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bovine serum samples originated in Rio Grande do Sul state, Brazil. Pequisa Veterindria
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The identification of diversity of bovine pestiviruses circulating in the field is fundamental
for continuous evaluation of diagnostic tests and vaccine composition. In this article we
performed the genetic and antigenic characterization of twelve bovine pestiviruses isolated in
the western region of Rio Grande do Sul, Brazil. The viruses were isolated from sera of bovine
fetuses or from animals with clinical presentations suggestive of pestivirus infection. Genetic
characterization by sequencing and phylogenetic analysis of the 5’UTR region of the viral
genome allowed for the identification of bovine viral diarrhea virus (BVDV-1a, 4/12, 33.3%),
BVDV-1b (6/12, 50%) and BVDV-2 (2/12, 16.7%). The reactivity of the isolates with a panel
of monoclonal antibodies raised against envelope proteins (Erns, E1 and E2) demonstrated
a high antigenic variability among isolates. Thus, the active circulation of bovine pestivirus
infection, with high genetic and antigenic variability, in cattle on the western border of RS was
confirmed, demonstrating the importance of continuous characterization of the pestiviruses
circulating in the cattle herds to keep the diagnostic and control measures up to date.

INDEX TERMS: Pestivirus, fetus, serum, bovine, Brazil, BVDV, diarrhea viral bovine, variability,

monoclonal antibodies, cattle.

RESUMO.- [Identificacdo e caracterizacio de pestivirus
isolados de amostras individuais de soro fetal bovino
originarias do Rio Grande do Sul, Brasil.] A identificagdo
da diversidade de pestivirus bovinos que circulam no campo é
fundamental para a avaliagdo continua dos testes de diagndstico
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e composi¢do de vacina. Neste artigo, realizamos a caracterizagdo
genética e antigénica de doze pestivirus bovinos isolados na
regido oeste do Rio Grande do Sul, Brasil. Os virus foram isolados
de soros de fetos bovinos ou de animais com apresentacoes
clinicas sugestivas de infeccdo por pestivirus. A caracterizacdo
genética por sequenciamento e andlise filogenética da regido
5’'UTR do genoma viral permitiu a identificagcao do virus da
diarréia viral bovina (BVDV-1a, 4/12, 33,3%), BVDV-1b (6/12,
50%) e BVDV-2 (2/12, 16,7%). A reatividade dos isolados com
um painel de anticorpos monoclonais criados contra proteinas
do envelope (Erns, E1 e EZ) demonstrou uma alta variabilidade
antigénica entre os isolados. Assim, confirmou-se a circulacio
ativa da infecgdo por pestivirus bovino, com alta variabilidade
genética e antigénica, em bovinos na fronteira oeste do RS,
demonstrando a importancia da continua caracterizacdo dos
pestivirus circulantes em bovinos para manter atualizadas as
medidas de diagnostico e controle.

TERMOS DE INDEXA(;AO: Pestivirus, soro, feto, bovinos, Brasil, BVDV,
pestivirus, diarreia viral bovina, variabilidade, anticorpos monoclonais.
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INTRODUCTION

Bovine pestiviruses are associated with respiratory, digestive,
hemorrhagic and reproductive infection and disease (Baker
1995). The infection has a worldwide distribution and is
responsible for important economic losses and, therefore,
is a major target of control programs (Houe 2003, Ridpath
2003). In Brazil, its presence was first described in the late
1960s and since then it has been systematically identified in
several clinical and epidemiological presentations (Botton et al.
1998, Canal etal. 1998, Silveira etal. 2015, Flores etal. 2018).

Pestivirus of cattle comprise three viral species: bovine
viral diarrhea virus 1 and 2 (BVDV-1 and -2) and the HoBi-
like pestivirus (HoBiPeV). These viruses belong to the genus
Pestivirus of the Flaviviridae family. BVDV-1, BVDV-2 and
HoBiPeV were classified as Pestivirus A, Band H, respectively
(Simmonds et al. 2017, Smith et al. 2017). These viruses are
enveloped and have a positive polarity single-stranded RNA
genome, 12.3kb in length, with a single open reading frame
(ORF) containing two untranslated regions at the 5’- and 3’-
ends (5" and 3’UTR, respectively) (Schweizer & Peterhans
2014). The 5’'UTR region is highly conserved, and in association
with NP and E2 regions, is used for phylogenetic analysis
and classification of isolates into species and subgenotypes
(Ridpath etal. 1994, Silveira et al. 2015). The BVDV-1 genotype
is divided into 21 subgenotypes (BVDV-1a-u), BVDV-2 in four
(BVDV-2a-d) and there are indicatives of at least four HoBiPeV
subgenotypes (HoBiPev-3a-d) (Giangaspero et al. 2008, Dias
etal. 2017, Yesilbag et al. 2017).

