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Abstract: Bovine torovirus (BoTV), which was recently been separated from bovine coronaviruses, is one of the important
causative agents of diarrhea in newborn calves. Although the epidemiological data are limited throughout the world, it has
been reported in some countries of the world since the early 80’s. In this study, stool samples (n: 150) were taken from 0-30
days old diarrhoeic calves from Elazig, Sivas, and Malatya provinces and were screened by nested RT-PCR method. In 6%
(9/150) of the studied samples, 409 bp partial membrane glycoprotein (M) gene was successfully amplified. Some of the
positive samples were further sequenced and the 383 nt length data of nine samples were subjected to bioinformatic analysis.
The multiple sequence comparison and phylogenetic analyses together revealed that these novel strains presented close
identity to previously reported strains from Turkey. The nucleotide identity of the strains was found between 97.13% and
100%. Furthermore, valine-isoleucine substitution (V->1) at 114t position was detected in Turkish strains only (MN717266;
MF687255-60), whereas the same substitution at the 144t position was shared between the Turkish (KF188708-11 and
KF188714; MF687255-60; MG957145 and MN717266-67) and some of the Chinese-originated isolates. Moreover, four silent
mutations were detected in the novel isolates subjected in this study. As a result, we demonstrated the contribution of BToV
in the pathogenesis of calf diarrhea and presented new data concerning on the molecular characteristics and the
epidemiology of the bovine toroviruses in Turkey.
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Bovine Torovirus Suslarinin Kismi Membran Glikoprotein (M) Gen Dizilerine

Gore Karsilastirilmasi

Oz: Bovine torovirus (BoTV), sigir koronaviriislerinden yakin bir zamanda ayrilmis olup yenidogan buzagilarin nemli viral ishal
etkenlerinden birisidir. Epidemiyolojik veriler diinya ¢apinda kisith olmakla beraber, bu viris diger bazi tlkelerde 80’lerin
basindan itibaren bildirilmistir. Bu ¢calismada Elazig, Sivas ve Malatya illerinden 0-30 giinliik ishalli buzagilardan alinan digki
ornekleri (n:150) nested RT-PCR metodu ile tarandi. Galisilan 6rneklerin % 6’sinda (9/150) 409 bg. kismi M geni basarili bir
bigimde amplifiye edildi. Pozitif 6rneklerin bazilari segilerek sekanslandi ve 9 adet 6rnegin 383 bazlik sekansi biyoinformatik
analizde kullanildi. Calismada GenBank’ta yer alan verilerle birlikte yapilan filogenetik analizler yeni bulunan izolatlarin da
daha once Turkiye’den bildirilenlerle benzer oldugunu ortaya koymustur. Dizi analizi yaptirilan izolatlarin niikleotid benzerligi
97.13% ile 100% arasinda bulunmustur. Valin-izoldysin (V->1) mutasyonu 114. pozisyonda yalnizca Tirk suslarinda mevcutken
144. pozisyonda bazi Tiirk ve Cin suslarinda gézlemlenmistir. Ote yandan sadece bu ¢alismada ortaya cikarilan yeni Tiirk
izolatlarinda 4 adet sessiz mutasyon oldugu ortaya konuldu. Sonug olarak, ortaya konulan bu bilimsel veriler ile sigir
toroviruslarinin molekdler karakteristigi ve epidemiyolojisine katki saglandi.

Anahtar Kelimeler: Bovine torovirus, DNA dizi analizi, Filogenetik analiz, Tiirkiye.
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INTRODUCTION

B

in family Tobaniviridae, order Nidovirales, according

ovine torovirus (BoTV) is one of the 3 species
(cattle, horse and pig) in the genus torovirus,

to the current version published by the International
(Ictv)
(https://talk.ictvonline.org). The viruses belonging to

Committee of Virus Taxonomy
the genus Toroviruses are enveloped and positive
single-stranded RNA viruses (1-5). The BoTV genome
has a size of about 28 kilobases (kb). The genome of
BoTV, together with large ORF (ORF1la and ORF1b)
encoding 2 nonstructural proteins; it consists of 4
structural genes that encode spike glycoprotein (S)
(M)
hemagglutinin esterase (HE) gene, and nucleocapsid

gene, membrane  glycoprotein gene,
phosphoprotein (N) gene (6).

