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ABSTRACT.- AnitaD.C., Popa E., Anitd A., Oslobanu L.E. & Savuta G. 2020. Pestivirus spillover
effect: molecular detection of bovine viral diarrhea virus in domestic and feral pigs.
Pesquisa Veterindria Brasileira 40(6):479-483. Faculty of Veterinary Medicine, University of
Agricultural Sciences and Veterinary Medicine lasi, 8 Mihail Sadoveanu Alley, 700489, Iasi,
Romania. E-mail: aeanita@uaiasi.ro

Pestivirus infections are important in the livestock industries, with infection occurring in
cattle, sheep and pigs. The Pestivirus genus of the family Flaviviridae, includes four recognized
species: bovine viral diarrhea virus 1 (BVDV-1), bovine viral diarrhea virus 2 (BVDV-2),
border disease virus (BDV), and classical swine fever virus (CSFV). All pestivirus species
can infect pigs, therefore accurate and specific pestivirus detection and differentiation is of
great importance to assure control measures in swine populations. The aim of the study was
the molecular detection of different pestiviruses in domestic and feral pigs. A total of 527
samples (92 pigs and 435 wild boars) were tested for pestiviruses detection using molecular
assays. Eleven positive samples (6 wild boars and 5 domestic pigs) were identified using
panpestivirus primers targeting the 5’- UTR region of the pestivirus RNA genome. Further
all the positive samples were sequentially tested for detection of CSFV, BVDV-1 and BVDV-2
using specific primers. All RNAs were identified as positives for BVDV-1 and no amplification
signals were obtained from BVDV-2 and CSFV. The current detection of BVDV-1 in clinical
swine specimens highlights the important risk factor of swine population as reservoir and
consequently carrier for BVDV.

INDEX TERMS: Pestivirus, molecular detection, bovine viral diarrhea virus, domestic pigs, feral pigs,

BVDV, pigs, wild boar, PCR, wildlife animals.

RESUMO.- [Efeito spillover de pestivirus: detec¢do molecular
do virus da diarreia viral bovina em suinos domésticos
e javalis.] As infeccdes por pestivirus sdo importantes nas
industrias pecuarias, com infec¢ées em bovinos, ovinos e
suinos. O género Pestivirus da familia Flaviviridae inclui
quatro espécies reconhecidas: virus da diarreia viral bovina
1 (BVDV-1), virus da diarreia viral bovina 2 (BVDV-2), virus
da doenca de fronteira (VDF) e virus da peste suina classica
(VPSC). Todas as espécies de pestivirus podem infectar porcos,
portanto a deteccdo e diferenciagio precisas e especificas de
pestivirus sdo de grande importancia para garantir medidas
de controle nas populagdes suinas. O objetivo do estudo foi

1 Received on October 21, 2019.

Accepted for publication on February 19, 2020.

2 Faculty of Veterinary Medicine, University of Agricultural Sciences and
Veterinary Medicine lasi, 8 Mihail Sadoveanu Alley, 700489, lasi, Romania.
*Corresponding author: aeanita@uaiasi.ro

3 Sanitary-Veterinary and Food Safety Laboratory lasi County, 10 Mihail
Sadoveanu Alley, 700489 lasi, Romania.

479

a deteccdo molecular de diferentes pestivirus em suinos
domésticos e javali. Um total de 527 amostras (92 porcos
e 435 javalis) foram testados para detec¢do de pestivirus
usando ensaios moleculares. Onze amostras positivas (6
javalis e 5 porcos domésticos) foram identificadas usando
iniciadores de panpestivirus visando a regido 5’-UTR do
genoma do RNA do pestivirus. Além disso, todas as amostras
positivas foram testadas sequencialmente para detecgio de
VPSC, BVDV-1 e BVDV-2 usando iniciadores especificos. Todos
os RNAs foram identificados como positivos para BVDV-1 e
nenhum sinal de amplificag¢ao foi obtido do BVDV-2 e CSFV.
A deteccdo atual do BVDV-1 em amostras clinicas de suinos
destaca o importante fator de risco da populagio suina como
reservatdrio e consequentemente portador do BVDV.