Glycoproteins Erns, E1 and E2 are present in the viral
envelope and they are very variable (Schweizer & Peterhans
2014). The consequence of the genetic and antigenic variability,
associated with the possibility of the emergence of new species
and variants, creates the need for permanent monitoring
of pestiviruses circulating in the field, as well as to update
diagnostic techniques and vaccine composition (Ridpath
2003, Bauermann et al. 2013, Monteiro et al. 2018).

Several studies show that virus infection is widespread in
the Brazilian cattle and seroprevalence levels varies according
to the region of the country (Almeida et al. 2013, Monteiro et
al. 2019). Bovine pestiviruses has already been isolated from
animals with subclinical infection, herd with reproductive
problems, abortions, animals with respiratory, digestive,
hemorrhagic signs, mucosal disease (MD), persistently
infected (PI) calves and fetal bovine serum (FBS) (Silveira et
al. 2015, Flores et al. 2018). Phylogenetic analyses of isolates
demonstrated that the three species are present and suggest
a predominance of BVDV-1 (54.4%), followed by BVDV-2
(25.7%) and Hobi-like pestivirus (19.9%) samples (Flores et
al. 2018). However, the comparison of bovine herd size and
number of isolates indicates deficiency in laboratory diagnosis
and the need to improve isolation and characterization of
samples present in the field.

Fetal infection of pregnant cows is extremely important as
it can produce gestational losses (embryonic loss, abortion,
malformation, mummification, teratogeny, delivery a weak
calf or birth of persistently infected animals (PI). PI calves
usually have no apparent clinical signs, excrete the agent
indefinitely, and serve as a major source of infection for other
susceptible animals (Baker 1995). Fetal bovine serum (FBS)
is a supplement for cell culture and used in production of
veterinary and human vaccines. Commercial FBS is a pool of

several fetuses collected from slaughterhouses and bovine
pestiviruses were identified as contaminating (Xia et al.
2011, Monteiro et al. 2018). Brazil is a major producer and
exporter of FBS and pestivirus contamination is a constant
concern for industry and laboratories (Schirrmeier et al. 2004,
Bauermann et al. 2013, Monteiro et al. 2018).

Thus, this study characterized genetically and antigenically
twelve pestiviruses of cattle isolated in the western region of
Rio Grande do Sul, Brazil, in order to investigate their genetic
and antigenic variability.

MATERIALS AND METHODS

Cells and viruses. Procedures for amplification of pestivirus
of bovine and reference viruses (BVDV-1 Singer, BVDV-2 VS-253,
HoBiPeV - SV757/15) were carried out on pestivirus-free bovine
kidney cells (MDBK - Madin-Darby bovine kidney). The cells were
cultured in minimal essential medium (Dulbecco Minimum Essential
Medium) (DMEM) supplemented with 10% equine serum, antibiotic
(gentamicin 50pg/mL), antifungal (amphotericin B 1pg/mL) and
maintained in at incubator with 5% CO, at 37°C.

Pestivirus of bovine samples. Twelve non-cytopathogenic bovine
pestiviruses belonging to the stock of the Unipampa virology laboratory
were used in this study. Ten viruses were isolated from 754 serum
of fetuses samples collected from 2011 to 2013 in slaughterhouses
in western Rio Grande do Sul, Brazil. Samples LV14/15 and LV84/11
were isolated from the blood of a calf with retarded growth and an
animal with chronic weight loss, respectively. For viral isolation,
200 microliters of sample (fetal serum or blood) were individually
inoculated for 60 minutes in 24-well plates with MDBK monolayer
(Botton et al. 1998). After this, three blind passages were performed
at 72 hours intervals. At the end of the third passage, the supernatant
was stored and the cells subjected to indirect immunofluorescence
assay (IFA) with a pool of monoclonal antibodies as a primary antibody.
The primary antibodies demonstrated broad reactivity and ability
to recognize the three different bovine pestiviruses (Kreutz et al.
2000, Flores et al. 2018). Positive samples were identified, storage
and further cultured for analyses. All isolated viruses were originated
from Uruguaiana, Itaqui, Barra do Quarai, Alegrete, Itacurubi and
Magambara municipalities.

