproteina E limitam o transposrte viral ao
longo dos neurdnios, restringindo assim, a infec¢do viral de neuronios de segunda e terceira
ordem, consequentemente reduzindo a disseminagdo do virus no sistema nervoso central
(CHOWDHURY et al.,, 1999). Utilizando o BoHV-1 e o herpesvirus suino (virus da
pseudoraiva, PRV) como modelos, a delecdo da glicoproteina gE resultou em reducao
significativa da neuroviruléncia. No entanto, somente a delecdo da gE parece ndo ser
suficiente para a atenuagdo dos herpesvirus bovinos 1 e 5 (KAASHOEK et al., 1998;
CHOWDHURY et al., 2000; AL-MUBARAK et al., 2004; SILVA et al., 2010). Assim, a
atenuacdo completa de cepas dos herpesvirus bovino para uso em vacinas pode requerer
delecdo/inativagdo de genes adicionais. Nesse sentido, outros genes ndo essenciais, cOmo o
gene que codifica a enzima timidina quinase (TK) tem sido alvo de dele¢do com fins de
atenuagao de herpesvirus bovino e do PRV (CHOWDHURY, 1996; FERRARI et al., 2000;
CHEN et al., 2004). A dele¢@o da enzima timidina quinase promove a reducdo da viruléncia
do herpesvirus, uma vez que, essa enzima esté relacionada com a fosforilacdo de nucleotideos
necessarios a sitnese de DNA viral em células que ndo sofrem divisdo, como 0s neuronios
(MITAL, FIELD, 1989). Dessa forma, cepas vacinais do BoHV-1 e PRV frequentemente
contém dele¢do/inativacdo do gene de uma glicoproteina ndo essencial (geralmente e gE)
como marcador antigénico, além de uma delecdo adicional (frequentemente a TK) para
conferir atenuacao adequada (KAASHOEK et al., 1996).

Viérias vacinas nacionais e/ou importadas contendo antigenos inativados do BoHV-1
estdo atualmente disponiveis no mercado brasileiro. Contudo, varios laboratorios nacionais
iniciaram o desenvolvimento de novas vacinas, tanto pela constante restri¢do da importagao
de imunobiologicos, bem como, pela necessidade de se incluir isolados locais de BoHV-1 e 5
nas formulagdes vacinais. Algumas dessas vacinas hoje disponiveis foram avaliadas quanto a
imunogenicidade em bovinos e, foi demonstrado que grande parte ndao induz niveis
satisfatorios de anticorpos neutralizantes contra o BoHV-1 e BoHV-5 (VOGEL et al., 2002;
SILVA et al., 2007).

Recentemente foi relatada a construcao e caracterizagdo de trés cepas recombinantes
do BoHV-5 defectivas nos genes da gE, TK e ambos. A caracterizagdo in vitro dos trés

recombinantes (BoHV-5 gEA; BoHV-5 TKA; BoHV-5 gE/TKA) demonstrou que as delegdes
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ndo alteram a capacidade de replicagdo em cultivo celular, demonstrando a viabilidade dos
recombinantes e, sua possivel utilizagio em formulagdes vacinais (BRUM, 2009). Esses
recombinantes também foram avaliados com relagdo a sua atenuacdo em um modelo
experimental em coelhos (SILVA et al.,, 2010). Este trabalho demonstrou que somente a
dele¢do na gE ndo foi suficiente para a atenuagdo do BoHV-5, uma vez que, alguns animais
inoculados com o BoHV-5 gEA desenvolveram doenca neurologica grave.

Quando avaliada a imunogenicidade do recombinante BoHV-5gE/TKA, numa
formulacdo de uma vacina inativada oleosa, todos os animais soroconverteram apds a
administragdo da segunda dose vacinal. A sorologia realizada com as amostras de soro destes
animais frente a isolados heterdlogos de BoHV-1 demonstrou uma reatividade soroldgica
similar as obtidas frente a isolados homologos de BoHV-5. Utilizando-se um kit ELISA anti-
BoHV-1 gE foi possivel de se avaliar a propriedade de marcador sorologico da vacina, onde
todos os animais vacinados permaneceram soronegativos para gE até o fim do experimento
(BRUM et al., 2010).

Os resultados obtidos até o momento demonstraram que o recombinante BoHV-5
gBE/TKA apresentou-se como um candidato potencial para uso em formulagdes vacinais, uma
vez que demonstrou ser atenuado em coelhos e com boa capacidade imunogénica em
bezerros.

O presente trabalho descreve dois experimentos realizados com o recombinante
BoHV-5 gE/TKA em bezerros. No capitulo I estdo descritos experimentos realizados para
investigar a atenuacao/viruléncia do recombinante BoHV-5 gE/TKA em bezerros inoculados
pela via intranasal (IN) e intramuscular (IM) e a sua imunogenicidade. Esse trabalho também
avaliou a reatividade sorologica dos animais vacinados frente a isolados homologos e
heter6logos de BoHV-5 e BoHV-1, respectivamente. No capitulo II sdo descritos os
resultados do experimento para investigar a capacidade de conferir protecao frente a desafio

com isolados de BoHV-1 e BoHV-5.
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Abstract

We herein report an investigation on the attenuation and immunogenicity of a
recombinant bovine herpesvirus 5 (BoHV-5), defective in glycoprotein E (gE) and thymidine
kinase (tk) genes (BoHV-5gE/TKA) constructed out of a Brazilian strain. First, 80 to 90-days-
old seronegative calves (n=6) inoculated intranasally with the recombinant (10’ TCIDs) shed
virus in low titers for up to 6 days, and did not develop clinical signs. At day 30 post-infection
(pi) all calves had virus-neutralizing (VN) antibodies in titers of 4 to 8 and were negative for
anti-gE antibodies. Administration of dexamethasone (0.1mg/kg/day during 5 days) at day 42
pi did not result in virus shedding or increase in VN titers. Secondly, a group of 8 months-old
calves (n=9) vaccinated intramuscularly (IM) with the recombinant virus (10"°TCIDs) did
not shed virus in nasal secretions, remained healthy and developed VN titers from 2 to 8 post-
vaccination (pv). Lastly, 21 calves maintained under field conditions vaccinated IM with the
recombinant virus (10"°TCIDsg) developed VN titers from 2 to 16 at day 30 pv. A boost
vaccination performed at day 240 pv resulted in a rapid and strong anamnestic antibody
response (titers from 16 to 256). Selected serum samples from vaccinated animals showed a
broad VN activity against nine BoHV-5 and eight BoHV-1 field isolates. These results show
that the recombinant virus is attenuated and immunogenic for calves, and induces an antibody
response differentiable from that induced by natural infection. Thus, the recombinant BoHV-
5gE/TKA is an adequate candidate strain for a modified live vaccine.

Keywords:-bovine herpesvirus 5, recombinant, differential vaccine.

1.Introduction

Bovine herpesvirus type 5 (BoHV-5) is the agent of meningoencephalitis in cattle and
is closely related to bovine herpesvirus 1 (BoHV-1), a virus associated with respiratory

(infectious bovine rhinotracheitis, IBR), reproductive disease (vulvovaginitis/balanopostitis
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IPV/IBP) and abortions in cattle (Studdert, 1990; Kahrs, 2001). BoHV-1 and BoHV-5 are
enveloped, double stranded DNA viruses, belonging to the subfamily Alphaherpesvirinae,
genus Varicellovirus (Roizman, 1992). Following primary infection, these viruses establish
lifelong latency in neurons of the trigeminal ganglia (TG) or central nervous system (CNS)
(Rock, 1994; Vogel et al.,, 2003). Latently infected animals are the main reservoirs of
infection in nature, from which the virus can be periodically reactivated and transmitted to
susceptible animals (Rock, 1994; Engels & Ackermann, 1996).

Bovine herperviruses 1 and 5 share a high antigenic similarity and display an
extensive serological cross-reactivity. As a consequence, these viruses can not be
distinguished by routine serological/immunodiagnostic tests (Bratanich et al., 1991; Vogel et
al., 2002; Holtz et al., 2009). These agents are widespread among South American cattle and
are associated with important losses to the livestock industry. BoHV-5 infection seems to be
particularly prevalent in Argentina and Brazil where numerous outbreaks are reported every
year (Carrillo et al., 1983; Salvador et al., 1998; Colodel et al., 2002; Rissi et al., 2007).

