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RESUMO

DETECCAO E IDENTIFICACAO GENETICA DE
PESTIVIRUS DE BOVINOS

AUTORA: Francielle Liz Monteiro
ORIENTADOR: Eduardo Furtado Flores

O género Pestivirus, pertencente a familia Flaviviridae, compreende trés espécies virais que
infectam bovinos: virus da diarreia viral bovina 1 (BVDV-1)/Pestivirus A, BVDV-2/ Pestivirus
B e pestivirus HoBi-like (HoBiPeV)/Pestivirus H. As duas espécies de BVDV e o HoBiPeV —
assim como gendtipos/subgenotipos - sao identificados com base na comparagdo da regido 5’
ndo-traduzida do genoma (5°’UTR), que ainda permite agrupar os isolados nos 21 subgenotipos
de BVDV-1 (-1a a -1u), quatro subgendtipos de BVDV-2 (-2a a -2d) e quatro do HoBiPeV (-
3a a -3d). A regido 5S’UTR também ¢ utilizada para a deteccdo molecular de pestivirus em
amostras clinicas, pois é muito conservada. Em um primeiro estudo, descreve-se a deteccdo e
identificacdo genética de pestivirus de 73 lotes de soro fetal bovino (SFB) de origem brasileira,
produzidos entre os anos de 2006 e 2014. Trinta e nove lotes de SFB (53,4%) foram positivos
na RT-PCR para pestivirus. Trinta e quatro lotes (46,6%) continham RNA do BVDV-1, sendo
23 -1a, oito -1b e trés -1d. Seis lotes (8,2%) continham BVDV-2, sendo dois -2a, trés -2b e um
de subgendtipo indeterminado. Quatro lotes de SFB (5,5%) estavam contaminados com o virus
HoBiPeV e cinco lotes (6,8%) continham mais de um pestivirus. Estes resultados demonstram
a contaminacdo de SFB de origem brasileira com RNA de pestivirus. O segundo estudo, relata
a caracterizacdo de 90 pestivirus obtidos de amostras de soro de bovinos no estado do Rio
Grande do Sul, destinados a exportacdo no de 2017, sendo 38 BVDV-1 (42,2%), 31 BVDV-2
(34,4%) e 21 HoBiPeV (23,4%). Das amostras de BVDV-1, apenas 0s subgenétipos -1a (n =
28, 31,1%) e -1b (n = 10, 11,1%) foram identificados. Todos os 30 isolados de BVDV-2
pertenciam ao subgenotipo -2b e os 21 HoBiPeV foram agrupados no subgrupo 3a. O terceiro
estudo, descreve a utilizacdo de um novo par de primers (BP189-389) para deteccdo das trés
espécies de pestivirus de bovinos (BVDV-1, -2 e HoBiPeV). A RT-PCR com o primer 324 -
326 detectou 110 amostras positivas, sendo 62 para BVDV-1, 38 para BVDV-2 e 10 para
HoBiPeV; e o primer 90 - 368 detectou 97 amostras positivas (64 BVDV-1; 33 BVDV-2). O
primer especifico para BVDV-2 detectou 45 amostras positivas (incluindo 38 detectadas pelo
324 - 326 e 33 pelo 90 - 368); enquanto que a RT-PCR utilizando o primer especifico para
HoBiPeV detectou 26 amostras positivas (incluindo 10 detectadas com o 324 - 326). A RT-
PCR utilizando o primer BP189-389 detectou todas as 135 amostras, incluindo os 26 HoBiPeV
detectados pelo N2-R5. Assim, o primer BP189 — 389 demonstrou alta sensibilidade e
especificidade na deteccdo de BVDV-1, BVDV-2 e HoBiPeV, e pode ser uma alternativa no
diagnéstico de pestivirus de bovinos. Em resumo, o presente trabalho apresenta contribuices
para o diagndstico de pestivirus bovino e acrescenta informagdes acerca do perfil genético dos
pestivirus circulantes em bovinos no RS.

Palavras-chave: BVDV. Virus HoBi-like. Soro fetal bovino. Bovino de corte. Diagnostico.



ABSTRACT

DETECTION AND GENETIC IDENTIFICATION OF
BOVINE PESTIVIRUSES

AUTHOR: Francielle Liz Monteiro
ADVISOR: Eduardo Furtado Flores

he genus Pestivirus, belonging to the family Flaviviridae, comprises three viral species that
infect cattle: bovine viral diarrhea virus 1 (BVDV-1)/Pestivirus A, BVDV-2/Pestivirus B and
pestivirus HoBi-like (HoBiPeV)/Pestivirus H. The two BVDV species and HoBiPeV — as well
as the respective subgenotypes — may be identified based on the comparison of sequences within
the 5’ non-translated region (5’UTR) of the viral genome, which allows to group the isolates in
twenty-one subgenotypes of BVDV-1 (1a-1u), four genotypes of BVDV-2 (2a-2d) and four of
HoBi-like (-3a to -3d). The 5’UTR is also a target for molecular detection of pestiviruses due
to its high conservation. In a first study, we describe the detection and genetic identification of
pestiviruses present in 73 lots of fetal bovine serum (FBS) of Brazilian origin, produced
between 2006 and 2014. Thirty-nine FBS batches (53.4%) were positive for pestivirus RNA.
Thirty-four (46.6%) contained BVDV-1, being 23 -1a, eight -1b and three -1d. Six batches
(8.2%) contained BVDV-2, two of them being -2a, three -2b and one of undetermined
subgenotype. Four batches of FBS (5.5%) were contaminated with HoBiPeV and five batches
(6.8%) contained more than one pestivirus. These results demonstrate the contamination of
Brazilian origin FBS with pestivirus RNA. The second study reports the characterization of 90
pestiviruses obtained from serum samples from cattle in the state of Rio Grande do Sul for
export in 2017, of which 38 BVDV-1 (42.2%), 31 BVDV-2 (34.4%) and HoBiPeV (23.4%).
Of the BVDV-1 samples, only the 1a (n = 28, 31.1%) and -1b (n = 10, 11.1%) subgenotypes
were identified. All 30 BVDV-2 isolates belonged to the -2b subgenotype and the 21 HoBiPeV
viruses were grouped into subgroup 3a. The third study describes a new primer pair (BP189-
389) for the detection of three bovine pestivirus species (BVDV-1, -2 and HoBiPeV). RT-PCR
with primer 324-326 detected 110 positive samples, 62 for BVDV-1, 38 for BVDV-2 and 10
for HoBiPeV; and primer 90-368 detected 97 positive samples (64 BVDV-1; 33 BVDV-2).
Primer specific for BVDV-2 detected 45 positive samples (including 38 detected by 324-326
and 33 by 90-368); while RT-PCR using the primer specific for HoBiPeV detected 26 positive
samples (including 10 detected with 324-326). RT-PCR using primer BP189-389 detected all
135 samples, including the 26 HoBiPeV detected by N2-R5. Thus, primer BP189-389
demonstrated high sensitivity and specificity in the detection of BVDV-1, BVDV-2 and
HoBiPeV and may be an alternative in the diagnosis of bovine pestiviruses. Summarizing, the
present study presents contributions for the diagnosis of bovine pestiviruses and adds new
information on the genetic profile of pestiviruses circulating in cattle from RS.

Keywords: BVDV. HoBi-like pestivirus. Fetal bovine serum. Beef cattle. Diagnostic.



Figural—
Figura 2 —
Figura 3 —

ARTIGO 1
Figural -

ARTIGO 2
Figural -

Figura 2 —

Figura 3 —

LISTA DE FIGURAS

Representacdo da organizacdo gendmica do género Pestivirus ..................... 16
Representacao do ciclo replicativo do BVDV ........ccccciviiiiiiienieneee e 19
Frequéncia de espécies/genotipos e subgendtipos de pestivirus de bovinos no
Brasil (1998 — 2018) ....cccciiiieiiiirieiee ettt 24

(Figure 1) Phylogenetic tree based on the 5’UTR region of the pestivirus

[01<] 0 0] 0 1RO UPR 38

(Figure 1) Phylogenetic tree of 5’UTR sequences amplified of pestivirus
detected using primer 90-368 ...........cccccieiieiiiieie e 54
(Figure 2) Phylogenetic tree of 5’UTR sequences amplified of pestivirus
detected using primers 90-368 and BVDV-2#3 .........ccccoovvenieneeie s 55
(Figure 3) Phylogenetic tree of 5’UTR sequences amplified of pestivirus
detected using Primer N2-R5 .......ccovoiiiiiiiee e 56



Tabela l -

ARTIGO 1
Tabela 1l -

Tabela 2 -

ARTIGO 2
Tabela l -

ARTIGO 3
Tabelal -

Tabela 2 —

Tabela 3 -

LISTA DE TABELAS

Espécies do género Pestivirus, conforme classificacdo do Comité Internacional
de Taxonomia de Virus (ICTV), 2018 .......cccooeieveiiiiceseeieeie e 14

(Table 1) Primer sequences and PCR amplification of pestiviruses present in
Brazilian batches of fetal bovine serum (FBS) collected from 2006 to 2014. 36
(Table 2) Detection of pestiviruses by RT-PCR in Brazilian lots of FBS
collected from 2006 t0 2014 .......cccueeiieiiieieie e s 37

(Table 1) Primers used for 5’UTR amplification, sequencing and phylogenetic

analysis of pestiviruses from beef calves in Southern Brazil ..............c......... 53

(Table 1) Primer data and sensitivity of the 5’UTR-based RT-PCRs used for
detection of pestiviruses in sera of CalVeS .........ccccovveiiiiiiiie i, 64
(Table 2) Pestivirus detection in sera of beef calves by RT-PCRs using different
SEtS OF PESHIVIIUS PIIMENS ....viuiiiiiiieiriesie et 65
(Table 3) Detection of HoBiPeV in various clinical specimens by RT-PCRs

using different sets Of PrIMErS .......cccvviiiiiie i 66



aa
ADAR
APPV
Aydin
BVD
BDV
BVDV
Bungo
CCP
cp
CSFV
DM
dsRNA
eEFla

ELISA
EUA
HoBiPeV
ICC
ICTV

IFA
IPX
IRES

kb

kDa
mAB
MDBK
MA

ncp

LISTA DE ABREVIATURAS E SIGLAS

Aminoéacido

Adenosina desaminase de RNA

Pestivirus atipico suino (Atypical porcine pestivirus)

Aydin-like pestivirus

Diarreia viral bovina (Bovine viral diahrrea)

Virus da doenca da fronteira (Border disease virus)

Virus da diarreia viral bovina (Bovine viral diarrhea virus)
Bungowannah

Proteina de controle do complemento

Citopatico

Virus da peste suina classica (Classical swine fever virus)

Doenca das Mucosas

RNA fita dupla (double stranded RNA)

Fator de elongacdo eucaridtico 1A (eukaryotic translation elongation
fator 1A)

Ensaio imunoenzimatico

Estados Unidos da América

Pestivirus HoBi-like (HoBi-like pestivirus)

Isolamento em cultivo celular

Comité Internacional de Taxonomia de Virus (Internacional Committe
on Taxonomy of Viruses)

Imunofluorescéncia

Imunoperoxidase

Sitio interno para o reconhecimento do ribossomo (internal ribossome
entry site)

Kilobase

KiloDalton

Anticorpo monoclonal (monoclonal antibody)

Madin-Darby bovine kidney

Maranhéo

Né&o-citopatico



nm
NTPase
ORF

pb

PB

Pl

PR
gPCR
RdRp

RNA
RNAse
RS

RT
PCR
SFB
SN

SP
SSRNA
UTR
VN

Nanémetro

Nucleosideo 5°-trifosfatase

Fase aberta de leitura (open reading frame)

Pares de basees

Paraiba

Persistentemente infectado

Parana

Reacdo em cadeia da polimerase em tempo real (quantitative PCR)
Polimerase de RNA dependente de RNA (RNA-dependent RNA
polymerase)

Acido ribonucleico

Ribonuclease

Rio Grande do Sul

Transcricdo reversa (reverse transcription)

Reacdo em cadeia da polimerase (polymerase chain reaction)

Soro fetal bovino

Soroneutralizagéo

Séo Paulo

RNA fita simples (single strand RNA)

Regido ndo traduzida (untranslated region)

Virus-neutralizacéo



2.1
2.2
2.3
2.4
2.5
251
2.6
2.7

SUMARIO

INTRODUGAO ...t es et sa s, 12
REVISAO BIBLIOGRAFICA .......ooiiiceeieteveee e 14
PESTIVIRUS DE BOVINOS........oouiieveeeeeeeeseeeessessssses s ssssssssessesssessennes 14
ORGANIZACAQO DO GENOMA ......coooceeeeeeseeeseeessesssssessees s 15
CICLO REPLICATIVO ..ot eeseeeees s 18
PATOGENIA E APRESENTAGOES CLINICAS ....ooovveveereeeeereeeeeiee e 20
DIAGNOSTICO DE PESTIVIRUS DE BOVINOS ......ccooovvieieieieieeeeeeeeerienens 22
DiagnOStiCo MOIECUIAT ........cocviiieiie e 22
EPIDEMIOLOGIA E DIVERSIDADE GENETICA ........ovvieveeeereeeseeeereeinninnes 23
PROFILAXIA E CONTROLE .....ovviieiveceeseee e assssesssnnennes 25

ARTIGO 1 - DETECTION AND GENETIC IDENTIFICATION OF
PESTIVIRUSES IN BRAZILIAN LOTS OF FETAL BOVINE SERUM

COLLECTED FROM 2006 TO 2014 .....c.ooiiiiieieeesieee e 27
ARTIGO 2 - GENETIC IDENTIFICATION OF PESTIVIRUSES FROM
BEEF CATTLE INSOUTHERN BRAZIL ... 39

ARTIGO 3 - DETECTION OF BOVINE PESTIVIRUSES IN SERA OF BEEF
CALVES BY A RT-PCR BASED ON A NEWLY DESIGNED SET OF PAN-
BOVINE PESTIVIRUS PRIMERS ........oouiiieiieeeeeeeee e 57
DISCUSSAOQ........coieeteeieeeieeeeee e sesis s s st se st s st s st es s ssnsnsnsanenes 67
REFERENCIAS ..ottt an sttt ne st nen s 69



12

1 INTRODUCAO

O género Pestivirus, pertencente a familia Flaviviridae, compreende trés espécies que
infectam bovinos: virus da diarreia viral bovina 1 (BVDV-1) ou Pestivirus A, BVDV-2 ou
Pestivirus B e pestivirus HoBi-like ou Pestivirus H (HoBiPeV) (ICTV, 2018). Os virions
possuem envelope e 0 genoma consiste de uma fita simples de RNA de cadeia positiva, com
aproximadamente 12,3 kilobases (kb), o qual é diretamente traduzido em uma longa
poliproteina, clivada por proteases virais e celulares em 11 ou 12 proteinas funcionais,
dependendo do biotipo do virus (citopatico/cp ou ndo-citopatico/ncp) (NEILL et al., 2013).