Toroviruses are the cause of gastroenteritis in
mammals and have been detected in cattle, horses,
pigs and humans. Horse and cattle toroviruses are
serologically related to each other (7). Toroviruses
were first isolated from a horse with diarrhea in
Switzerland in 1972 (3). A few years after that, BoTV
was firstly detected in a calf with diarrhea in the USA
in 1979 (8). Since the first isolation of the BoTV in
1992, The virus has been reported all over the world,
including Turkey (9-17).

studies have evidenced that the BoTV is one of the

Recent epidemiological

viral agents that contribute to neonatal calf diarrhea
(18, 19).

Bovine torovirus was firstly reported by Gulacti
et al. in Turkey (17) and since then, BToVs has
increased their importance throughout the world.
Recently we conducted a full-length sequence
analysis of the virus (Isidan et al., unpublished data).
The purpose of this study was to expand the
knowledge on the role of BoTV on diarrhea by
comparing sequences based on M gene between the
GenBank provided sequences and the circulating
strains in the studied area.

MATERIALS and METHODS
Samples

A total of 150 stool specimens, which some of
them were studied and published for bovine

astrovirus (20), bovine hunnivirus, bovine aichivirus
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and bovine enterovirus (21)

collected from diarrheic calves, between 1 to 30 days

previously, were
of age from the region covering Sivas, Malatya and
Elazig provinces (Ethics Decision Number: 04-498).
The collected samples were delivered to the
laboratory as soon as possible and stored at -80 °C
until RNA isolation. The distribution of the collected

samples by province is shown in Figure 1.

Figure 1. The distribution of the collected samples by
province.

Sekil 1. Toplanan érneklerin illere gore dagilimi.

RNA Isolation

The fecal samples were diluted 1/10 in 1M PBS,
centrifuged at 5000 rpm for 5 minutes to precipitate
coarse particles and large cellular debris. After
centrifugation, the supernatants were submitted to
RNA extraction with the GF-1 Viral Nucleic Acid
Extraction Kit (Vivantis, Selangor, Malaysia) in
accordance with the manufacturer's directives. The
obtained RNAs were stored in a -80 2C freezer until

used.

RT-PCR, Sequencing and the Phylogenetic Analysis

Due to the cDNA synthesis, a mixture was
prepared with 4 pupl RNA extract, 10 mM
deoxynucleotide triphosphate (dNTP), 2.5 ul 10 x RT
buffer (50 mM Tris-HC1 (pH 8.3 at 25 ° C), 75 mM KCl,
3 mM MgCl2 and 10 mM DTT), 50ng random
hexamer, 40 U RNasin, 200 U M-MuLV Reverse-
Transcriptase RNase H (Vivantis, Selangor, Malaysia)
and completed with nuclease-free water to 25 pl final
volume. Reverse transcription was applied for 1 hour
at 37 °C.
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Amplification of partial M gene was performed
by nested primer set (see Table 1) as described by
Park et al. (22) previously with using T100 Thermal
Cycler (BioRad). The PCR was conducted in a 50 pl
final volume using 5 pl of the RT reaction mixture as
a template, along with 5 pl 10 x PCR buffer, 10 mM
dNTP, 10 pmol/ul of each step’s sense/antisense
primers of the nested set (Table 1), and 5 U of Taq

DNA Polymerase (Vivantis, Germany). Amplification

Table 1. Primer set used in the detection and sequencing.

Tablo 1. Tespit ve dizilemede kullanilan primer seti.

steps (first step and the nested) followed by 95°C/2
minutes for predenaturation step, 40 cycles 94°C /45
sec, 50°C /45 sec, 72°C /60 sec and a final extension
step 72°C /10 minutes were used in both first and
second step of the amplification. 409 bp nested RT-
PCR products were visualized in 1.5% agarose under
UV illumination by using LB-16 Ultrabright Led

transilluminator (Maestrogen, Taiwan).

Target Gene Name Sequence (5'-3’) Position* Product
F TTCTTACTACACTTTTTGGA
R ACTCAAACTTAACACTAGAC 25855-26457 603 bp
BoTVM Gene F TATGTACTATGTTTCCAGCT
n
2 -26317 4
nR CCAACACAAATCCGCAACGC >909-263 09 bp

* Positions were calculated according to the strain Breda 1 (GenBank Accession Number: NC_007447.1).