Vaccination represents an efficient strategy to control bovine herpesvirus infections in
the field (Ackermann & Engels, 2006; Van Drunen-Littel van den Hurk, 2006). The main goal
of vaccination is to prevent or reduce the severity of clinical disease and reduce/prevent virus
shedding and transmission (Ackermann & Engels, 2006; Van Drunen-Littel van den Hurk,
2006). Several BoHV-1 vaccines are commercially available in South America, most of them
based on conventional inactivated viruses and, at least one, containing a temperature-
sensitive, modified live virus (MLV) (Flores, E.F. unpublished). Few vaccines contain BoHV-
5 antigens in their formulations, none of them based on live virus. Nonetheless, the antigenic
similarity and serological cross-reactivity between BoHV-1 and -5 have led to the concept
that vaccines containing either virus could be of value to control infection by the homologous

and also by the heterologous virus (Bratanich et al., 1991; Vogel et al., 2002; Del Médico



19

Zajac et al., 2006; Brum et al., 2010b). In any case, an important restriction for the use of
conventional vaccines — either inactivated or live - is the impossibility of differentiation
between vaccinated and naturally, latently infected animals (Van Oirschot et al., 1996). This
restriction assumes special importance considering scenarios of control/eradication programs
either at herd or at country level (Van Oirschot et al., 1996; Ackermann & Engels, 2006; Van
Drunen-Littel van den Hurk, 2006).

Differential vaccines (DIVA, for “differentiating infected from vaccinated animals”),
usually produced by gene deletion, are based on the capacity of the vaccine virus to induce a
serological response differentiable from that induced by natural infection (Van Oirschot et al.,
1996). Such vaccines have been widely used to control pseudorabies virus (PRV) and BoHV-
1 infections in several countries (Van Oirschot et al., 1996; Van Drunen-Littel van den Hurk,
2006). A gE-deleted BoHV-1 recombinant strain has been previously constructed out a
Brazilian BoHV-1.2 isolate (Franco et al., 2002a), but is not yet commercially available.

The non-essential viral envelope glycoprotein E (gE) is considered the most suitable
antigenic marker for the production of BoHV-1 differential vaccines (Van Oirschot et al.,
1996; Kaashoek et al., 1996; 1998). In addition to provide an antigenic marker, gE deletion
from BoHV-1 and BoHV-5 genomes contributes for virus attenuation (Van Engelenburg et
al., 1994; Kaashoek et al., 1996; 1998; Franco et al., 2002b; Silva et al., 2010). Nevertheless,
the sole deletion of gE from BoHV-5 genome does not result in complete attenuation, and
additional gene (s) deletion (s) may be required to produce fully attenuated vaccine strains
(Chowdhury et al., 2000; Silva et al., 2010). In this sense, the deletion of thymidine kinase
(tk) gene has shown to significantly contribute for attenuation of BoHV-1 vaccine candidate
strains (Kit et al., 1985; Van Engelenburg et al., 1994; Kaashoek et al., 1996). A tk-deleted

recombinant BoHV-5 was shown to be fully attenuated in a rabbit model (Silva et al., 2010).
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Our group described the construction and in vitro characterization of a double mutant
BoHV-5 lacking both gE and tk genes (BoHV-5gEATKA) out of a highly neurovirulent
Brazilian BoHV-5 strain (Brum et al., 2010a). The experiments described in the present
article investigated: 1. The virulence/attenuation of the recombinant strain in calves following
intranasal (IN) and intramuscular (IM) inoculation; ii. The ability of the recombinant to
reactivate latent infection and, iii. Its immunogenicity in calves following primary and booster
immunizations. Iv. In addition, the spectrum of serological reactivity of BoHV-5gEATKA
was assayed by testing sera from immunized calves against several BoHV-1 and BoHV-5

field isolates.

2. Material and methods

Experimental design

Three independent experiments were conducted to investigate the
virulence/attenuation and immunogenicity of the recombinant strain BoHV-5 gE/TKA for
calves. In the first experiment (Exp. [), six calves were inoculated intranasally (IN) and
the acute infection was monitored in virological, clinical and serological aspects. At day
42 pi, an attempt to reactivate latent infection was performed by inoculating the calves
with dexamethasone (Dx). The second experiment (Exp. 2) consisted of intramuscular
(IM) vaccination of nine calves with the recombinant virus, followed by virological,
clinical and serological monitoring. In the third experiment (Exp. 3), 21 calves were
vaccinated IM and revaccinated 240 days later; serology was performed after vaccination
and after booster. Post-inoculation/vaccination sera from all groups were tested by virus

neutralizing (VN) assays and selected samples were also assayed for gE antibodies.



Cells and viruses

All procedures of virus amplification, quantitation, isolation and VN assays used a
MDBK-derived cell line named CRIB (Flores & Donis, 1995). Cells were cultured in
minimal essential medium (MEM), containing ampicillin (1.6mg/L), streptomycin
(0.4mg/L), amphotericin (2mg/L), supplemented with 10% fetal bovine serum (Cultilab,
Brazil). The construction and characterization in vitro of the double mutant BoHV-5
gE/TKA have been previously described (Brum et al., 2010a). The viruses used for cross-
VN assays were the parental BoHV-5 strain (SV-507/99), nine BoHV-5 and eight BoHV-
1 Brazilian isolates previously characterized by Silva et al. (2007). Virus stocks of all

viruses were produced in CRIB cells, aliquoted and stored at -80°C.
Animals, virus inoculation and monitoring

Experiment I: six Holstein male calves, aging 80 — 90 days, seronegative to
BoHV-1 and BoHV-5 by VN were used for virus inoculation. The animals were
inoculated by IN instillation of a virus suspension containing 107'5TCID50 of the
recombinant virus (passage 5). During 20 days, the animals were monitored clinically
twice a day: body temperature, nasal and respiratory signs, systemic and/or neurological
signs. Nasal swabs collected on a daily basis were submitted to virus isolation. Blood for
serology was collected at day 0 and 32 pi. At day 42 pi, the calves were submitted to Dx
administration (Decadronal) in a regimen of five daily dosis of 0.1mg/kg/day by the IM
route. After Dx inoculation, the animals were monitored daily up to day 15 pDx as
described during acute infection. Nasal swabs were collected for virus isolation and

quantitation; serum samples were collected for serology.

Experiment 2: nine calves approximately 8 months-old, of both genders, weighing
around 160 kg and tested negative for BoHV-1 and BoHV-5 antibodies were used. The

animals were inoculated IM with a virus suspension containing 107'5TCID50 of the
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recombinant virus. Clinical examination and collection of nasal secretions for virus
isolation were performed in a daily basis up to day 15 pi. Blood for serology was collected

at day 0, 14, 21 and 42 pi.

Experiment 3: 24 calves of both genders, approximately 10 months-old, weighing
around 140-160kg and tested negative for BoHV-1 and BoHV-5 antibodies were
vaccinated IM with a virus suspension containing the recombinant virus (10">TCIDs) and
revaccinated (IM, same viral dose) at day 240 post vaccination (pv). Blood for serology

was collected at days 30, 70 and 240 pv and day 14 post-booster (254 days pv).
Sample processing

Virus isolation and quantitation - Nasal swabs collected from inoculated animals
were submitted to virus isolation. The swabs were vortexed vigorously, low-speed
centrifuged. The supernatants were inoculated onto CRIB cells monolayers grown on 24-
well plates and submitted to three passages of five days each. The infectivity of the
samples that were positive for virus was subsequently quantified by limiting dilution.
Virus titers were calculated according to Reed & Muench (1938) and expressed as

IOgloTCIDs()/mL.

Serology - Serum samples were submitted to a standard VN assay, testing two-fold
dilutions of sera against a fixed dose (100-200TCIDsp) of the recombinant virus. Serum
samples collected from selected animals in Experiment # 3 were tested by VN against
nine BoHV-5 and eight BoHV-1 isolates (Figure 1). The virus-sera mixtures were
incubated 2h, following by addition of a suspension of CRIB cells; test readings were
conducted after 72h of incubation. The antibody titers, expressed as the reciprocal of the
highest dilution of sera that prevented the production of cytopathic effect (CPE) in the

monolayers, were transformed in GMT (geometric mean titer [Thrusfield, 1986]) for the
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calculation of the mean antibody titers of each group. Selected serum samples of animals

from all groups were also submitted to a gE-specific ELISA (IDEXX Inc.).

All procedures of animal handling and experimentation were conducted under
veterinary supervision and according to recommendations by the Brazilian Committee of
Animal Experimentation (COBEA, law #6.638 of May, g™ 1979). The experiment was

approved by an Institutional Animal Ethics Committee (UFSM, approval # 48/2006).

3. Results

Experiment 1 - Intranasal inoculation of BoHV-5gE/TKA in young calves -
Even though an eventual live vaccine using the recombinant strain would be designed for
parenteral administration, we initially investigated its virulence/attenuation for calves
upon IN instillation. Inoculation of a virus suspension containing the recombinant virus
(titer of 10" TCIDs0) in the nose of young calves was followed by virus replication and
shedding from day 1 to 6pi (Table 1). Virus shedding titers peaked at 10**TCIDso/ml at
day 4pi and then progressively declined (not shown). No infectivity was detected in swabs
collected after day 6pi. Inoculated animals did not present any systemic or neurological
sign of infection; only a mild nasal secretion was observed in two calves between days 2
and 4pi. All inoculated animals seroconverted to BoHV-5 after acute infection. VN titers
to the homologous virus ranged from 4 to 8 at day 32 pi. Despite of being VN positive, at

day 32pi all calves remained negative for gE antibodies (Table 1).