A diarreia viral bovina (BVD), doenca causada por esses pestivirus, gera perdas
econbmicas significativas para a bovinocultura, as quais estdo associadas aos problemas
respiratorios, gastroentéricos, e principalmente, reprodutivos (RIDPATH, BAUERMANN &
FLORES, 2017). O virus estd distribuido mundialmente, sendo que varios estudos ja
demonstraram a sua ampla distribuicdo em rebanhos bovinos brasileiros (GIL, 1998; CANAL
etal., 1998; FLORES et al., 2002; CORTEZ et al., 2006; LUNARDI et al., 2008; BIANCHI et
al., 2011; OTONEL et al., 2014; WEBER et al., 2014; BIANCHI et al., 2017; MOSENA et al.
2017a, b; SILVEIRA et al., 2017). O Brasil possui o maior rebanho bovino comercial do
mundo, com estimativas superiores a 211 milhGes de cabecas de gado, e além disso, é um dos
principais fornecedores mundiais de soro fetal bovino (SFB) (IBGE, 2014).

A caracterizacdo genética de isolados é um processo continuo que tem se mostrado
relevante e Util para o diagndstico e controle de pestivirus no Brasil. Os dois genoétipos de
BVDV e o0 HoBiPeV sdo identificados com base na comparagdo da regido 5’ nao traduzida
(untranslated region, UTR), que permite agrupar os isolados nos seus respectivos
gendtipos/espécies e subgendtipos, tendo em vista que é a regido mais conservada desses virus
(PELLERIN et al., 1994). De acordo com o sequenciamento de nucleotideos dessa regido, 0s
isolados de BVDV-1 sdo alocados em pelo menos 21 subgenétipos (denominados -1a a -1u) e
BVDV-2 em quatro subgendtipos (-2a a -2d) (GIANGASPERO et al., 2008; YESILBAG,
ALPAY & BECHER, 2017). Para os HoBiPeV tem sido proposta a classificacdo também em
quatro subgenotipos (-3a a -3d) (GIAMMARIOLI et al., 2015).

A identificacdo inicial do BVDV-2 no Brasil abriu caminho para a introducéo de cepas
de BVDV-2 em vacinas atuais e também levou a avaliacdo e adaptacdo de métodos moleculares
e imunodiagnosticos para a deteccdo de pestivirus (CANAL et al., 1998; GIL et al., 1998;
FLORES et al., 2002). Mais recentemente, a identificacdo do HoBiPeV em rebanhos bovinos

brasileiros tem chamado a atencdo para a necessidade de nova avaliacdo dos métodos
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diagndsticos e da necessidade de inclusdo em vacinais comerciais (BAUERMANN et al., 2013;
SILVEIRA et al., 2017).

O presente estudo descreve a identificacdo e caracterizacdo de pestivirus de bovinos em
lotes de SFB de origem brasileira, bem como em amostras de soro de bovinos do estado do Rio
Grande do Sul (RS) destinados a exportagdo; e descreve a construgdo e teste de um novo par de
primer para a detec¢do das trés espécies de pestivirus de bovinos (BVDV-1, -2 e HoBiPeV) por
RT-PCR (reacdo em cadeia da polimerase via transcricdo reversa). Assim, a tese € composta
pelos trés estudos apresentados sob a forma de artigos cientificos:

- ARTIGO 1: Detection and genetic identification of pestivirus in Brazilian lots of fetal
bovine serum collected from 2006 to 2014;

- ARTIGO 2: Genetic identification of pestiviruses from beef cattle in Southern Brazil,

- ARTIGO 3: Detection of bovine pestivirus in sera of beef calves by a RT-PCR based

on a newly designed set of pan-bovine pestivirus primers.
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2 REVISAO BIBLIOGRAFICA

2.1 PESTIVIRUS DE BOVINOS

O género Pestivirus pertence a familia Flaviviridae, juntamente com os géneros
Flavivirus (53 espécies), Hepacivirus (14 espécies) e Pegivirus (11 espécies). Possui onze
especies, classificadas do Pestivirus A ao K (Tabela 1), sendo trés espécies de bovinos:
Pestivirus A (BVDV-1), Pestivirus B (BVDV-2) e Pestivirus H (HoBiPeV) (ICTV, 2018).

Tabela 1 - Espécies do género Pestivirus, conforme classificacdo do Comité Internacional de
Taxonomia de Virus (ICTV), 2018.

Espécie Exemplar
Numero de acesso Nome do virus Abreviatura/lsolado

Pestivirus A M31182 Bovine viral diarrhea virus 1 BVDV-1/NADL
Pestivirus B U18059 Bovine viral diarrhea virus 2 BVDV-2/890
Pestivirus C X87939 Classical swine fever virus CSFV/A187
Pestivirus D AF037405 Border disease virus BDV/X818
Pestivirus E AY781152 Pronghorn antelope pestivirus -
Pestivirus F EF100713 Bungowannah Bungo
Pestivirus G AF144617 Giraffe pestivirus -
Pestivirus H FJ040215 HoBi-like pestivirus HoBiPeV
Pestivirus | JX428945 Aydin-like pestivirus Aydin/04-TR
Pestivirus J KJ950914 Rat pestivirus -
Pestivirus K KR011347 Atypical porcine pestivirus APPV/000515

Adaptado de: ICTV, 2018 (https://talk.ictvonline.org/taxonomy/).

O BVDV foi relatado pela primeira vez em 1946 em um surto de diarreia e lesbes
erosivas no trato digestivo de bovinos nos Estados Unidos (EUA) e no Canada, o que resultou
na sua nomenclatura no ano de 1957, ap6s o isolamento do agente. A primeira identificagdo foi
feita por pesquisadores da Universidade de Cornell (Ithaca, Nova lorque, EUA) e a doenca foi
caracterizada por hipertermia, anorexia, gastroenterite severa e ulceragcdes nas mucosas oral e
nasal (CHILDS, 1946; OLAFSON, MCCALLUM & FOX et al., 1946; BAKER, 1995).

No Brasil, o primeiro relato de BVDV foi em 1968 de um caso de doenca gastroenteérica,

contudo, o primeiro isolamento (Gravatai VV-80) ocorreu somente em 1974, a partir do sangue


https://talk.ictvonline.org/taxonomy/
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de um feto coletado de um matadouro; mesma década em que iniciaram os estudos soroldgicos
no estado do RS (CORREA, NETO & BARROS, 1968; WIZIGMANN, VIDOR & RICCI,
1971; VIDOR, 1974). Estudos posteriores confirmaram a presenca do agente no rebanho
brasileiro, com o isolamento a partir de fetos abortados, bezerros e rebanhos com problemas
reprodutivos e doenca gastroentérica (FLORES et al., 2005).

A classificacdo do BVDV em duas espécies (1 e 2) foi baseada na anélise filogenética
da regido 5°UTR e na analise fenotipica utilizando anticorpos monoclonais (monoclonal
antibody, mAb) contra a glicoproteina E2/gp53 (RIDPATH, BOLIN & DUBOVI, 1994,
PELLERIN et al., 1994). O BVDV-1 representa a maioria dos isolados de campo encontrados
na América, Europa e Australia; enquanto que o BVDV-2 foi identificado primeiramente em
um surto de doenca gastroentérica na América do Norte, mas ja esta disseminado em varios
continentes (PELLERIN et al., 1994; BECHER et al. 2003; RIDPATH et al., 2010; MINAMI
etal., 2011).

Em 2004, um novo grupo de virus com similaridade genética e antigénica ao BVDV,
nomeado de HoBi (D32/00_HoBi) foi isolado na Alemanha a partir de um lote de SFB
importado do Brasil (SCHIRRMEIER et al., 2004). Posteriormente, virus geneticamente
semelhantes (HoBi-like), nomeado por alguns autores de BVDV-3, foram detectados em lotes
de SFB comerciais de diferentes fontes, principalmente da América do Sul, sendo também
associado a infeccdo e a doenca em bovinos em varios paises (LIU et al., 2009; DECARO et
al., 2011; PELETTO et al., 2012; BAUERMANN et al., 2013; GIAMMARIOLI et al., 2015).

2.2 ORGANIZACAO DO GENOMA

Os pestivirus possuem 40 a 60 nanémetros (nm) de didmetro, nucleocapsideo
icosaédrico e envelope, 0 que torna estes virus sensiveis a solventes organicos e detergentes,
mas altamente resistentes a pH acido. O genoma consiste de uma molécula de RNA fita simples
de polaridade positiva (single strand, ssSRNA+) de 12,3kb, sendo infeccioso ao ser introduzido
em células permissivas. Na por¢édo terminal 5’ possuem uma regidao nao traduzida (5’UTR), que
contém duas estruturas em forma de grampo e um sitio interno para o reconhecimento dos
ribossomos (internal ribosome entry site, IRES), assim, a traducdo ocorre independente do cap
(NEILL et al., 2013).

O genoma apresenta uma unica fase aberta de leitura (open reading frame, ORF)
traduzida em uma longa poliproteina de aproximadamente 4.000 aminoéacidos (aa), que é
clivada por proteases virais e celulares, paralelamente ao processo de traducdo, gerando 11 ou

12 proteinas funcionais, dependendo do biotipo do virus (Figura 1). Na regido 3’'UTR estao
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presentes estruturas primarias e secundarias que atuam para iniciar a sintese da fita

antigendmica durante a replicacéo viral (NEILL et al., 2013).

C l Fms ' El l E2 p7 NS2-3 NS4A  NS4B NSS5A NSS5B s
5'UTR 3'UTR
Nilo-citopatico (ncp)
i Proteinas nio-estruturais lr
D Proteinas estruturais NS2 NS3

Citopatico (ncp)

Figura 1 - Representacdo da organizacdo gendmica do género Pestivirus. Adaptado de:
Ridpath, Bauermann & Flores, 2017.

A primeira proteina traduzida é uma néo-estrutural de 20 kDa (kiloDaltons), exclusiva
do género Pestivirus. A proteina N-terminal codificada pelo genoma do virus é uma cisteina
protease (NP™), responsavel pela autoclivagem entre o terminal N e a proteina do capsideo
(C/p14), sendo que esta clivagem ocorre em um sitio bem conservado — entre uma cisteina e
uma serina (STARK, 1993). Em seguida, sdo traduzidas as proteinas estruturais, sendo a
primeiras delas a C de 14 kDa, a qual reveste o RNA gendémico; e as trés glicoproteinas que
compdem o envelope viral: E™ (E0/gp48), E1 (gp25) e E2 (gp53) (NEILL et al., 2013).

A E™ possui atividade de ribonuclease (RNAse), podendo inibir a producdo de
interferon tipo | e auxiliar no desenvolvimento de infeccdes persistentes (IQBAL et al., 2004).
A capacidade da E™ de bloquear a sinalizacdo induzida pela presenca de RNA de fita dupla
(double stranded, dsRNA) desempenha papel importante na capacidade do BVDV de sustentar
uma infeccdo persistente, onde a resposta imune inata é, provavelmente, a defesa antiviral
predominante. Durante a infec¢do em um estagio inicial do feto, a E™ secretada pode agir para
neutralizar qualquer dsRNA liberado por apoptose das células infectadas, e assim, o feto ndo
conseguiria montar uma resposta antiviral inata por essa via (WANG et al., 2015).

As glicoproteinas E1 e E2 estdo relacionadas com a alta eficiéncia da ligacéo do virus
aos receptores celulares. A E1 parece influenciar positivamente a infectividade viral, sendo que
a E2 possui papel predominante na ligagdo a célula, pois interage com o0s receptores da
superficie celular e induz resposta de anticorpos neutralizantes e linfocitos T citotdxicos
(DONIS, 1995; RONECKER et al., 2008). A por¢do amino-terminal da E2 concentra a maior
parte dos epitopos/ determinantes antigénicos (LIANG et al., 2003). Variagdes nos aminoacidos
e nas estruturas antigénicas, na formacgéo da ligacao dissulfeto, na glicosilagdo e na atividade

da RNAse podem afetar a viruléncia dos pestivirus nos animais. Juntamente com as mutacdes
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que sdo impulsionadas pela pressdo de selecdo, as diferengas antigénicas nas glicoproteinas
influenciam a eficacia e adequacéo das vacinas que estdo sendo utilizadas atualmente no campo
(WANG et al., 2015).

Os genes que codificam as proteinas E2 e NS2-3 sdo separados por uma pequena
sequéncia que codifica um polipeptideo hidrofobico de aproximadamente 7 kDa. Tem sido
demonstrado que a clivagem entre E2 e p7 é incompleta, resultando em proteinas E2-p7, E2 e
p7. A clivagem incompleta € dispensavel ndo sé para a replicacdo do RNA, como também para
a formacéo de virus infeccioso in vitro. Entretanto, p7 € essencial para a producéo de progénie
viral (HARADA, TAUTZ & THIEL, 2000). Varias proteinas capazes de modular a
permeabilidade da membrana mostraram desempenhar um papel crucial na libera¢do de virions,
sendo denominadas de viroporinas (LARGO et al., 2014). A exemplo, a p7 do virus da peste
suina classica (CSFV) foi classificada como uma viroporina de classe 11 (GLADUE et al., 2012;
ZHAO et al., 2017). Algumas viroporinas englobam um pequeno trecho de aminoacidos basicos
flanqueados por dominios que interagem com a membrana, auxiliando na sua permeabilizacéo.
Assim, é possivel especular que a p7 do BVDV representa um grupo de viroporina, com fungéo
na liberacdo de progénie viral infecciosa (HARADA et al., 2000).

