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RESUMO

ANALISE GENETICA E ANTIQENICA DO ECTODOMINIO DA
GLICOPROTEINA E2 DE PESTIVIRUS ISOLADOS DE BOVINOS NO
RIO GRANDE DO SUL, BRASIL

AUTOR: Carolina de Oliveira Freitas
ORIENTADOR: Rudi Weiblen

Os pestivirus de bovinos, virus da diarreia viral bovina 1 e 2 (bovine viral diarrhea virus, BVDV-1, BVDV-2) e
pestivirus Hobi-like (HoBiPeV) estdo associados com vérias manifestagdes clinicas e reprodutivas produzindo
perdas importantes para a bovinocultura. Os isolados de campo apresentam uma grande variabilidade genética e
antigénica, especialmente na glicoproteina E2 do envelope viral. Essa variabilidade pode comprometer o
diagnostico molecular e/ou imunoldgico e estratégias de formulagdo vacinal e imunizagdo. Assim, este estudo
realizou uma analise genética e antigénica de 51 isolados de pestivirus obtidos de bovinos de corte no Rio
Grande do Sul, Brasil, no ano de 2017. Inicialmente, os isolados foram identificados por PCR e confirmados por
sequenciamento e andlise filogenética da regido 5’UTR do genoma, complementando uma analise realizada
anteriormente em uma regido mais abrangente da 5’UTR. A seguir, os isolados foram submetidos a testes de
reatividade com 11 anticorpos monoclonais (MAbs) para a glicoproteina E2, seguido do sequenciamento e
analise do dominio DA do ectodominio da E2. A partir das sequéncias de nucleotideos da regido 5’UTR foram
identificados 27 isolados de BVDV-1 (22 de -1la e 5 de -1b), 23 isolados de BVDV-2 (todos -2b) e um isolado de
HobiPeV(-3a). Essa subtipagem correspondeu a um estudo anterior que caracterizou toda a por¢ao da 5’UTR. A
analise de sequéncias (nucleotideos e aminoacidos) do dominio DA da E2 identificou varias alteragdes de
aminodacidos, observadas principalmente nos sitios imunodominantes, locais onde ha uma maior exposigdo aos
anticorpos. Os residuos que apresentaram maior variabilidade foram nas posigdes: 695 e 782 do genoma do
pestivirus bovino. Esses locais ja haviam sido descritos anteriormente por apresentarem uma alta taxa de
mutagdes e trocas de aminoacidos, provavelmente por serem importantes epitopos e alvos de anticorpos. Em
menor numero, foram observadas mutacdes na posigdo 701 e 734. Os testes de reatividade com MAbs revelaram
uma variabilidade marcante na maioria dos epitopos da E2. Enquanto alguns MAbs reconheceram quase todos os
isolados, confirmando a existéncia de epitopos altamente conservados na E2, varios MAbs reconheceram poucos
ou mesmo nenhum isolado. Assim, o presente estudo fornece informagdes importantes referentes a variabilidade
genética e antigénica do dominio DA da E2 entre isolados de campo de pestivirus bovinos. Essas informagdes,
por sua vez, podem ser uteis para o diagndstico molecular, imunoldgico e também para embasar as estratégias de
elaboragdo de vacinas.

Palavras-chave: Pestivirus, BVDV, subtipagem, diversidade antigénica, E2



ABSTRACT

GENETIC AND ANTIGENIC ANALYSIS OF THE DA ECTODOMAIN
OF GLYCOPROTEIN E2 OF PESTIVIRUSES ISOLATED OF CATTLE
FROM RIO GRANDE DO SUL, BRAZIL

AUTHOR: Carolina de Oliveira Freitas
ADVISER: Rudi Weiblen

The bovine pestiviruses, bovine viral diarrhea virus 1, 2 (BVDV-1, BVDV-2) and HoBi-like (HobiPeV) are
associated with several reproductive and clinical manifestations, producing important losses for the cattle
industry. Field isolates have a significant genetic and antigenic variability, especially in the envelope
glycoprotein E2. This variability may compromise molecular and immunological diagnosis and immunization
strategies. Thus, this study performed a genetic and antigenic analysis of 51 pestivirus isolates obtained from
beef cattle in Rio Grande do Sul, Brazil, in 2017. Initially, the isolates were identified by PCR and confirmed by
sequencing and phylogenetic analysis of the S'UTR region of the genome, complementing an analysis previously
carried out in a more comprehensive region of the S'UTR. Then, the isolates were submitted to reactivity assays
with 11 monoclonal antibodies (MAbs) to the E2 glycoprotein, followed by sequencing and analysis of the
domain A (DA) of the E2 ectodomain. Based on the phylogenetic analysis of the 5’UTR, 27 isolates were
identified as BVDV-1 (22 -1a and 5 of -1b), 23 as BVDV-2 (all as -2b) and one as HobiPeV(-3a). This subtyping
corresponded to a previous study that characterized the entire portion of S'UTR. Sequence analysis (nucleotide
and amino acid) of the E2 DA domain identified several nucleotide and amino acid changes, mainly at
immunodominant sites subjected to binding by antibodies. The amino acid residues that presented the highest
variability were at sites: 695 and 782 on the bovine pestivirus genome. Fewer aa changes were also observed at
position 701 and 734. MAD binding assays revealed marked variability in most E2 epitopes. On the other hand,
some MADbs recognized almost all isolates, confirming the existence of highly conserved epitopes in E2, while
other MAbs recognized few or no isolates. Thus, the present study provides important information about the
genetic and antigenic variability of the E2 DA domain of bovine pestivirus. This information may be useful to
guide molecular an immunological diagnosis and for vaccine formulation as well.

Keywords: Pestivirus, BVDV, subtyping, antigenic diversity, E2.
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1. INTRODUCAO

O virus da diarreia viral bovina (bovine viral diarrhea virus, BVDV) é um dos
principais patégenos de bovinos responsavel por perdas significativas na bovinocultura e tem
sido detectado no Brasil desde os anos 60 (VIDOR, 1974). O agente pode provocar uma
grande variedade de manifestagdes que incluem a imunossupressdo dos animais, infeccao
subclinica, respiratoria e digestiva. Em vacas pode causar retorno ao cio, abortos, reabsor¢ao
embriondria, natimortos € também o nascimento de animais persistentemente infectados (PI)
(BAKER, 1995; HOUE, 2003; PETERHANS et al., 2010; LANYON et al., 2014; RIDPATH
etal., 2017).

