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Endless variety for bovine virus diarrhea viruses: new members
of a novel subgroup into Pestivirus A from Turkey
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Abstract

As ubiquitous pathogens, bovine virus diarrhea viruses (BVDVs) in cattle have been reported several times in Turkey. Over time,
the frequency and importance of this infection has increased for the livestock industries. A total of 1291 animals were sampled
from a dairy herd in Turkey suspected of BVDV clinical signs, for instance, reproductive failures (abortion, congenital
malformations in calves, repeat breeding, etc.) and interdigital phlegmon in adult animals. Reverse transcription polymerase
chain reactions (RT-PCRs) were made by using targeted 5" untranslated region (UTR), NP*°, E2, and NS2-3 pestiviral gene region
primers for antigen ELISA-positive samples (n=20). The obtained amplicons were sequenced. Sequence results showed the
presence of a new subgroup in Pestivirus A species. This paper describes the nucleotide sequences of anew BVDV 1 (BVDV 1-

v) subgroup member.
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Introduction

Bovine pestiviruses, known as bovine viral diarrhea viruses
(BVDVs), have been classified into two genotypes, BVDV 1
and BVDV 2. Nowadays, these are classified by the
Flaviviridae Study Group of the International Committee on
Taxonomy of Viruses (ICTV) as Pestivirus A and Pestivirus B,
respectively (Smith et al. 2016; Smith et al. 2017; Simmonds
et al. 2017). These were divided into several subgroups, with
over 20 in BVDV 1 (Pestivirus A) and four in BVDV 2
(Pestivirus B). These have also been given new names
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according to the letters of the alphabet. BVDV 1 and BVDV
2 have been described worldwide as atypical pestiviruses re-
sponsible for this infection in ruminants. Since the first iden-
tification of atypical pestiviruses, which infect other species
although they are originated from different species (pronghorn
antelope pestivirus, Pestivirus E; Bungowannah virus,
Pestivirus F;, Giraffe-1 H138, Pestivirus G) or could be found
in commercial fetal bovine sera (HoBi-like Pestivirus H), they
have been increasingly reported (Schirrmeier et al. 2004;
Bauermann et al. 2012; Kirkland et al. 2007). Additionally,
local pestivirus isolates from cattle as new members of novel
subtypes have been reported from different countries in the
last decade (Gao et al. 2013; Khodakaram-Tafti and
Farjanikish 2017; Han et al. 2018). In addition to novel
pestiviruses obtained from cattle hosts, novel pestivirus se-
quences have also been reported in rats and bats (Wu et al.
2012; Firth et al. 2014). This genetic variability is important
not only for ICTV but also for the execution of prevention and
control programs of BVDV.

It is known that the subtyping of BVDVs is associated with
the geographical origin of these viruses (Flores et al. 2002). In
Turkey, the presence of BVDV 1 and BVDV 2 subtypes has
been reported several times (Oguzoglu et al. 2004, 2010a,
2012; Yesilbag et al. 2008, 2014). However, in Turkey,
BVDV 1 subtypes (1-a, 1-b, 1-c, 1-d, 1-e, 1-f, 1-/, 1-p, 1-1)
are characterized by a limited genetic diversity (Oguzoglu
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et al. 2010b; Yesilbag et al. 2014), as common local subtypes
also have been reported. In this study, we have detected a new
local subgroup (1-v) of the BVDV obtained from cattle samples
in Turkey. We think that after investigating, the pathogenicity
and the prevalence of novel BVDV types identified in the coun-
try and could be included them in the composition of vaccines
that would be suitable on national disease prevention programs
for effective immunity against BVDYV if necessary after evalu-
ation of the results.