Em seguida, sdo produzidas as proteinas NS2-3 (p125), NS4A (p10), NS4B (p32),
NS5A (p58) e NS5B (p75) (NEILL et al., 2013). As proteinas NS2-3 (120kDa) tem funcédo
regulatéria na sintese de RNA e morfogénese de virions maduros. A NS2 (p54) apresenta
funcdo de cisteina protease, sendo responsavel pelo processamento da NS2-3. A proteina NS3
(p80) é detectada apenas na fase inicial da infeccdo com BVDV ndo-citopatico (ncp), e
detectada continuamente apds infec¢do com cepas de BVDV citopéticas (cp) (AGAPOV et al.,
2004; LACKNER et al., 2005). Assim, essa proteina é considerada um marcador para o biotipo
deste virus (DONIS et al., 1995). E uma proteina multifuncional com atividade de serina
protease, ligacdo ao RNA, nucleosideo 5-trifosfatase (NTPase) e helicase. Devido a atividade
de serina protease, a NS3 catalisa a clivagem que ocorre no seu proprio carboxi(C)-terminal. E
altamente conservada e imunogénica, mas ndo induz resposta imune protetora (GU et al., 2000;
TAUTZ, KAISER & THIEL, 2000).

A NS4A atua como cofator da atividade de protease da NS3 (GRASSMANN et al.,
2001), e interage com a adenosina desaminase de RNA (ADAR). O dsRNA estendido durante
a replicacdo do RNA viral pode ser editado pela agdo da ADAR que catalisa a troca de
adenosina (A) para inosina (), seguida por clivagem direcionada por endonucleases
citoplasmaticas. A ligagdo do dominio N-terminal da NS4A ao ADAR impede essa edic&o,

favorecendo a replicagdo do virus (MOHAMED et al., 2014). A NS4B é uma proteina integral
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de membrana associada principalmente ao aparelho de Golgi. Além disso, sua presenca ja foi
descrita na mitocondria, sugerindo seu papel na replicacdo do genoma e/ou na
citopatogenicidade; e juntamente com as proteinas NS5A e NS5B, aumentando a possibilidade
desta proteina ser um componente do complexo de replicacéo do virus (QU, MCMULLAN &
RICE, 2001; WEISKIRCHER et al. 2009).

A NS5A ¢é uma fosfoproteina hidrofilica com atividade de ligacdo ao RNA e um
componente critico da replicase viral, interagindo com a subunidade alfa do fator de elongacgéo
eucaridtico 1A (eukaryotic translation elongation fator 1A, eEF1A) (JOHNSON et al., 2001);
enquanto que a NS5B é a polimerase de RNA dependente de RNA (RNA-dependent RNA
polymerase, RdRp), que catalisa a replicacdo do RNA viral (ZHONG et al., 1998).

2.3 CICLO REPLICATIVO

A ligacdo e penetracdo dos virions na célula é o primeiro passo da infeccdo viral. A E1
e E2 formam um heterodimero, localizado no envelope viral, que permite a ligacéo e entrada
do virus na célula alvo, determinando o tropismo celular dos pestivirus (LIANG et al., 2003;
REIMANN et al. 2004; RONECKER et al., 2008; ASFOR et al., 2014).

O principal receptor dos pestivirus de bovinos é o CD46, uma proteina reguladora do
complemento presente em todas as células (KREY et al., 2006; ZEZAFOUN, DECREUX &
DESMECHT, 2011). A fun¢do do CD46 é modulada pela proteina de controle do complemento
1 (CCP1), que promove a entrada do virus, sendo que variantes genéticas e splicing do CCP1
determinam a permissividade celular. Os locais de ligacdo do virus ao receptor CD46 foram
mapeados para dois peptideos 66-EQIV-69 e 82-GQVLAL-87, que estdo localizados nas
estruturas B-folha do CCP1. Estes dois peptideos constituem uma regido crucial de ligacdo que
interage com o virus. Os potenciais locais de ligacdo dos pestivirus as células hospedeiras sdo
as regides 101-LAEGPPVKECAVTCRYDKDADINVVTQARN-130 da EO e 141-AVSPTTL
RTEVVKT FRRDKPFPHRMDCVTT-170 da E2 (LI et al., 2011).

A penetracdo do virions requer a fusdo entre o envelope viral e a membrana celular. A
E2 é caracterizada como uma proteina de fusdo de classe Il que abriga um peptideo de fusdo
129-CPIGWTGVIEC-139, contendo uma sequéncia consenso constituida por dois residuos de
cisteina (GARRY et al., 2003). A entrada dos pestivirus é dependente de endocitose mediada
por clatrina, seguida de acidificacdo do endossomo. O baixo pH desencadeia alteragdes
conformacionais que resultam na insercdo do peptideo de fusdo na membrana alvo, e

consequente liberacdo do genoma no citoplasma (Figura 2). Nas proteinas de fusdo, acredita-se
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que a histidina desempenha um papel fundamental nas alteragdes conformacionais induzidas
pelo pH (KAMPMANN et al., 2006).

Ao ser liberado no citoplasma, o genoma é diretamente traduzido em uma longa
poliproteina de aproximadamente 4.000 aa, clivada concomitantemente em proteinas funcionais
(estruturais e ndo-estruturais). O reconhecimento pelos ribossomos é mediado pelo IRES na
extremidade 5’ e a traducédo direta ocorre devido ao genoma ser cadeia positiva, possuindo o

mesmo sentido e sendo reconhecido com um RNA mensageiro celular (NEILL et al., 2013).

Figura 2 - Representacdo do ciclo replicativo do BVDV. 1) Ligacdo das proteinas virais ao

receptor. 2) Endocitose mediada por clatrina e acidificacdo do endossomo. 3) Traducdo em
poliproteina e clivagem em proteinas funcionais. 4) Replicacdo (fita antigendmica). 5)
Morfogénese e egresso. Adaptado de: Lindenbach et al., 2013. Figuras: Servier Medical Art

(www.servier.com/powerpoint-image-bank).

As proteinas ndo-estruturais sintetizadas recrutam o genoma viral para 0 complexo de
replicacdo, que ¢ montado na extremidade 3°. O RNA de cadeia negativa (antigenémico)
sintetizado € utilizado como molde para a sintese de RNA de cadeia positiva, que sera traduzido
em proteinas funcionais ou utilizado na montagem das particulas virais (GU et al., 2000). A
sintese das fitas é assimétrica, sendo que o RNA genémico pode ser encontrado em quantidade
até dez vezes maior que 0 RNA antigenémico. A morfogénese tem inicio com a associacdo dos

dimeros da proteina C com o RNA genbmico, seguido pelo brotamento em membranas do


http://www.servier.com/powerpoint-image-bank

20

reticulo endoplasmatico. Os virions sofrem mutacgdo e sdo fusionados a membrana plasmética
e liberados via exocitose (GRUMMER et al., 2001; LINDENBACK et al., 2013).

A ruptura da célula ndo é um pré-requisito para a liberacdo dos virions, e as
consequéncias da replicacdo para a integridade celular variam de acordo com o virus e a célula
hospedeira, ocorrendo desde infecgdes inaparentes, como no BVDVncp, em que os isolados
causam pouca ou nenhuma mudanca na morfologia celular; até infecgBes que provocam
extensos danos em linhagens celulares de bovinos (BVDVcp), como vacuolizagdo
citoplasmatica e destruicdo/lise celular completa entre 48 e 72 horas (PELLERIN et al., 1994;
RIDPATH, 2010). Os isolados ncp sdo responsaveis pela maioria das infec¢Ges naturais e pelas
infeccdes fetais persistentes, enquanto que os isolados cp se constituem em uma minoria e ndo
sdo capazes de produzir infeccdes persistentes, sendo encontrados quase que exclusivamente
de animais com a Doenca das Mucosas (DM) (RIDPATH, BAUERMANN & FLORES, 2017).

2.4 PATOGENIA E APRESENTAQ@ES CLINICAS

A transmissdo do BVDV ocorre principalmente por contato direto pela
inalacdo/ingestdo de particulas virais ou pela via sexual; e também indireto através do contato
com secregdes/excrecdes, materiais contaminados (transmissdo iatrogénica) e sémen
contaminado/inseminacao artificial. A transmissao vertical € uma consequéncia frequente da
infeccdo de fémeas prenhes, e dependendo do periodo gestacional que ocorre pode acarretar no
nascimento de animais persistentemente infectados (PI) (GIVENS et al., 2003; LINDBERG &
HOUE, 2005). A prevaléncia desses animais € de 0,5 a 2% em um rebanho com BVDV, e se
constituem nos principais mantenedores e disseminadores do virus (HOUE, LINDEBERG &
MOENNIG et al., 2006).

As consequéncias e a severidade da infeccdo aguda pelo BVDV dependem de uma série
de fatores, que incluem a cepa viral e o biotipo, o status imunolégico e reprodutivo do animal
e a ocorréncia de infeccdes secundarias, uma vez que o BVDV ¢é também imunossupressor,
predispondo os animais infectados a outros patdgenos. O periodo de incubacdo varia entre trés
e sete dias e é seguido de hipertermia transitoria e leucopenia, sendo que o virus pode ser
detectado no sangue entre quatro e seis dias apos a infec¢do, podendo permanecer por até 15
dias (RIDPATH, BAUERMANN & FLORES, 2017).

De maneira geral, a infecgdo de machos e fémeas ndo prenhes é subclinica ou com sinais
brandos nos casos de alguns isolados de maior viruléncia, podendo provocar um periodo febril
curto, acompanhado de sialorreia, descarga nasal, tosse e diarreia, com recuperacao clinica em

torno de trés semanas. E descrito que 70 a 90% dessas infeccdes ocorrem sem manifestagéo de
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sinais clinicos (BOLIN & GROOMS, 2004; LANYON et al., 2014). Cepas altamente virulentas
podem provocar sinais mais severos, como trombocitopenia, Ulceras e hemorragia intensa,
caracterizando uma forma distinta de BVD, denominada de BVD aguda hemorragica ou
sindrome hemorragica; contudo, corresponde a minoria das infeccdes (NEWCOMER &
GIVENS, 2013; BRODERSEN, 2014).

Embora identificado originalmente de casos de doenca gastroentérica, 0 BVDV é um
virus frequentemente associado com perdas reprodutivas (BAKER, 1995). As consequéncias
da transmissdo vertical estdo relacionadas ao biotipo (ncp/cp) e cepa viral e a fase gestacional
que ocorre a infec¢do, podendo ocorrer reabsor¢do embrionéria (com retorno ao cio), abortos,
mumificacdo fetal, natimortos, nascimento de bezerros fracos que apresentam retardo no
crescimento ou o nascimento de animais PI (CARMAN et al., 1998).

Aborto ocorre com maior frequéncia a partir dos 40 dias até o final da gestacdo. As
malformacdes fetais geralmente sdo observadas entre os 100 e 150 dias, podendo ocorrer atrofia
ou displasia da retina, hipoplasia cerebelar e microcefalia (RIDPATH, BAUERMANN &
FLORES, 2017). A infeccdo entre os 40 e 120 dias de gestacdo com a cepa ncp pode gerar 0s
animais PI, pois o sistema imunoldgico ndo estd completamente desenvolvido e o organismo
do feto ndo possui mecanismos para responder a infeccdo; assim, o animal desenvolve
imunotolerancia e é geralmente soronegativo, podendo apresentar retardo no crescimento,
malformacBes congénitas ou ser aparentemente saudavel (PETERHANS et al., 2010;
LANYON et al., 2014). Os fetos infectados no terco final da gestacdo geralmente nascem
saudaveis e soropositivos (RIDPATH, BAUERMANN & FLORES, 2017).

A DM é desencadeada quando um animal PI (portador de um BVDVncp) é infectado
com um BVDVcp antigenicamente semelhante. O BVDVcp que determina a DM geralmente
se origina por mutacgdes da ncp no proprio animal, e em casos raros, apos a vacina¢ao com virus
de vacinas vivas modificadas ou transmissao de cepas cp entre animais PIl. Varios tipos de
mutacdes tém sido descritas na geracdo de cepa cp, sendo que todos 0s mecanismos resultam
na expressio da proteina NS3 (SCHWEIZER & PETERHANS, 2014). E uma doenca
gastroentérica fatal, com ocorréncia maior em animais com seis meses a dois anos de idade e
se caracteriza por febre, leucopenia, diarreia, anorexia, desidratacdo e lesOes erosivas nas
narinas e na boca, sendo que a letalidade € proxima de 100% (BROWNLIE, CLARKE &
HOWARD, 1984).
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2.5 DIAGNOSTICO DE PESTIVIRUS DE BOVINOS

A suspeita de infeccdo pelo BVDV ocorre em propriedades que apresentam
principalmente problemas reprodutivos, tais como, perdas embrionarias, abortos, malformacoes
fetais, nascimento de animais fracos ou morte perinatal. Além disso, casos de doenca entérica
e/ou respiratéria com componentes hemorragicos, erosdes e ulceragcdes no trato digestivo
também sdo sugestivos de infeccdo. As manifestacdes clinicas podem surgir em animais de
qualquer idade, mas os bovinos jovens séo os principais afetados (RIDPATH, BAUERMANN
& FLORES, 2017).