O género Pestivirus, familia Flaviviridae, ¢ classificado em 11 espécies virais,
Pestivirus A a K. Desses, trés espécies possuem importancia para bovinos: Pestivirus A (virus
da diarreia viral bovina 1, BVDV-1), Pestivirus B (BVDV-2) e Pestivirus H (Pestivirus Hobi-
like, HoBiPeV). Os pestivirus possuem virions com envelope, 40 a 60 nandmetros de
diametro e nucleocapsideo icosaédrico. O genoma ¢ constituido por uma fita simples de RNA
com polaridade positiva de aproximadamente 12,3 kilobases (kb) (ICTV, 2019).

O RNA genomico apresenta apenas uma fase aberta de leitura (open reading frame —
ORF), que ¢ traduzida em uma poliproteina de aproximadamente 4.000 aminoacidos (aa), essa
¢ clivada em 11 a 12 proteinas funcionais, dependendo do biotipo do virus (NEILL et al.,
2013). A ordem de tradugdo das proteinas virais na poliproteina é: NP-C-E™-E1-E2-p7-
NS2/3-NS4a-NS4b-NS5a-NS5b, sendo a C, E™, El e E2 as proteinas estruturais (COLLETT
et al., 1988; NEILL et al., 2013). O genoma apresenta duas regides ndo traduzidas, S'UTR e
3'UTR, a primeira dessas ¢ altamente conservada e usualmente utilizada para a classificacao
dos pestivirus bovinos em tipos e subtipos (RIDPATH et al., 1994; VILCEK et al., 2001;
NEILL et al., 2013). Outras regides, como NP, E2 ¢ E™, além de genomas inteiros, também
podem ser utilizadas para a classificacdo de pestivirus em espécies e subespécies (COLLETT
et al., 1988; NEILL et al., 2013). Com base nesses critérios, o BVDV-1 tem sido classificado
em subespécies/subtipos 1a ao 1u, 0 BVDV-2 em 2a a 2d e os isolados de HobiPeV sugere-se
que sejam classificados em quatro subespécies, 3a ao 3d (GIANGASPERO et al., 2008;
SIMMONDS et al., 2011; GIAMMARIOLI et al., 2015).

As espécies e subespécies de pestivirus bovinos apresentam diferentes distribuigdes
geograficas e prevaléncias nos continentes (YESILBAG et al., 2017). Diversos relatos

sorologicos, clinico-patologicos e de isolamento do agente demonstram a ampla disseminagao
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dos pestivirus bovinos no rebanho bovino brasileiro (RIDPATH et al., 2017; FLORES et al.,
2018) e um ou mais de seus subgenotipos ja foram isolados em todos os continentes
(RIDPATH et al., 2010; YESILBAG et al., 2017; RICHTER et al., 2019). Na América do Sul
e América do Norte a prevaléncia de BVDV-2 ¢ maior do que na e Europa. Ja no Brasil,
diversos estudos indicam uma alta prevaléncia do BVDV-1 (57%), principalmente do subtipo
-1a, seguido de -1b, -1d, -1c e -1i (WEBER et al., 2014; YESILBAG et al., 2017; FLORES et
al., 2018; MONTEIRO et al., 2019). Sobre os isolados de BVDV-2 (42%), o subtipo mais
circulante no Brasil ¢ o -2b, seguido do -2a (GIANGASPERO et al., 2008; WEBER et al.,
2014; FLORES et al., 2018; MONTEIRO et al., 2019). Interessantemente, esses resultados
sao similares aos obtidos em estudos no Chile (PIZARRO-LUCERO et al., 2006).

Os pestivirus apresentam altas taxas de mutagdes, o que leva a grande diversidade
genética, sendo que o Brasil estd entre os paises que apresentam a maior diversidade genética
de pestivirus (SILVEIRA et al., 2017). Tal variabilidade dificulta o diagnoéstico molecular,
assim como a variabilidade antigénica compromete o diagndstico soroldgico e a eficacia das
vacinas (PELLERIN et al., 1994; RIDPATH et al., 1994; BAUERMANN et al., 2012). A
maioria das vacinas disponiveis no Brasil possui em sua composi¢do cepas europeias e
americanas, que podem ser antigenicamente diferentes das circulantes no Brasil (BOTTON et
al., 1998; BIANCHI et al., 2011; ANZILIERO et al., 2015). Além disso, nenhuma dessas
vacinas possui cepas de HoBiPeV. Nesse sentido, a caracterizacdo genética dos isolados de
campo tem se mostrado relevante e util para o diagndstico e controle dos pestivirus
(PELLERIN et al., 1994; LINDBERG et al., 2005).

A grande variabilidade antigénica dos isolados de pestivirus deve-se, sobretudo, a
regido hipervaridvel da glicoproteina E2, uma das principais glicoproteinas do envelope viral,
a qual estd envolvida na ligacdo dos virions aos receptores celulares. Essa regido hipervariavel
¢ imunogénica e induz a produg@o de anticorpos neutralizantes no hospedeiro (DONIS, 1995).
A glicoproteina E2 ¢ constituida de quatro dominios, DA, DB, DC e DD, sendo que os
dominios DA e DB, localizados na posicdo amino-terminal (N-terminal), sdo os mais
expostos na superficie viral. Por essa razdo, esses dominios sdo os principais sitios de ligagao
de anticorpos neutralizantes e também a regido onde ocorre maior variabilidade antigénica
(OMARI et al., 2013). As trocas de aminodcidos e as variagdes nas estruturas antigénicas
podem influenciar na viruléncia dos pestivirus (SHEN et al., 2011). Adicionalmente, com as
mutagdes provocadas pela pressdo de selecdo, as diferencas antigénicas nas glicoproteinas

podem influenciar na eficacia dos diagndsticos laboratoriais assim como na eficicia das
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vacinas. Ja& os dominios DC e DD, teoricamente, ndo possuem epitopos de ligagdo de

anticorpos, sugerindo que ndo sdo expostos na superficie viral, figura 1 (WANG et al., 2015).