Attempts to reactivate latent infection at day 42pi in four animals through Dx
administration failed to induce virus shedding or increase in VN titers (Table 1). Likewise,

Dx-treated calves did not develop local or systemic signs of infection after treatment.
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Again, calves inoculated with the recombinant and inoculated with Dx remained negative

for gE antibodies at day 30 pDx.

These results demonstrate that the recombinant virus is attenuated for 3-months-
old calves upon IN instillation — even in a considerably high titer — yet replicates in the
nose as to induce a measurable VN response. Further, the failure to recover virus and to
detect increase in VN titers after Dx administration indicates that the recombinant virus is
not readily reactivated from latency. Lastly, inoculated calves did not produce anti-gE

antibodies.

Taken together, these results demonstrate the attenuation and immunogenicity of
the recombinant virus for 3-months-old calves. Previously, we have demonstrated the
attenuation of BoHV-5gE/TKA strain for rabbits, an experimental model for BoHV-5

neurological disease (Silva et al., 2010).

Experiment 2 - Intramuscular vaccination of 8-months-old calves with BoHV-
S5gE/TKA — Next, we inoculated calves with the recombinant virus by the IM route to
investigate 1its ability to replicate and to induce a VN response upon parenteral
administration. None of the calves inoculated IM with the vaccine candidate strain (titer of
10"°TCIDsp) shed virus in nasal secretions or presented systemic signs of infection in the
days following inoculation (Table 2; not shown). VN tests performed with sera collected
at day 14, 21 and 42 pv revealed neutralizing titers from 2 to 4 to the homologous virus.
All calves were negative for gE antibodies in the anti-gE-specific ELISA performed at day

42 pv (Table 2).

Experiment 3 - Intramuscular vaccination of 10-months-old calves with
BoHV-5gE/TKA — The last experiment was designed to evaluate the VN serological
response to vaccination in 24 calves after IM vaccination and following a boost

immunization performed 8 months later. Primary immunization resulted in detectable VN
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titers in 15/21 animals, in titers ranging from 2 to 8 at day 30 pv (Table 3). The vaccinated
calves were maintained further, and VN tests performed with sera collected at day 240 pv
revealed a slight reduction in mean titers. (Table 3, Figure 1). A boost immunization
performed at day 240 pv resulted in a strong anamnestic response in all animals, with VN
titers reaching from 16 to 256 at day 14 post-revaccination. Even animals harboring low

VN titers at day 240 responded effectively to the booster immunization (Table 3).

Selected serum samples collected at different time points after immunization (VN
titers of 4, 8, 16 and 32 against the homologous virus) reacted with a range of BoHV-5
and BoHV-1 isolates in VN tests (Figure 2). In general, VN titers against BoHV-5 isolates
were identical, one dilution above or below that to the homologous virus. When tested
against BoHV-1 isolates, the three sera reacted in identical dilution, one or two dilutions
below that against the recombinant. A serum sample with VN titer of 4 to the homologous
virus showed VN titer of 8 against one BoHV-1 isolate (SV 1313/93) and > 2 against the
other BoHV-1 isolates (not shown). These results show the broad spectrum of reactivity of

the antisera produced in response to immunization with the recombinant BoHV-5gE/TKA.

4.Discussion

The experiments described herein demonstrate the attenuation and
immunogenicity for calves of the recombinant BoHV-5 gE/TKA, a candidate vaccine
strain. The attenuation was initially demonstrated by IN inoculation of a high virus titer in
young, highly susceptible calves. Attenuation was also demonstrated in a group of 8-
months-old calves inoculated IM, a route routinely used for administration of MLV
vaccines. The immunogenicity of the recombinant was further demonstrated in a third
group of calves (vaccinated by the IM route) by the induction of a VN response of

adequate magnitude in most animals. In addition, VN antibodies developed by vaccinated
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animals showed a broad spectrum of reactivity with BoHV-5 and BoHV-1 field isolates.
Lastly, vaccinated/inoculated animals of all three experimental groups remained negative
for gE antibodies. Taken together, these results are promising towards the use of the

recombinant virus in vaccine formulations.

The need for a safe, effective and antigenically marked vaccine has led to the
development of recombinant vaccines to be used in Brazil and other South American
countries. A gE-deleted BoHV-1 recombinant strain was constructed out a Brazilian
BoHV-1.2 isolate (Franco et al., 2002a). The recombinant was attenuated for cattle and
induced protection against BoHV-1 by intranasal (Franco et al., 2002b) and genital
challenge (Weiss et al., 2010). Recently, a double deletion mutant, defective in the
glycoprotein (gE) and thymidine kinase (tk) genes was constructed out of a neurovirulent,
well characterized Brazilian BoHV-5 strain (Brum et al., 2010a). Although other
herpesvirus glycoproteins have been targeted for deletion (Flores et al., 1993; Van
Oirschot et al., 1996; Kaashoek et al., 1998), gE has shown to be a suitable antigenic
marker (Van Oirschot et al., 1996; Kaashoek et al., 1996; 1998; Franco et al., 2002a; Van

Drunen Little-van den Hurk, 2006).

Bovine herpesvirus 1 and PRV gE- negative vaccines have been now used for
years in several European countries, the US and Japan (Van Oirschot et al., 1996; Van
Drunen Littel-van den Hurk et al., 2006). A few studies investigating the effect of gE
deletion on BoHV-5 virulence indicate that the sole gE deletion may not suffice to
produce adequate attenuation, at least in the rabbit model (Chowdhury et al., 2000; Silva
et al., 2010). Thus, we introduced an additional deletion in the viral genome, targeting the
gene encoding the enzyme thymidine kinase (tk) (Brum et al., 2010a). Bovine herpesvirus

tk-deletion mutants have been shown to be attenuated, probably due to a defective
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replication in neurons (Kit et al., 1985; Whetstone et al., 1992; Van Engelenburg et al.,

1994; Kaashoek et al., 1996; Silva et al., 2010).

The attenuation of the recombinant BoHV-5gE/TKA was previously demonstrated
in a rabbit model (Silva et al., 2010). Weanling rabbits inoculated IN with the double
mutant replicated and shed much less virus, and for a shorter period than rabbits
inoculated with the parental virus, and remained healthy during acute infection (Silva et
al., 2010). In addition, the recombinant virus was not reactivated from latent infection
upon Dx administration (Silva et al., 2010). In the present study, highly susceptible calves
inoculated IN with a high virus titer shed virus in low to moderate titers for a short
period; did not present systemic or local signs during acute infection; and did not shed
virus upon Dx inoculation. . The period of excretion and titres detected in nasal swabs
were comparable to other reports of experimental infections with BHV-5. Using a group
of 5 animals (60-90 days old) our group have observed that the calves inoculated with th
same amount of wt virus the claves shed virus for an average time of 10.8 days (data not
show). In other studies, calves were inoculated intranasally with the same isolate (wild
type SV 507/99) and virus shed in nasal secrection was detected up to 21 days in some
animals (VOGEL et al., 2003, 2004).

As an eventual MLV vaccine would be designed for parenteral use, the safety of
the recombinant virus was further investigated by IM inoculation of 8-months-old calves
(Experiment 2). Inoculated animals did not shed virus in secretions and remained healthy
during the clinical monitoring. Reactivation of latent infection was not attempted in these
animals. Regardless, the failure to recover virus after Dx administration of IN-inoculated
calves strongly suggested that virus reactivation in IM-inoculated animals would be very
unlikely. Although latency may be established, reactivation and shedding of BoHV-1 and

BoHV-5 strains after IM administration has not been demonstrated (Jones et al., 2000).

27



Furthermore, gE gene-deleted BoHV-1 and BoHV-5 strains are not shed upon Dx
treatment (even after IN inoculation), probably reflecting a deficiency in anterograde
transneuronal transport (Kaashoek et al., 1998; Mars et al., 2000; Franco et al., 2002b; Liu
et al., 2008; Brum et al., 2009). Taken together, these results demonstrate the attenuation
and safety of the recombinant BoHV-5gE/TKA for young calves, a highly desired

property of a virus strain designed to be used in MLV vaccines.

