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CAPITULO 1

FIGURA 1. Representacdo esquematica da estrutura da particula viral do alfaherpesvirus.
Estrutura viral: (1) Envelope de glicoproteinas, (2) Tegumento externo; (3) Tegumento
interno; (4) Capsideo; (5) Capsémeros; (6) Nucleo contendo o material genético do virus,

com o poro nuclear aparente. (Scheffer,2013).

FIGURA 2. Fotomicrografia ilustrando os infiltrados inflamatérios classificados como suave,
moderado e severo. (ANAPAT, 2015).



DISTRIBUICAO GENOMICA E ANTIGENICA DO BHV5 EM ENCEFALOS
BOVINOS COM MENINGOENCEFALITE NAO SUPURATIVA: CASOS CLINICOS.

RESUMO - A meningoencefalite por herpesvirus bovino 5 (BHV5) foi descrita em
varias regides do mundo. A doenca ocorre na forma de surtos ou de casos isolados.
No Brasil, encefalites causadas pelo BHV5 tém sido confirmadas de forma crescente
nos rebanhos, sendo considerada a segunda maior causa de encefalite com
etiologia determinada em bovinos. Nesse sentido, o presente estudo objetivou
caracterizar as regides do sistema nervoso central (SNC) com maior freqiéncia do
BHV5, o envolvimento de diferentes populacdes de lincocitos e a expressao de
citocinas relacionadas ao processo inflamatério. As amostras (n=8) foram
submetidas as analises histopatoldgica, imuno-histoquimica e molecular. A principal
lesdo observada foi caracterizada como infiltrado perivascular, classificado em leve,
moderado e severo. Em todos os casos o infiltrado perivascular foi notado de forma
severa no bulbo olfatério, lobos frontal, temporal e parietal. A expressao de citocinas
foi principalmente detectada nas regies do bulbo olfatorio e lobo piriforme. Este
estudo abordou que a incidéncia do BHV5 ocorreu principalmente na regido frontal,
visto que a contaminacgdo pelo virus ocorre de forma nasal, tendo como primeiro

contato a regido frontal do cérebro com o BHV5.

Palavras-chave: Herpesvirus bovino 5, encéfalo, citocinas



GENOMIC AND ANTIGENIC DISTRIBUTION OF BHV5 AMONG BOVINE BRAINS
WITH NON-SUPPURATIVE MENINGOENCEPHALITIS: CLINICAL CASES

SUMMARY - Meningoencephalitis caused by bovine Herpesvirus 5 (BHV5) has
been described worldwide. The disease occurred as outbreaks of isolates clinical
cases. In Brazil, encephalitis caused by BHV5 has been confirmed by the increase of
positive animals, being the second major cause of bovine viral encephalitis. Likewise,
the aim of this study was to characterize brain regions from central nervous system
(CNS) presenting high frequency of BHV5 antigen and genome, phenotype
lymphocytes subpopulations among perivascular cuffs and compare these results
with cytokines transcription. The samples (n=8) were submitted to histopathological
analysis, immunohistochemistry and molecular evaluation. The main
histopathological lesions were characterized as perivascular cuffs, classified as
severe, and sometimes moderate. All cases, perivascular infiltrates were severe in
olfactory bulb, and frontal, temporal and parietal lobes. The cytokines expression was
considered up regulated in olfactory bulb and piriform lobe. This study addressed the
BHV5 distribution mainly observed in frontal regions from CNS, what confirmed the

respiratory route as important for virus infection.

Keywords: bovine herpesvirus 5, brain, cytokines
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CAPITULO 1

1. Consideracbes gerais

1.1 Pecuéria brasileira

O Brasil segundo a Confederacdo da Agricultura e Pecuéria (CNA), se
destaca como um dos principais produtores do agronegocio brasileiro em todos os
estados na producédo de carne bovina. De acordo com a CNA, as exportagdes do
Brasil neste setor cresceram 737% em 14 anos, passando de US$ 779 milhdes (R$
2,7 bilhdes a precos de hoje), no ano de 2000, para US$ 6,4 bilhdes (R$ 22,2
bilndes), em 2014 (RIBEIRO, 2015). A bovinocultura se apresenta como uma das
principais atividades agropecuarias do Estado de Sao Paulo, superada somente pela
cana-de-acgucar. O rebanho bovino brasileiro na regido central, (Sdo Paulo, Minas
Gerais e Goias) € constituido predominantemente, de animais das racas zebuinas,
enquanto os localizados nos estados do Sul (Rio Grande do Sul e Santa Catarina)
possuem um rebanho predominante de ragas europeias (CARNE..., 2015). As
projecdes do Ministério da Agricultura para 2019/2020, mostram que a producao
nacional de carnes devera suprir até 2020 cerca de 44,5% do mercado mundial. A
relacdo entre as exportacbes brasileiras e o comércio mundial mostra que, em
2019/2020 as vendas de carne bovina representardo 30,3% do mercado, em
comparacao com 25% atuais. (BRASIL, 2010).