TERMOS DE INDEXACAO: Pestivirus, deteccido molecular, virus da
diarreia viral bovina, suinos domésticos, javalis, BVDV, porco, javali,
PCR, suinos, animais selvagens.
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INTRODUCTION

The genus Pestivirus in the family Flaviviridae currently
comprises four species, bovine viral diarrhea virus 1 (BVDV-1),
bovine viral diarrhea virus 2 (BVDV-2), border disease virus
(BDV) and classical swine fever virus (CSFV) (Simmonds et al.
2017). Pestiviruses infect pigs and ruminants with significant
economic impact (Moennig & Becher 2015) but have also
been detected in wild ruminants and wild boar. Pestiviruses
are sub-divided according to their host but serological cross-
reactivity has been demonstrated between all pestiviruses
(Wieringa-Jelsma et al. 2006). While CSFV is restricted to pigs,
the other Pestivirus species have been recovered from hosts
of a greater variety. There are less clear-cut differences in host
range. BVDV-1, BVDV-2 and BDV can infect a wide range of
ruminants, including cattle, sheep, goats, and a number of wild
ruminants as well as pigs. Anumber of atypical pestiviruses have
been described originating from giraffe, reindeer, pronghorn
antelope and from fetal calf serum (“HoBi” virus) (Liu et al.
2009). Recently, another pestivirus, “Bungowannah”, was
isolated from pigs (Kirkland etal. 2007). Also, newly identified
atypical porcine pestivirus (APPV) was demonstrated to be
the causative agent of the neurological disorder “congenital
tremor” in newborn piglets (Jin et al. 2017).

Pestiviruses are highly variable RNA viruses, their number
increasing constantly. RNA viruses are characterized by
high mutation rates and the lack of proofreading activity
of RNA-dependent RNA polymerases is believed to be the
main driving force for the generation of altered genomic
sequences. Evolution of pestiviruses occurs by point mutation
and by homologous recombination within species (Weber
et al. 2015). A growing number of novel pestiviruses has
been discovered in domestic and wild species in the last
two decades (Smith et al. 2017). Members of the different
Pestivirus species can be distinguished from each other by
the presence of sequence motifs in the 5'-untranslated region
that are involved in RNA secondary structures (Giangaspero
& Harasawa 2011). The secondary structure of the 5’-UTR
is divided into four domains, the last one encompassing the
two thirds in the 3’ region of the 5’-UTR, is responsible for
translational, transcriptional and replicational events in
pestiviruses. Therefore, random mutations at the 5’-UTR
have a high probability of incompatibility with viral survival
(Giangaspero et al. 2008).

MATERIALS AND METHODS

During 2014-2016, tissue samples from 527 pigs: 92 backyard
pigs respectively 435 wild boars were collected. From each animal
were sampled spleen, tonsils and lymph nodes (mesenteric and

retropharyngeal), followed by automatically disruption of 100mg of
pooled tissue samples suspended in 900pl DPBS 1X (Gibco, Paisley,
Scotland, UK) using MagNA Lyser (Roche, Mannheim, Germany). Total
RNA was extracted from 200ul supernatant using RNeasy Mini kit
(QIAGEN GmbH, Hilden, Germany) according to the manufacturer’s
instructions.

Reverse transcription and PCR amplification of the viral RNA
were done in one-step using the One-step RT-PCR Kit (QIAGEN GmbH,
Hilden, Germany). The 5’'UTR genes from the genome of pestivirus
were PCR amplified. The 5’'UTR genes from the pestivirus genome
were amplified using the primers listed in the table below (Table 1).