O método padréo para o diagnostico do BVDV é o isolamento em cultivo celular (ICC),
sequido pela imunofluorescéncia (IFA) ou imunoperoxidase (IPX), uma vez que a maioria dos
isolados sdo ncp (PELLERIN et al., 1994). A principal célula utilizada para o isolamento deste
virus é uma linhagem de rim bovino, a MDBK (Madin-Darby bovine kidney), mas os cultivos
primarios de bovinos sdo 0s mais susceptiveis. Para os isolados cp, a vacuolizacdo
citoplasmatica, degeneracao celular, enrugamento do tapete, desprendimento e lise celular séo
os principais achados (RIDPATH, BAUERMANN & FLORES, 2017). De maneira geral, 0
isolamento requer um periodo de tempo prolongado (dias a semanas), 0 que ndo ocorre em
outros métodos de deteccdo de antigenos virais, como o0 ensaio imunoenzimatico (ELISA), RT-
PCR e RT-qPCR (reacdo em cadeia da polimerase em tempo real) (WEBER et al., 2014;
MARQUES et al., 2016; RIDPATH, BAUERMANN & FLORES, 2017).

Métodos de diagnostico indireto sdo utilizados com frequéncia para 0 monitoramento
do rebanho, uma vez que a identificacdo de soropositividade de um animal indica apenas
exposicao prévia ao agente, seja pelo contato com um virus de campo, cepa vacinal ou
imunidade materna/passiva. Animais infectados de forma aguda geralmente soroconvertem de
10 a 14 dias apo6s a infeccdo inicial, assim, a sorologia pareada pode confirmar a infec¢do
(RIDPATH, BAUERMANN & FLORES, 2017). Em propriedades que aderem a vacinacao,
métodos para a deteccdo de anticorpos anti-BVD, como ELISA e soroneutralizacdo (SN) ou
virus-neutralizacdo (VVN), podem ser importantes para identificacdo inicial de animais PI, que
geralmente sdo soronegativos (HOWARD, CLARKE & BROWNLIE, 1985; DEZEN et al.,
2013). A baixa reatividade soroldgica entre os isolados dificulta o diagnostico e a prevengédo
por vacinacdo (BIANCHI et al., 2011).

2.5.1 Diagnostico molecular
Métodos de deteccao de &cidos nucleicos, como a RT-PCR e suas variagdes, possuem

vantagens sobre o isolamento viral tanto em sensibilidade quanto em especificidade. Com esses
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métodos é possivel obter grande quantidade de uma regido especifica do RNA viral, além da
possibilidade de deteccdo de virus invidveis, que ndo replicariam em cultivo celular. De maneira
geral, as técnicas moleculares sdo mais rapidas, principalmente na identificacdo de cepas ncp,
quando comparado aos métodos de isolamento e IFA/IPX (ALANSARI et al., 1993).

Para a caracterizacdo inicial de isolados por métodos moleculares comumente é
realizada a anélise com base na NP™, permitindo diferenciar os Pestivirus, uma vez que esta
protease esta presente apenas neste género (RUMENAPF et al., 1998; RIDPATH et al., 2010).
Os dois gendtipos de BVDV e 0 HoBiPeV sdo identificados com base na comparacdo da
5’UTR, que permite agrupar os isolados nos seus respectivos genoétipos e subgenotipos, tendo
em vista que é a regido mais conservada desses virus (PELLERIN et al., 1994). Modelos
estruturais e bioquimicos demonstraram que estruturas stem-loops presentes nessa regido
servem para posicionar a subunidade ribossomal sobre o cédon AUG (metionina)., sendo que
sua extensdo é de aproximadamente 385 pares de bases (pb) (GOYAL & RIDPATH, 2005).
Para demonstrar diferencas genéticas, a glicoproteina do envelope E2 é muito utilizada, pois
estd submetida a intensa pressdo de selecdo (VILCEK et al., 2001; FLORES et al., 2002; LIU
etal., 2010; PELETTO etal., 2012).

2.6 EPIDEMIOLOGIA E DIVERSIDADE GENETICA

O BVDV possui distribuicdo mundial, sendo que varios estudos ja demonstraram a sua
ampla distribuicdo em rebanhos bovinos brasileiros (GIL, 1998; CANAL et al., 1998; FLORES
et al., 2002; CORTEZ et al., 2006; LUNARDI et al., 2008; BIANCHI et al., 2011; OTONEL
etal., 2014; WEBER et al., 2014; BIANCHI et al., 2017; MOSENA et al. 2017a, b; SILVEIRA
et al., 2017). Causa perdas econémicas significativas para a bovinocultura, as quais estdo
associadas aos problemas respiratorios, gastroentéricos, e principalmente, reprodutivos
(RIDPATH, BAUERMANN & FLORES, 2017).

As espécies de pestivirus sdo definidas por varios critérios que incluem os hospedeiros
de origem, comparacfes de sequéncias de nucleotideos e titulos de neutralizacdo cruzada
(BECHER et al., 2003). O sequenciamento e a comparagdo da 5'UTR, além das sequéncias NP™
e E2 sdo empregados para a filogenia e genotipagem de pestivirus de bovinos (PELLERIN et
al., 1994; RIDPATH et al. 1994; LIU et al., 2009). De acordo com esses critérios, os isolados
de BVDV-1 sdo alocados em pelo menos 21 subgendtipos (denominados -1a a -1u) e BVDV-2
em quatro subgendtipos (-2a a -2d) (GIANGASPERO et al., 2008; YESILBAG, ALPAY &
BECHER, 2017). Para o HoBiPeV tem sido proposta a classificagdo também em quatro
subgendtipos (-3a a -3d) (GIAMMARIOLI et al., 2015).
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De acordo com Yesilbag, Alpay e Becher (2017), o BVDV-1la é o subgendtipo
predominante nas Americas e também em todo o mundo (31,6%), seguido pelo BVDV-1b
(20,8%); enquanto que o BVDV-2 é responsavel por aproximadamente 11,8% das sequéncias
de BVDV genotipadas mundialmente, sendo 0 -2a 0 mais prevalente em todos os continentes.
O BVDV-2c foi detectado apenas na Europa e nas Américas, e uma Unica cepa de BVDV
contaminante na Argentina foi classificada como BVDV-2d (GIANGASPERO et al., 2008).

Nas duas Ultimas décadas (1998 - 2018), 307 pestivirus de bovinos foram parcialmente
ou totalmente sequenciados no Brasil (Figura 3), incluindo virus de diferentes regides e origens
epidemioldgicas e associados a diversas apresentacdes clinicas. A analise filogenética desses
virus demonstrou predominio do BVDV-1 (54,4%), sendo o subgenotipo -1a (32,9% do total)
o mais frequente, seguido pelo -1b (16,3%), -1d (4,6%), -1c e -1i (0,3%). A frequéncia de
BVDV-2 foi de 25,7%, predominando o subgenotipo -2b (84,8% do BVDV-2), seguido pelo
-2a (8,86%) e 0 HoBiPeV foi responsavel por 19,9% (61/307) dos virus genotipados (FLORES

etal., 2018).
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Figura 3 — Frequéncia de espécies/genotipos e subgenotipos de pestivirus de bovinos no Brasil
(1998 — 2018). Adaptado de: Flores et al., 2018.

No estado do Parana (PR), o BVDV-1b foi descrito causando um surto de doenca
gastroentérica, no qual seis novilhas desenvolveram sinais classicos de BVD aguda e faleceram

de 24 horas a 15 dias ap0s o aparecimento dos sinais clinicos (LUNARDI et al., 2008). No
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mesmo estado, a triagem de rebanhos bovinos leiteiros vacinados e com problemas
reprodutivos, revelou a presenca dos subgendétipos -1a, -1b e -1d (OTONEL et al., 2014).
Também na regido sul, o BVDV-1d foi identificado em um surto de DM (BIANCHI et al.,
2017). Na Paraiba (PB), o HoBiPeV foi associado a um caso de doenca gastroentérica aguda e
fatal, sendo que a deteccdo por RT-PCR (reacdo em cadeia da polimerase via transcrigdo
reversa) foi realizada a partir do soro de uma novilha (MARQUES et al., 2016). Também na
regido nordeste, dois isolados de BVDV-1b foram detectados em diferentes rebanhos de
bufalos, o que possivelmente corresponde a primeira identificacdo de infeccdo ativa pelo
BVDV em bubalinos no Brasil (PAIXAO et al., 2018).

O screening e identificacdo genética de pestivirus presentes em soro de bovinos no
estado do RS no ano de 2010 revelou a presenca de BVDV-1 (n = 19, 58,6%),
predominantemente o subgenotipo -1a (n = 15), sequido pelo -1b (3) e -1d (1), e alta frequéncia
de BVDV-2, notadamente o subgendétipo -2b (n = 14, 42,4%) (WEBER et al., 2014). Estes
resultados corroboram com os estudos de Bianchi et al. (2011), que demonstrou a alta
frequéncia de BVDV-2 na regido sul no pais. Na regido nordeste, o screening de pestivirus de
bovinos nos estados do Maranhdo (MA) e Rio Grande do Norte (RN) nos anos de 2012 e 2013,
revelou a presenga do HoBiPeV em pools de amostras de soro de bovinos oriundos de quinze
rebanhos diferentes (SILVEIRA et al., 2017).

Além da caracterizagdo genética de isolados através das regides 5’UTR, NP e E2 a
partir de amostras de casos clinicos e de screening de soro bovino, o sequenciamento completo
de genomas de pestivirus de bovinos ja foram descritos a partir de isolados brasileiros
(SCHIRRMEIER et al., 2004; CORTEZ et al., 2017; MOSENA et al., 2017a;b; YESILBAG,
ALPAY & BECHER, 2017). Além de HoBi_32/00 (SCHIRRMEIER et al., 2004), pelo menos
quatro sequéncias gendmicas completas de pestivirus isolados no Brasil foram publicadas nos
Gltimos anos, sendo trés HoBiPeV e um BVDV-1i (MOSENA et al, 2017a;b). Mésena et al.
(2017) realizaram o sequenciamento genémico completo e caracterizagdo de um BVDV-1i
isolado de bovinos no sul do Brasil. Cortez et al. (2017) publicou a sequéncia completa do
genoma de um HoBiPeV (SV757/15) isolado de uma novilha Nelore com doenga gastroentérica

no estado de Séo Paulo (SP), sudeste do pais.

2.7 CONTROLE E PROFILAXIA
As grandes diferencas antigénicas e genéticas entre as espécies/genotipos e
subgenotipos de Pestivirus geram uma preocupacdo quanto ao diagnéstico e eficicia das

vacinas comerciais disponiveis, uma vez que a maioria delas possui cepas europeias e
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americanas em sua composi¢éo, que sdo antigenicamente diferentes das que circulam no Brasil
(BOTTON et al., 1998) e nenhuma vacina possui cepas de HoBiPeV. Estudos j& demonstraram
que as vacinas brasileiras induzem baixos niveis de anticorpos neutralizantes, principalmente
frente ao genotipo 2 (FLORES et al., 2002; ANZILIERO et al., 2015).

Animais imunizados com vacina contendo apenas cepas de BVDV-1 apresentam baixos
titulos de anticorpos contra 0 BVDV-2 e HoBiPeV (RIDPATH et al., 2000; DECARO et al.,
2013). Em animais imunizados com vacinas inativadas ou vivas atenuadas contendo cepas de
BVDV-1 e -2, a divergéncia antigénica do virus HoBiPeV com BVDV-1 e -2 € maior do que a
observada entre BVDV-1 e -2 (BAUERMANN et al., 2013). Em um estudo conduzido no
Brasil, vacinas BVDV inativadas induziram atividade neutralizante fraca (ou mesmo ausente)
contra isolados brasileiros de virus HoBiPeV (DIAS et al., 2017).

A vacinacdo tem como objetivos proteger os animais da enfermidade clinica, reduzir a
circulacdo do virus e, principalmente, prevenir a infecgdo fetal (VAN OIRSCHOT et al., 1999).
E recomendada em regides endémicas e em fémeas susceptiveis algumas semanas antes do
periodo de cobertura, prevenindo, assim, a transmissdo via transplacentaria (MOENNIG et al.,
2005). Também se preconiza a vacinagdo em rebanhos com alta rotatividade de animais. Dois
pontos sdo importantes sobre a vacinacgao: rebanhos néo vacinados podem ser monitorados pelo
status sorolégico, o que facilita o diagnostico da enfermidade; e rebanhos soronegativos passam
a ser susceptiveis a infeccdo, e a geracdo de animais Pl, que correspondem a principal fonte de
disseminacdo do BVDV em um rebanho (KELLING, 2004; FLORES et al., 2005).

A escolha da melhor estratégia para a profilaxia e controle da infeccdo depende das
condic@es de cada rebanho (HOUE, 2003). O ponto principal € a identificacdo e eliminacdo de
animais PI, bem como em minimizar o risco potencial do seu nascimento, atraveés da separagdo
de fémeas prenhes ou recém-adquiridas do restante dos animais, até que sejam devidamente
testadas (VAN OIRSCHOT et al., 1999). Adocdo de medidas de higiene, como desinfec¢do das
instalagOes, principalmente nos locais de quarentena também sdo fundamentais para manter os
locais livres. Rebanhos ndo-vacinados deve ser periodicamente testados, através de testes
soroldgicos, ou teste de deteccdo direta do agente viral, principalmente nos animais suspeitos
de serem Pl (HOUE et al., 2006; LAUREYNS et al., 2010).
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ABSTRACT

The present study performed a genetic identification of pestiviruses contaminating batches of
fetal bovine serum (FBS) produced in Brazil from 2006 to 2014. Seventy-three FBS lots were
screened by a RT-PCR targeting the 5’untranslated region (UTR) of the pestivirus genome.
Thirty-nine lots (53.4%) were positive for pestivirus RNA and one contained infectious virus.
Nucleotide sequencing and phylogenetic analysis of the 5’UTR revealed 34 lots (46.6%)
containing RNA of bovine viral diarrhea virus type 1 (BVDV-1), being 23 BVDV-1a (5’ UTR
identity 90.8-98.7%), eight BVDV-1b (93.9-96.7%) and three BVDV-1d (96.2- 97.6%). Six
lots (8.2%) contained BVDV-2 (90.3-100% UTR identity) being two BVDV-2a; three BVDV-
2b and one undetermined. Four FBS batches (5.5%) were found contaminated with HoBi-like
virus (98.3 to 100%). Five batches (6.8%) contained more than one pestivirus. The high
frequency of contamination of FBS with pestivirus RNA reinforce the need for systematic and
updated guidelines for monitoring this product to reduce the risk of contamination of biologicals

and introduction of contaminating agents into free areas.