Pelos calculos, o pais continuara liderando o mercado nos proximos 10 anos,
entretanto o crescimento pode ser menor, uma vez que as exportacdes brasileiras
sdo compostas predominantemente por carne industrializada. O produto "in natura”
dificilmente sera vendido para os mercados mais exigentes, com barreiras sanitarias

rigidas, principalmente, no que se refere as doencas virais (VALOR...,2007).
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1.2 Familia HERPESVIRIDAE

J& foram caracterizados mais de 80 Herpesvirus, provenientes de diferentes
animais. As particulas virais do Herpesvirus apresentam baixa resisténcia ao meio
ambiente e, ndo possuem resisténcia fora do organismo infectado. Em geral, a sua
transmissao requer contato direto para que ocorra a infeccéo viral (DAVISON, 2010;
SCHUWYZER; ACKERMANN, 1996) divisdo das familias em subfamilias do
herpesvirus, é baseada nas propriedades bioldgicas, enquanto a classificacdo em
género é respectivamente na disposi¢cdo gendmica e sorologica (DAVISON, 2010).

A divisdo das familias em subfamilias é baseada nas propriedades biologicas
entre os virus que a compdem, dividindo-se em trés: alphaherpesvirinae,
betaherpesvirinae e gammaherpesvirinae. A primeira subfamilia alphaherpesvirinae
€ constituida pelos Alphaherpesvirus, caracterizados por sua ampla gama de
hospedeiros, pelo seu desenvolvimento de lise celular e sua capacidade de
desenvolver infec¢gdes latentes nos ganglios nervosos (DAVISON, 2010). A segunda
subfamilia betaherpesvirinae, possui hospedeiros limitados e a replicacdo tem ciclo
longo, apresentando permanecer em laténcia nas glandulas secretoras, tecido
linféide, rins e outros tecidos. A terceira subfamilia gammaherpesvirinae, no qual os
hospedeiros sdo escassos, todos o0s respectivos membros replicam-se em células
linféides e algumas produzem infeccBes citocidas em células epiteliais e
fibroblasticas. Os virus desta subfamilia sédo especificos de linfécitos T e B que séo
transformados em células tumorais (FENNER et al. 1992; FERRARI et al., 2007).

Com frequiéncia podem produzir infeccao latente no tecido. (DAVISON, 2010).
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Figura 1- Representacdo esquematica da estrutura da particula viral do
alfaherpesvirus. Estrutura viral: (1) Envelope de glicoproteinas, (2) Tegumento
externo; (3) Tegumento interno; (4) Capsideo; (5) Capsémeros; (6) Nucleo contendo

o material genético do virus, com o poro nuclear aparente. (SCHEFFER, 2013).

A particula viral do herpesvirus € constituida por quatro estruturas: nicleo, capsideo,
tegumento e envelope (Figura 1). O diametro varia de 120 a 300 nm, sem forma
definida. O nucleo abriga uma molécula de DNA de fita dupla linear, protegido por
um capsideo icosaédrico de aproximadamente 100 a 110 nm de didmetro, formado
por 162 capsémeros (DAVISON, 2010; DEL MEDICO-ZAJAC et al., 2010; FRANCO

et al., 2012).

1.3 Replicagio dos HERPESVIRUS

Os alfaherpesvirus possuem um ciclo de replicacdo relativamente curto. Dois
ciclos replicativos com caracteristicas distintas sdo reconhecidos na biologia dos
alfaherpesvirus: a infeccdo aguda ou produtiva e a infeccéo latente (ABDELMAGID

et al., 1995; BRATANICH et al., 1991). A infec¢do produtiva ocorre nos locais de
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penetracdo do virus no hospedeiro e provavelmente, também em neurdnios antes do
estabelecimento e durante a reativacdo da infeccdo latente. Esta etapa do ciclo
replicativo caracteriza-se pela expressdo de todos os genes virais, replicacdo do
genoma e producdo de progénie viral infecciosa (CARON et al., 2002;
CHOWDHURY et al., 2000; FRANCO et al., 2012). O inicio da infeccdo depende da
interacdo do virion com receptores de superficie da célula (processo chamado
adsorcdo) e da entrada do nucleocapsideo no citoplasma (penetracdo) (CARON et

al., 2002).