Figura 1- Dominio DA da glicoproteina E2, compreendendo os residuos de aminoacidos de
posicao 4-87 estd em vermelho e o dominio DB esta em amarelo compreendendo os residuos
88—164. O dominio DC, em azul claro, compreendendo os residuos 165-271 e o dominio e o
dominio DD os residuos 272-333, o qual estd em azul escuro.

4 87 164 271 333 374
1 12 324 43 4 505 67 66 7 8 8 @

v SR o | oc  [EBEENENE-c

Fonte: (WANG et al., 2015).

Com base na alta diversidade de pestivirus circulantes no territorio brasileiro e na
importancia da glicoproteina E2 para o diagnostico e eficacia das vacinas, o presente estudo
realizou uma andlise genética e antigénica do dominio DA de isolados de pestivirus obtidos
de bovinos de corte no Rio Grande do Sul, identificando as espécies e subtipos circulantes, as
principais alteragdes de sequéncia no DA e o perfil de reatividade com anticorpos

monoclonais contra a E2.
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Capitulo 1

Genetic and antigenic analysis of the DA ectodomain of glycoprotein E2 of pestiviruses

isolated of cattle from Rio Grande Do Sul, Brazil

Carolina de Oliveira Freitas, Francielle Liz Monteiro, Juliana Felipetto Cargnelutti,
Pablo Sebastian Britto de Oliveira, José Valter Joaquim Silva Junior, Rudi Weiblen, Eduardo
Furtado Flores.

(Artigo submetido para a revista Ciéncia Rural)
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Genetic and antigenic analysis of the DA ectodomain of glycoprotein E2 of pestiviruses

isolated of cattle from Rio Grande Do Sul, Brazil

Analise genética e antigénica do ectodominio DA da glicoproteina E2 de pestivirus

isolados de bovinos do Rio Grande do Sul

Carolina de Oliveira Freitas’>? Francielle Liz Monteiro® Juliana Felipetto Cargnelutti
4 Pablo Sebastian Britto de Oliveira®!"! José Valter Joaquim Silva Jinior'>> Eduardo

Furtado Flores'* Rudi Weiblen!!

ABSTRACT

The bovine pestiviruses, bovine viral diarrhea virus 1, 2 (BVDV-1, BVDV-2) and
HoBi-like (HobiPeV) are associated with several clinical manifestations and reproductive
failure and produce important losses for the cattle industry. Field pestivirus isolates present a
significant genetic and antigenic variability, especially in the envelope glycoprotein E2. This
variability may compromise molecular and immunological diagnosis and immunization
strategies. Thus, this study performed a genetic and antigenic analysis of 51 pestivirus isolates
obtained from beef cattle in Rio Grande do Sul, Brazil, during 2017. Initially, the isolates

were identified by PCR and confirmed by sequencing and phylogenetic analysis of the 5S'UTR
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region of the genome, complementing an analysis previously carried out in a more
comprehensive region of the 5S'UTR. Then, the isolates were submitted to reactivity assays
with 11 monoclonal antibodies (MAbs) to the E2 glycoprotein, followed by sequencing and
analysis of the domain A (DA) of the E2 ectodomain. Based on the phylogenetic analysis of
the 5’UTR, 27 isolates were identified as BVDV-1 (22 -1a and 5 of -1b), 23 as BVDV-2 (all
as -2b) and one as HobiPeV (-3a). This subtyping confirmed a previous classification based
on a longer 5’UTR sequence. Sequence analysis (nucleotide and amino acid) of the E2 DA
domain identified several nucleotide and amino acid(aa) changes, mainly at immunodominant
sites subjected to binding by antibodies. The amino acid residues that presented the highest
variability were at sites: 695 and 782 on the bovine pestivirus genome, sites previously
described for having a high rate of mutations and amino acid changes. Fewer aa changes were
observed at position 701 and 734. MAb binding assays revealed marked variability in most
E2 epitopes. Whereas a few MAbs recognized almost all isolates, confirming the existence of
highly conserved epitopes in E2, many MAbs recognized few or no isolates. Thus, the present
study provides important information about the genetic and antigenic variability of the E2 DA
ectodomain of bovine pestiviruses. This information may be useful to guide molecular an

immunological diagnosis and for vaccine formulation as well.

Keywords: BVDV, pestivirus, antigenic diversity, E2, ectodomain, monoclonal antibody.

RESUMO

Os pestivirus bovinos, o virus da diarréia viral bovina 1, 2 (BVDV-1, BVDV-2) e o tipo HoBi
(HobiPeV) estdo associados a varias manifestacdes clinicas e falhas reprodutivas e produzem
importantes perdas para a industria pecuaria. Os isolados de pestivirus de campo apresentam

uma variabilidade genética e antigénica significativa, principalmente na glicoproteina E2 do
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envelope. Essa variabilidade pode comprometer o diagndstico molecular e imunologico e
estratégias de imunizagdo. Assim, este estudo realizou uma anélise genética e antigénica de 51
isolados de pestivirus obtidos de bovinos de corte no Rio Grande do Sul, Brasil, em 2017.
Inicialmente, os isolados foram identificados por PCR e confirmados por sequenciamento e
analise filogenética da regido 5S'UTR do genoma, complementando uma analise anteriormente
realizada em uma regido mais abrangente do 5'UTR. Em seguida, os isolados foram
submetidos a ensaios de reatividade com 11 anticorpos monoclonais (MAbs) contra a
glicoproteina E2, seguidos de sequenciamento e analise do dominio A (DA) do ectodomaco
E2. Com base na andlise filogenética do 5'UTR, 27 isolados foram identificados como
BVDV-1 (22 -1lae 5 de -1b), 23 como BVDV-2 (todos como -2b) e um como HobiPeV (-3a).
Essa subtipagem confirmou uma classificagdo anterior com base em uma sequéncia S'UTR
mais longa. A andlise de sequéncia (nucleotideo e aminoéacido) do dominio DA E2 identificou
varias alteracdes de nucleotideo e aminoacido (aa), principalmente em locais
imunodominantes sujeitos a ligagdo por anticorpos. Os residuos de aminodcidos que
apresentaram maior variabilidade foram nos locais: 695 e 782 no genoma do pestivirus
bovino, locais previamente descritos por apresentarem uma alta taxa de mutagdes e alteragdes
de aminodcidos. Foram observadas menos alteragdes aa nas posi¢des 701 e 734. Os ensaios de
ligagdo ao MAD revelaram uma variabilidade acentuada na maioria dos epitopos E2.
Enquanto alguns MAbs reconheceram quase todos os isolados, confirmando a existéncia de
epitopos altamente conservados em E2, muitos MAbs reconheceram poucos ou nenhum
isolado. Assim, o presente estudo fornece informacdes importantes sobre a variabilidade
genética e antigénica do ectodominio E2 DA de pestivirus bovinos. Esta informacdo pode ser
util para orientar o diagndstico molecular e imunologico e também para a formulagdo de