A previous study demonstrated that the double deletion did not affect adversely the
immunogenicity of the recombinant virus upon use in an inactivated, aluminum
hydroxide-adjuvanted vaccine formulation (Brum et al., 2010b). On the other hand, the
replication efficiency of the recombinant virus was markedly reduced in the rabbit model
(Silva et al.,, 2010). Since the immunogenicity of a bovine herpesvirus is strongly
dependent upon the replication efficiency (Kaashoek et al., 1996; 1998), a deficient
replication in the host would compromise its potential use in MLV formulations.
Fortunately, our data support that the replication of the recombinant strain was sufficient
to induce an adequate VN response in most animals, either after IN (Exp. 1, Table 1) or
IM administration (Exp. 2 and 3, Tables 2 and 3, respectively). In a group of calves
observed longer (Exp. 3), VN titers induced by vaccination remained almost unaltered for
up to 8 months. Furthermore, a booster vaccination performed 240 days after the first dose
triggered a prompt and strong anamnestic serological response, confirming the adequate
immunization/priming by primovaccination. Even though cell-mediated immune response
is believed to play a predominant role in protection against herpesvirus infections, VN
antibody levels are indicators of the immune response and likely contribute for protection

as well (Babiuk et al., 1996).

The high antigenic similarity and cross-neutralization between BoHV-1 and

BoHV-5 in vitro (Bratanich et al., 1991; Vogel et al., 2002; Holtz et al., 2009) have
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suggested that proper immunization with one of these viruses would afford heterologous
protection (Del Médico Zajac et al., 2006; Brum et al., 2010b). Nonetheless,
immunization of rabbits and calves with a gE-deleted BoHV-1 recombinant conferred
insufficient protection upon challenge with a high BoHV-5 titer (Silva et al., 2006).
Although cross-protection was not addressed in the present study, serum samples
collected from vaccinated animals (Exp. 3) showed a broad spectrum of neutralizing
activity against several homologous (BoHV-5) and heterologous (BoHV-1) viruses
(Figure 2). Furthermore, preliminary data from protection studies demonstrated
homologous (BoHV-5) and heterologous (BoHV-1) protection in calves vaccinated with
the recombinant BoHV-5gE/TKA (Anziliero et al. manuscript in preparation). Based on
these and previous data (Belknap et al., 1994; Del Médico Zajac et al., 2006), we propose
that proper immunization of cattle with the recombinant BoHV-5gE/TKA may confer

protection to BoHV-5 and BoHV-1 as well.

It is expected that Brazil and other South American countries will follow the North
American and European trends of using antigenically marked bovine herpesvirus vaccines
in control/eradication programs either at herd or at regional/national levels. In this sense,
the results presented herein are promising towards the use of the double mutant in a DIVA
vaccine. None of the vaccinated/inoculated animals produced antibodies to gE, even when
tested a long time after vaccination, and also after a boost immunization. In contrast, most
calves vaccinated IM with an inactivated vaccine containing the parental virus (Brum et
al., 2010b) or immunized/inoculated with the live parental virus or with a gE-deleted
BoHV-1 seroconverted to gE after 30 or 40 days (Brum et al., 2010b; Weiss et al., 2010;
Santos et al. manuscript in preparation). Thus, the serological response induced by the
recombinant virus is gE-ELISA differentiable from that induced by infection or

immunization with the whole, inactivated or live virus.
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In summary, the results presented herein demonstrate that the recombinant BoHV-
SgE/TKA is attenuated and immunogenic for calves, induces a serological response
differentiable from that derived from infection and, thus, may represent a valuable tool for use

in vaccine formulations for the control/prevention of BoHV-1/BoHV-5 infections.
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Table 1. Virological and serological findings after intranasal inoculation of 80 to 90-days old

calves with the recombinant virus BoHV-5gE/TKA (Experiment 1).

Acute infection Post Dx administration (pDx)°

Animal Virus shedding VN antibodies ELISA gE VN antibodies Virus VN antibodies ELISA gE

(days) (day 32pi) ¢ (day32pi) (day42pi)  shedding (day30pDX) (day 30pDx)

44 1-6 8 - 4 A 4 -

45 1-6 8 - 8 - 8 -
3276 1-6 4 . 8 nt® nt nt
3278 1-6 4 - 4 nt nt nt
3280 1-6 4 - 4 - 4 -
4324 1-6 8 - 8 - 4 -

* All animals were seronegative at the day of virus inoculation (VN titers < 2);
® Dexamethasone treatment started at day 42 pi (see Material & Methods);

¢ Negative in the anti-gE ELISA;

4Nasal swabs were negative for virus up to day 20 pi and up to day 15 pDx;

¢ Calves 3276 and 3278 were not submitted to Dx administration.



Table 2. Virological and serological findings after intramuscular inoculation of 8-months-

old calves with the recombinant virus BoOHV-5gE/TKA (Experiment 2).

Animal Virus Clinical Virus neutralizing titers® ELISA gE
shedding signs day 14pi  day2lpi  day42pi day 42 pi
162 = n/a’ 4 4 4 g
193 - n/a 4 4 2 -
188 - n/a 2 4 2 -
101 - n/a 2 4 2 -
194 - n/a 2 2 2 -
191 - n/a 4 4 4 -
130 - n/a 2 4 2 -
164 - n/a 4 2 2 -
192 - n/a 4 2 2 -

*Nasal swabs were negative for virus up to day 15 pi;

® No clinical signs were observed during monitoring;

¢ All animals were seronegative at the day of virus administration (VN titers < 2);
4 Negative in the anti-gE ELISA.



Table 3. Serological response developed by calves vaccinated intramuscularly with the

recombinant virus BOHV-5gE/TKA (Experiment 3).

Virus neutralizing titers®

Post vaccination (pv) Post booster (pb) ELISA gE
Animal day 30 pv day 70 pv day 240 pv day 14 pb (254pv) day 14 pb (254pv)
108 2 2 2 32 -
134 nt’ 2 2 256 -
101 4 2 2 32 -
111 2 4 4 64 -
121 2 4 2 64 -
149 2 8 4 64 -
117 4 4 4 32 -
096 2 4 2 64 -
144 2 4 2 128 -
100 2 8 2 16 -
115 4 8 2 128 -
122 2 8 2 64 -
137 8 2 2 64 -
130 2 <2 4 256 -
139 <2 4 4 128 -
133 <2 2 4 128 -
116 <2 <2 2 128 -
118 <2 <2 4 256 -
131 4 4 16 64 -
148 4 4 2 128 -
141 <2 <2 2 256 -
138 <2 2 4 256 -
120 <2 <2 2 128 -
147 <2 <2 2 64 -

* All animals were seronegative at the day of vaccination (VN titers < 2);
b Non-tested;

¢ Negative in the anti-gE ELISA.
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Figure 1. Mean antibody titers to the homologous virus in sera of calves immunized with the
recombinant virus and revaccinated 240 days later (Experiment 3). To calculate the means,
virus neutralization (VN) titers were transformed in geometric mean titers (GMT). The

standard error is indicated by error bars.
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Figure 2. Virus neutralizing (VN) titers to homologous and heterologous viruses in selected

sera of calves immunized with the recombinant virus (Experiment 3). Each figure represents

the reactivity of serum of one animal. Titers are expressed in log,. Left panel (A, B, C): VN

titers to BoHV-5 isolates; right panel (D, E, F): VN titers to BoHV-1 isolates.



3. CAPITULO 2

Imunogenicidade de uma cepa recombinante do herpesvirus bovino tipo 5 defectiva na

glicoproteina E e enzima timidina quinase

Deniz Anzilierol, Cyndia M. B. dos Santosl, Fernando V. Bauermannl, Mario C. S. Brumz,

Rudi Weiblen' & Eduardo Furtado Flores'"

(Artigo nas normas da revista Ciéncia Rural —2010)

'Setor de Virologia, Departamento de Microbiologia e Parasitologia e Departamento de Medicina
Veterinaria Preventiva, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil.

2Universidade Federal do Pampa, Campus Uruguaiana, BR 472, km 592, Caixa Postal 118. Curso de
Medicina Veterinaria, Hospital Veterinario 97500-970 - Uruguaiana, RS - Brasil, Telefone: (55)
34134321

*
Autor para correspondéncia: E.F. Flores, Departamento de Medicina Veterinaria Preventiva, Centro de Ciéncias