O BoHV1 e BoHV5 apresentam 4 fases para realizar a sua penetracao
completa nas células do hospedeiro, denominadas de: adsorcao, fusdo, penetracao
e liberacdo. Cada fase, por sua vez, apresenta caracteristicas préprias, como
descritas a seguir: 1-adsorcdo: ocorre pelo contato da membrana externa do virus
com a membrana plasmatica da célula; 2-fusdo: se da pela penetracdo e pela
intensa ligacdo entre o envelope viral e a camada interna da membrana plasmatica
da célula do hospedeiro; 3-penetracdo: ocorre pelo processo de endocitose da
membrana plasméatica proximo ao local de fuséo, e as particulas virais se encontram
no interior da célula; 4-liberacdo: apés a formacdo do DNA viral ocorre a entrada do
material genético viral no nucleocapsideo pré-formado e sua liberacdo para o meio
extracelular. Todo este processo de adsor¢ao a penetracéo viral estd completo apés
60 segundos de ter iniciado o contato com a célula alvo, observado em ensaios
experimentais (DAVISON, 2010).

No interior do citoplasma celular o virus passa para 0 nucleo e a enzima
polimerase Il viral dependente de DNA celular, transcreve 3 classes de RNA: a

(alfa), B (beta) e y (gama), segundo uma sequiéncia coordenada e regulada por
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enzimas celulares. Assim, o RNA a processa o respectivo RNAm, que transcreve
proteinas tipo a, que iniciam a expressao do RNAm (3, e quando se tem a producéo
de B proteinas, suprime a transcricdo de RNAmM a. Nesse momento, comega a
replicacdo do DNA viral, que se utiliza das proteinas a e 3, assim como, proteinas
das células hospedeiras. A transcricdo se inicia novamente, quando ocorre a
formacdo do RNAmM vy, transcrito a partir de sequéncias distribuidas por todo o
genoma, produzindo proteinas y. Durante todo o ciclo sdo codificadas mais de 70
proteinas virais e grande parte sao do tipo a e 3, consideradas enzimas e a maioria
das y consideradas estruturais (CARON et al., 2002). O DNA recém-sintetizado é
introduzido no capsideo pré-formado. A sintese de DNA, RNA e proteinas da célula
hospedeira reduz a medida que comeca a biossintese viral e cessa 3-5 horas apos a

iniciada a infeccédo (DAVISON, 2010).

1.4 HERPESVIRUS bovino 5

Os herpesvirus bovinos 1 e 5 sdo muito equivalentes entre si em aspectos
estruturais, biologicos, antigénicos e moleculares (DEL MEDICO-ZAJAC et al.,
2010). Os genomas do BHV1 e BHV5 apresentam uma homologia de
aproximadamente 85%, de acordo com testes de cruzamento de hibridizacdo do
genoma completo (ABDELMAGID et al., 1995), tanto que anteriormente o BHV5 foi
classificado como subtipo 1.3 do BHV1 sendo reclassificado com base em algumas
caracteristicas biol6gicas e moleculares que o distingue dos isolados respiratorios e
genitais do BHV1 (DAVISON, 2010).

Neste sentido, a subfamilia alphaherpesvirinae € constituida pelos

Alphaherpesvirus caracterizados por sua capacidade de desenvolver infeccdes
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latentes nos ganglios nervosos. (FRANCO et al., 2012). Ambos BHV1 e BHV5 séo
virus neurotropicos que se estabelecem no ganglio trigémio (BELTRAO et al., 2000;
FULLER; LEE, 1992; STEINER; KENNEDY, 1995). A principal diferenca entre esses
virus parece estar relacionada a sua habilidade de invadir, replicar no sistema
nervoso central (SNC) e causar enfermidade neurologica (MELTZLER et al., 1986).
Amostras de alphaherpesvirus identificadas como BHV1 tém sido quase que
exclusivamente isoladas de casos de doenca respiratéria ou genital, enquanto os
herpesvirus isolados de casos de doenca nervosa tém sido identificados como BHV5
no Brasil (CAMPOS et al. 2009; COLODEL et al., 2002; D"ARCE et al., 2002; ELIAS
et al., 2004; GOMES et al., 2002).