At the beginning one-step RT-PCR was performed for all RNAs
using described panpestivirus primers 324 and 326 (Vilcek et al.
1994). The amplification was carried out with 10ul RNA in a total
volume of 50pl. Sequentially for detection of CSFV, BVDV -1 and
BVDV-2 were used three sets of primers for specific identification.
The amplification was carried out in a total volume of 25l comprised
of 2ul RNA, OneStep RT-PCR (QIAGEN GmbH, Hilden, Germany) mix
enzyme, 0,1uM of each primer, 5x Buffer OneStep RT-PCR (QIAGEN
GmbH, Hilden, Germany), 10mM dNTP (QIAGEN GmbH, Hilden,
Germany), 0,1ul of 40U/pul RNAsin ribonuclease inhibitor. The
thermal profile used consisted of: revers transcription 30 min at 50°C,
initial PCR activation step 15 min at 95°C, 45 cycles of the following;
94°C for 45 sec, variable annealing temperature depending of the
primer set used (56°C for panpestivirus primers/58°C for BVDV-
1/54°C for BVDV-2 and CSFV) for 45 sec and extension at 72°C for
45 sec; and a final extension at 72°C for 7 min. Each amplification
was validated by the use of three positive controls: positive RNA for
CSFV,BVDV-1 and BVDV-2. The commercial live vaccines containing
BVDV-1 and BVDV-2 (Bovela®Boehringer Ingelheim, Germany) and
classical swine fever virus (Rompestivac® Romvac, Romania) were
used as positive controls for the RT-PCR reactions. The negative
control used in order to check for possible contamination of the
reagents was nuclease free water. The PCR products of 5-UTR
genes were separated by gel electrophoresis in 1.5% agarose gel
stained with ethidium bromide. The fragments were visualized
using a UV transilluminator (GelDoc BioRad, Marnes-la-Coquette,
France). Positive amplicons were purified using Wizard® SV Gel and
PCR Clean-Up System (Promega, USA). The DNA sequencing was
performed at BaseClear B.V. (Leiden, The Netherlands). Nucleotide
sequences were analysed and edited individually using Bioedit soft.
Afterwards, the obtained sequences and sequences available in
GenBank were aligned using Clustal W and the evolutionary tree
was generated with MEGA 7 using the Neighbor-Joining method
with a total of 1000 replications on the bootstrap.

The study was performed in accordance with the Directive
2010/63/EU regarding animal handling ethical guidelines. Animal
samples (wild boar tissues samples) were collected during the

Table 1. Primer sequences and sizes of one step RT-PCR products

Name Sequence of the primers PCR fragment Reference

324 (forward) 5’- ATGCCCWTAGTAGGACTAGCA - 3’ .

288 bp Vilcek et al. 1994
326 (reverse) 5’- TCA ACTCCATGTGCCATGTAC - 3’
CSFV (forward) 5" - CTAGCCATGCCCWYAGTAGG - 3 . .

420 bp Greiser-Wilke et al. 1998
CSFV-R (reverse) 5 - CAGCTTCARYGTTGATTGT - 3’
BVDV-1 (forward) 5 - GGTAGCAACAGTGGTGAG-3’

211bp Tao etal. 2013
BVDV-1 (reverse) 5" - GTAGCAATACAGTGGGCC-3’
BVDV-2 (forward) 5’ - CGACACTCCATTAGTTGAGG -3’

117 bp Tao etal. 2013

BVDV-2 (reverse) 5’ - GTCCATAACGCCACGAATAG -3’
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hunting seasons and according with EU and national low: The
Law of hunting and protection of hunting fund no. 407/2006 and
amendment Law no. 149/2015.

RESULTS

The pestiviruses genome includes a single, large, open reading
frame (ORF) which encodes a polyprotein of approximately
3,900 amino acids. The ORF is flanked, at each end, by
untranslated regions (UTRs). The genome is uncapped at its
5’-terminus and the 5’-UTR contains an internal ribosomal
entry site (IRES) which directs cap-independent translation
initiation on the viral RNA (Fletcher & Jackson 2002). High
conservation of 5’UTR sequences is related to IRES formation.
Using panpestivirus primers targeting the 5’-UTR region of the
pestivirus RNA genome 11 positive animals out of 527 tested
(6 wild boars and 5 backyard pigs) were detected (Table 2).