Rurais, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil, CEP 97105-900. Fone/fax + (55) 55
3220-8034. E-mail: flores@ccr.ufsm.br



mailto:flores@ccr.ufsm.br

43

RESUMO

Os herpesvirus bovino tipos 1 ¢ 5 (BoHV-1 e BoHV-5) sdo agentes antigenicamente
relacionados e se constituem em importantes patdgenos em bovinos. A construgdo e
caracterizagdo in vitro de um recombinante do BoHV-5 com dele¢des nos genes da
glicoproteina E (gE) e da enzima timidina quinase (TK) como candidato a cepa vacinal
(BoHV-5gE/TKA) foi relatada (BRUM, 2009). O presente trabalho avaliou a atenuacdo e
imunogenicidade conferida por este recombinante em bovinos. Nove bezerros soronegativos
para o BoHV-5 foram vacinados pela via intramuscular com uma dose de 10" DICCs, (Doses
infectantes para 50% dos cultivos celulares) do virus recombinante e oito animais foram
mantidos como controles ndo vacinados. Os bezerros vacinados ndo apresentaram sinais
clinicos e ndo excretaram o virus nas secrecdes nasais nos dias seguintes a vacinagdo. No dia
42 pos-vacinacdo (pv), os animais vacinados e os controles foram desafiados pela inoculacao
intranasal (IN) de isolados de BoHV-5 (grupos Vac/BoHV-5, Cont/BoHV-5) ¢ de BoHV-1
(grupos Vac/BoHV-1 e Cont/BoHV-1). Apds o desafio, a excrecdo de virus pelos animais
vacinados foi reduzida em magnitude e duragdo em comparagdo com os animais nao
vacinados. Os animais vacinados ndo apresentaram sinais clinicos sistémicos, respiratdrios ou
neurolégicos apds o desafio. Por outro lado, os animais controles desafiados com o BoHV-5
(n=4) desenvolveram doenga neurologica severa e foram eutanasiados in extremis entre os
dias 13 e 14 pos-desafio (pd). J4 os bezerros controles desafiados com o BoHV-1
desenvolveram apenas sinais leves da infec¢do respiratoria. Todos os animais vacinados
soroconverteram aos 14 dias pv, apresentando titulos de anticorpos neutralizantes entre 2 e 4.
Apbs o desafio, os animais vacinados apresentaram uma resposta anamnéstica répida e
intensa, atingindo titulos neutralizantes superiores aos animais ndo vacinados. A vacinag¢ao

ndo induziu anticorpos contra a gE porém, apés o desafio tanto os animais vacinados quanto
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os controles desenvolveram anticorpos contra essa glicoproteina. Esses resultados indicam
que o recombinante BoHV-5 gE/TKA ¢ um candidato adequado a cepa vacinal com marcador
antigénico, pois ¢ atenuado e imunogénico para bovinos.

Palavras-chave: herpesvirus bovino, marcador antigénico, vacina diferencial, recombinante.

ABSTRACT

Bovine herpesviruses 1 and 5 (BoHV-1, BoHV-5) are antigenically closely related and
are important pathogens of bovines. The construction and characterization in vitro of a
BoHV-5 recombinant deleted in the glycoprotein E (gE) and thymidine kinase (TK) genes
(BoHV-5gE/TKA) as a vaccine candidate strain has been reported (BRUM, 2009). The
present study evaluated the virulence and immunogenicity conferred by this recombinant in
cattle. Nine BoHV-5 seronegative calves were vaccinated intramuscularly with the
recombinant virus in a dose of 107 TCIDsy (50% tissue culture infective dose) and eight
calves were maintained as non-vaccinated controls. Vaccinated calves did not develop signs
of disease or shed virus in secretions in the days following vaccination. At day 42 post-
vaccination (pv), both vaccinated and control calves were challenged by intranasal (IN)
inoculation of virulent isolates of BoHV-5 (groups Vac/BoHV-5, Cont/BoHV-5) and BoHV-1
(Vac/BoHV-1, Cont/BoHV-1). After challenge, the length and magnitude of virus shedding
was reduced in vaccinated animals compared to controls. No systemic clinical signs,
respiratory or neurologic sings were observed in vaccinated animals after challenge. On the
other hand, all control calves challenged with BoHV-5 (n=4) developed severe neurological
disease and were euthanized in extremis between days 13 and 14 post-challenge (pc). Control
calves challenged with BoHV-1 showed only mild clinical signs of respiratory infection. All

vaccinated calves seroconverted at 14 days pv, developing virus neutralizing titers from 2 to



45

4. After challenge, vaccinated animals showed a prompt and intense anamnestic response, an
increase in VN titres, reaching titres higher than non-vaccinated animals. The vaccination did
not induce antibodies to gE. However, after challenge both vaccinated and control calves
seroconverted to this glycoprotein. These results showed that the recombinant BoHV-5
gB/TKA is a good candidate for a differential vaccine strain, is attenuated and immunogenic
for calves.

Key words: bovine herpesvirus, antigenic marker, differential vaccine, recombinant.

INTRODUCAO

O herpesvirus bovino tipo 5 (BoHV-5) ¢ o agente da meningoencefalite herpética
bovina. O BoHV-5 ¢ um virus envelopado, com genoma DNA de cadeia dupla com
aproximadamente 138kb, pertencente a subfamilia Alphaherpesvirinae, género Varicellovirus
(ROIZMAN et al., 1992). O BoHV-5 possui similaridade genética e antigénica com o BoHV-
1, agente da rinotraqueite infecciosa bovina (IBR) (ENGELS & ACKERMANN, 1996). A
doenca causada pelo BoHV-5 ¢ caracterizada por tremores, andar em circulos, bruxismo,
protusdo de lingua, opistdtono, pressionamento da cabega contra anteparos, incoordenacao
motora, dectbito seguido por convulsdes, movimentos de pedalagem e morte (RISSI et al.,
2007). O agente vem sendo identificado em véarios Estados brasileiros e em outros paises da
América do Sul (CARRILLO et al., 1983; SALVADOR et al., 1998; SILVA et al., 2007D).
Assim como outros herpesvirus, apds a infeccdo aguda, o BoHV-5 estabelece infec¢ao latente
em neuronios de ganglios sensoriais (CHOWDHURY et al., 1997).

O BoHV-5 possui mais de dez glicoproteinas no envelope, que desempenham
importante papel no ciclo replicativo, mediando a penetragdo e disseminagdo dos virions entre
células, além de serem alvos da resposta imunoldgica do hospedeiro (SCHWYZER &

ACKERMANN, 1996). Varios genes que codificam estas glicoproteinas tem sido utilizados
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para delecdo, conferindo atenuagdo e servindo como marcador antigénico para uso em vacinas
(VAN DRUNEN LITTEL-VAN DEN HURK, 2006).

A vacinagdo contra os herpesvirus animais pode ser utilizada para minimizar os sinais
clinicos além de contribuir para a reducao da disseminagdo viral nos rebanhos, ou até mesmo,
para a erradicacdo da infec¢do em nivel populacional. Essa medida continua sendo a mais
eficaz e econdmica para o controle de infeccdes associadas aos herpesvirus bovino (VAN
OIRSCHOT, 1996). Apesar da extensa reatividade soroldgica cruzada entre o BoHV-5 e
BoHV-1, ainda ndo existe um consenso sobre o papel da protecdo cruzada das vacinas
utilizadas para o BoHV-1 no controle da meningoencefalite pelo BoHV-5 (CASCIO et al.,
1999; SPILKI et al., 2004). Grande parte das vacinas convencionais utilizadas para o controle
do BoHV-1 sdo multivalentes, atenuadas ou inativadas (VAN OIRSCHOT et al., 1996).

No mercado brasileiro, varias vacinas nacionais € importadas contendo antigenos
inativados do BoHV-1 estdo em uso, além de uma vacina contendo virus vivo atenuado
(SILVA et al., 2007a). A vacinag¢do tradicional, contudo, interfere na identificacdo sorolégica
de animais positivos, tornando impossivel a diferenciacdo entre animais vacinados e
infectados naturalmente. Nos ultimos anos foram desenvolvidas vacinas com marcadores
antigénicos, que quando associadas com testes diagndsticos especificos, permitem a
diferenciagdo entre animais vacinados e infectados naturalmente (VAN OIRSCHOT et al.,
1996). Vacinas diferenciais contra o BoHV-1 e virus da pseudoraiva (PRV) ja vem sendo
utilizadas em diferentes paises para o controle e erradicagdo destas enfermidades (VAN
OIRSCHOT et al., 1996; ACKERMANN & ENGELS, 2006). No Brasil, varios laboratorios
iniciaram o desenvolvimento de vacinas contra os herpesvirus bovino tipo 1 e 5 (FLORES, E.
F. comunicagdo pessoal).

A construcdo e caracterizacao in vitro de um recombinante do BoHV-5, com delegoes

nos genes da glicoproteina E (gE) e timidina quinase (TK) (BoHV-5 gE/TKA), para eventual
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uso como cepa vacinal foi descrita (BRUM, 2009). O objetivo do presente trabalho foi
investigar a atenuagdo e imunogenicidade deste recombinante em bezerros, assim como a

capacidade de diferenciacao sorologica entre animais vacinados e infectados.

MATERIAL E METODOS

Experimentagdo animal. Foram utilizados bezerros com idade entre 8 e 10 meses, de
raga mista de corte, soronegativos para o BoHV-1 e 5. Nove animais foram vacinados com o
virus recombinante (BoHV-5 gE/TKA) pela via intramuscular (IM) e oito permaneceram
como controles ndo-vacinados. No dia 42 pds-vacinagdo (pv), os animais vacinados foram
divididos em dois grupos e juntamente animais nao vacinados foram desafiados com o BoHV-
5 (n=5) ou BoHV-1 (n=4) pela via intranasal (IN) seguido de monitoramento clinico e
virolédgico.