The amplicons obtained by nested RT-PCR are
sequenced (ABI 3100) using the BigDye™ Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) after cleaning with the Wizard
SV Gel and PCR Clean-Up System (Promega, Madison,
WI) kit. All sequencing products were used for
phylogenetic data. Partial sequencing data of 409 bp
length of the BoTV M gene was compared to all
available BoTV partial sequencing data provided by

Table 2. The list of sequences used in the study.
Tablo 2. Calismada kullanilan dizilerin listesi.

the National Center for Biotechnology Information
(NCBI) (Table 2).

phylogenetic analysis based on partial nucleotide

Sequence alignment and
sequences of length were created using Geneious
Prime Version 2020.2.2 software (23). Sequencing
data were deposited in GenBank under the accession
numbers MG957145, MG957146; MN717264

MN717270.

GenBank Isolate GenBank
Accession Year Host Country References Accession  Isolate Name Year Host Country References
Name
Code Code
Breda 1 Draker et al., . .
1 NC_007447 1982 Cattle USA 48 MH697550 CHN/HN-1 2018 Cattle China Unpublished
(RefSeq) 2006
2 AJ575374.1 B6 1990 Cattle Italy Smits et al.,, 2003 49 MH697551  CHN/HN-2 2018 Cattle China Unpublished
3 AJ575375.1 B145 1998 Cattle Netherlands Smits etal., 2003 50 MH697552 CHN/HN-3 2018 Cattle China Unpublished
4 AJ575376.1 B150 1998 Cattle Netherlands Smits etal., 2003 51 MH697553  CHN/HN-4 2018 Cattle China Unpublished
5 AJ575377.1 B155 1998 Cattle Netherlands Smits etal.,, 2003 52 MNO073058 _. SC1 2018 Cattle China Unpublished
Sichuan/2018
6 AB270905.1 K-567 2004 Cattle Japan Itoetal, 2007 53 MNO073059 _. SC-2 2018 Cattle China Unpublished
Sichuan/2018

7 AB270908.1 K-637 2004 Cattle Japan Itoetal.,, 2007 54 MNO073060 SC-1 2018 Cattle China Unpublished
8 AB285126.1 Aichi/2004 2004 Cattle  Japan Kuwa;’g(r)afta"' 55 MNO073061 SC-2 2018 Cattle China Unpublished
9 DQ778041.1 K34 2004 Cattle South Korea Parketal., 2008 56 MNO073062 SC-3 2018 Cattle China Unpublished
10 DQ778042.1 K49 2004 Cattle South Korea Parketal., 2008 57 MN073063.1 SC-4 2018 Cattle China Unpublished
11 DQ778043.1 K96 2004 Cattle South Korea Parketal., 2008 58 MN073064.1 SC-5 2018 Cattle China Unpublished
12 DQ778044.1 K110 2004 Cattle South Korea Parketal., 2008 59 MNO073065.1 SC-6 2018 Cattle China Unpublished
13 DQ778045.1 K119 2004 Cattle South Korea Parketal., 2008 60 MNO073066.1 SC-7 2018 Cattle China Unpublished
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Table 2. The list of sequences used in the study (Continue).
Tablo 2. Calismada kullanilan dizilerin listesi (Devami).