RNA extraction and RT-PCR. MDBK cells cultures were individually
infected with the isolates in 24-well polyethylene plates. After
72 hours, the supernatants were collected and subjected to RNA
extraction using TRIzol® Reagent (Life Technologies, Carlsbad/CA)
according to the manufacturer’s instructions. The cDNA synthesis
was performed with the GoScript™ Reverse Transcription Random
Primers kit (Promega, Madison/WI, USA) and used as a template
for the amplification of the 5’UTR region by the polymerase chain
reaction (PCR). For PCR, the set of primers HCV90-368 (Forw-
CATGCCCATAGTAGGAC and Rev-CCATGTGCCATGTACAG) was used
(RIDPATH; BOLIN; DUBOVI, 1994). The amplification conditions
were: 94°C for 5 min, followed by 35 cycles of 94, 50 and 72°C for
30s each, and final extension at 72°C for 7 min.

Sequencing and phylogenetic analysis. The PCR products
were purified with the QIAquick PCR Purification Kit (QIAGEN,
Hilden, Germany) and submitted to sequencing (ACTGene Analises
Moleculares Ltda, Alvorada/RS, Brazil). Consensus sequence were
obtained by evaluation of forward and reverse reading of each isolate
and edited using the BioEdit Sequence Alignment Editor software
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suite, version 7.0.5.3° (Hall 1999). These were submitted to the
Basic Local Alignment Search Tool (BLAST)’ for comparison with
sequences available in GenBank and classification of the isolates
for the three bovine pestivirus genotypes. Alignment of the 12
consensus sequences and 35 standard sequences was performed
using the Clustal W (Thompson et al. 1997) software contained in
BioEdit. Evolutionary analysis and phylogenetic reconstruction of
the isolates and standard strains was performed using the Molecular

¢ Available at <http://www.mbio.ncsu.edu/bioedit/bioedit.html>
7 Available at <http://www.ncbinlm.nih.gov/BLAST/>
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Evolutionary Genetics Analysis (MEGA) version X (Tamura etal. 2011).
The evolutionary history was inferred using the Neighbor-Joining
method, and the evolutionary distances were computed using the
Kimura 2-parameter method, with bootstrap values were calculated
using 1000 replicates. Accession numbers of the reference sequences
used in phylogenetic construction are in Fig.1.

Reactivity with a panel of monoclonal antibodies. The antigenic
variability of the isolates was determined by the reactivity with 13
monoclonal antibodies (MAbs) directed to the glycoproteins Erns,
E1 and E2 (Corapi et al. 1990, Kreutz et al. 2000). For this, MDBK
cells infected with each isolate were trypsinized, resuspended
and deposited on multispot slides, and after cell adhesion, cells

BVDV-1a

j| BVDV-1i

BVDV-1

BVDV-1b

BVDV-2

KYB83847.1 (HoBiPeV strain SV757/15)

Fig.1. Phylogenetic analysis constructed by the Neighbor-Joining method, Kimura-2 parameter, based on the 5’UTR region of 12 nucleotide
sequences of bovine pestivirus isolates (#; 411 positions). Only bootstrap values (1000 replicates) above 50% are demonstrated.
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were fixed with cold acetone. The ability of each MAb to recognize
antigens of the isolates was investigated by the IFA technique
(indirectimmunofluorescence) (Botton et al. 1998). MAbs were used
individually as primary antibody and an anti-mouse fluorescein-
conjugated anti-IgG (Sigma-Aldrich, St. Louis/MO, USA) was used
as secondary antibody. As a positive and negative control, standard
strains (BVDV-1 Singer, BVDV-2 VS-253 and HoBiPeV SV757/15)
and uninfected cells were used, respectively.