O BHV5 possui a capacidade de invasao do sistema neuroldgico, tanto em
infeccdo natural quanto na experimental em bovinos (PEREZ et al., 2002; VOGEL et
al. 2003), ovinos (SILVA et al.,1998, 1999), lagomorfos (CARON et al., 2002) e em
caprinos jovens (DEL MEDICO-ZAJAC et al., 2010). Os pequenos ruminantes s&o
importantes hospedeiros da enfermidade, uma vez que o virus desenvolve laténcia
nessas espécies e pode atuar como transmissores da enfermidade para bovinos
imunossuprimidos em condi¢des naturais nos momentos de imunossupressao,
sendo comum o pastoreio de bovinos e caprinos em um mesmo ambiente no Brasil
(SILVA et al., 1998).

A meningoencefalite por BHV5 foi descrita no Rio Grande do Sul (ELIAS et
al.,, 2004; RIET- CORREA et al., 1989), Mato Grosso do Sul e Sao Paulo
(SALVADOR et al., 1998), Parana, Mato Grosso (COLODEL et al., 2002), Rio de
Janeiro e Minas Gerais (GOMES et al., 2002), Para (RIET-CORREA et al., 2006). Os

surtos tém sido observados em bezerros de até 3 meses (ELIAS et al., 2004; RIET-
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CORREA et al., 1989) e bovinos adultos de até 6 anos (ELIAS et al., 2004;

SALVADOR et al., 1998).

1.5 Sinais clinicos e alteracGes patoldgicas

Os sintomas tém sido relatados como: ataxia, hipermetria, andar em circulos,
movimentos de pedalagem, paralisia, decubito esternal, convulsées depresséao,
isolamento do rebanho, tremores, nistagmo, bruxismo, ptialismo e morte (PEREZ et
al., 2002). Na meningoencefalite por BHV5 as alteracbes macroscopicas nem
sempre sao visualizadas, entretanto quando presentes, sdo caracterizadas por
hiperemia e congestdo dos vasos da leptomeninge, tumefacdo das porgbes
anteriores do telencéfalo com areas achatadas no talamo, cipsula interna, ventriculo
lateral e cortex occipital de coloracdo amarelada ou acastanhada, medindo 0,5 a
3cm de diametro (RIET-CORREA et al., 2006; RISSI et al., 2006; SALVADOR et

al., 1998).

Na meningoencefalite ndo supurativa, a analise histopatoldégica dos
fragmentos do encéfalo, demonstra como principal alteragdo uma reacdo
inflamatdria intensa, com presenca de infiltrados perivasculares. A meningite difusa
e severa, composta por infiltrado inflamatério € uma alteragdo microscopica muito
frequiente (ELIAS et al., 2004; RIET-CORREA et al., 2006; SALVADOR et al., 1998).
Os cortes histolégicos também demonstram alteragdes circulatorias formadas por
congestdo, edema e hemorragia, distribuidos tanto na substancia branca quanto na

cinzenta, também na meninge que apresenta hiperplasia do endotélio vascular,
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vasculite, e tumefacéo das células endoteliais (ELIAS et al., 2004; RIET-CORREA et
al., 2006; RISSI et al., 2006).

A realizacdo de imunomarcacao contrastada com hematoxilina Harris's em
cortes de tecidos, apresentam alteraces histopatologicas de degeneracao neuronal,
parénquima infiltrante e infiltrado inflamatorio perivascular, evidenciando reacao

positiva para o BHV5.

1.6 Resposta inflamatoéria

ApoGs replicacdo na mucosa nasal, a invasdo BHV5 no cérebro ocorre
principalmente através da via olfatéria e neurénios sensoriais do ganglio trigémeo
(PEREZ et al., 2002). No entanto, outros caminhos para a propagacao do BHV5
devem ser considerados, tais como a entrada mediada por leucdcitos através das
barreiras cerebrais ou a via complexo coréide e meningues e a expressdo da
metaloproteinase 9 (MMP9) que constitui um elemento chave para a migracdo de
leucécitos que degrada o colageno do tipo IV, o primeiro componente da membrana
basal. (MACHADO et al., 2013).