Materials and methods

A herd of 1291 cattle (951 cows, 2 years or older, and 340
female calves under 5 months of age; male animals are sold
after the feed is taken) from a private herd in Turkey was
investigated in terms of the presence of BVDV infection.
These animals consistently showed interdigital phlegmon, ar-
thritis, repeated breeding, pneumonia, sudden deaths in dairy
cows, diarrhea, abortion, still births, weak calf births, blind-
ness in newborn calves, some limbs undeveloped (congenital
absence of tail), arthrogryposis, etc. At the request of the
herd’s owner, all animals were tested by BVDV antigen
ELISA (Idexx, USA). Positive samples were molecularly test-
ed by PCR for 5’ UTR, NP, E2, and NS2-3 gene regions of
pestiviruses and the obtained amplicons were sequenced. The
obtained sequences have been compared to worldwide refer-
ence sequences available in the GenBank database.

Viral RNAs were extracted from whole blood samples
using a commercial kit (Invitrogen, Thermo Fischer
Scientific, USA) according to the manufacturer’s instructions.
Reverse transcription reaction was performed by using a
Transcriptor High Fidelity cDNA Synthesis Kit (Roche,
Germany) according to the manufacturer’s protocols. Four
different gene regions (5" UTR-288 bp, NP*-428 bp, E2-
1179 bp, and NS2-3) were used in PCR by using primer pairs,
as described by previous studies (Vilcek et al. 1994; Vilcek
et al. 2001; Oguzoglu et al. 2017; Greiser-Wilke et al. 1993).
The amplicons, obtained from PCR reactions performed for
each sample, were sequenced by Beckman Coulter CEQ
8000. Both direction sequences were compared in the
BLAST program and the consensus sequences were generated
using the CAP option in the BioEdit software program (ver-
sion 7.0.5.3) (http:// www.mbio.ncsu.edu/bioedit/bioedit.
html) (Hall 1999). Phylogenetic analyses were conducted
using MEGA 6.0 (Tamura et al. 2016).

Results
Twenty animals (20/1291, 1.55%) were detected as persistent-

ly infected (PI) in this herd. After sampling time, an additional
seven newborn calves were found positive with a quick
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antigen test for BVDYV, but they were not sampled for labora-
tory confirmation. The dams of three of the seven calves were
BVDV positive. All seven calves died because of recurrent
pneumonia and diarrhea.

New pestiviruses from Turkey in this study were character-
ized by sequencing of 5" UTR and NP partial and full E2
gene regions. Interestingly, positive samples based on 5’
UTR, NP and E2 in PCR did not react in terms of the
NS2-3 gene region. Maximum likelihood unrooted phyloge-
netic trees were constructed according to the Kimura-2 param-
eter model with 1000 bootstrap replicates based on the men-
tioned sequences. The accession numbers have been deposit-
ed in GenBank. The 5" UTR consisted of 17 sequences:
MH673439-MH673455; NP, 18 sequences: MH758720-
MH758737; and E2, 19 sequences: MH673456-MH673474,
respectively.

Topology of constructed trees indicated 20 isolates are lo-
calized at the pestivirus species, which is closely related to
BVDV 1. According to the results of 5' UTR, NP, and E2
phylogenetic analyses, it was found that all samples were
nearly of BVDV 1 local dominant strains which described
previous studies from Turkey. However, all isolates were clus-
tered in a separate branch in all analyses (Fig. 1a, b, and c¢). A
high level of genetic heterogeneity between new Turkish
BVDV 1 strains with other BVDV 1 subtype strains was de-
tected in this study.

Discussion

The members of the pestivirus genus, belonging to the family
Flaviviridae (Simmonds et al. 2017), infect the ruminant spe-
cies, which leads to dramatic events that directly affect herd
health and reproductive efficiency. Recently, several novel
pestivirus species or subgroups have been recognized world-
wide. An important question for pestivirologists is how many
new pestivirus subtypes/genotypes already exist in cattle; in
this context, having an answer to this question would be help-
ful in the control and prevention of pestivirus infections in
affected country.