RESULTS

Individual analysis of 754 FBS allowed the isolation of 10 viruses,
thus 1.3% of the samples tested were actively infected with
bovine pestivirus. Two other samples from suspected cases
were also included in the study. These viruses isolates provide
an overview of the circulating samples in the region studied.
Allisolated samples were classified as non-cytopathic (NCP).

The genetic and antigenic characterization demonstrated
that the twelve pestivirus isolates belong to BVDV-1 and -2
species and display a broad antigenic variability (Fig.1 and
Table 1). Phylogenetic analysis identified ten samples as
BVDV-1 (83.3%) and two viruses as BVDV-2 (16.7%). Among
viruses classified as BVDV-1, four belong to the BVDV-1a
genotype (4/12, 33.3%) and six are BVDV-1b (6/12, 50%).
Among samples compatible with BVDV-2, isolate 17.02 was
grouped as BVDV-2b, whereas 15.5 could not be classified in
either BVDV-2 subgenotype (Fig.1).

The reactivity of the MAbs with the isolates confirmed
a wide antigenic variability among the BVDVs (Table 1).
No MAD used recognized 100% of the isolates. The level of
recognition of the isolates by MAbs varied between 30.7 and
84.6%, reaffirming the wide variability among the isolates.
The variability could be observed between the isolates and
the standard strains, as well as among the different genotypes.

DISCUSSION

Pestivirus isolates from fetal serum and from animals with
clinical signs were classified as BVDV-1 and BVDV-2 and
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confirmed the existence of genetic and antigenic variability
among isolates. Among the analyzed samples, the presence
of BVDV-1 (10/12) was predominant in relation to BVDV-2
(2/12). Despite of the limited number of viruses characterized,
these findings are consistent with previous studies that
characterized a more comprehensive sampling and demonstrate
a predominance of BVDV-1 in Brazilian cattle herds (Weber
etal. 2014, Silveira etal. 2015, Flores et al. 2018). The BVDV-
1la (4/10) and BVDV-1b (6/10) subgenotypes were the two
identified in the present study and reflect what has already
been demonstrated in other regions of the country (Silveira et
al. 2015, Flores et al. 2018). The representative circulation of
bovine pestivirus genotypes in a given region can be determined
when at least 50 virus samples are analyzed (Flores et al.
2018). Thus, the small number of samples studied herein
can not be considered representative of the western region
of Rio Grande do Sul, but they suggest the predominance of
these two genotypes and demonstrate the circulation of these
viruses in the cattle population.

In the present study, it was possible to determine that
isolate 15.5 (SV817/12) belongs to the BVDV-2 species, without
classification in subgenotype. The difficulty in determining
the subgenotype also occurred with isolates of the BVDV-2 in
other studies (Weber et al. 2014, Silveira etal. 2015, Monteiro
etal. 2018). The analysis of the 5’UTR region alone may not
be sufficient to determine the subgenotype for some viruses.
In these situations, it is suggested to sequence the N*™ and E2
regions to obtain the definitive virus genotype classification
(Pellerin et al. 1994, Ridpath et al. 1994, Silveira et al. 2015,
Monteiro etal. 2018). No HoBiPeV isolates were identified in
the present study. HoBiPeV are recognized as a new emerging
bovine pestivirus species and represent the smallest group
(<20%) among the three pestivirus species identified in Brazil
(Silveira et al. 2015, Flores et al. 2018).

The evaluation of the envelope glycoproteins profile
performed with MAbs confirmed the antigenic variability
among the isolates. Erns, E1 and, especially E2 glycoproteins
are responsible for the interactions of the virus with the cellular

Table 1. Reactivity of a panel of monoclonal antibodies (mAb) with bovine pestiviruses from western of Rio Grande do Sul
State, Brazil

Reactivity of monoclonal antibodies

Isolates EO El E2 Undetermined
3.b8 6.F11 19.F9 F11.48 20.G.7 31.C4 18D4 718 6D11 10F9 32B3 2D.5 6.C.5