GenBank Isolate GenBank Isolate
Accession ‘ear lost Country References Accession ‘ear dost Country eferences
Name Name
Code Code
14 AB270911.1 K-645 2005 Cattle Japan Ito et al., 2007 61 MNO073067.1 SC-8 2018 Cattle China Unpublished
15 AB270913.1 K-674 2005 Cattle Japan Ito et al., 2007 62 MNO073068.1 SC-9 2018 Cattle China Unpublished
16 AB270915.1 K-676 2005 Cattle Japan Ito et al., 2007 63 MNO073069.1 SC-10 2018 Cattle China Unpublished
17 AB270917.1 K-683 2005 Cattle Japan Ito et al., 2007 64 MNO073070.1 SC-11 2018 Cattle China Unpublished
18 DQ778046.1 K374 2005 Cattle South Korea Parketal., 2008 65 MN073071.1 SC-12 2018 Cattle China Unpublished
19 DQ778047.1 K490 2005 Cattle South Korea Parketal., 2008 66 MN073072.1 SC-13 2018 Cattle China Unpublished
20 DQ778048.1 K501 2005 Cattle South Korea Parketal.,, 2008 67 MN073073.1 SC-14 2018 Cattle China Unpublished
21 DQ778049.1 K536 2005 Cattle South Korea Parketal.,, 2008 68 MN073074.1  SC-15 2018 Cattle China Unpublished
22 DQ778050.1 K537 2005 Cattle South Korea Parketal., 2008 69 MN073075.1 SC-16 2018 Cattle China Unpublished
23 DQ778051.1 K540 2005 Cattle South Korea Parketal., 2008 70 MN073076.1 SX-1 2018 Cattle China Unpublished
24 DQ778052.1 K546 2005 Cattle South Korea Parketal., 2008 71 MN073077.1 SX-2 2018 Cattle China Unpublished
25 DQ778053.1 K577 2005 Cattle South Korea Parketal.,, 2008 72 MN073078.1 LN-1 2018 Cattle China Unpublished
26 KF188708.1 T1 2009 Cattle Turkey Gllagti et al., 2014 73 MN073079.1 LN-2 2018 Cattle China Unpublished
27 KF188709.1 T2 2009 Cattle  Turkey  Giilagtietal.,, 2014 74 MN882587.1 XBZT(-)C:’I\//;?)I:(L_S 2018 Yak China Unpublished
BToVIshikaw BToVyak- . .
28 LC088094.1 2/2010 2010 Cattle Japan ltoetal, 2016 75 MN882588.1 QH05/2019 2019 Yak China Unpublished
29 KF188710.1 T3 2010 Cattle Turkey Gilagtietal, 2014 76 MN882589.1 QE:_Ingl/yzaokl'g 2019 Yak China Unpublished
N BToVyak- . .
30 KF188711.1 T4 2010 Cattle  Turkey  Giilagtietal.,, 2014 77 MN882590.1 QH07/2019 2019 Yak China Unpublished
. BToVyak- . .
31 KF188712.1 T5 2010 Cattle  Turkey  Gulagtietal, 2014 78 MN882591.1 2019 Yak China Unpublished
QHO08/2019
. BToVyak- . .
32 KF188713.1 T6 2010 Cattle  Turkey  Gulagtietal, 2014 79 MN882592.1 $009/2019 2019 Yak China Unpublished
. BToVyak- . .
33 KF188714.1 T7 2011 Cattle  Turkey  Giilagtietal., 2014 80 MN882593.1 X204/2019 2019 Yak China Unpublished
. BToVyak- . .
34 KF188715.1 T8 2011 Cattle Turkey Gilagti et al.,, 2014 81 MN882594.1 X203/2019 2019 Yak China Unpublished
. BToVyak- . .
35 KF188716.1 T9 2011 Cattle  Turkey  Giilagtietal., 2014 82 MN882595.1 X202/2019 2019 Yak China Unpublished
. BToVyak- . .
36 KF188717.1 T10 2011 Cattle  Turkey  Giilagtietal., 2014 83 MN882596.1 $C10/2019 2019 Yak China Unpublished
. BToVyak- . .
37 KF188718.1 T11 2011 Cattle Turkey Gilagti et al.,, 2014 84 MN882597.1 X201/2019 2019 Yak China Unpublished
BToVKagoshi BToV-HT1- .
38 LC088095.1 ma/2014 2014 Cattle Japan ltoetal, 2016 85 MG957145.1 TUR 2016 Cattle Turkey This Study
BToV-HT2- .
39 MF687252.1 TR-Erz-Ask-8 2017 Cattle  Turkey Aydinetal., 2019 86 MG957146.1 TUR 2016 Cattle Turkey This Study
TR-Erz-Ask- .
40 MF687253.1 13 2017 Cattle  Turkey Aydin et al., 2019 87 MN717264.1BoTV/TUR/1 2016 Cattle Turkey This Study
41 MF687254.1 TR'E;'AZ" 2017 Cattle Turkey  Aydinetal,2019 88 MN717265.1BoTV/TUR/6 2016 Cattle Turkey This Study
42 MF687255.1 TR_E;é-Pal- 2017 Cattle  Turkey Aydin et al., 2019 89 MN717266.1BoTV/TUR/7 2016 Cattle Turkey This Study
43 MF687256.1 TR'EZ_;Yak' 2017 Cattle Turkey  Aydmnetal, 2019 90 MN717267.12°T/TURL 3016 cattle Turkey This Study
44 MF687257.1 TR'E;ZS'TO“ 2017 Cattle Turkey  Aydinetal,2019 91 MN717268.1 BOTV/OT UR/2 5016 cattle Turkey This Study
45 MF687258.1 TR'E;ZO'T”' 2017 Cattle Turkey  Aydinetal, 2019 92 MN717269.1 B°TV/3TUR/ 9 2016 Cattle Turkey This Study
46 MF687259.1 TR'E;ZZ'PaS' 2017 Cattle Turkey  Aydinetal,2019 93 MN717270.1 B°TV/6T UR/9 2016 cattle Turkey This Study
47 MF687260.1 TR'E;PZ’S' 2017 Cattle Turkey  Aydinetal, 2019
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RESULTS and DISCUSSION