vacinas.
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Palavras chave: BVDYV, pestivirus, diversidade antigénica, E2, ectodominio, anticorpos

monoclonais.

INTRODUCTION

The genus Pestivirus, family Flaviviridae, comprises three important pathogens of
cattle, Bovine viral diarrhea virus 1 (BVDV-1; Pestivirus A), BVDV-2 (Pestivirus B) and
HoBi-like pestivirus (Pestivirus H, HoBiPeV) (SIMMONDS et al., 2011; ICTV, 2019).
Pestiviruses are small (50nm), enveloped, single-stranded, positive-sense RNA viruses, whose
genome is approximately 12.3kb in length and contains a unique open-reading frame (ORF)
flanked by two untranslated regions (5 and 3 UTRs). The ORF encodes a long polyprotein,
which is co- and post-translationally cleaved by viral and host proteases in 11-12 mature viral
polypeptides: NP, C, EO/E™, E1, E2, p7, NS23 (NS2-3), NS4A, NS4B, NS5a and NS5B
(TAUTZ et al., 2015). Nucleotide sequencing and comparison of the highly conserved 5'UTR,
in addition to NP and E2, has served for pestivirus phylogeny and classification into subtypes
(RIDPATH et al., 1994; VILCEK et al., 2001; BECHER et al, 2003; LIU et al., 2009).

Currently, BVDV 1 and 2 are among the most important pathogens of cattle, with a
global distribution and are associated with a variety of clinical manifestations in cattle
(HOUE 2003). HoBiPeV were initially identified as contaminants of fetal bovine serum
(FBS) from Brazilian origin (SCHIRRMEIER et al., 2004) and subsequently isolated in
several continents from FBS and from cattle presenting clinical conditions similar to those
classically attributed to BVDV-1 and BVDV-2 [LIU et al., 2009; DECARO et al., 2011;
DECARO et al., 2012; BAUERMANN et al., 2013; WEBER et al., 2016; MONTEIRO et al.,

2018].
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The three pestivirus species are genetically and antigenically closely related, which
may influence both diagnostic and control strategies (RIDPATH 2005; BAUERMANN et al.,
2013). Pestiviruses show great genetic and antigenic variability, the main responsible for the
antigenic variability is glycoprotein E2, an immunodominant envelope glycoprotein involved
in virus binding to cellular receptors and a major important target for neutralizing antibodies
(DONIS et al., 1988; WEILAND, et al., 1990; DEREGT et al., 1998). Glycoprotein E2 is a
type I transmembrane protein with an N-terminal ectodomain and a C-terminal helix anchored
in the viral membrane. In the viral envelope, E2 forms disulfide-linked homodimers and
heterodimers with E1 (WEILAND, et al., 1990), this heterodimer is crucial for BVDV
attachment and cell entry (RONECKER et al., 2008). The amino-terminal region of the E2
ectodomain is exposed at the virion surface and contains the major antigenic epitopes,
eliciting a humoral response (DEREGT et al., 1998; NEILL 2013).

The E2 protein consists of four domains, DA, DB, DC and DD. The DA and DB
domains, located at the amino-terminal (N-terminal) end, are the most exposed on the viral
surface. Due to this, these domains are the main sites of neutralizing antibody binding and the
region where the prominent antigenic variability occurs (OMARI et al., 2013). The DC and
DD domains apparently do not harbor antibody binding epitopes, suggesting that they are not
exposed on the viral surface (WANG et al., 2015).

The variability of BVDV E2 has been extensively demonstrated by nucleotide
sequence analysis (BECHER et al., 1999; SILVEIRA et al., 2015) and, indirectly, by
monoclonal antibody binding (BOLIN et al., 1988; DEREGT et al., 1990; DUBOVI 1992;
DEREGT et al., 1998). In addition, virus-neutralizing (VN) assays provides an indirect means
of assessing the antigenic variability of BVDV as well as for other pestiviruses (RIDPATH et

al., 1994; BECHER et al, 2003; BOTTON et al., 1998).
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Bovine pestiviruses are widely distributed among Brazilian cattle and a recent review
pointed out for a clear predominance of BVDV-1 (54.4%)), followed by BVDV-2 (25.7%) and
HoBiPeV (19.9%) (FLORES et al., 2018). Continuous monitoring and genetic/antigenic
characterization of isolates have proven relevant and useful for diagnostic and control of
pestiviruses in Brazil, providing basis for designing/adaptation of diagnostic tools and new
vaccine formulation. In this context, the present study provides additional information on the
antigenic and genetic properties of pestiviruses circulating in Southern Brazil, through

antigenic and sequence analysis of the E2 ectodomain of viruses isolated from beef cattle.

MATERIALS AND METHODS

Viruses and cells

The pestiviruses analyzed in this study were isolated from sera of beef cattle in Rio
Grande do Sul, Brazil (2017). Fifty-one pestiviruses were isolated and amplified in MDBK
cells (ATCC, VA, USA). Cells were maintained in MEM (minimum essential medium,
ThermoFisher Scientific, MA, USA), supplemented with 10% equine serum, 100U/mL of
penicillin and 100uL of streptomycin (ThermoFisher Scientific, MA, USA). BVDV-1 Singer

strain and BVDV-2 890 were used as controls in fluorescent antibody assays.