17.01 (SV815/12) + + + + + - - - - + +
10.7 (SV308/14) + - + + + + - + - +
SV 556/14 - + + + + + +
LV 84/11 (SV822/12) - + + + + +
55.5 (SV815/12) + + + + + + + + + + +
27.60 (SV847/14) - + + + + + +
LV 014/15 + + + + + +
30.10 (SV847/14) + - + + + + + + +
35.00 (SV847/14) + + + + + + + +
27.69 (SV847/14) + + + + + + + + + +
15.5 (SV817/12) + + + + + + +
17.02 (SV815/12) + + + - +
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receptors, and are associated with virulence and induction of
the neutralizing antibodies (Schweizer & Peterhans 2014).
The variability observed in these proteins reflects on the
serological reactivity between different viral samples, being
possible vaccine failures (Ridpath 2003, Otonel et al. 2014).
Therefore, constant monitoring of the viruses circulating in
the field, associated with the update of the vaccine strains, are
some of the alternatives necessary to guarantee the control
programs and vaccine efficacy (Ridpath 2003).

The use of a single monoclonal antibody in tests for
identification and/or diagnosis of pestiviruses of bovine is not
advisable since it may lead to false-negative results. For these
cases, itis recommend to use a pool of monoclonal antibodies
or specific antibodies for the conserved regions, such as
the NS2/3 nonstructural protein, or polyclonal antibodies
(Botton et al. 1998, Bauermann et al. 2013). Still, the genetic
diversity also has consequences in the diagnosis by PCR. For
this situation, it is recommend to use a set of primers with
the capacity to detect the largest number of variants in small
concentrations of genetic material (Giangaspero & Harasawa
2011, Monteiro et al. 2018).

The presence of more than one viral species infecting
the same herd is a well-recognized possibility (Otonel et al.
2014). The explanation for this phenomenon is the constant
mutations and recombination characteristic of pestiviruses
or by the introduction into the herd of animals carrying
different genotypes (Ridpath 2003, Fulton 2015). Genetic
diversity is accompanied by the antigenic variability of the
samples. In practical terms, genetic and antigenic diversity
contribute to vaccine failures, when cross-serology among
samples of distinct genotypes is not efficient (Fulton 2015).
This situation reinforces that programs for the control and
prevention of bovine pestivirus infection should follow the
principle of identification and removal of persistently infected
(PI) animals and using effective vaccines.

[solation of bovine pestiviruses in FBS samples has been
performed with some frequency. In previous study, that tested
individual fetal serum the prevalence (0.7%) was similar
(Botton et al. 1998). Monitoring of commercial batches of
FBS has identified genome or virus infective, but without
precision in determining the origin of infected herds (Xia
et al. 2011, Monteiro et al. 2018). Despite the difficulty in
obtaining, testing of individual FBS can be considered an
excellent source of bovine pestiviruses, as it demonstrates
active infection of pregnant animals and provides an overview
of virus diversity circulating (Botton et al. 1998, Flores et al.
2018, Monteiro et al. 2018). The presence of fetal infection
the virus infecting the fetus may also be associated with
failure of fetal protection and consequent maintenance of the
epidemiological cycle in herds. A cornerstone of any bovine
pestiviruses control program is to prevent infection of pregnant
cows (Ridpath 2003). In this way, monitoring of fetal samples
may be helpful in evaluating the control program in certain
regions. Diagnostic tests capable of detecting fetal infection of
pregnant cows would be a major advance in disease control
(Houe 2003, Ridpath 2003).

Economic losses produced by bovine pestiviruses are
related to productive and, especially to reproductive failure
(Houe 2003). In the present study, around 1.3% (10/754) of
the fetal serum samples analyzed contained infectious virus.
Although the consequences of these infections could not be

Pesq. Vet. Bras. 40(5):368-373, May 2020

determined, transplacentary BVDV infection may result in
several outcomes, including fetal malformation, abortion or the
birth of infected persistent animals. Another important aspect
associated with fetal infection is the use of contaminated fetal
bovine serum in the biological industry, including vaccines.

CONCLUSIONS

Pestiviruses circulate actively in cattle in the western
region of the State of Rio Grande do Sul, Brazil. There are
both genetic and antigenic variability among the pestiviruses
isolated, being possible to detect the two major species of
bovine pestiviruses, BVDV-1 and BVDV-2.

The numbers of samples evaluated is small, but corroborate
with other studies that analyzed a larger number of samples
of viruses.

Taken together, the results reinforce the need to continuous
monitoring of the genetic and antigenic properties of circulating
field samples.
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