Alteracdes histologicas concentram-se principalmente sobre os aspectos de
degeneracdo neuronal e infiltrados inflamatério. Entretanto, esses padrbes sao
controvérsias devido a dificuldade de isolamento do BHV5 em casos respectivos e
estagios diferentes da doenca: agudo, latente e reativacdo da infeccdo do virus.
(PEREZ et al., 2002). Infiltrado perivascular e no parénquima, sao resultados de
recrutamento de células inflamatérias no local de infeccdo, sendo mudancas

associadas com a infecgéo do herpesvirus (GRIFFIN et al., 2010).
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Figura 2 - Fotomicrografia ilustrando os infiltrados inflamatérios classificados como

suave, moderado e severo

Os niveis de citocinas sdo os marcadores de uma resposta inflamatoéria no
cérebro. Apds a exposicao viral a ativagdo de células T induz a expressao de um
maior numero de citocinas que facilitam tanto a resposta de anticorpos e mediacao
por células. (CROUSE et al., 2015). As citocinas contribuem para a disfuncdo ou
morte da célula (GRIFFIN et al., 2010). A maior fonte dessas citocinas podem ser
micréglias presentes no SNC ou linfocitos infiltrantes que chegam aos locais da
infeccdo através de trafego celular mediado por quinasse levando a quebra da
barreira hematoencefalica (GRIFFIN et al., 2010). Os infiltrados perivasculares
constituidos por linfocitos CD3+ foram detectados principalmente no bulbo olfatério,
hipocampo, l6bulos piriforme, frontal, parietal e temporal. Semelhante a modelos em
coelhos, em que o exame microscopico revelou mudancgas histolégicas no cortex
cerebral (lobo frontal, temporal, parietal e piriforme), caracterizados como infiltrados
perivasculares mononucleares, entretanto alguns coelhos infectados néo

apresentaram sintomas (MACHADO et al., 2013).
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2 OBJETIVOS

a) Examinar a distribuicdo e intensidade do BHV5 nas diferentes regifes do

cérebro.

b) Reconhecer a participacdo das principais populacdes de linfocitos T e B na

resposta inflamatdria no cérebro.

C) Fazer analise histopatologica do SNC, determinando as alteracdes
microscopicas presentes nas amostras de encéfalo com meningoencefalite néo

supurativa.

d) Relacionar a presenca da expressdo do gene de citocinas pré-inflamatérias e

pré-inflamatérias no sistema nervoso central.
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3 CONSIDERACOES FINAIS

a) O presente estudo forneceu informacgdes importantes para neuropatogénese

BHV5 na fase aguda.

b) Os dados apresentados sugerem conhecimento adicional para a propagacéao

e subsequente resposta inflamatéria do BHVS.

C) No entanto, mais estudos sao necessarios para demonstrar o perfil de citocina

envolvidas na infec¢é@o do virus que leva a um desfecho fatal.
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Abstract

Since little information regarding to inflammatory immune cells phenotype, cytokine
and virus gene expression regarding to BHV5 natural infection, this study aimed to
describe these features in twelve brain regions. Tissue sections were analysed for
nature and extend of perivascular cuffs in Virchow-Robin space and parenchyma per
brain area. The lesions produced were more severe in olfactory bulb, hippocampus,
piriform, frontal, temporal and parietal lobes mainly characterized as inflammatory
infiltrates localized in Virchow-Robin spaces. These histopathological lesions
positively correlated with BHV5 antigens distribution (r=0.947; p<0.005). The same
brain areas whereas perivascular cuffs were graded as severe, inflammatory cells
were composed by CD3+ phenotype in Virchow-Robin space. Pro-inflammatory
cytokine gene expression, INFG, IL2, TNF and LTBR, was mostly detected in
olfactory bulb and piriform lobe (P<0.005). However, IL4, considered to transcribed
an anti-inflammatory chemokine, was also expressed in olfactory bulb, piriform and
frontal cortex and last in hippocampus (p<0.005). This study addressed interesting
information about natural immune response to BHV5 fatal infection and suggested an
increase immune activation followed by inflammatory cytokine expression, positively

correlated to viral presence in cranial portion of brain region.

Key words: Viral meningoencephalitis, inflammatory response, cattle

Running title: Immune response among brain regions of BHV5 infected cows.
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Bovine Herpesvirus 5 (BHV5) is member of the family Herpesviridae, sub-family
alphaherpesvirinae, [5] and is primary etiological agent of non-suppurative
meningoencephalitis, described as a cause of significant economic losses to beef
cattle in Latin America [6,7,18]. The most important biological properties is a lifelong
latent infection in sensory nerve ganglia after acute infection, whereas the infection is
manifested by occasional reactivation of infection providing an adequate means of
transmission and spread, generally only detected by outbreaks [13,14,17,19,20].
Following replication in the nasal mucosa, BHV5 invasion into brain occur
mainly through the olfactory pathway and sensory neurons of trigeminal ganglion
[17]. However, other pathways for BHV5 spread must be considered, such as
leucocyte-mediated entry across cerebral barriers or via choroid plexus and
meninges [15]. Likewise, it has been demonstrated the metalloproteinase 9 (MMP9
gelatinase B) expression in brains from naturally infected cows and experimental
infected rabbits [8,11,16]. This is an important issue since MMP9 is considered a key
component for leucocyte migration by degrade type IV collagen. Neuropathological
patterns were obtained from central nervous system (CNS) by experimental infection
of calves and rabbits, which can represent some atypical histological changes from
naturally infected animals [1,10,11,15,16,19]. These histological changes are
primarily focused on aspects of neuronal degeneration and inflammatory infiltrates.
Besides, these patterns are controversial due to the difficulty to isolate the BHV5
from respective cases and the different stages of the disease: acute, latency and re-
activation of virus infection [17]. Moreover, under experimental situation not all BHV5
infected animals develop neurological disorders. Perivascular cuffing and
parenchymal infiltration within the brain, which are result of inflammatory cell