Further all RNAs were sequentially tested for the detection
of CSFV, BVDV-1 and BVDV-2 using specific primers. All
panpestivirus positives RNAs were identified as positives
for BVDV-1 and no amplification signals were obtained from
BVDV-2 and CSFV. The 5’-UTR (360-390 bases) is highly
conserved among all members within the genus Pestivirus,
yet use of specific primers for amplification of the 5-UTR
genes can readily distinguish BVDV-1 isolates from BVDV-2,
CSFV and BDV isolates. (Ridpath & Bolin 1998, Flores et al.
2002). To characterize BVDV-1 strains, the positive products
were sequenced and analyzed. The characterization of viral
strains circulating in swine population analyzed in this study is
based on a 288bp fragment from 5’-UTR region. Two out of 11
positive samples were successfully sequenced. The sequences
obtained have a 98% nucleotide sequences homology with
each other and clustered together based on alignment with
the best hits of our sequences in GenBank. Phylogenetic
analysis showed also that the Romanian sequences formed
a branch with a BVDV-1 strain from France and one isolated
in Turkey (Fig.1).

DISCUSSION

Since different pestiviruses are closely related, both
immunologically and genetically, the ruminant’s pestivirus
infections in swine can result into a false diagnosis. Bovine
viral diarrhea is an important infectious disease of cattle due
to the specific nature of virus epidemiology and pathogenesis
together with economical losses that follows a herd infection.
BVDV transmission to pigs usually requires direct contact with
cattle or sheep. Other possible methods by which infection
may be transmitted include exposure of swine to ruminant
faeces or feeding of un-pasteurised cow’s milk. The three
prerequisites for animal infectious disease (the source of

infection, transmission route and sensitive animals) must be
well understood in order to control and eradicate pestiviruses.

The objective of this work was to evaluate the role of swine
(domestic and feral) as reservoir of pestiviruses in general and
bovine viral diarrhea virus in particular, persistent infection
being described in pigs (Terpstra & Wensvoor 1997). Thus
527 pigs and wild boars were tested for pestivirus using one
step RT-PCR reaction with 324 and 326 panpestivirus primers
(Fig.2). The eleven positive RNAs were sequentially tested for
detection of CSFV, BVDV-1 and BVDV-2 using specific primers.
As aresult, for all samples were obtained specific amplification
signals (211bp PCR product) to BVDV-1 (Fig.3). No positive
PCR product was detected after amplification with specific
primers for CSFV and BVDV-2.

These results are supported by epidemiological data,
infection with BVDV in cattle being wide spread in Romania,
seroprevalence rates varying from 20% to 100% depending
on the region and the size of the herd (Anita et al. 2008).
The presence of the virus has been detected previously
using direct immunofluorescence method in 55.5% (15 out
of 27) young unvaccinated bovines (10-16 month of age)
raised in household system (Anita et al. 2009). Moreover,
BVDV was detected by real-time RT-PCR in 28.12% (9 out of
32) Romanian wild boars in 2010 (Turcitu et al. 2010). The

0 KMEB2443 1 BYDV1 Brasil
28 KF925509 1 BVDVI & UTR Ghina(2)

14 KYD40417.1 BAVDV 1 5 LTR Italy
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‘ LC053998.1 BYDY 1 5UTR Iran

a3 pestivirus 5 RO
{ pestivirus 2 RO
" KF205318.1 BYDY 1 isalate 89.04 5 UTR.
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Fig.1. Phylogenetic tree of BVDV-1 sequences. Evolutionary analyses
were conducted in MEGA 7 with the bootstrap consensus tree
inferred from 1000 replicates. The evolutionary history was
inferred using the Neighbor-Joining method (Saitou & Nei 1987).
The evolutionary distances were computed using the Tamura
3-parameter method and are in the units of the number of base
substitutions per site (Tamura 1992).