In January 2018, various clinical signs (especially, abor-
tion, congenital malformations, sudden deaths, and
interdigital phlegmon in adult animals) in a dairy cattle herd
in central Anatolia were reported. Subsequent to the men-
tioned clinical findings that were sampled at the owner’s re-
quest, one animal (calf, 2 weeks old) that had a congenital
absence of tail was tested against BVDV by using the antigen
ELISA. It was found to be positive antigenically for BVDV.
Based on this result, all animals in this dairy herd were sam-
pled and tested for the BVDV antigen. Of this group, 20 were
positive. After 21 days, all the positive animals were sampled
for the second time and all were found to be repeatedly pos-
itive. This is the sign of a high ratio (1.55%) of PI animals in
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Fig. 1 a. Phylogenetic tree of new Turkish local subgroup and other
BVDV strains obtained from GenBank database by using 5" UTR
sequences. Accession numbers deposited in GenBank are Turkish
BVDV 1-v strains for 5" UTR sequences: MH673439-MH673455. b.
Phylogenetic tree of new Turkish local subgroup and other BVDV
strains obtained from GenBank database by using E2 gene region

the herd. Precautions for preventing the disease continue in
that herd. In this context, the aim is to prevent the increase of
new PI individuals by controlling newborn animals with rapid
antigen testing. As a result of an antigen screening test, seven
new BVDV-positive calves, which were born after the first
sampling date in this herd, were identified. Five of 20 PI
animals were dams and these “Trojan” dams breed PI off-
spring (n=7). The most important clinical findings in PI an-
imals in this study were interdigital phlegmon and arthritis.
This examination was found important in terms of the rela-
tionship between the new local virus strains obtained in this
study and clinical signs.

To date, nine BVDV 1 subtypes including one local sub-
type have been identified in Turkish cattle. Our molecular
characterization findings in this study showed that besides
the common BVDV 1 viruses, new pestiviruses could have
been present among the cattle in Turkey. The new members of
the new subtype identified in this study were related to cattle
BVDV-1 isolates obtained from Turkey, but nucleotide
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sequences. Accession numbers are Turkish BVDV 1-v strains for
complete E2 gene: MH673456-MH673474. ¢. Phylogenetic tree of new
Turkish local subgroup and other BVDV strains obtained from GenBank
database by using NP™ sequences. Accession numbers are Turkish
BVDV 1-v strains for NP gene region: MH758720-MH758737

homology ratio was maximally 65% (data not shown). We
believe that these are members of a new subgroup. We recom-
mend the letter “v” in the naming of this new group.

Based on the phylogenetic analysis in this study, it has been
observed that there have been significant differences especial-
ly in E2 gene region (Fig. 1b), which is an immune dominant
major envelope protein of pestiviruses, during the comparison
between the global reference strains and our sequences. Our
opinion, the genetic divergence in 35% rates may lead to sig-
nificant changes in immunity. Therefore, we suppose that it
has been required to perform studies on their immunogenicity
and pathogenicity for viruses in new types. It is suggested that
these genetic differences and variations of virus strains be
taken into account when developing control and prevention
programs for BVDV.

BVDV infection negatively affects cattle health and live-
stock industries. The prevalence of PI cattle in herds should be
considered when choosing prevention and control programs in
a country or herd. In addition, for designing an effective
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BVDYV immunization protocol, local BVDV strains could be
included in the production of relevant vaccines. Our group
keeps abreast of pestivirus infections in ruminant herds in
Turkey. We hope that the mentioned works will serve to help
control the disease.

Conclusion

For the detection and control of these new viruses, it is impor-
tant to improve and promote the knowledge of diversity of
BVDV infection caused by atypical or novel subtype
pestiviruses around the world for improved diagnostic tools
and reformulation of current vaccines. This study described
and antigenically characterized novel ruminant pestiviruses in
Turkey for the first time. Our results show that different
pestivirus species (for instance BVDV-1) have been in circu-
lation between cattle herds in Turkey.
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