recruitment to sites of infection, are changes that be associated with herpesvirus
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infection [10,12]. However, due to variability in response, the influence of lymphocyte
recruitment on the resolution of BHV natural infections remain unclear.

Cytokine levels are surrogate markers of inflammatory cascade in the brain.
After viral exposure, apart from early innate immune response, activation of T cells
leads to the expression of a larger number of cytokines that facilitate both cell-
mediated and antibody responses [4]. Likewise, cytokines contribute to cell death or
cell dysfunction [12]. A major source of these cytokines could be the microglial cells
present in the CNS or infiltrating lymphocytes which reach to the site of infection
through chemokine-mediated cell trafficking as well as due to the breakdown of
blood-brain barrier [12]. Little information is available regarding cellular response and
cytokine gene mapping among BoHV5 natural infections. The purpose of this study
was to examine BHV5 distribution, involvement of the main populations of
lymphocytes (T and B), perivascular infiltrates and pro-inflammatory and anti-
inflammatory cytokines gene expression in CNS.

For the present study, 8 cattle brains diagnosed as positive for natural
infection with BHV5 and 10 health brains, used as control specimens, were obtained
from routine at Laboratory of Animal Virology at University of Sdo Paulo State. The
whole brain was sampled and sagittal sectioned into two halves. The brain portions
consisting by 12 regions of CNS: Ob (olfactory bulbs and rostral olfactory peduncles),
Pl (Piriform lobe), H (hippocampus), Fc (frontal cortex), Tc (temporal cortex), Pc
(parietal cortex), Oc (occipital cortex), T (thalamus), M (mesencephalon), P (pons),
Mob (medulla oblongata), Sc (cervical spinal cord) were chosen to be analyzed for
histopathology, immunohistochemistry and molecular analysis. The sections were
immersed in 10% phosphate-buffered formalin were sectioned into 10-15-mm thick

tissue sections, blocked and immersed in 98% formic acid during 24 h and
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embedded in paraffin wax. Non-fixed sections were stored under -86°C for molecular
analysis.

The number of cuffs was counted for each of 12 brain regions and the average
number and standard error were calculated. In addition, perivascular cuffs were
classified as mild (increase in cell nuclei or incomplete ring of cell nuclei within the
Virchow-Robin space), moderate (complete ring of cells in the Virchow-Robin space)
or severe (two or more complete cell layers in the Virchow-Robin space). Viral
antigen was detected with anti-BHV5 monoclonal antibody (BHV5 2F9) kindly
provided by Prof. Eduardo Furtado Flores. The monoclonal anti-human CD3 (Sigma-
Aldrich, St. Louis, MO, USA) and anti-mouse CD45R/B220 (Sigma-Aldrich) were use
and cross-react with bovine specie. Briefly, sections were dewaxed in xylene and
dehydrated in absolute alcohol before being immersed for 15 min in hydrogen
peroxide/methanol block to quench endogenous peroxide activity. Because epitope
retrieval was required before lymphocyte immunostaining, sections were immersed in
a 0.05% trypsin (Sigma-Aldrich) for 10 min. The slides were washed in phosphate
buffered solution and incubated with biotinylated secondary antibody and
streptavidin-HRP complex (LSAB+ Kit KO690 Dako) according to manufacturer's
instructions [1,2,10]. The reaction was developed with 3-3 -diaminobenzidine (K3468,
Dako). The slides were counterstained with Harris’s hematoxylin, dehydrated,
cleared and mounted with coverslips. Negative control sections were prepared
replacing the primary antibodies with 1% bovine serum albumin (BSA, Sigma-
Aldrich). The numbers of B and T cells per perivascular cuff and infiltrating
surrounding parenchyma were assessed with Axiolmager® A.1 light microscope
connected to an AxioCam®MRc (Carl Zeiss, Oberkochen, Germany). The images

were processed using AxioVision® v.4.8 software (Carl Zeiss) for viral antigen,
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lymphocyte T and B detection. Fifteen cuffs (five mild, five moderate and five severe)
were analyzed for each brain region in each animal.