Células e virus. Células da linhagem de rim bovino CRIB foram utilizadas para a
amplificagdo e quantificacdo viral, isolamento viral de secregdes nasais e testes de
soroneutralizagdo (SN). As células foram cultivadas em meio essencial minimo Eagle®
(MEM) suplementado com 10% de soro bovino fetal®, penicilina (1,6mg/L) e estreptomicina
(0,4mg/L). O recombinante contendo dele¢des nos genes da gE/TK foi obtido a partir da cepa
SV507/99 utilizando a técnica de recombinagdao homoéloga (BRUM, 2009). Os isolados EVI-
88 e 613 utilizados no desafio foram isolados de doenca neurolodgica, o isolado EVI-123 foi
isolado de um surto de doenca respiratéria (D’ ARCE et al., 2002).

Vacinagdo e desafio. Os animais foram vacinados pela via IM com 10"°DICCs (doses
infectantes para 50% dos cultivos celulares) da cepa recombinante. O desafio realizado aos 42
dias pv constituiu-se da inoculagdo IN de suspensdes virais de BoHV-5 ou BoHV-1 contendo

107 DICCs do respectivo virus.
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Avaliacdo clinica. Os animais foram submetidos a monitoramento clinico diario
durante os 14 dias subsequentes a vacinacdo e ao desafio. Escores clinicos foram
determinados, atribuindo-se valores (0 a 3) de acordo com a severidade para cada parametro
clinico (KAASHOEK et al., 1996).

Pesquisa de virus. Suabes nasais coletados diariamente entre os dias 0 € 14 pv e pos-
desafio (pd) foram submetidos a isolamento viral em cultivos de células CRIB, com
realizagdo de trés passagens. A infectividade dos suabes positivos foi quantificada por
diluicao limitante; os titulos foram calculados de acordo com REED & MUENCH (1938) e
expressos em log;oDICCso/mL.

Sorologia. Amostras de soro coletadas nos dias 0, 21, 42 pv e dias 0, 14 ,30 e 70 pd
foram submetidas ao teste de SN realizado de acordo com BRUM (2009) frente ao virus
recombinante e aos virus utilizados no desafio. As médias dos titulos de anticorpos
neutralizantes foram expressas em titulos médios geométricos (GMT) segundo
THRUSFIELD (1986). As amostras de soro coletadas a determinados intervalos foram
submetidas a um teste ELISA comercial anti-BoHV-1 gE°.

Analise estatistica. Os titulos virais encontrados pds-desafio foram submetidos a
analise de variancia (ANOVA) utilizando o teste-t para comparacdo entre médias com o uso

do programa ASSISTAT ¢ 7.5 beta (2010) ao nivel de significancia de 5%.

RESULTADOS

Monitoramento pos-vacinag¢do. Nao foram observados sinais clinicos nos animais
imunizados com o virus recombinante. No periodo pos-vacinal as tentativas de isolamento
viral das secrecdes nasais desses animais também foram negativas. Anticorpos neutralizantes

foram inicialmente detectados no dia 14 pv em 8 de 9 animais, e em todos os grupos no dia 21
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pv. Todos os animais vacinados foram negativos no teste anti-BoHV-1 gE ELISA no dia 42pv
(Tabela 1).

Achados virologicos e clinicos pos-desafio. Todos os animais desafiados excretaram o virus
nas secrecdes nasais por periodos varidaveis. Os bezerros dos grupos Vac/BoHV-5 e
Vac/BoHV-1 apresentaram um periodo de excre¢do viral inferior aos dos grupos controle
(Cont/BoHV-5 e Cont/BoHV-1, respectivamente). Os titulos virais excretados pelos animais
vacinados também foram inferiores aos excretados pelos grupos controle (P<0,01/Figura 1).
O pico de excregdo viral pelos animais dos grupos controle (Cont/BoHV-5 e Cont/BoHV-1)
ocorreu entre os dias 3 e 5 pd, com titulos maximos de 10”® DICCso/mL e 107 DICCso/mL,
respectivamente. J4 nos animais vacinados (grupos Vac/BoHV-5 e Vac/BoHV-1), os titulos
virais maximos foram de 10”% DICCs¢/mL e 107° DICCsy/mL, respectivamente (Figura 1).
Nos dias 3 ¢ 5 e 7pd o grupo vacinado (Vac/BoHV-5) apresentou uma redugao significativa
nos titulos virais excretados, quando comparado com o grupo controle (P<0,01).. O grupo
vacinado com o recombinante (Vac/BoHV-1) e desafiado com o BoHV-1 apresentou reducao
significativa na excre¢do viral nos dia 5 e 9 pd, se comparado ao grupo ndo vacinado
desafiado com o BoHV-1 (P<0,05).

Os quatro animais controles desafiados com o BoHV-5 (Cont/BoHV-5)
desenvolveram doenga neuroldgica grave durante a infec¢do aguda. Os sinais clinicos
apresentados foram anorexia, apatia, protusdo de lingua, hipersalivacdo, dificuldade
respiratdria, andar cambaleante, pressionamento da cabeca contra anteparos. A manifestacao
dos sinais teve inicio ao redor do dia 11 pd e todos os animais deste grupo foram eutanasiados
in extremis nos dias 14 e 15 pd.

Os animais do grupo controle desafiados com o BoHV-1 (Cont/BoHV-1)
apresentaram sinais respiratorios leves (secre¢do nasal serosa, levemente aumentada). Ja os

animais vacinados e desafiados com o BoHV-1 ou BoHV-5 ndo apresentaram sinais clinicos.
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Sorologia. As médias dos titulos de anticorpos desenvolvidos pelos animais durante o
periodo pos-vacinal e pos-desafio expressas em GMT estdo apresentadas na figura 2. Todos
0s animais vacinados apresentavam anticorpos neutralizantes ja no dia 14 pv, em titulos que
variaram de 2 a 4. No dia 42 pv, os animais vacinados apresentavam titulos entre 2 e 8. Ja os
animais do grupo controle (Cont/BoHV-5 e Cont/BoHV-1) permaneceram soronegativos até o
dia do desafio. Neste dia (42 pv), todos os animais foram negativos no teste de ELISA anti-
BoHV-1 gE.

ApoOs o desafio, o grupo de animais vacinados desenvolveu uma rapida resposta
secundaria, detectada no dia 14 pd, com titulos neutralizantes de até 256, superiores aos
titulos desenvolvidos pelos animais controle (entre 16 e 128). Estes titulos permaneceram
estaveis nos animais vacinados at¢ o dia 30 pd (Figura 2). Nos animais ndo vacinados
(Cont/BoHV-1) ocorreu uma pequena variacdo nos titulos neutralizantes, porém a resposta

humoral permaneceu com magnitude inferior a dos vacinados.

DISCUSSAO

Virios paises europeus tém empregado programas de vacinacdo contra o BoHV-1
utilizando vacinas diferenciais, com delecdes no gene da glicoproteina E (MUYLKENS,
2006). Essas vacinas, inativadas ou atenuadas, quando utilizadas juntamente com um teste
soroldgico que detecta anticorpos anti-gE, permitem a diferenciagdo entre animais vacinados
e infectados naturalmente. Essa capacidade de diferenciacdo tem sido essencial para o sucesso
de programas de erradicacdo dessa infec¢do em varios paises europeus (VAN OIRSCHOT,
1996).

A vacinagdo continua sendo a estratégia mais efetiva e economicamente vidvel para o

controle de infecgdes por herpesvirus bovino. No Brasil, estudos demonstrando a baixa
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imunogenicidade das vacinas disponiveis no mercado, aliados a dificuldade de importagao de
imunobioldgicos de boa qualidade, assim como, as perdas econdmica relativas ao BoHV-5,
levaram diversos grupos de pesquisa ao desenvolvimento de novas vacinas, entre estas,
vacinas com marcadores antigénicos (FRANCO et al., 2002; BRUM, 2009).

A cepa recombinante do BoHV-5 contendo a dupla delecdo (BoHV-5 gE/TKA)
desenvolvida a partir do isolado brasileiro SV507/99 ja havia sido anteriormente caracterizada
in vitro (BRUM, 2009) e em coelhos (SILVA et al., 2010). O recombinante apresentou
completa atenuacdo em coelhos apds inoculacdo IN. Apesar de o recombinante apresentar
uma replicacdo menos eficiente quando comparada com o virus parental, foi capaz de induzir
a producdo de anticorpos neutralizantes (SILVA et al., 2010). Dando continuidade a estes
trabalhos, o presente estudo teve como objetivo estender essas observacdes, investigando a
imunogenicidade e protecao dessa cepa nos hospedeiros naturais.