INDEX TERMS: Genetic identification, pestiviruses, fetal bovine serum, BVDV, pestivirus,

contamination, cattle.
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INTRODUCTION

Contamination of fetal bovine serum (FBS) with bovine pestiviruses, namely bovine
viral diarrhea virus (BVDV), has been a long-time concern for the industry of biologicals. FBS
is a major growth supplement for mammalian cell cultures and is a component of many
biologicals of human and veterinary use, including vaccines. In addition, FBS has broad/wide
applications in many areas of research and development. Moreover, international trade of FBS
represents a potential risk for the introduction of exogenous agents into free countries (Stahl et
al. 2007, Bauermann et al. 2013, Xia et al. 2013). These concerns were renewed upon the
identification of a novel group of pestiviruses in a batch of FBS imported from Brazil
(Schirrmeier et al. 2004).

The genus Pestivirus, family Flaviviridae, comprises four recognized virus species,
Bovine viral diarrhea virus 1 and 2 (BVDV-1 and BVDV-2), Border disease virus (BDV) and
Classical swine fever virus (CSFV) (Liu et al. 2009). Several other putative pestivirus species
wait for definitive classification, including the emerging HoBi-like virus group, also
denominated atypical pestiviruses or BVDV-3 (Schirrmeier et al. 2004, Liu et al. 2009,
Bauermann & Ridpath 2015).

The ruminant pestivirus genome is a single stranded, positive sense RNA of 12.3kb in
length containing a long open reading frame (ORF) flanked by two untranslated regions (5’ and
3> UTRs), respectively. Nucleotide sequencing and comparison of the highly conserved 5> UTR
has served for pestivirus phylogeny and classification into virus species and subtypes (Ridpath
et al. 1994, Becher et al. 1997, Vilcek et al. 2001, Bauermann & Ridpath 2015).

The first member of this novel pestivirus group (isolate HoBi_D32/00) was identified
in Germany contaminating FBS imported from Brazil (Schirrmeier et al. 2004). Subsequently,
genetically similar viruses — and so called HoBi-like - have been repeatedly detected in
commercial FBS from different sources, but mainly from South America (Stahl et al. 2007, Liu
et al. 2009, Peletto et al. 2012, Giammarioli et al. 2015). In addition, HoBi-like viruses have
been associated with cattle infection and disease in several countries (Cortez et al. 2006, Liu et
al. 2009, Bianchi et al. 2011, Decaro et al. 2011, 2012, Mishra et al. 2014).

As Brazil is one of the major world suppliers of FBS, and pestiviruses - including HoBi-
like - have been frequently detected in Brazilian lots of FBS, we performed an investigation on
the presence and identity of pestiviruses present in FBS produced in the country between 2006
and 2014.
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MATERIALS AND METHODS

The current study included aliquots from 73 lots of FBS produced in Brazil between
2006 and 2014. Forty-six lots consisted of pooled fetal sera collected in slaughterhouses
between 2006 and 2011. These lots have been submitted to filtration and UV irradiation prior
to submission to the diagnostic laboratory. The remaining samples (n=27) were obtained from
commercial, packed and labeled batches of FBS produced in Brazil from 2009 to 2014.
Pestivirus screening included three RT-PCRs using different sets of primers targeting the 5'
UTR of the genome (Table 1).

Aliquots of 100uL of each FBS batch were submitted to RNA extraction using TRIzol®
Reagent (Life Technologies, Carlsbad, CA), according to manufacturer’s instructions. After
RNA extraction, complementary DNA (cDNA) was synthesized using Super Script 111 Reverse
Transcriptase (Life Technologies, Carlsbad, CA). Then, cDNA from each sample was
submitted to three sequential PCR assays, using different sets of primers targeting the 5S’UTR
(Table 1). The first PCR used the panpestivirus primers HCVV90-368 (Ridpath & Bolin, 1998).
The conditions were: 94°C-5min, 35 cycles of 94°C, 50°C, 72°C, 30s each, final extension at
72°C (7min). The second PCR used primers specific for BVDV-2 (2F-2R), that was designed
in Clone Manager software (http://www.scied.com/pr_cmbas.htm) using the strain 890 as
standard sequence (GenBank access U18059). The obtained primers sets were analyzed in
primer-BLAST tool to specificity parameters (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/). Conditions were: 94°C-5 min, 35 cycles of 94°C, 52°C and 72°C extension for 45s each,
final extension of 7min-72°C. The third PCR used primers N2-R5 targeting the HoBi-virus
5’UTR (Bauermann et al. 2014). Conditions were 94°C — 5 min, 35 cycles of 94°C, 55°C and
72°C for 30s each, followed by an extension at 72°C — 5 min. The PCR reactions were
performed in a 25 ul volume, using 2 ul of cDNA template (100 to 200ng), 0.4uM of each
primer, 2mM MgCI2, 0.8mM of dNTPs, 1x reaction buffer, 10% of reaction dimetilsulfoxide
(BVDV-2) and 1.5 unit of Taq polymerase (Thermo Fischer Scientific, Waltham, MA, USA).

Total RNA extracted from Madin-Darby bovine kidney (MDBK) cells infected with
BVDV-1 Singer (cp), BVDV-2 890 (ncp), HoBi-like virus LVV04/12 (Silveira et al. 2017) were
used as controls. Ultrapure water was used as negative control. Pestivirus-free MDBK cells
were grown in minimal essential medium (MEM) with 10% equine serum and supplemented
with antibiotics. The sensitivity of each PCR was determining by performing 10-fold dilutions
of supernatants of MDBK cells infected with each control virus, followed by RNA extraction,
cDNA synthesis and PCR as described above. PCR products were resolved in a 1.5% agarose
gel stained by Gel Red® (Biotium, Hayward, CA, USA) and visualized under UV light after
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electrophoresis (60V, 40min). For nucleotide sequencing, PCR products were purified using
PureLink® Quick Gel Extraction and PCR Purification Combo Kit (Life Technologies,
Carlsbad, CA). Positive samples were sequenced in duplicates using the BigDye kit. The
sequences were analyzed by Staden program (Staden 1996) to obtain the consensus sequence.
The alignment of the sequences with sequences deposited in GenBank was performed using the
program BioEdit Sequence Alignment Editor Software suite, version 7.0.5.3
(http://www.mbio.ncsu.edu/bioedit/bioedit.html). The phylogenetic analysis was conducted in
the Molecular Evolutionary Genetics Analysis (MEGA) software 5.0 (Tamura et al. 2011),
using the Neighbor-joining method, and the evolutionary distances were computed using the p-
distance method. The bootstrap values were calculated using 1000 replicates.

FBS samples were also submitted to virus isolation in MDBK cells using standard
protocols (Botton et al. 1998). Briefly, 100uL of FBS was added to the culture medium of
MDBK cell monolayers grown in 6-well plates and submitted to three passages of five days
each, followed by detection of viral antigens by fluorescent antibody assay (FA) at the end of

the third passage.

RESULTS AND DISCUSSION

Thirty-nine FBS lots (53.4%) were found contaminated with RNA of at least one
pestivirus species by the PCRs targeting the 5S’UTR (Tables 1 and 2). The first PCR using the
panpestivirus primers HCV90-368 (Ridpath & Bolin 1998) resulted in 35/73 positive samples
(47.9%). Nucleotide sequencing of the amplicons revealed 34 samples harboring BVDV-1 (23
BVDV-1la, 8 BVDV-1b and 3 BVDV-1d) and one containing HoBi-like virus. The
amplification of a HoBi-like virus out of one batch indicates a high level of contamination since
these primers were shown to poorly amplify HoBi-like viruses (Bauermann et al. 2013). In any
case, these results indicate the predominance of BVDV-1 among the viruses detected in the
examined samples (35/45, 77.7%).

The lack of amplification of BVDV-2 by primers HCV90-368 was somehow surprising
due to the wide circulation of this virus among Brazilian cattle (Cortez et al. 2006, Bianchi et
al. 2011, Silveira et al. 2017). Then, a second primer set was designed to specifically amplify
BVDV-2, either as a sole virus or in mixed contamination (Table 1). These primers were shown
to amplify specifically BVDV-2 (at little as 10 genome copies), even in mixtures containing
BVDV-1 in 100-fold higher amounts (not shown). The PCR using this set of primers resulted
in the positive amplification in six batches, all confirmed as BVDV-2 by nucleotide sequencing
(2 BVDV-2a; 3 BVDV-2b and one undetermined). Three of these samples also contained
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BVDV-1 (detected by the HCV90-368 PCR) and one contained BVDV-2 plus HoBi-like virus
(detected by the HoBi-virus-specific PCR). Thus, BVDV-2 accounted for 13.6% (6/44) of the
pestiviruses detected in Brazilian FBS batches. The third PCR used primers specific for HoBi-
like virus (N2-R5) and yielded four positive samples, one was the same sample detected by
primers HCV90-368. The identity of HoBi-like viruses was confirmed by nucleotide
sequencing. The presence of other pestiviruses in the samples seemed not to affect amplification
of HoBi-like by this set of primers. Thus, HoBi-like viruses comprised 8.9% (4/44) of the
pestiviruses contaminating FBS batches. Five FBS batches contained more than one viral
species (3 were positive for BVDV-1 and BVDV-2; and one each contained HoBi-like virus
and BVDV-1 or BVDV-2).

The obtained sequences were submitted to identity matrix based on the 5° UTR. The
nucleotide identity among the BVDV-1a ranged from 90.8 to 98.7%; BVDV-1b, 93.9 to 96.7%;
BVDV-1d, 96.2 to 97.6%. The 5> UTR identity among BVDV-2 ranged from 90.3% to 100%
and among HoBi-like viruses varied from 98.3 to 100%. Figure 1 depicts the phylogenetic
relationships among the detected pestiviruses.

A number of studies have demonstrated pestivirus contamination of FBS originated
from Brazil and other South American countries (Liu et al. 2009, Xia et al. 2013, Peletto et al.
2012, Giammarioli et al. 2015). Our study reinforced these findings, detecting 53.4% batches
containing pestivirus RNA. Although only one lot contained infectious virus, the high
frequency of pestivirus RNA contamination should call attention to the FBS manufacturers and
regulatory agencies for the need of continuous monitoring and strict application and use of
updated procedures for pestivirus detection.

Contamination of FBS with pestiviruses may have important consequences, including
contamination of human and veterinary vaccines (Falcone et al. 1999) and interference with
virology diagnosis and research (Stahl et al. 2007). Widespread distribution of FBS may also
represent a means for introduction of contaminating viruses into free countries (Stahl et al.
2007, Bauermann et al. 2013, Giammarioli et al. 2015).

In general, these results reflect the distribution and frequency of BVDV genotypes and
HoBi-like viruses in Brazil reported in previous studies (Cortez et al. 2006, Bianchi et al. 2011,
Silveira et al. 2017). The low frequency of BVDV-2 detection contrasts with a highest
frequency detected previously, yet it might be partially explained by the preferential
amplification of BVDV-1 sequences by the pestivirus primers used in the initial reactions. On

the other hand, the frequency of HoBi-like virus detection confirms the wide and frequent
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distribution of this novel group of pestiviruses among Brazilian cattle (Cortez et al. 2006,
Bianchi et al. 2011, Silveira et al. 2017).

CONCLUSIONS

Our results showed a high frequency of pestivirus RNA contamination of FBS produced
in Brazil. Interestingly, HoBi-like viruses accounted for approximately 9% of the pestivirus
RNA detected in FBS and were present in 5% of the lots, confirming the widespread distribution
of these viruses in Brazil. These findings reinforce the need for continuous monitoring and strict
application of methods for virus inactivation as to provide a safe product for the industry and

research.
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Table 1. Primer sequences and PCR amplification of pestiviruses present in Brazilian batches

of fetal bovine serum (FBS) collected from 2006 to 2014.

Primers Sequence Amplicon Positive (%) Identification

24 BVDV-13;

HCV90- F: CCATGTGCCATGTACAG 8 BVDV-1b;
282ph 35/73 (47.9)

368 R: CATGCCCATAGTAGGAC 2 BVDV-1d;

1 HoBi-like

BVDV-2 F: GCGGTAGCAGTGAGTTTATTGG
R: TTACTAGCGGGATAGCAGGTC

N2-R5 F: TCGACGCATCAAGGAATGCCT
R: TAGCAGGTCTCTGCAACACCCTAT

2F and 2R

224ph 6/73 (8.2) 6 BVDV-2

150pb 4173 (5.5) 4 HoBi-like

Five fetal bovine serum (FBS) batches contained more than one viral species: 4 were positive
for BVDV-1 and BVDV-2; one contained BVDV-1 and HoBi-like virus; one contained BVDV-

2 and HoBi-like virus.
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Table 2. Detection of pestiviruses by RT-PCR in Brazilian lots of FBS collected from 2006 to
2014.