Viral DNA was extracted from each brain region using DNAzol ™ according to
manufacturer’s instructions (Invitrogen®). An average of 100 ng of genomic DNA was
used for qPCR as described previously. The primers and respective probes used
were: BoHV5 forward 5 -GGTACTTCTTCTTGGTGATG-3"; BoHV5 reverse 5'-
TCGGTCTTCGTCAAGTTC-3"; BoHV5 probe FAM-AGGTCTTCTCGCACTC-MGB
as described previously [3,9]. The reaction was carried out and analyzed by the
software on a StepOnePlus™ real time instrument v. 7.3 (Applied Biosystems®). The
data were obtained from three replicates of each sample. The expression of the
housekeeping Histone 2a gene (H2A) was also quantified in a similar way for
normalization. The viral DNA level at corresponding time p.i. in infected and
uninfected cells was quantified in comparison to the housekeeping gene. The
comparative delta-delta Ct method was used to analyze the results.

In order to quantify pro-inflammatory and anti-inflammatory cytokines gene
expression total RNA was isolated from 12 brain regions. The total RNA was treated
with  DNAse and reverse transcribed into cDNA using a reverse transcriptase
(Superscript 1ll, Life Technologies, Inc., Carlsbad, CA). Analyzed genes,
corresponding to bovine immune related genes detailed on Table 1. The single tube
TagMan® assays primers and probes were used. The results are expressed as a
relative gene expression, which indicates how many times (fold change) the gene
expression of a cytokine is higher (upregulated) or lower (down regulated) among
brain areas. Culture of bovine monocytes were used to validate the reaction. The
average expression was calculated, and Log: transformed for each gene. The

quantitative PCR mixtures (50 pl) contained 1.2 pg of cDNA, 400 nM primers and 200
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nM probes FAM-mGB (5 region) customized for Bos taurus bovine sequences. The
PCR was initiated by sequential amplification of 40 cycles at 95°C (15s) and 60°C
(60s). Quantification of gene expression was performed by the 2 ~44¢t method using
bovine histone 2a gene (H2A; Bt03252057_gl) as a reference gene described

previously [3].

Total perivascular counts per animal were compared between brain region
with the non-parametric Exact Wilcoxon Sum Rank Test and rates = proportion
Fisher Exact Test. In addition, the distribution of perivascular cuffing within the brain
was studied by assessing the total number of cuffs in brain regions results with Exact
Wilcoxon Sum Rank Test comparing the cranial and caudal regions. For T and B-
lymphocytes, significant differences between groups were determined by one-way
ANOVA followed by Tukey’s Multiple Comparison Test. A value of p < 0.005 was
considered statistically significant. Data are expressed as mean + standard deviation
(SD). All statistical analyses were performed using Prism software (GraphPad v. 6.1,
La Jolla, CA, USA)

In these <cases of BHV5 natural infection, a non-suppurative
meningoencephalitis characterized by foci of perivascular cuffing with mononuclear
cells, principally lymphocytes, was observed (Fig. 1A, B, C and D). The perivascular
cuffing was noticed in olfactory bulb (Fig. 1A), frontal, temporal and parietal lobes
(Fig. 1B and C) and last, in piriform lobe (Fig. 1D). These changes ranged in
composition from a few cells (Fig. 1C and D) to, multiple layers of cell nuclei in the
Virchow-Robin spaces (Fig. 1A, B and C). Lymphocytes infiltration into the brain
parenchyma was rare. According to classification of these perivascular cuffing, it was
considered severe in olfactory bulb, piriform lobe, hippocampus, and frontal, temporal

and parietal lobes (Fig. 1E). Positive correlation was found between these changes
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and BHV5 antigen distribution (r=0.947; p<0.005).These achieves were similar to
what has been reported in experimental infected rabbits. However, some of infected
rabbits did not develop neurological symptoms [15], fact that was not observed in this
study. In rabbit model, microscopic examination revealed histological changes in
cerebral cortex (frontal, temporal, occipital, parietal and piriform lobes) characterized
by mononuclear perivascular cuffs.