Genetic identification

The isolates were initially submitted to genetic identification through nucleotide
sequence analysis of 5'UTR region. For this, 300uL of MDBK cell supernatant infected with
each isolate were submitted to RNA extraction using TRIzol® reagent (ThermoFisher
Scientific, MA, USA), according to the manufacturer’s instructions. After RNA extraction,
the cDNA was synthesized using Go Script Reverse Transcription Mix (Promega, WI, USA).
For the identification of viral species and subtypes, the cDNA was subjected to a PCR assay

targeting the S'UTR of the viral gene using primers BP189-389, according to the instructions
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described in MONTEIRO et al. (2019a), generating a 201pb product. Some samples had been
previously identified genetically by MONTEIRO et al. (2019b), analyzing the sequences
amplified by primers HCV 90-368, BVDV-2#3 and N2-RS5. Total RNA was extracted from
MDBK infected cells with BVDV-1 Singer (cp), BVDV-2 890 (ncp) and HoBiPeV LVO01/12
(SILVEIRA et al, 2018) and were used as controls. Ultrapure water was used as negative
control. The phylogenetic analysis was conducted in the Molecular Evolutionary Genetics
Analysis (MEGA) software 7 (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.

Sequence analysis of domain DA

Amplification of the DA domain of E2 was performed using degenerate primers, B11-
B32 (COUVREUR et al.,, 2002). The cycling conditions used were: 94 °© C for 3 min,
following by 35 cycles of 45 s 94 © C for 45 s, 55 ° C for 45 s, 72 °© C for 45 s and final
incubation of 7 min for 72 ° C, generating a 606bp product. For nucleotide sequencing, PCR
products were purified using QIAquick PCR Purification Kit (QIAgen, Hilden, Germany). All
samples were sequenced in duplicates using BigDye kit. The nucleotide sequences were
analyzed by Staden program (STADEN 1996) to obtain the consensus sequence. The
alignment was performed by ClustalW method and the translation of the nucleotides were
performed using the program BioEdit Sequence Alignment Editor Software (7.0.5.3).
MatGAT2.1 (CAMPANELLA et al., 2003) program was used to calculate pairwise identities
using the BLOSUMG62 matrix, alignments for E2 nucleotide/amino acids sequences of viruses
and shown in matrix format, using twenty-five reference sequences of each subtype were used

from GenBank.
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MAD binding assays

MDBK cells inoculated with each isolated, m.o.i of approximately 0.5 - 1, were
individualized with trypsin at 20 — 30 h post-inoculation, resuspended and allowed to attach to
multispot glass slides. Cell monolayers were fixed in cold acetone (5min), washed in PBS and
distilled water and submitted to IFA, according to BOTTON et al. (1998). The fixed cells
were individually incubated with 11 MAbs anti-BVDV (Table 1) by 1h at 37° C, followed by
washes and incubation with FITC-conjugated mouse anti-IgG antibody (1h at 37° C). The
slides were stained with Evans blue (5 min) and observed under epifluorescence microscopy
(Carl Zeiss, Inc., New York, USA). MDBK cells free of pestiviruses and cells infected with

BVDV-1 Singer or BVDV-2 890 were used as positive and negative controls, respectively.

RESULTS

Genetic identification

The viral isolates were identified as pestiviruses based on phylogenetic analysis of a
part of the 5’UTR amplified with primers BP189-389. Nucleotide sequencing of the
amplicons revealed 27 isolates of BVDV-1. Most isolates were classified as BVDV-1a (22
isolates) and some (5 isolates) as -1b (Figure 1) totaling 27 isolates. Twenty-three isolates
were classified as BVDV-2, all them identified as BVDV-2b (Figure 2). The isolate of
HoBiPeV grouped next to subtype -3a (Figure 3). The phylogenetic relations of these isolates
among them and with other pestiviruses are shown in Figures 1 to 3.
Sequence analysis of E2 domain DA

Analysis of the DA sequences revealed significant variability in amino acid (aa)
sequences, especially at particular positions. In general, scattered aa change were observed
throughout the sequence, with some specific positions displaying more frequent changes. The

positions, in the bovine pestivirus genome, displaying the highest variation were analyzed in
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more detail and are described in Table 2. In general, BVDV-1 isolates displayed a higher
degree of variability, noticeably at positions 782 and 695 in the bovine pestivirus genome. At
position 782, 16 out of 27 sequences (59.2%) presented aa change comparing to the standard
viruses (Singer, Oregon/C24V/Osloss). Twelve of these (44,4%) were Glu(E)->Gly(G), but
also three mutations (3.5%) were Glu(E)=>Pro(P). Twelve changes (44.4%) were observed at
position 695, being nine (33.3%) Asp(D)->Asn(N) and three (1.1%) Asp(D)=>GIlu(E), less
frequent changes were observed at residues 701 and 734 (five changes), 781 (4), 697 (3) and
724 (2). Position 724 also showed an aa deletion in three BVDV-1 isolates.

The aa deletion at position 724 was a consistent finding among BVDV-2 isolates (19
out of 23) including the reference strains. Noticeably, BVDV-2 isolates showed a lower
frequency of changes in most positions, comparing to BVDV-1. Four aa change (17.4%) were
observed at positions 695 and 781.

The identity in nucleotide(nt) and amino acid sequences among the isolates analyzed
in this study are shown in Table 3. In general, the aa similarity in DA sequences among
BVDV-1 was 73.09% (nt 78.74%) and in BVDV-2 was 71.80% (nt 78.33%). The identity
dropped significantly when comparing BVDV1 with BVDV-2 amino acids (71.84%).