. . o . . Primers*

EV ldentification  Origin identification Stamus* Tear® HIVOD388 EVDV-2 2F-IR NIEE
EV4B/15 #66 IB-56 Pooled 2006 EVDV-1x - -
V48715 #70 18-70 Pooled 2006 EVDV-1a - -
EV4B/15 #60 18-50 Pooled 2006 - EVDV-2* HoBi-like
EV4B/15 #59 1B-5% Pooled 2007 EVDV-1a EVDV-2a -
EV4B/15 #76 IB-76 Pooled 2007 EVDV-1a - -
IV4B/15 #111 IB-111 Poaled 2007 BVDV-1a - -
EV4B/15 #54 IB-58 Poaled 2007 EVDV-1a - -
EV4B/15 #69 1B-5% Poaled 2007 EVDV-1a - -
5V4B/15 #94 1B-%B8 Poaled 2008 EVDV-1a - -
5V 4B/15 #92 18-52 Pooled 2008 EVDV-1b - -
EV4B/15 #1021 1B-1021 Poaled 2009 EVDV-1a - -
SV1iDD3714 #39 IM-39 Packed 2009 EVDV-1b BVDV-2a -
5V4B/15 #1434 1B-1434 Poaled 2010 EVDV-1a - -
EV4B/15 #595 IB-555% Poaled 2010 EVDV-1a - -
SV4B/15 #6086 IB-606 Poaled 2010 EVDV-1b - -
SV4B/15 #1937 18-1937 Poaled 2010 EVDV-1a - -
SV4B/15 #1730 IB-17E0 Poaled 2011 BVDV-1a - -
SV4B/1L #1770 1B-1770 Poaled 2011 EVDV-1a - -
SViDD3[14 #32 IN-92 Packed 2011 EVDV-1b - -
EV1DD3S14 #93 IM-93 Packed 2011 EVDV-1a - -
5V4B/15 #5835 1B-5B35 Poaled 2011 HaBi-like - HoBi-like
SViDD3[14 #37 IN-37 Packed 2012 EVDV-1b - -
SViDD3[14 #95 IN-95 Packed 2013 EVDV-1b - -
SViDD3S14 #98 IN-98 Packed 2013 EVDV-1d BVDV-2b -
SViDD3[14 #30 IH-90 Packed 2014 EVDV-1b - HoBi-like
SViDD3;fi4 #91 IN-91 Packed 2014 BVDV-1a - -
5Ve5d4 /15 #30 IN-30 Packed 2014 EVDV-1a - -
SVES4 /15 #1086 IN-10% Packed 2014 BVDV-1a
SV4B/15 #1940 18-1%40 Paaled He EVDV-1a - -
V4815 #301 18-301 Pooled NI - - HeBi-like
EV4E/15 #1905 1B-1505% Pooled HI EVDV-1a - -

SV1003/14 #1939 1B-193% Pooled HI EVDV-1d - -

V1003714 #1B7F0 IB-1B70 Pooled HI EVDV-1a - -
EV4B/15 #1895 IB-1B%6 Poaled HI EVDV-1a
EV4B/15 #1894 1B-1B54 Poaled HI EVDV-1a - -
EVioD3 14 #388 IM-33 Packed B0 (valid until 2014} EVDV-1b - -
SVi003/14 #101 IN-101 Packed B (valid until 2018} - BVDV-2b -
IViDD3 14 #94 IH-94 Packed B (valid until 2019} EVDV-1d - -

! Pooled, unpacked FBS sent for pestivirus monitoring (IB - Instituto Biolégico de S&o Paulo); or packed/labeled
commercial FBS (Inmetro, RJ), ® Corresponds to the year of collection informed by the supplier/manufacturer, ¢
Primers HCV90-368 are panpestivirus; primers 2F-2R were designed to amplify exclusively BVDV-2; primers
N2-R5 are specific for HoBi-like viruses, ¢ The identity of the respective virus was determined by nucleotide
sequencing of the amplicons, e Date of serum collection not informed; * The BVDV-2 subgenotype could not be

determined,; this sequence is not shown in the phylogenetic tree.
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Figure 1. Phylogenetic tree based on the 5’UTR region of the pestivirus genome. The tree was
built using the Neighbor-joining method and the evolutionary distances were computed using

the p-distance method. The bootstrap values were calculated using 1000 replicates. The

identified viruses are indicated by diamonds, circles or boxes.
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Abstract

Bovine pestiviruses, e.g. bovine viral diarrhea virus types 1 (BVDV-1 or Pestivirus A),
BVDV-2 (Pestivirus B) and HoBi-like pestiviruses (HoBiPeV or Pestivirus H) have been
shown to circulate in Brazilian cattle in varied proportions. In this study we identified
genetically pestiviruses circulating in beef cattle in Rio Grande do Sul, the southernmost
Brazilian state. Screening of serum of 15.684 beef calves destined to export by an antigen
capture ELISA and, subsequently, by reverse-transcription polymerase chain reaction (RT-
PCR) revealed 135 containing pestivirus RNA. Genetic typing of these viruses based on
nucleotide sequencing and phylogenetic analysis of the 5’ untranslated region (5’UTR) of the
viral genome allowed for the identification of 90 different viruses, being 38 BVDV-1 (42.2%),
31 BVDV-2 (34.4%) and 21 HoBiPeV (23.4%). Among BVDV-1, only subtypes -1a (n=28,
31.1%) and -1b (n=10, 11.1%) were identified. All 30 BVDV-2 isolates belonged to BVDV-2b
subtype and the 21 HoBiPeV viruses clustered to subgroup 3a. Thus, this study provides an
approximate genetic profile of pestiviruses circulating in beef cattle in a traditional Brazilian

beef cattle-raising state.

Key words: beef cattle; pestivirus; phylogeny.
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Introduction

Pestiviruses comprise a genus within the family Flaviviridae; they are small (40-50 nm),
enveloped, single-stranded positive-sense RNA viruses.! Bovine pestiviruses include the
prototype species, bovine viral diarrhea virus 1 (BVDV-1) and 2 (BVDV-2), and a third species
classified as HoBi-like pestiviruses (HoBiPeV).}? BVDV-1, BVDV-2, and HoBi-like viruses
have also been classified as Pestivirus A, B, and H, respectively.3# The pestivirus genome is a
12.3 kb RNA molecule that contains a long open reading frame (ORF) flanked by two
untranslated regions, 5" and 3’ UTRs. The ORF encodes a long polyprotein that is cleaved by
viral and host proteases into 11-12 mature viral polypeptides: NP, C, E™, E1, E2, p7, NS2-3
(NS2, NS3), NS4A, NS4B, NS5A, and NS5B.°

Pestivirus species are determined by criteria such as comparisons of the complete coding
nucleotide (nt) sequences, cross-neutralization titer assays, and the strain’s host of origin.1*5
Nucleotide sequencing and comparison of the highly conserved 5’ UTR, NP and E2 have also
served for the classification and phylogenetic analysis of Pestivirus into subtypes or
subgenotypes.®”891011 At |east twenty-one subgenotypes (la-1u) have been identified for
BVDV-1, whereas four have been described for BVDV-2 (2a-2d). Considering only published
sequences, the number of isolates described for BVDV-1 is much higher than those described
for BVDV-2 (88.2% versus 11.8%); yet the relative proportions for each virus vary largely
depending on the country or region of origin.!

BVDV-1 and 2 are among the most important globally distributed cattle pathogens. They
have been associated with a variety of clinical manifestations in their hosts.> HoBiPeV were
initially identified as contaminants of fetal bovine serum (FBS) of Brazilian origin'® and were
subsequently linked to several livestock diseases in South America**®, Italy'®!"18 and Asian
countries.'*?°2! BVDV-1 and BVDV-2 subgenotypes have been shown to circulate in Brazilian

cattle in varied proportions, yet most genetic studies have been based on a single or few isolates
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or have included samples scattered over time and from different geographical origins or clinical
backgrounds.’142223242526.21.28 The first evidence of circulation of HoBiPeV in Brazil dates
from around 2002 and a number of subsequent studies indicate that these viruses are endemic
among Brazilian cattle,”14:1524.25.27.29,30,31.

In this study, we genetically identified 90 bovine pestivirus strains detected in the sera of
beef calves that were destined to be exported from Rio Grande do Sul (RS), the southernmost
Brazilian state. Pestivirus-containing sera were detected by antigen-capture ELISA and then
submitted for RT-PCR for nucleotide sequencing of the amplicons. In contrast with most studies
performed to date that have examined few samples from different origins and scattered over
time, this study provides a profile of bovine pestivirus species and subtypes circulating in beef

cattle of Rio Grande do Sul, Brazil.

Material and Methods

A total of 15.584 samples of beef sera were taken from calves destined for export. They were
examined by an antigen-capture ELISA (Idexx Inc.), and 135 were found to be positive,
indicating that they contained either pestivirus RNA or the viruses themselves. Positive samples
for BVDV/pestivirus antigens were then submitted to PCR, and different sets of primers were
used to detect BVDV-1, BVDV-2, and HoBiPeV. The amplicons were submitted for nucleotide
sequencing and phylogenetic analysis. Amplicons with a 100% nt identity were considered as
belonging to the same virus, and only one representative sample was included in the analysis.
Under this criterion, 90 different genomes were identified.

Aliquots of 150 pL of the 90 different sera samples were submitted for RNA extraction using
TRIzol® Reagent (Life Technologies, Carlsbad, CA), followed by complementary DNA
(cDNA) synthesis using Super Script 111 Reverse Transcriptase (Life Technologies, Carlsbad,

CA). The resulting cDNAs were used to run three PCR assays, each using different sets of
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primers targeting the 5" UTR. Information regarding the primers used are presented in Table 1.
PCR products were resolved in a 2% agarose gel stained by Gel Red® (Biotium, Hayward, CA,
USA) and visualized under UV light after electrophoresis (60 V, 40 min). Total RNA extracted
from Madin-Darby bovine kidney (MDBK) cells infected with BVDV-1 Singer (cp), BVDV-2
890 (ncp), and HoBiPeV LV04/123! were used as controls. Ultrapure water was used as
negative control. Pestivirus-free MDBK cells were grown in minimal essential medium (MEM)
with 10% equine serum and supplemented with antibiotics.

For nucleotide sequencing, PCR products were purified using PureLink® Quick Gel
Extraction and PCR Purification Combo Kit (Life Technologies, Carlsbad, CA). Positive
samples were sequenced in duplicate using the BigDye kit. Results were analyzed by the Staden
program®2 to obtain a consensus sequence from each duplicate. The alignment of sequences
with those from GenBank was performed using the BioEdit Sequence Alignment Editor

Software suite, version 7.0.5.3 (http://www.mbio.ncsu.edu/bioedit/bioedit.html). Phylogenetic

analysis was conducted by the Molecular Evolutionary Genetics Analysis (MEGA) software
6.0%, using the neighbor-joining method, and the evolutionary distances were computed using

the Kimura 2-parameter model. The bootstrap values were calculated using 1000 replicates.

Results

As previously stated, among the 135 positive sera detected by the BVDV antigen-capture
ELISA, 90 different genomes or viruses were identified by nucleotide sequencing and analysis
of the 5" UTR amplicons. From these, we identified 38 different strains of BVDV-1 (42.2%),
31 of BVDV-2 (34.4%), and 21 of HoBiPeV (23.3%) (Table 1). Among BVDV-1, only
subgenotypes BVDV-1a (n = 28, 31.1%) and BVDV-1b (n = 10, 11.1%) were found, while all
31 BVDV-2 isolates belonged to the BVDV-2b subgenotype and the 21 HoBiPeV clustered to

subgroup 3a.


http://www.mbio.ncsu.edu/bioedit/bioedit.html
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The nucleotide identity among the identified BVDV-1a genomes and between them and
GenBank sequences ranged from 83.4% to 99.3%. The nucleotide identity among BVDV-1b
genomes was from 92.1% to 96.9%, and it ranged from 92.7% to 98.1% when compared to
GenBank sequences. BVDV-2b strains shared an 89.9%-99.2% identity among them and an
88.4 to 99.2% identity with deposited BVDV-2b sequences. Finally, HoBiPeV nucleotide
identity varied from 82.4% to 98.2%, including the identified viruses and GenBank sequences.

Phylogenetic analysis of the thirty-eight 5" UTR sequences identified as BVDV-1, showed
that they belong to two major genetic groups, subgenotypes BVDV-1a and BVDV-1b (Figure
1). These sequences were grouped together with other BVDV-1a and BVDV-1b strains from
Brazil and other parts of the world and were separated from BVDV-1c, BVDV-1d, BVDV-1e,
and BVDV-1i subgenotypes, which have also been previously isolated in Brazil.?"3* Attempts
to further group these 38 sequences into additional BVDV-1 subgroups/subgenotypes by
phylogenetic analysis based on NP sequences?’ failed, resulting in a grouping similar to that
based on 5’ UTR sequences (not shown). Thus, only BVDV-1a and BVDV-1b subgroups were
detected among the BVDV-1 viruses present in the studied population.

Phylogenetic analysis of BVDV-2 sequences amplified by primers 90-368° and BVDV2#3%*
grouped them in the BVDV-2b subgenotype (Figure 2). Given that no other BVDV-2
subgenotype was identified among the viruses circulating in the population tested, our data
confirm the predominance - and nearly exclusive - circulation of the BVDV-2b genotype in
Brazil.”?"?8:35 Finally, phylogenetic analysis of all 21 HoBiPeV genomes, amplified by 5’ UTR
primers N2-R5, grouped them together and in the same genetic group of several previously

described Brazilian sequences, subgroup 3a.2427:293
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Discussion

The high number of identical viruses identified among the positive samples, 47 out of 135,
was likely due, at least in part, to virus transmission among animals during the 21-day
quarantine period in which they were housed together for the completion of sanitary exams and
requirements for export. During this time, opportunities for virus transmission likely abounded,
mainly considering that hundreds of calves from different origins or herds were brought and
housed together in collective pens. Additionally, different calves belonging from the same herd
or farm would possibly harbor the same virus strain, resulting in duplicated or triplicated
sampling.