Herein, inflammatory infiltrates constituted by CD3+ lymphocytes were
detected mainly in olfactory bulb, hippocampus, piriform, frontal, temporal and
parietal lobes (Fig. 2A-H). A strong association between CD3+ lymphocytes and
BHV5 antigens was detected in olfactory bulb, frontal, temporal, and parietal lobes
(Fig. 1F and Fig. 2E). These achieves are in accordance to what has been described
in rabbits infected by BHV5 [15]. However, from rabbits presenting neurological
symptoms, BHV5 antigens were detected in cerebellum, fact not observed in this
study. Regarding to CD45R+ lymphocytes, only temporal and parietal lobes revealed
10% of positive cells (Fig.2G and H), similar to previous study [15].

All animals examined in this study were considered under acute phase of
BHV5 infection. In this respect, molecular analysis revealed olfactory bulb and
piriform lobe as main brain area whereas BHV5 glyco-C gene was mostly expressed
(Fig. 3; p<0.005). Previous study, demonstrated an uniform distribution of BHV5 DNA
among brain areas when rabbits were experimental infected [15]. In another study,
during acute phase, BHV5-infected rabbits revealed viral DNA mostly in trigeminal
ganglia, cerebellum, anterior cortex and pons-medulla [8,16]. However, in
experimental infected calves, BHV5 DNA was consistently detected in trigeminal

ganglia, midbrain, thalamus and olfactory bulb [19]. From all studied animals, natural
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or experimental infected, olfactory bulb is a consensus regard to brain region where
BHV5 is frequently detected.

In general, latency and reactivation are considered critical strategies for
herpesviruses to survive in nature [17]. Typically, most cells infected by either alpha-
human-and-animal herpesvirus support lytic replication, while only specific subsets of
cells normally harbour latent viruses [6,7]. This study was the first to describe anti-
and-pro-inflammatory cytokines in natural cases of BHV5 infection. Chemokines
cause the accumulation and activation of leukocytes in tissues [4]. Attraction of
leukocytes to tissues is essential for inflammation and the host response to infection,
In this study, it was observed a maximum gene expression of INFG, IL2, IL4, TNF
and LTBR in olfactory bulb, hippocampus, piriform, temporal and parietal lobes (Fig.
3). It is known that importance of INFG gene to transcribe INF-gamma is to produce
an anti-viral response [4]. However, instead of being directly antiviral, it induces
effector proteins production in the cells, which inhibits various stages of viral
replication, assembly or release. Besides the balance among inflammatory and anti-
inflammatory cytokines is necessary to avoid tissue damage [12]. Likewise, IL4 gene,
which encode IL-4 immunossupressive cytokine, was detected at higher level in
olfactory bulb, hippocampus and piriform and frontal lobes (Fig. 3). It might be
possible that the expression of this cytokine would suppress the immune response
and contribute to virus recovery.

In conclusion, these achieves provide important information to BHV5
neuropathogenesis in cattle suffering of acute phase. The data presented herein
suggest additional knowledge to BHV5 spread and subsequent inflammation
response. Nevertheless, further studies are needed to demonstrated cytokine profile

involved in virus infection leads to fatal outcome.
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Fig. 1. Photomicrographs of histopathological changes (HE staining) characterized by
perivascular cuffing in Virchow-Robin space (100-um): A) olfactory bulb microscopy image
revealing an intense mononuclear infiltration (arrow); B) Perivascular cuff in cortical area of
frontal lobe; C) Perivascular cuffs characterized as severe (arrow) and mild (arrow head)
observed in frontal, temporal and parietal lobes; D) Perivascular cuffs considered moderate
(arrows) localized in hippocampus and arrow head parenchyma infiltrates; E) Average
number of perivascular cuffs according to classification of mild, moderate and severe per
brain area; F) Frequency of BHV5 antigen detection by immunohistochemistry assay per

brain area. The mean value was statistically significant * p<0.005.
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Fig. 2. Photomicrograph of CD3+ and CD45R+ Iymphocytes detected by
immunohistochemistry assay. A) Perivascular cuff graded as severe mainly composed by
CD3+ lymphocytes (brownish deposits) in Virchow-Robin space; B) CD45R+ lymphocytes
detected among perivascular cuff graded as moderate (100-um); C-H) Number of CD3+ and
CD45R+ lymphocytes detected and divided per brain area from BHV5 infected and control.

The mean value was statistically significant * p<0.005.
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Fig. 3. Bar graph showing cytokine and BHV5 gene expression per brain area. Values are

fold changes were calculated. The mean value was statistically significant * p<0.005. Bars

indicate the mean (z standard deviation).
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