3.3 MAD binding assays

The reactivity of E2 MAbs with BVDV isolates in IFA test is presented in Tables 4
and 5. The MAbs directed to glycoprotein E2 showed a high variability in reacting with
antigens of fields isolates. A few MADbs reacted with most or several isolates (3.1C4 and
18D4), demonstrating the existence of conserved epitopes in E2, even between BVDV-1 and
BVDV-2. On the other hand, most MAbs showed a scattered pattern of binding, failing to
recognize a variable (or most) number of isolates. As expected, the MAD reactivity was more

consistent/frequent with BVDV-1 than with BVDV-2.
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DISCUSSION

The bovine pestiviruses BVDV-1, BVDV-2 and HoBiPeV are among the most
important pathogens of cattle (HOUE 2003). These viruses are genetically and antigenically
closely related, however genetic and antigenic differences observed among these groups of
viruses, and even within each viral species, may influence diagnostic and vaccine efficacy
(PELLERIN et al.,, 1994, RIDPATH 2005; BAUERMANN et al.,, 2013). The main
responsible for the variability is the glycoprotein E2 gene, with contains regions highly
variable. This gene encodes an immunodominant envelope glycoprotein involved in virus
binding to cellular receptors, virus penetration and also a major important target for
neutralizing antibodies (DONIS et al., 1988; WEILAND et al., 1990; DEREGT et al., 1998).

This study provides additional information on the genetics and antigenic properties of
the E2 ectodomain of pestiviruses (mostly BVDV-1 and BVDV-2) isolated from beef cattle in
Southern Brazil. The isolates were identified as pestiviruses based on phylogenetic analysis of
a part of the 5’UTR, using just the primers BP189-389. Most of these isolates have been
previously classified by MONTEIRO et al. (2019b), however, using a different set of primers
(HCV90-368). Both sets of primers amplify almost equivalent sequences within the 5’UTR, a
conserved genome region largely used to genetically identify pestivirus species and subtypes
(RIDPATH et al., 1994; XIA et al., 2007; LIU et al., 2009; WEBER et al., 2014). The genetic
subtyping of isolates using primers BP189-389 totally agreed with the previous genetic
classification by MONTEIRO et al. (2019b). This agreement indicates that analysis of a
smaller region of the 5S’UTR (amplified by primers BP189-389) may be reliably used for
species and subtype identification of pestiviruses. This is especially relevant considering that
primers BP189-389 present a broader range of pestivirus detection than primers HCV90-368

MONTEIRO et al. (2019b). Thus, primers BP189-389 may be used both for diagnostic/virus
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detection and, subsequently, for genetic identification by nucleotide sequencing and
phylogenetic analysis of the amplicons.

Nucleotide sequencing of the amplicons revealed 27 BVDV-1 (22 isolates of -la
subtype and 5 isolates of -1b), 23 of BVDV-2 (all isolates classified as -2b) and one
HoBiPeV. Several studies have characterized genetically bovine pestiviruses from Brazil,
demonstrating that both BVDV-1 and BVDV-2 are circulating in the country, with a
predominance of BVDV-1 [CANAL et al., 1998; BIANCHI et al., 2011; YESILBAG et al.,
2017; MONTEIRO et al., 2018; MONTEIRO et al., 2019a; 2019b;). As in this study, other
researchers have shown a highest prevalence of BVDV-1, with a significant predominance of
subtype -1a, followed by -1b and -1d (EVERMANN & RIDPATH, 2002; GIANGASPERO et
al., 2008; WEBER et al., 2014; FLORES et al., 2018; MONTEIRO et al., 2019b). For BVDV-
2 isolates, the most circulating subtype is -2b followed by -2a (XIA et al., 2007; FLORES et
al., 2018; MONTEIRO et al., 2019b); in the present study only BVDV-2b was identified.
HoBiPeV isolates found in Brazil are mostly subtype -3a (MONTEIRO et al., 2019b). This
was the only subtype found in this search. In this sense, the Brazilian cattle herd contains a
unique mixture of pestivirus species and subtypes, unlike those seen in other countries
(FLORES et al., 2018). BVDV-1a is the predominant subgenotype in the Americas and also
worldwide, followed by BVDV-1b. BVDV-2 is more prevalent in North America than in
other continents, BVDV-2a being the most prevalent in all continents (YESILBAG et al.,
2007; GIANGASPERO et al., 2008). The continuous monitoring of genetic properties of
viruses circulating in the field has been of pivotal importance towards diagnostic and control
of pestiviruses in Brazil (CANAL et al., 1998; FLORES et al., 2018).

The degree of similarity between BVDV isolates demonstrates a wide variability
within and outside the groups. In general, the aa similarity in DA sequences among BVDV-1

was 73.09% and in BVDV-2 was 71.80%, whereas it was 71.84% comparing BVDV-1 and
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BVDV-2. These results corroborate those already found in other studies reaffirming that
BVDV-2 is less variable (PATON et al., 1992; VAN RIJN et al., 1997; JELSMA et al., 2013;
LANG et al., 2014; RIDPATH et al., 2015). The homology percentage among our isolates
was lower compared to the GenBank reference sequences.

The analysis of aa sequences of E2 DA showed some scattered nucleotide changes
over the region and, as expected, a significant variability in some specific sites. BVDV-1
isolates displayed the highest degree of variability at position 782 in the bovine pestivirus
genome. Sixteen out of 27 sequences (59.2%) presented aa changes comparing to the standard
viruses (Singer, Oregon/C24V/Osloss). Twelve of these (44.4%) were Glu(E)->Gly(G), but
also three mutations (3.5%) were Glu(E)-=>Pro(P). Four aa changes (all Pro(P)=>Gly(G)) in
this position were observed among BVDV-2 isolates. Although to a lesser extent, residue 781
also showed an important mutation rate among our BVDV-1 and BVDV-2 isolates. These
findings agree with previous observation that residues 771-783 are the sites displaying the
highest aa mutation rates (SHEN et al., 2011). Not surprisingly, these sites have been reported
to be immunodominant and harbor major antibody binding sites (DEREGT et al, 1998;
COUVREUR et al., 2002; SHEN et al., 2011).

Position 695 also showed a high variability among BVDV-1 isolates and, to a lesser
extent among BVDV-2. While the reference strains presented the residue Asp or Val, the
isolates presented Asp, Val or Asn. In contrast, few alterations were observed in this position
among BVDV-2 isolates (Glu(E)>Asn(N)). The HoBiPeV isolate showed a change
Ser(S)=>Val(V). In this sense, two highly antigenic regions have been mapped between
positions 691-761 and 762-765 of E2, which are believed to be important antibody binding
sites (DEREGT et al, 1998). Thus, the variability in position 695 may also be a result of
selective pressure by the host immune system, leading to viral escape from antibodies with

neutralizing activity.
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Residues 695, 697 and 701 seem to be of utmost importance for antibody binding, as
this region has been shown to frequently harbor aa changes, according to viral species and
subtype, and this variation may serve for viral escape from antibody binding (DEREGT et al,
1998; DONIS 1995). In fact, changes in residues 697 and 701 indicate important antibody
escape mutations, as these two regions are relevant antibody binding points (DEREGT et al,
1998). In our study, positions 697 and 701 also showed aa changes among BVDV-1, yet in
lower frequency than position 695.