Bovine torovirus-associated diarrhea in young
calves has been reported from various countries. The
presence of bovine torovirus in calves and adult
cattle varies according to the disease table and the
countries studied. For instance, 6.25% in Brazil (24),
5.2% in Austria (16), 5% in Germany (25), 3.6% in
Hungary (11), 2.9% in diarrheal calves in Korea (15),
1.74% in cattle and calves in China (26), 2.25% in
calves with respiratory symptoms in Japan (27), 8.4%
in cattle with diarrhea (14) and 7% in their control
samples, while BoTV was detected in 15.2% (28) in
another study conducted in Japan. On the other
hand, the 36.4 and the 43.2 per cents of BToV
positivity from the clinically infected cattle were two
examples of high-level of prevalence reported from
Canada and Croatia, respectively; however, the
11.6% positivity was detected from asymptomatic
calves in the same report from Canada (29,30).

Neonatal calf diarrhea is a major problem
causing significant economic losses accounting for its
increased mortality in Turkey. Previous studies have
focused on the common viral agents of the gastro-
intestinal system, such as rotaviruses and
coronaviruses (31,32,33). Bovine toroviruses have
already been reported from Turkey. Gulacti et al. (17)
were reported BoTV 4.6% (11/238) in diarrheic calves
all over Turkish land, and Aydin et al. (19) reported
16.7% (12/72) in Erzurum, which is located in eastern
Turkey. In this study, we are reporting 6% (9/150) of
the diarrheic neonatal calves’ fecal samples as
positive for the partial M gene amplicons. According
to previous results, BoTVs were detected from 4.6 to
16.7 percent of the diarrheic calves in Turkey in three
different studies (17,19).

In this study, when the partial M gene
sequences of 9 newly identified BoTV strains and
other 84 strains available in Genbank were
compared, the nt similarity level was found between
95.56% and 99.48%, while the similarity between
these novel strains was between 97.13% to 100%.

When all sequence data were evaluated, it was
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determined that the similarity of strains varied
between 93.99% and 100%.
The

implemented to the partial M gene sequencing data

multiple sequence alignment was

of the strains retrieved from three independent
Our

demonstrated twelve amino acid variations in total;

studies conducted in Turkey. findings
however, the novel strains obtained in this study
presented only two out of these eleven substitutions.
On the other hand,

mutations, 2 of which cause amino acid changes,

a total of 18 nucleotide
were detected. The first of the mutations that cause
amino acid change, according to the reference
sequence, Breda 1 strain (NC_007447.1), caused the
GTT->ATT change in the first nucleotide of the codon
encoding the 114th amino acid to Valine to Isoleucine
(V->1). This mutation was found only in BoTV/TUR/7
(MN717266) strains from new isolates and Tr-Erz-30,
46, 48, 50, 52 and 54 (MF687255-60) strains from
previous Turkish isolates. The other mutation caused
the GTT->ATT change in the first nucleotide of the
codon encoding the 144th amino acid to the Valine
to Isoleucine (V->1) change. This mutation was found
in 29 of 93 isolates (31.2%) whose M gene
information was obtained in the GenBank database,
and from Turkish isolates T1, 2, 3, 4 and 7 (KF188708-
11 and KF188714), Tr-Erz-30, 46, 48, 50, 52 and 54
(MF687255-60), from new isolates BToV-HT1-TUR
(MG957145), BoTV/TUR/7 (MN717266)
BoTV/TUR/16 (MN717267), and Chinese CHN/HN-2
and CHN/HN-3 (MH697551-52), LN-2 (MNO073079)

and all

and

isolates isolated from vyak in China
(MN882587-97). On the other hand, it was seen that
4 of 16 silent mutations of the new isolates were
found only in new isolates. These mutations are the
T->C change at nucleotide 258 (BToV-HT1-TUR -
MG957145), the C>A change at nucleotide 279
(BToV-21-TUR - MG957145), the T->C change seen at
nucleotide 354 (BToV- HT1-TUR - MG957145 and
BoTV/TUR/16 - MN717267), and the G>A change
seen at nucleotide 441 (BoTV/TUR/20 - MN717268).