Table 2. Results of the one step RT-PCR using panpestivirus primers

No. of animals tested

Animals positive for pestivirus RNA

County . L. Wild boars Domestic pigs
Wild boars Domestic pigs
% (95% CI) % (95% CI)
Tasi 150 25 1.33% (-0.50-3.17) 8% (-2.63-18.63)
Vaslui 85 15 0 0
Baciu 200 52 2% (0.06-3.94) 5.8% (-0.57-12.11)
Total 432 92 1.4% (0.29-2.49) 5.4% (0.80-10.07)

CI = Confidence interval.
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negative results on CSFV were expected considering that since
2013, Romania was included in the disease-free countries
list for classical swine fever. The last outbreak of CSF was
diagnosed on October 2007 and resolved in January 2008. No
new case of infection has been registered since 2007. Control
and eradication programmes consisted in vaccination against
CSF in domestic pigs until November 2009, respectively until
December 2011 in wild boars.

Since the first report of ruminant pestivirus detection
in naturally infected pigs in 1973 (Fernelius et al. 1973),
cases of BVDV infection in swine were described worldwide.
Higher rates of seroconversion were detected in pigs located
near cattle farms (Paton etal. 1992). In the Netherlands, the
BVD prevalence rate was 0.42% in finishing pigs and 2.5%
for sows (Loeffen et al. 2009). In Poland, BVDV antibodies
were detected in 11 (68.75%) out of the 16 provinces, and
the seroprevalence varied from 0.1% to 1.04% (Lipowski
2014). Studies on BVDV-1 revealed a high prevalence (137
BVDV- positive samples out of 511) in Chinese swine herds
were pigs exhibited clinical symptoms (Deng et al. 2012). In
Brazil the presence of BVDV infection in domestic pigs has
been reported by Almeida etal. (2017) by assessment of BVDV
antibodies prevalence in pigs from rearing farms.

5 6 7 8 9 10 11 12 13 PENM pMPM M

2 3 4

Fig.2. PCR products for one step RT-PCR amplification with panpestivirus
primers of swine RNA samples from lasi County. M = molecular
weight marker XIV (Roche), 1 to 13 = swine RNA, PE = positive
control (CSFV), NM = negative control, PM = positive control
(BVDV-1 and BVDV-2).

Fig.3. PCR products for one step RT-PCR amplification for BVDV-1
of the four pestivirus positive samples from Iasi County. M =
molecular weight marker XIV (Roche).

Pesq. Vet. Bras. 40(6):479-483, June 2020

Our data together with reviewed literature data suggests
that wild boars, domestic pigs and ruminants could be sharing
bovine diarrhea virus due the similarity of the antigenic
structures and that both were reported in the same region.
Swine can potentially become sources for BVDV transmission
because persistent infection can occur. Our results draw up
concerns about the existence of accurate diagnostic tests and
questions about risk factors involved in bovine viral diarrhea
virus circulation.

CONCLUSIONS

The present study reported what seems to be the first
molecular evidence of BVDV-1 in domestic pigs from Romania.

The pestivirus RNA genome was detected in eleven
samples (6 wild boars and 5 backyard pigs) out of 527 tested
(92 backyard pigs and 435 wild boars), using panpestivirus
primers targeting the 5’-UTR region of the pestivirus genome.
All eleven RNAs were identified as positives for BVDV-1 and no
amplification signals were obtained from BVDV-2 and CSFV.

Our findings highlight the potential of swine (domestic
and feral) as reservoir and consequently carrier for bovine
diarrhoea virus thus being a signal of awareness for the health
management in mixed farms.

Conflict of interest statement.- The authors declare that they have no
conflict of interest.
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