Position 714 did not present changes comparing to reference strains, contrasting with
some previous studies (COUVREUR et al., 2002; VAN RIIN et al.,, 1997). Frequent aa
changes were also present in position 734 of BVDV-1 (Thr(T)—=>1Ile(I)), BVDV-2 (Ser(S)) and
HoBiPeV (Ser(S)~> Thr(T)). Mutations in this position have also been described elsewhere
and may also be involved in antibody escape (VAN RIJN et al., 1997). An aa deletion at
position 724 was observed in a few BVDV-1 and in most BVDV-2 isolates. Similar findings
were also described among U.S (United States) isolates, leading to suggestion that it may be a
signature of BVDV-2 isolates (COUVREUR et al., 2002). Our data indicates that, although
consistently found among BVDV-2, this deletion may also be present in some BVDV-1.
Thus, it should not be considered a signature of BVDV-2. Positions 765, 767 and 778 were
unchanged among BVDV-1 and had only one change (767) among BVDV-2. Interestingly,
these positions have been reported as immunodominant and potential sites for antibody
binding and escape (PATON et al., 1992; DEREGT et al., 1998; COUVREUR et al., 2002;
BAUERMANN et al., 2012).

As a whole, the most significant aa changes observed among our isolates are similar to
what has been generally described for BVDV (DEREGT et al., 1998; VAN RIJN et al., 1997;
COUVREUR et al.,, 2002; BAUERMANN et al.,, 2012). Nonetheless, some positions

described to harbor aa changes in previous studies remained almost unaltered among our
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isolates (e.g. 714, 765, 767 and 778) (VAN RIJN et al., 1997; DEREGT et al., 1998;
COUVREUR et al., 2002; SHEN et al., 2011; BAUERMANN et al., 2012).

Thus, it seems that the pattern and degree of aa changes in E2 may not be universal
among pestivirus isolates. Rather, it may slightly change among different populations of
viruses, reflecting different patterns of selective pressure and/or particular evolutionary
trends. In this regard, the pattern observed in the present study should not be
extended/extrapolated to the overall population of pestiviruses circulating in Brazil since it
represents a sampling from beef cattle in Southern Brazil.

The antigenic analysis of E2 by binding to a panel of eleven MAbs illustrated the high
variability of this protein, as indicated by differential binding of several MAbs and lack of
binding by a number of MAbs (Table 4 and 5). Unfortunately, the epitopes recognized by the
individual MAbs have not been mapped, precluding any attempt to correlate the sequence
analysis with MAb binding. In addition to antigenic differences between BVDV-1 and
BVDV-2, the MAD binding assays also showed antigenic variability within these groups of
viruses, demonstrated by differential binding by some MAbs. Interestingly, MAbs 3.1C4 and,
to a lesser extent MAbs 18D4 and 7.1.8 recognized a high proportion of BVDV-1 and
BVDV-2 isolates, confirming the existence of well conserved epitopes within E2, shared by
viruses of the same genotype as well as by viruses from different species. In particular, these
MAbs may be useful for diagnostic purposes. Unfortunately, no single MAbs was able to
distinguish between BVDV-1 and BVDV-2 isolates. These results largely corroborate with
those already found in other studies (BOTTON et al., 1998; BIANCHI et al., 2011; PECORA

et al., 2014; DIAS et al., 2017).
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CONCLUSION

A significant antigenic and genetic variability was observed in the E2 ectodomain of
BVDV isolates, the Brazilian cattle herd contains a unique mixture of pestivirus species and
subtypes. Most aa changes detected were similar to those described previously, however, the
degree and pattern of changes in E2 were slightly different from other reports, the analysis of
aa sequences of E2 DA showed a significant variability in some specific sites. Thus, it seems
that the pattern and degree of aa changes in E2 may not be universal among pestivirus
isolates. In this regard, the pattern observed in the present study should not be
extended/extrapolated to the overall population of pestiviruses circulating in Brazil since it
represents a sampling from beef cattle in Southern Brazil. These findings reinforce the need
of a continuous monitoring of genetic and antigenic properties of pestivirus isolates, as to

provide basis for diagnostic and control.
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1  Table 1- Monoclonal antibodies used in antigenic characterization of pestivirus isolates.

2
Monoclonal antibody Protein BVDV species*

3.1C4 E2¢ BVDV-1

7.1.8 E2° BVDV-1

10F9 E2° BVDV-1

18D4 E2° BVDV-1

27B3 E2° BVDV-1

20G7 E2° BVDV-1

19F9 E2° BVDV-1

F114D8 E2° BVDV-1

6DI11 E2° BVDV-1

6C5 E2° BVDV-1

32B3 E2° BVDV-1
3

4  *(KREUTZ et al., 2000), * (CORAPI ET AL., 2000). * Viral species for which it was produced.

5
6
7
8
9
10

11



1

2

3

Table 2- Analysis of amino acid sequences of domain A of glycoprotein E2 of pestivirus

1solates.