A number of studies have genetically characterized bovine pestiviruses from Brazil. Canal
et al. (1998)% and Gil et al. (1998)% demonstrated that both BVDV-1a and BVDV-2 were
already circulating in Southern and Southeastern Brazil by 1998, with a clear predominance of
BVDV-1 (83%), mainly the subtypes BVDV-la and BVDV-1b, over BVDV-2 (17%).
Subsequently, phylogenetic analysis demonstrated that Brazilian BVDV-2 isolates clustered to
a genetic group distinct from North American isolates, thus representing a distinct subgenotype,
BVDV-2b*. Genetic characterization of 19 BVDV isolates from aborted fetuses from different
geographic regions and previously associated with varied clinical backgrounds identified 11
isolates as BVDV-1 (from which 8 were BVDV-1a), 6 as BVDV-2b, and 2 as "atypical
pestiviruses. examined the 5" UTR of BVDV isolates both from clinical cases and from cattle
sera from southern Brazil and found a high frequency (45%) of BVDV-2 (3 BVDV-2a and 6
BVDV-2b), in addition to BVDV-1a (n = 7) and BVDV-1b (n = 1). Three isolates classified as
“atypical pestiviruses” and subsequently classified as HoBiPeV were also identified. Weber et
al. (2014)™ also used the 5" UTR and the NP to determine the pestivirus strains present in
Southern Brazil and found a high frequency of BVDV-2 (42.3%, exclusively BVDV-2b), in

addition to a variety of BVDV-1 subtypes, predominantly BVDV-1a but also BVDV-1b and
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BVDV-1d.

Identification of BVDV-1 subgenotypes BVDV-la, BVDV-1lb, and BVDV-1d in
persistently infected (P1) animals of a vaccinated dairy herd from Parana state, southern Brazil,
called attention to vaccine failure.?® Subsequently, Silveira et al. (2017)3! characterized 85
pestiviruses obtained from 1985 to 2014 from different Brazilian sources, including clinical
cases, follicular fluid, PI animals, FBS, and contaminated cell lines. This study revealed the
presence of BVDV-1, BVDV-2, and HoBiPeV, in a proportion of 53.9%, 33.7%, and 12.3%,
respectively, with BVDV-la (35.9% of all sequences) and BVDV-2b (31.4%) as the
predominant subgenotypes, followed by BVDV-1b (10.1%) and BVDV-1d (6.7%). Most
BVDV-1d isolates were obtained from contaminated cell cultures. BVDV-1le (1.1%) and
BVDV-2c (2.2%) were also identified; however, the latter was detected as a contaminant of the
cell culture, and thus, its geographical origin is uncertain. Weber et al. (2016)*° identified
HoBiPeV associated with an outbreak of a gastro enteric condition resembling mucosal disease
(MD). Mosena et al.?>3* reported the complete genome sequence of a BVDV-1i isolated from
a cow in Southern Brazil and the complete genomic sequences of two Brazilian HoBiPeV
isolates, respectively. Bianchi et al.?° described the isolation and genetic identification of 22
strains involved in an unusual outbreak of mucosal disease (MD). These isolates or genomes
turned out to be the same virus, BVDV-1d. Cortez et al. (2017)* published the complete
genome sequence of a HoBiPeV (strain SV757/15) isolated from a heifer with gastro enteric
disease in southeastern Brazil. Genetic characterization of 17 pestivirus genomes detected in
pooled cattle sera from two Brazilian northeastern states also revealed the predominance of
HoBiPeV. Monteiro et al. (2018)%* analyzed 73 commercial FBS batches collected in Brazil
from 2006 to 2014, in which 39 (53.4%) were positive for pestivirus. Among these, 34 lots
(46.6%) contained BVDV-1, with 24 BVDV-1a isolates, four BVDV-1b isolates, and two

BVDV-1d isolates. Six lots (8.2%) contained BVDV-2b, and four (5.5%) were contaminated
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with HoBiPeV.

Altogether, these studies show that BVDV-1, BVDV-2, and HoBiPeV co-circulate in
Brazilian cattle with a clear predominance of BVDV-1, followed by BVDV-2 and lastly by
HoBiPeV 1424272829 ByDV-1a predominates among BVDV-1 sub-genotypes, followed by
BVDV-1b and BVDV-1d. BVDV-1c appears at a low frequency, and subgenotypes BVDV-1e
and BVDV-1i have been rarely detected.?’3* A high prevalence of BVDV-2, in proportions that
may reach up to 45%, has also been observed by some studies; most of them belong to the
BVDV-2b group, but a few BVDV-2a strains can be found.”?® A BVDV-2c isolate was also
found as a contaminant of a cell culture of an uncertain origin?’ and BVDV-2a isolates have
been rarely identified.” To date, there is no description of any BVDV-2d circulation in Brazil.
This high BVDV-2 prevalence (mostly BVDV-2b) seems somehow unique to Southern
Brazil”?8, compared to overall frequencies described elsewhere. Furthermore, our results
confirm that there is an important circulation of HoBiPeV among RS cattle, encompassing
23.3% of the detected viruses, higher than previously described.”3* A recent study also
suggested that HoBiPeV may even be the predominant bovine pestivirus in some Northeastern
Brazilian states®, yet these findings await confirmation.

Genetic and antigenic characterization of isolates is an ongoing process which has been
proven relevant and useful for pestivirus diagnosis and control in Brazil. For instance, the initial
identification of BVDV-2 in the country.?2353% paved the way for the introduction of BVDV-2
strains in current vaccines. The identification of BVDV-2 in Brazil also led to an appraisal and
adaptation of molecular and immunodiagnostic tools for pestivirus detection.?>?*% The
identification of HoBiPeV among Brazilian cattle has called attention for the need of an
evaluation of the molecular and immunodiagnostic assays for these strains.>?431:3% Whether to
include these novel pestiviruses in current BVDV vaccines has also become a subject of

debate.*°
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Our findings add valuable information about pestivirus epidemiology in Southern Brazil
and will certainly contribute to improve both the diagnostic and control techniques against these

viruses in the country.
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Table 1. Primers used for 5’UTR amplification, sequencing and phylogenetic analysis of
pestiviruses from beef calves in Southern Brazil.

) Position  Target Identified
Primer Sequence (5°-37)
(nt) (bp) subgenotypes (n)
HCV90- F-CATGCCCATAGTAGGAC BVDV-1a (28)
107-389? 283

368° R-CCATGTGCCATGTACAG BVDV-1b (10)
BVDV- 136 - F-GCGGTAGCAGTGAGTTTATTGG

223 BVDV-2b (31)
2#3% 358P R-TTTACTAGCGGGATAGCAGGTC

F-TCGACGCATCAAGGAATGCCT HoBiPeV
R-TAGCAGGTCTCTGCAACACCCTAT  subgroup a (21)

N2-R5? 186-335° 150

aposition based on BVDV-1 sequence NADL strain (M31182)
®Position based on BVDV-2 sequence USMARC-60765 strain (KT832818)
Position based on HoBiPeV sequence SV478/07 (KY767958)
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Figure 1. Phylogenetic tree of 5’UTR sequences amplified of pestivirus detected using primer
90-368. Sequences were analyzed by Neighbor-joining method and the Kimura 2-parameter
model. Bootstrap (1000 replicates) values >50 are indicated at the internal nodes. Brazilian
isolates detected in this study are highlighted with symbols (¢ and A). The length of each pair
of branches represents the distance between sequence pairs and the scale bar represents the
percentage of nucleotide differences in the rectangular tree.
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Figure 2. Phylogenetic tree of 5’UTR sequences amplified of pestivirus detected using primers
90-368 and BVDV-2#3. Sequences were analyzed by neighbor-joining method and the Kimura
2-parameter model. Bootstrap (1000 replicates) values >50 are indicated at the internal nodes.
Brazilian isolates detected in this study are highlighted with symbols (m). The length of each
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isolates detected in this study are highlighted with symbols (®). The length of each pair of
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Abstract. The pestiviruses bovine viral diarrhea virus 1 (BVDV-1), BVDV-2, and HoBi-like
pestivirus (HoBiPeV) are important pathogens of cattle, and a number of RT-PCR-based assays
have been developed for their detection in clinical specimens. We evaluated a newly designed
set of pan-bovine pestivirus primers (BP189-389) in a gel-based RT-PCR screening test for
pestiviruses in the sera of beef calves destined for export from southern Brazil. Serum samples
positive for BVDV antigens by an antigen ELISA (n = 135) were submitted to RT-PCR assays
using different sets of primers, followed by nucleotide sequencing of the amplicons. RT-PCR
with pestivirus primers 324-326 detected 110 positive samplesBVDV-1 (n = 62), BVDV-2 (n
= 38), and HoBiPeV (n = 10). A PCR using primers HCV90-368 detected 97 positive samples
(64 BVDV-1,; 33 BVDV-2). An additional RT-PCR round using BVDV-2-specific primers (2F-
2R), detected 45 positive samples (including 38 detected by primers 324-326 and 33 by
HCV90-368); whereas a RT-PCR using HoBiPeV-specific primers (N2-R5) detected 26
positive samples (including 10 detected by primers 324-326). The assay using the primers
BP189-389 detected all 135 ELISA-positive samples, including the 26 HoBiPeV detected by
primers N2-R5. These results demonstrated that primers BP189-389 compare favorably against
other primer sets in the detection of bovine pestiviruses, especially HoBiPeV. This conventional
PCR may be useful for efficient detection of pestiviruses in bovine sera and other specimens as
well, especially in laboratories without real-time PCR equipment.

Key words: Bovine; detection; diagnostic; pestivirus; serum.
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Bovine pestiviruses comprise 2 well-recognized viral species, i.e. species Bovine viral diarrhea
virus 1 (BVDV-1; Pestivirus A) and 2 (BVDV-2; Pestivirus B), and species Pestivirus H
(HoBiPeV, HoBi-like pestivirus).!’ Pestiviruses comprise a genus within the family
Flaviviridae and are small (45nm), enveloped, single-stranded, positive-sense RNA viruses.
The pestivirus genome is 12.3kb in length and contains a long open-reading frame (ORF)
flanked by 2 untranslated regions (5” and 3 UTRs). The ORF encodes a long polyprotein that
is cleaved by viral and host proteases in 11-12 mature viral polypeptides.'® Pestivirus species
are determined by criteria including comparisons of the complete coding nucleotide (nt)
sequences and cross-neutralization titers, in addition to the host of origin. Nucleotide
sequencing and comparison of the highly conserved 5’UTR, NP, and E2 has served for
pestivirus phylogeny and classification into subtypes.®%1419

BVDV-1 and 2 are among the most important pathogens of cattle, have a global
distribution, and are associated with a variety of clinical manifestations in cattle.® HoBiPeV
were initially identified as contaminants of fetal bovine serum (FBS) of Brazilian origin'® and
subsequently isolated in South America,?® Italy,* and Asial® from FBS and from clinical
conditions similar to those classically attributed to BVDV-1 and BVDV-2. HoBiPeV isolates
are genetically and antigenically related to BVDV-1 and BVDV-2, yet existing genetic and
antigenic differences between these groups of viruses may influence diagnostic and control
strategies.!

Reliable tests for pestivirus detection are pivotal for BVDV control, in addition to
biosecurity measures, monitoring for BVDV exposure and, vaccination in some cases.
Molecular detection through reverse-transcription polymerase chain reaction (RT-PCR) and its
variations has been widely used for pestivirus detection. Most RT-PCR assays for pestivirus
detection target the highly conserved 5° UTR 57111319

We employed a newly designed set of primers (BP189-389) to screen the sera of beef
calves for pestiviruses in a gel-based RT-PCR. Serum samples positive for BVDV antigens in
an antigen-ELISA (n = 135) were submitted to RT-PCR using different sets of primers targeting
the 5’UTR of the viral genome (Table 1).

BVDV-1 strain Singer, BVDV-2 strain 890, and Brazilian HoBiPeV strain SV757/15
were used as controls in RT-PCR and sensitivity tests. Brazilian HoBiPeV isolates have been
described elsewhere.® Viruses were amplified and quantified in pestivirus-free Madin Darby
bovine kidney cells (MDBK, ATCC — CCL22) cultured in MEM (minimum essential medium,
Gibco-BRL, Thermo Fisher Scientific, Waltham, MA), supplemented with 10% equine serum
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and penicillin, streptomycin, and amphotericin B. Virus stocks were titrated by limiting dilution
and titers were expressed as logio median tissue culture infective dose (TCIDsp).

Aliquots of 150 pL of ELISA-positive sera were submitted to RNA extraction (TRIzol
Reagent, Thermo Fisher Scientific), according to the manufacturer’s instructions. After RNA
extraction, complementary DNA (cDNA) was synthesized (SuperScript 1l Reverse
Transcriptase, Thermo Fisher Scientific). Briefly, total RNA (~ 500 ng) was mixed with 50 ng
of random primers and annealing buffer followed by incubation at 65°C for 5 min, and
immediately placed on ice for 1 min. Then, 10 puL of 2X First-Strand Reaction Mix and 2 uL
of SuperScript I1I/RNAseOUT Enzyme Mix were added and incubated for 5 min at 25°C,
followed by incubation at 50°C for 50 min and 85°C for 5 min. The synthesized cDNAs were
submitted sequentially to 5 PCR assays, using different sets of primers targeting the 5’UTR
(Table 1), with the Taqg DNA polymerase, recombinant (Thermo Fisher Scientific). PCR
conditions for primers 324-326° and HCV90-368% were: 94°C - 5min, 35 cycles of 94°C, 48°C
(HCV90-368) or 50°C (324-326) and 72°C, 30s each, final extension at 72°C-10min. PCR
conditions for BVDV-2-specific primer (2F-2R)*® were: 94°C-5 min, 35 cycles of 94°C, 58°C
and 72°C, 45s each, final extension at 72°C-7min. PCR conditions for primers specific for
HoBiPeV N2-R5? were: 94°C-3 min, 35 cycles of 94°C, 55°C and 72°C, 30s each, final
extension at 72°C-5min. Virus identification was determined by nucleotide sequencing of the
amplicons and phylogenetic analysis as described previously. 1

The new primer set (PB189-389) was constructed based on the sequences of BVDV-1
(n = 90), BVDV-2 (n = 60), and HoBiPeV (n = 30) deposited in GenBank

(https://www.ncbi.nlm.nih.gov/genbank). Alignment was performed on BioEdit Sequence

Alignment Editor Software suite v.7.2.6.1 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html).
The obtained primers set were analyzed in primer-BLAST tool to specificity parameters
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). PCR conditions were: 94°C-5 min, 35
cycles of 94°C, 47°C and 72°C extension for 30s each, final extension of 7min-72°C.