No presente trabalho, a imunizagdo IM de bezerros com o recombinante BoHV-5
gE/TKA apresentou resultados satisfatorios no que se refere a atenuagdo, imunogenicidade e
protecdo. Os resultados demonstram que a dupla delecdo (gE/TK) conferiu atenuacao
adequada ao virus, pois os animais vacinados ndo desenvolveram sinais clinicos no periodo
pés-vacinal. Em um estudo paralelo, a atenuagdo desse recombinante também foi
demonstrada em bezerros de 80 a 90 dias de idade, inoculados com altos titulos pela via IN
(SANTOS et al.,, 2010; dados ndo publicados). Esses resultados confirmam observagdes
anteriores de que recombinantes defectivos na gE e TK sdo suficientemente atenuados e,
assim, candidatos potenciais para uso em vacinas vivas (KAASHOEK et al., 1996). Por outro
lado, deleg¢des apenas na gE parecem ndo ser suficientes para conferir atenuagdo adequada ao
BoHV-5 ¢ BoHV-1 (KAASHOEK et al., 1996; SILVA et al., 2010).

No presente estudo, ndo foi investigado o possivel estabelecimento de laténcia pelo

recombinante. No entanto, estudos em coelhos (SILVA et al., 2010) e em experimentos em
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andamento em bezerros (SANTOS et al., 2010; dados nao publicados) demonstraram que este
recombinante nao estabelece e/ou nao reativa a infec¢do latente com eficiéncia apos
inoculagdo IN. Dessa forma, o recombinante apresenta-se atenuado durante a
infeccao/replicagao aguda e ¢ defectivo no estabelecimento e/ou na reativagdo de laténcia,
caracteristicas altamente desejaveis em cepas vacinais de herpesvirus.

A sorologia demonstrou que, aos 21 dias pv, 8 de 9 animais ja apresentavam
anticorpos neutralizantes e, que aos 42 dias pv todos os animais apresentavam titulos de
anticorpos neutralizantes entre 2 ¢ 8. Em um estudo paralelo, quando os animais foram
inoculados pela via IN com o recombinante, aos 30 dias pds-inoculagao, os animais também
apresentaram titulos entre 2 ¢ 8 (SANTOS et al., 2010; dados ndo publicados). Apds o
desafio, os animais vacinados apresentaram uma resposta secundaria de grande magnitude,
detectada inicialmente aos 14 dias pd, com titulos de at¢ 256. Em contraste, os animais nao-
vacinados, apresentaram uma resposta inferior, com titulos de anticorpos entre 2 ¢ 128. A
propriedade de marcador antigénico do recombinante foi demonstrada pelo teste de ELISA
anti-BoHV-1 gE, em que nenhum animal vacinado desenvolveu anticorpos anti-gE aos 42
dias pos-vacinacdo (dia do desafio). Aos 14 e 30 dias pd todos os animais apresentaram
anticorpos anti-gE, quando testados pelo teste de ELISA. Estes resultados indicam que o
recombinante induz uma resposta soroldgica capaz de se diferencidvel da infeccdo natural
pelo uso de um teste sorologico especifico.

Utilizando o mesmo virus recombinante em uma vacina inativada em bovinos, BRUM
(2009) obteve titulos de anticorpos comparaveis aos obtidos com a utilizagdo da cepa
parental. Assim pode-se inferir que, a delecdo nos genes da gE e da TK ndo afetou
negativamente a imunogenicidade do virus. No presente trabalho, embora os titulos de

anticorpos presentes no dia do desafio fossem baixos, houve protecdo clinica € os animais
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apresentaram uma resposta anamnéstica aos 14 dias ap6s o desafio, indicando que os animais
estavam adequadamente imunizados.

A 1imunizagdo com o recombinante conferiu protecao aos animais vacinados frente ao
desafio com os isolados virulentos de BoHV-5. Ainda que a replicacdo e excre¢ao viral ndo
tenham sido inibidas pela vacinagdo, os animais vacinados excretaram virus por menos tempo
e em titulos inferiores aos animais controles (Tabela 1/Figura 1). Outros trabalhos utilizando
vacinas compostas por mutantes de BoHV-1 com delegdes nos genes da gE e/ou TK também
demonstraram uma reducdo no tempo e na quantidade de virus excretado no periodo pos-
desafio (VAN ENGELENBURG et al., 1994; KAASHOEK et al., 1996). A protegao clinica
também foi satisfatoria: os animais vacinados permaneceram saudaveis durante o
experimento, enquanto que os controle desenvolveram doenca neuroldgica severa e foram
eutanasiados. O presente trabalho parece ser o unico ao demonstrar protecdo homodloga
(BoHV-5 versus BoHV-5), uma vez que, outros trabalhos demonstraram protecao heterdloga
(BoHV-1 x BoHV-5), e a protecdo conferida foi apenas parcial. (CASCIO et al., 1999;
SPILKI et al., 2004; DEL MEDICO ZAJAC et al., 2006; SILVA et al., 2006).

Nos grupos desafiados com o BoHV-1, os animais vacinados permaneceram
sauddveis, enquanto que os animais controle (Cont/BoHV-1) desenvolveram apenas sinais
leves da infecgdo respiratdria. Assim, ndo foi possivel avaliar se houve a protegdo clinica
heterdloga. Entretanto, a redu¢do da excre¢do do BoHV-1 no grupo vacinado, aliada com a
resposta anamnéstica produzida apds o desafio indica que ocorreu neutralizagcdo cruzada, a
exemplo do que j& havia sido demonstrado (DEL MEDICO ZAJAC et al., 2006). A
reatividade sorologica cruzada entre BoHV-1 e BoHV-5 também foi demonstrada em outros
estudos vacinais (BRUM, 2009).

Em resumo, os resultados deste trabalho demonstram que o recombinante BoHV-5

gE/TKA ¢ avirulento para bezerros apds administragdao IM. O recombinante ndo ¢ excretado e
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nao induz sinais clinicos apos a vacinagao. O virus recombinante também apresentou uma boa
imunogenicidade, demonstrada pela forte resposta anamnéstica apds a vacinagdo e o desafio.
A vacinagdo também provocou uma reducao nos titulos virais excretados apos o desafio e,
principalmente, conferiu protecdo aos animais desafiados com o BoHV-5. Assim, pode-se
concluir que o virus recombinante se constitui em um candidato potencial para uso em

formulacdes de vacinas vivas diferenciais.

FONTES DE AQUISICAO

*Cultilab, Campinas, SP, Brasil.
®Gibco-BRL, Rockville, MD, USA.
‘IDDEX One IDDEX Dr, Westbrook, Maine, USA.

YASSISTAT versdo 7.5 beta (2010) http//www.assistat.com

COMUNICACAO PESSOAL
FLORES, E. F. Comunicagdo pessoal. Departamento de Medicina Veterinaria

Preventiva, UFSM, Santa Maria, RS. E-mail: eduardo@smail.ufsm.br.

COMITE DE ETICA E BEM ESTAR
Todos os procedimentos foram realizados de acordo com as normas do e aprovados
pelo Comité de Etica e Bem Estar Animal da UFSM, sob protocolo n® 23081.010078/2008-

41.


mailto:eduardo@smail.ufsm.br

55

REFERENCIAS

ACKERMANN, M.; ENGELS, M. Pro and contra IBR-eradication. Veterinary

Microbiology, v.113, n.3-4, p.293-302, 2006.

BABIUK, L.A. et al. Immunology of bovine herpesvirus 1 infection. Veterinary

Microbiology, v.53, n.1-2, p.31-42, 1996.

BRUM, M.C.S. Produc¢ao e caracterizacio de cepas recombinantes do herpesvirus
bovino tipo 5 defectivas na enzima timidina quinase e glicoproteina E. 2009. Tese de
doutorado — Curso de Pos-graduacao em Medicina Veterinaria, Universidade Federal de Santa

Maria.

CARRILLO, B.J. et al. Meningoencephalitis caused by IBR virus in calves in Argentina.

Zentralbl Veterinarmed B, v.30, p.327-332, 1983.

CASCIO, K.E. et al. Encephalitis induced by bovine herpesvirus 5 and protection by prior

vaccination or infection with bovine herpesvirus 1. Journal of Veterinary Diagnostic

Investigation, v.11, n.2, p.134-139, 1999.

CHOWDHURY, S.I. et al. Neuropathology of bovine herpesvirus type 5 (BHV-5) meningo-
encephalitis in a rabbit seizure model. Journal of Comparative Pathology, v.117, n.4, p.295-

310, 1997.


http://www.google.com.br/url?sa=t&source=web&ct=res&cd=1&ved=0CAkQFjAA&url=http%3A%2F%2Fjvdi.org%2F&rct=j&q=Veterinary.+Diagnostic.+Investigastion&ei=1S27S5i8GYS0lQe65-HTBw&usg=AFQjCNHTAjm-pqBBusLHfLe6XOYPS03oXA&sig2=EBTBE1mesZD_EOqVQciSKA
http://www.google.com.br/url?sa=t&source=web&ct=res&cd=1&ved=0CAkQFjAA&url=http%3A%2F%2Fjvdi.org%2F&rct=j&q=Veterinary.+Diagnostic.+Investigastion&ei=1S27S5i8GYS0lQe65-HTBw&usg=AFQjCNHTAjm-pqBBusLHfLe6XOYPS03oXA&sig2=EBTBE1mesZD_EOqVQciSKA

56

D’ARCE, R.C.F. et al. Restriction endonuclease and monoclonal antibody analysis of
Brazilian isolates of bovine herpesviruses types 1 and 5. Veterinary Microbiology, v.88, n.4,

p.315-324, 2002.