Identification of isolate/strain

Amino acid position

695 697 701 724 734 781 782
BVDV-1_Singer Arg (MH133206.1) D K S D T Q E
BVDV-1_Oregon (AF091605.1) D K S D T Q E
BVDV-1_CP7 (U63479.1) D K S E S Q E
BVDV-1_Osloss (M96687.1) V K Y E T Q E
BVDV-1_10JJ-SKR (KC757383.1) D K S D T S A
BVDV-1 NADL (M31182.1) D K S E T Q E
SV 605/17-55 N . G
SV 605/17-108 a Q
SV 125/17-415 G
SV 256/17-1177 G
SV 256/17-1178 G
SV 256/17-1192 G
SV 256/17-1258 G
SV 508/17-1264 Q
SV 125/17- 1337 G
SV 125/17-1368
SV 256/17-1568 G
SV 508/17-1687
SV 508/17-1960 N I
SV 508/17-2009 N I
SV 125/17-2370
SV 125/17-2526
SV 508/17-2841 N I
SV 508/17-2890 N I

40



SV 508/17-2920

SV 508/17-3005

SV 508/17-3036

SV 605/17-3377

SV 125/17-3581

SV 125/17-3656

SV 125/17-4023

SV 508/17-4506

SV 256/17-5289

z Zz o

™

BVDV-2_CN 10.2015.821 (MG879027.1)
BVDV-2_MadSpl (MH231137.1)
BVDV-2 RS886(MH231143.1)
BVDV-2 New York'93(AF502399.1)

BVDV-2(AB567658.1)

~ X~ ~ =~

BVDV-2 VOE 4407(HG426495.1)

BVDV-2_890(U18059.1)

SV 605/17-42

SV 605/17-75

SV 125/17-382

SV 256/17-426

SV 125/17-430

SV 605/17-1150

SV 125/17-1182

SV 508/17-1832

SV 125/17-2139

SV 125/17-2140

SV 605/17-2368

SV 605/17-2825

SV 508/17-3075

SV 125/17-3267

~

o o000 00

aQa o o a o @ o
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SV 605/17-3499 . . H b

SV 508/17-3978 ...

SV 508/17-4106 ...

SV 125/17-4271 . s . b

SV 125/17-4437 ...

SV 508/17-4446 ...

SV 508/17-4544 N . . D . Q G

SV 125/17-4558 D D G

SV 508/17-4896 ...
Ttaly 68/13(KJ627180.1) S K Q A S E D
SV478/07(KY767958.1) S K Q A S E D
LV03/12(MH410816.1) S K Q A S E D

SV508/17-1339 vV . . E T E

2 Identical to reference sequence; ° Amino Acid Absence; A(Ala): Alanine, C(Cys): Cysteine, D(Asp): Aspartc
acid, E(Glu): Glutamic acid, F(Phe): Phenylalanine, G(Gly): Glycine, H(His): Histidine, I(Ise): Isoleucine,
K(Lys): Lysine, L(Leu): leucine, M(Met): Methionine, N(Asn): Asparagine, P(Pro): Proline, Q(GIn): Glutamine,

R(Arg): Arginine, S(Ser): Serine, T(Thr): Threonine, V(Val): Valine, W(Trp): Tryptophan, Y(Tyr): Tyrosine.
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Table 3- Identity in domain A (DA) among BVDYV isolates.

Virus Mean nt Mean aa
BVDV-1 78.74 (14.43) 73.09 (17.03)
BVDV-2 78.33 (14.43) 71.80 (17.87)

BVDV-1 x BVDV-2 72.92 (12.36) 71.84 (15.91)
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Table 4- Reactivity of monoclonal antibodies with isolates of bovine viral diarrhea virus 1.

3.1C4 18D4 7.1.8 10F9 20G7 27B3 19F9 F114D8 6DI11 32B3 6C5
Singer + + + + + + + + + + +
2841 + + + + + + + + +
2920 + + + + + + + + +
2526 + + + + + + + +
1960 + + + + + + + +
1368 + - + + + N
108 + + + 4 + N
3581 + + + + N
5289 + + + + N
2009 + + + 4 + +
2890 + + + 4 + +
3005 + + + + N .
1177 + + + + +
2370 + - + + P
1687 + + n n s
3377 + + + +
3036 + + + n .
1178 + + + +
1337 + + n . N

44



10

11

12

13

14

15

4506

3656 +
1192 +
1258 +
55 +
1568 +
415 +
1264 +
4023 +

+: Fluorescence emission.
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Table 5- Reactivity of monoclonal antibodies with isolates of bovine viral diarrhea virus 2 and

HoBiPeV.

3.1C4 18D4 7.1.8 10F9 20G7 27B3 19F9 F114D8 6DI11 32B3 6C5

Singer + + + + + + + + + + +
SV890  + + + + + N
3978 + + + + + + + + + +
2368 + + + + + + + + +
4896 + + + + + + + + + +
1832 + + + + + + + +

42 + + + + + + + +

4446 + + + + + + + +
1150 + + + + + + + +

75 + + + + +
3075 + + + + +

3499 + + n +

1339% + + + +

2825 + + + +

426 + +

1182 + +

382 + + +

4544 + + +

46



4106 +

4558 +
2139 + +
4437 +
3267 +
2140 +
4271 +
430 +

+: Fluorescence emission; * HoBiPeV isolated.
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Figure 1- Phylogenetic tree based on 5’UTR sequences of BVDV-1 amplified using primers BP189-389.
Sequences were analyzed by Neighbor-joining method and the p-distance. 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. Isolates detected in this study are highlighted with symbols, the isolates that
were used in previous studies (hollow square) (MONTEIRO et al., 2019b). and those only used in this study
(black squares).
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Figure 2- Phylogenetic tree based on 5’UTR sequences of BVDV-2 amplified using primers BP189-389.
Sequences were analyzed by Neighbor-joining method and the p-distance. 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. Isolates detected in this study are highlighted with symbols, the isolates that
were used in previous studies (hollow circle) (MONTEIRO et al., 2019b). and those only used in this study
(black circles).
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Figure 3- Phylogenetic tree based on 5’UTR sequences of HoBiPeV using primers BP189-389. Sequences were
analyzed by Neighbor-joining method and the p-distance 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. The isolate detected in this study are highlighted with symbol, the isolates that were used in
previous studies (hollow rectangle) (MONTEIRO et al., 2019b).
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2. CONCLUSAO

Foi observada uma variabilidade antigénica e genética significativa no ectodominio
E2, DA, de isolados de BVDV. A maioria das alteracdes aa detectadas foram semelhantes as
descritas anteriormente, no entanto, o grau e o padrao das alteragdes no E2 foram ligeiramente
diferentes de outros relatorios. Esses achados reforgam a necessidade de um monitoramento
continuo das propriedades genéticas e antigénicas de isolados de pestivirus como base para

diagnostico e controle.
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