All PCR reactions were performed in a 25 uL volume, using 2 uL of cDNA template
(100-200 ng), 0.5uM of each primer, 3 mM MgClz, 0.8 mM of dNTPs, 1x reaction buffer, and
1U of Tagq DNA polymerase. PCR products were resolved in a 1.5% agarose gel stained (Gel
Red, Biotium, Fremont, CA) and visualized under UV light after electrophoresis (60 V, 40 min).
Total RNA extracted from MDBK cells infected with BVDV-1 Singer, BVDV-2 890, HoBiPeV

SV757/15 were used as controls.
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The sensitivity of the assays was investigated by performing PCR in cDNA synthesized
from RNA extracted from 150 pL of 10-fold dilutions of supernatants of MDBK cells infected
with control viruses.

The range of HoBiPeV detection by primers BP189-389 was further investigated by
submitting to RT-PCR 3 FBS samples contaminated with HoBiPeV,!? and the supernatant of
MDBK cells infected with each of 8 Brazilian isolates.®

The design and optimization of primers BP189-389 for annealing to the highest number
of available sequences required the introduction of a degenerated nucleotide in the forward
primer (nucleotide 200) given the presence of a guanine in BVDV-1 and an adenine in BVDV-
2 and HoBiPeV genomes. Primer BP389 (reverse) is very close to primer HCV-389, being
shifted by a single nucleotide. Differentiation of the pestivirus species by the amplicon size was
not possible using these primers. Unfortunately, these oligonucleotides would not anneal to the
genome of pestiviruses of other species (e.g. Bungowannah virus, pronghorn virus, giraffe
pestivirus, etc.), precluding their used as panpestivirus reagents. On the other hand, they would
anneal to genomes of the 3 bovine pestivirus species and, thus, may be designated pan-bovine
(PB) pestivirus primers.

Primers BP189-389 had a broader range of detection — including 26 HoBiPeV detected
by primers N2-R5 - and higher sensitivity (even for BVDV-1 and BVDV-2) than the PCRs
based on 324-326 and HCV90-368 primers (Table 2). These results confirm previous
observations that pestivirus primers (HCV90-368 and 324-326) may fail to detect HoBiPeV,?
mainly when their genomes are present in low amounts. The specificity of primers N2-R5 for
HoBiPeV? and primers 2F-2R for BVDV-213 was also confirmed.

PCR based on primers BP189-389 was also able to detect HoBiPeV in batches of FBS
and in culture supernatants of MDBK cells inoculated with each of 8 Brazilian HoBiPeV (Table
3), confirming the spectrum of reactivity/detection of these primers and their ability to detect
HoBiPeV in different clinical specimens.

Primers HCV90-368 did not amplify any of the 26 HoBiPeV detected with pan-bovine
pestivirus primers (BP189-389) and by primers N2-R5, whereas primers 324-326 detected 10
HoBiPeV. In a previous study, primers 324-326 were able to detect some HoBiPeV genomes
in a gel-based PCR,2 similar to the findings of our study. On the other hand, in a screening of
North American lots of FBS for pestiviruses, only BVDV sequences were amplified by primers
324-326 and HCV90-368, even in the presence of large amounts of HoBiPeV genomes.? In that
study, HoBiPeV sequences were detected only using the specific primers N2-R5.2 Molecular

screening of Brazilian lots of FBS for pestiviruses using RT-PCR with different
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primers/protocols reinforced these findings,*® e.g. HoBiPeV detection was only achieved by a
RT-PCR using primers N2-R5. Primers (2F-2R) have also been shown to specifically amplify
BVDV-2 with higher sensitivity than other previous described primers, even in mixtures
containing a large excess of BVDV-1 genomes®,

Concerns about the efficacy of available BVDV tests to detect HoBiPeV viruses became
especially relevant considering the risk of introduction of these novel pestiviruses into free
areas.!? Given that the detection of HoBiPeV in different locations seems to be an ongoing
process and their degree of genetic diversity is poorly known, it is expected that continuous
surveillance and reformulation of molecular tools may be required for updated and efficient
detection of these viruses. In this sense, our results are promising towards the of use of primers
BP189-389 in RT-PCR for pestivirus detection — including HoBiPeV- in bovine samples -
because they were able to detect an equivalent number of samples detected by a combination
of 3 PCRs, including sensitive detection of HoBiPeV. A conventional RT-PCR based on these
primers may be especially useful for laboratories in which real-time PCR equipment is not

available.
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Table 1. Primer data and sensitivity of the 5’UTR-based RT-PCRs used for detection of

pestiviruses in sera of calves.

primer  POSItiON  Target Sequence Sensitivity
(nt) (bp) (5-3°) BVDV-l1 BVDV-2  HoBiPeV
108- ATGCCCWATTAGTAGGACTAGCA 3
324326 395 28 qcaacTCcCATGTGCCATGTAC 0 100 >0
HCV90- 107- 283 CATGCCCATAGTAGGAC 10 102 10°
368 3892 CCATGTGCCATGTACAG
BP189- 190- 201 AGTCGTCARACTGGTTCGAC 1 1 1
389 3902 TCCATGTGCCATGTACA
BVDV- 143 - 293 GCGGTAGCAGTGAGTTTATTGG e 10 e
2 2F-2R 365° TTTACTAGCGGGATAGCAGGTC
\o.ms 18 1oy TCGACGCATCAAGGAATGCCT .
332° TAGCAGGTCTCTGCAACACCCTAT

4Position based on BVDV-1 sequence: NADL (M31182.1).
b Position based on BVDV-2 sequence: 890 (U18059).
¢Position based on HoBiPeV sequence: D32/00_HoBi (AB871953.1).
d Sensitivity tests were performed using Singer (BVDV-1), 890 (BVDV-2) and SV757/15
(HoBiPeV) strains. The values are presented in TCIDso/reaction.
¢ Not detected until 10* TCIDso/reaction.



Table 2. Pestivirus detection in sera of beef calves by RT-PCRs using different sets of

pestivirus primers.

PCR Primers Pestivirus Total
BVDV-1 BVDV-2 HoBiPeV
324-326 62 (56.4%) 38 (34.5%) 10 (9.1%) 110
HCV90-368 64 (65.9%) 33 (34.1%) 0 97
BP189-389 64 (47.4%) 45 (33.3%) 26 (19.2%) 135
BVDV-2 2F-2R 0 45 (100%) 0 45
N2-R5 0 0 26 (100%) 26
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Table 3. Detection of HoBiPeV in various clinical specimens by RT-PCRs using different
sets of primers.

RT-PCR based on primers

Sample
324-326  HCV90-368  BP189-389 N2-R5

LV01/122 ()¢ + + N
LV02/122 + + + +
LV03/122 ()¢ + + N
L\V04/122 + + + N
LV/PB22487/12? + + + +
LPV_WR_BR11? + + + +
SV478/07° + + + +
SV757/15 -)° + + +
FBS SV48/15 60° - - + +
FBS SV48/15 301° - - + +
FBS SV1003/15 90° - - + +

& Culture supernatants of MDBK cell inoculated with Brazilian HoBiPeV isolates, containing
~ 10%3TClIDso/reaction.

b Batches of FBS composed by a pool of sera of 80-250 bovine fetuses collected in
slaughterhouses in Central Brazil.

¢ Only detected when the PCR templates contained cDNA synthesized out of supernatants

containing >10°TCIDso/reaction.
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6 DISCUSSAO

Nesta tese sao apresentados os resultados de trés estudos, sob a forma de artigos cientificos.
Dois deles sdo referentes a deteccdo e identificacdo genética de pestivirus de bovinos, sendo o
primeiro em lotes de SFB de origem brasileira e 0 segundo, em amostras de soro de bovinos do
estado do RS destinados a exportacao; e um artigo descreve a construgdo e utilizacdo de um par
de primers para a deteccao das trés espécies de pestivirus (BVDV-1, BVDV-2 e HoBiPeV) por
RT-PCR.

O artigo 1 apresenta a deteccdo e identificacdo genética de setenta e trés lotes de SFB de
origem brasileira, produzidos entre os anos de 2006 e 2014. Inicialmente, foi utilizada para a
amplificagdo da 5°UTR, o primer 90 — 368 (RIDPATH & BOLIN, 1998), em que foram
detectadas apenas amostras de BVDV-1 e uma amostra de HoBiPeV. Tendo em vista que 0
BVDV-2 é frequentemente relatado no Brasil (CANAL et al., 1998; GIL et al., 1998; FLORES
et al., 2002), e mais de um virus poderia estar presente nas amostras, foi construido um primer
especifico para deteccdo desta espécie e testado em todas as amostras (BVDV-2#3). Além
disso, como o primer panpestivirus 90 — 368 foi construido antes da primeira identificacdo do
virus HoBiPeV, optou-se por utilizar um primer também especifico para este virus em todas as
amostras (N2 - R5).

Apbs o sequenciamento e analise filogenética, trinta e nove lotes (53,4%) foram positivos
para RNA de pestivirus. Trinta e quatro lotes (46,6%) continham RNA do BVDV-1, sendo 23
-1a, 8 -1b e trés -1d. Seis lotes (8,2%) continham BVDV-2, sendo dois -2a, trés -2b e um de
subgenotipo indeterminado. Quatro lotes de SFB (5,5%) estavam contaminados com o virus
HoBiPeV e cinco lotes (6,8%) continham mais de um pestivirus. Ainda, uma amostra foi
positiva no ICC. Assim, a alta frequéncia de contaminacdo do SFB com RNA de pestivirus
reforca a necessidade de diretrizes sistematicas atualizadas para o monitoramento deste
produto, com a finalidade de reduzir a contaminacdo de produtos bioldgicos e a introducdo de
agentes contaminantes em areas livres. Além disso, demonstra que podem ocorrer falhas na
deteccdo de RNA viral em amostras que apresentem mais de um virus (pools) e que, existe a
possibilidade de primers panpestivirus detectarem com menor sensibilidade amostras de
BVDV-2 e HoBiPeV.

O artigo 2 relata a deteccéo e identificagdo de 135 pestivirus ap6s RT-PCR utilizando os
trés pares de primers: 90 — 368 (RIDPATH & BOLIN, 1998), BVDV-2#3 e N2 - R5
(BAUERMANN et al., 2014). Inicialmente, foram testadas 15.684 amostras de soro de bovinos
de corte do estado do RS destinados a exportacdo no ano de 2017, pelo método de ELISA de
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captura de antigeno. Parte das amostras positivas no ensaio de ELISA foram testadas por RT-
PCR, das quais 135 foram positivas. Apds o sequenciamento e analise filogenética, 90
diferentes virus foram identificados, sendo 38 BVDV-1 (42,2%), 31 BVDV-2 (34,4%) e 21
HoBiPeV (23,4%). Das amostras de BVDV-1, apenas os subgenotipos -1a (n = 28, 31,1%) e -
1b (n = 10, 11,1%) foram identificados. Todos os 30 isolados de BVDV-2 pertenciam ao
subgenotipo -2b e os 21 HoBiPeV foram agrupados no subgrupo 3a. Estes resultados
demonstram a presenca de infeccdo persistente/transitéria pelo BVDV-1a, 1b, 2b e 3a em
bovinos de corte do estado do RS, o que fornece um perfil genético aproximado de pestivirus
circulantes em uma populacdo de bovinos definida geograficamente, em um estado tradicional
de pecuéria bovina brasileira. Além disso, reforcou a hipotese que primers panpestivirus podem
detectar com baixa sensibilidade amostras de BVDV-2, uma vez que apenas parte das amostras
para este virus foram detectadas com o primer 90 — 368; e todas as amostras de HoBiPeV foram
detectadas apenas com o primer N2 — R5.

O artigo 3 descreve a utilizacdo de um novo par de primer (BP189-389), construido com
base no alinhamento de amostras de BVDV-1, -2 e HoBiPeV depositadas no GenBank. Foram
utilizadas 135 amostras de soro de bovinos, e os resultados foram comparados com dois primers
panpestivirus frequentemente descritos na literatura, 90 — 368 (RIDPATH & BOLIN, 1998) e
324 — 326 (VILCEK et al., 1994) e dois primers especificos, um deles para BVDV-2 (#3) e um
para HoBiPeV, 0 N2 — R5 (BAUERMANN et al., 2014). A RT-PCR com o primer 324 - 326
detectou 110 amostras positivas, sendo 62 para BVDV-1, 38 para BVDV-2 e 10 para HoBiPeV;
e 0 primer 90 - 368 detectou 97 amostras positivas (64 BVDV-1; 33 BVDV-2). O primer
especifico para BVDV-2 detectou 45 amostras positivas (incluindo 38 detectadas pelo 324 -
326 e 33 pelo 90 - 368); enquanto que a RT-PCR utilizando o primer especifico para HoBiPeV
detectou 26 amostras positivas (incluindo 10 detectadas com o 324 - 326).

A RT-PCR utilizando o primer BP189-389 detectou todas as 135 amostras positivas no
ELISA, incluindo os 26 HoBiPeV detectados pelo N2-R5, além oito isolados deste virus e trés
amostras de SFB. Estes resultados demonstram que o BP189-389 apresentou melhor
sensibilidade quando comparado aos primers panpestivirus na deteccdo de BVDV-2 e,
principalmente de HoBiPeV, e pode ser uma alternativa no diagnéstico de pestivirus de
bovinos. Esta PCR convencional pode ser util para a deteccdo eficiente de pestivirus em
amostras de soro bovino e outros especimes, especialmente em laboratorios sem equipamentos
de PCR em tempo real. Em resumo, o presente trabalho apresentou contribuicbes para o
diagndstico de pestivirus bovino e acrescentou informagdes acerca do perfil genético dos

pestivirus circulantes em bovinos no RS.
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