DEL MEDICO ZAJAC, M.P. et al. BHV-1 vaccine induces cross protection against BHV-5

disease in cattle. Research in Veterinary Science, v.81, n.3, p.327-334, 2006.

ENGELS, M.; ACKERMANN, M. Pathogenesis of ruminant herpesvirus infections.

Veterinary Microbiology, v.121, n.1-2, p.3-15, 1996.

FRANCO, A.C. et al. A Brazilian glicoprotein E-negative bovine herpesvirus type 1.2a
(BHV-1.2a) mutant is attenuated for cattle and induces protection against wild-type virus

challenge. Pesquisa Veterinaria Brasileira, v.22, n.4, p.135-140, 2002.

KAASHOEK, M.J. et al. Virulence and immunogenicity in calves of thymidine kinase and
glycoprotein E-negative bovine herpesvirus 1 mutants. Veterinary Microbiology, v.48, n.1-

2,p.143-153, 1996.

MUYLKENS, B. et al. Biological characterization of bovine herpesvirus 1 recombinants
possessing the vaccine glycoprotein E negative phenotype. Veterinary Microbiology, v.113,

n.3-4, p.283-291, 2006.

REED, L.; MUENCH, H. A simple method of stimating fifty percent endpoints. American

Journal of Tropical Medicine and Hygiene, v.18, p.493-494, 1938.



57

RISSI, R.D. et al. Meningoencefalite por herpesvirus bovino tipo 5. Pesquisa Veterinaria

Brasileira, v.27. n.7, p.251-260, 2007.

ROIZMAN, B. et al. The family Herpesviridae: an update. Archives of Virology, v.123, n.3-

4,p.25,1992.

SALVADOR, S. C. et al. Meningoencefalite em bovinos causada por herpesvirus bovino-5 no

Mato Grosso do Sul e Sao Paulo. Pesquisa Veterinaria Brasileira, v.18, n.1, p.76-83, 1998.

SCHWYZER, M.; ACKERMANN, M. Molecular virology of ruminant herpesviruses.

Veterinary Microbiology, v.53, n.1-2, p.17-29, 1996.

SPILKI, F.R. et al. Partial protection induced by a BHV-1 recombinant vaccine against

challenge with BHV-5. Annals New York Academy of Sciences, v.1026, p.240-250, 2004.

SILVA A.D. et al. Vaccination with a gE-negative bovine herpesvirus type 1 vaccine confers
insufficient protection to a bovine herpesvirus type 5 challenge. Vaccine, v.24, p.3313-3320,

2006.

SILVA, L.F. et al. Imunogenicidade de vacinas comerciais inativadas contra o herpesvirus

bovino tipo 1, Ciéncia Rural, v.37, n.5, p.1471-1474, 2007a.



58

SILVA, M.S. et al. Identificagdo e diferenciagao de herpesvirus bovino tipos 1 e 5 isolados de
amostras clinicas no Centro-Sul do Brasil, Argentina ¢ Uruguai (1987-2006). Pesquisa

Veterinaria Brasileira, v.27, n.10, p.403-408, 2007b.

SILVA, S.C. et al. A bovine herpesvirus 5 recombinant defective in the thymidine kinase
(TK) gene and a double mutant lacking TK and the glycoprotein E gene are fully attenuated
for rabbits. Brazilian Journal of Medical and Biological Research, v.43, n.2, p. 150-159,

2010.

THURSFIELD, M. Serological Epidemiology. In: . Veterinary Epidemiology.
Bourough Grean, Sevenoaks, Kent, England: Butterworth & Co. (Publishers) Ltd, 1986. Cao-

.16, p.176.

VAN DRUNEN LITTEL-VAN DEN HURK, S. Rationale and perspectives on the success of
vaccination against bovine herpesvirus-1. Veterinary Microbiology, v.113, n.3-4, p.275-282,

2006.

VAN ENGELENBURG, F.A.C.A glycoprotein E deletion mutant of bovine herpesvirus 1 is

avirulent in calves. Journal of General Virology, v.75, p.2311-2318, 1994.

VAN OIRSCHOT, J.T. et al. The use of marker vaccines in eradication of herpesviruses.

Journal of Biotechnology, v.44, n.1-3, p.75-81, 1996.



59

Tabela 1. Achados viroldgicos e sorologicos durante a fase aguda em bezerros vacinados com

o herpesvirus bovino tipo 5 recombinante, com dele¢des nos genes da glicoproteina E (gE) e

enzima timidina quinase (TK) (BoHV-5gE/TKA) e posteriormente desafiados com isolados

virulentos de herpesvirus bovino tipo 5 e 1 (BoHV-5e¢ 1).

Pds-vacinacdo (pv)

Pods-desafio (pd)

Sorologia Excregdo viral Sorologia
21 14
Grupo/ dias 42 dias pv Duracio Titulo® dias 30 dias pd
animais pv (Dias) Max pd
Logl0
SN SN  ELISA DICC-/ml SN SN  ELISA gE
a 50
gE
Desafio BoHV-5
1 <2 <2 - 9 7,8 128 nt’ nt®
Nao vacinados 2 <2 <2 - 14 6,9 64 nt nt
(Cont/BoHV-5) 3 <2 <2 - 12 7,1 16 nt nt
4 <2 <2 - 10 7,5 32 nt nt
x 11,2
5 4 8 - 9 7,6 256 256 +
Vacinados 6 4 2 - 9 6,3 256 128 +
(Vac/BoHV-5) 7 4 2 - 12 7,6 256 128 +
8 4 2 9 5,8 256 128 +
9 4 4 9 7,8 256 128 +
x 9,6
Desafio BoHV-1
10 <2 <2 - 11 7,9 64 32 +
Nao vacinados 11 <2 <2 - 11 7.8 4 2 +
(Cont/BoHV-1) 12 <2 <2 - 14 7,8 2 16 +
13 <2 <2 - 9 6,9 2 32 +
x 11,2
14 2 2 - 10 7,7 256 128 +
Vacinados 15 2 2 - 9 7,1 256 64 +
(Vac/BoHV-5) 16 4 4 - 10 7,1 256 256 +
17 4 2 - 9 7,6 256 256 +
x 95

* Teste comercial anti-BoHV-1 gE ELISA.
®Titulo viral expresso em Log;y DICCs/ml.

“Amostras no testadas na respectiva data.
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Figura 1. Excregdo viral nas secrecdes nasais apos o desafio. As médias didrias dos titulos
virais estdo expressas em log;y DICCso/ml (Doses infectantes para 50 % dos cultivos
celulares). A) Média da excrecdo viral nasal dos animais vacinados com o recombinante
(Vac/BoHV-5) e grupo controle (Cont/BoHV-5) desafiados com isolados virulentos de
BoHV-5. B) Média da excregdo viral nos animais do grupo Vac/BoHV-1 e Cont/BoHV1

desafiados com isolados de BoHV-1.
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Figura 2. Titulos de anticorpos neutralizantes contra o herpesvirus bovino tipo 5 e 1 (BoHV-5
e BoHV-1) ap6s a vacinagdo com o recombinante de herpesvirus tipo 5 com delegdes nos
genes da glicoproteina e (gE) e enzima timidina quinase (TK) (BoHV-5 gE/TKA). Os animais
foram desafiados com isolados de BoHV-5 ou BoHV-1. Uma seta indica o momento da
vacinagdo (dia 0), duas setas indicam o momento do desafio (dia 42 pv). Os titulos de

anticorpos neutralizantes estdo expressos em Titulos médios geométricos (GMT).
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5. CONCLUSOES

Os resultados do presente trabalho permitem concluir que:

- O recombinante BoHV-5 gE/TKA ¢ atenuado e imunogénico para bezerros, induz
anticorpos neutralizantes com amplo espectro de reatividade soroldgica para BoHV-1 e

BoHV-5.

- O recombinante induz resposta sorologica diferencial da resposta a infec¢ao pelo uso

de um ELISA anti-BoHV-1 gE.

- A vacinagdo com o recombinante conferiu prote¢do homdloga reduzindo o tempo,

quantidade viral excretada e, auséncia da manifestacao dos sinais clinicos.

- O recombinante BoHV-5 gE/TKA ¢ um candidato potencial para uso em

formulagdes de vacinas vivas diferenciais.
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