In the phylogenetic analysis of a total of 93 BoTV

strains with 29 Turkish isolates at the partial M gene
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level, it is seen that all Japanese and Korean strains
are located on a different branch than other strains
(Figure 2). Our results indicated the significant level
of variations in Turkish strains at the nucleotide and
amino acid levels. Considering the variations
observed on the partial M protein residues, further
study is required to identify the potential influence of

these mutations on the pathogenicity of the BToVs.

CHN/HN-1 / China
CHN/HN-4 / China
BToV SC-1 Sichuan/2018 / China
BToV SC-2 Sichuan/2018 / China
Strain SC-1/ China

M This study

Strain SX-2 / China
Strain LN-1/ China

BToV-China/BToV yak-XZ01/2019 / China
BTOV-China/BToV yak-XZ04/201!
BTOV-China/BToV yak /2019 [ China
BTOV-China/BToV yak-XZ( 19 / China
BTOV-China/BToV yak-SC10/2019 / China
BTOV-China/BToV yak-XZ01/2019 / China
TR-Erz-Yak-46 / Turkey
TR-Erz-Tor-50 / Turkey
TR-Erz-Pas-54 | Turkey
TR-Erz-Pas-52 / Turkey
TR-Erz-Pal-30 / Turkey
TR-Erz-Tor-48 / Turkey
Strain T8 / Turkey
B4.2(L Strain T9 / Turkey
Strain T10 / Turkey
Strain T11/ Turkey
Strain T1/ Turkey
Strain T3/ Turkey

L Strain T2/ Turkey
53.1r TR-Erz-Ask-B / Turkey
523 TR-Frz-Ask-13 / Turkey

TR-Erz-Azi-27 [ Turkey

90.8 Strain T4/ Turkey

L Strain T7 / Turkey

71 CHN/HN-2 /[ China

L CHN/HN-3 / China
644 BoTV/TUR/93 [ Turkey

L BoTV]'I'LIR[I%S [ Turkey
BofV/TUR, 16 / Turkey

u

B6/ Ita!y

B145/ The
B150/ The
B155/ The
Strain T5/ Turkey
Strain T6 / Turkey

983r
1

BToV-HT2-TUR / Turkey
Strain LN-2 / China
{TUR/1 / Turkey
BoTV/TUR/6 | Turkey
TV,'TURJ'TGI Turkey
J— BoTV/TUR/20 / Turkey
RefSeq (Breda 1)

K-683 / Japan

BToV Ishikawa/2010 / Japan
BToV Kagoshima/2014 / Japan
K-637 / Japan

K-645 / Japan

K-567 / Japan

Aichif2004 | Japan

K34 / South Korea

K48 [ South Korea

K110/ South Korea

K119 / South Korea

K537 / South Korea
K540 / South Korea
K546 / South Korea
K577 / South Korea

1.0
Figure 2. A cladogram representing the consensus (1
000 replicates) neighbour joining phylogenetic tree
of the Bovine torovirus strains based on the 409 bp
partial M gene.
Sekil 2. Bovine toroviris suslarinin 409 bp kismi M
gen bolgesi temelinde consensus (1000 tekrarh)
neighbor-joining  filogenik

agacini  goésteren

kladogram.
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In conclusion, in this study, we sought to
determine the frequency of the bovine toroviruses in
We

processed the partial genomic data of the M gene to

samples obtained from diarrhoeic calves.

compare with publicly available data and, therefore,
revealed the genomic constellation of novel
toroviruses in Turkey. We conjectured that the
epidemiological and molecular aspects of this study
might expand our knowledge on bovine toroviruses

in Turkey.

Acknowledgment

We thank Mustafa Ozan Atasoy for his
contribution to the nucleic acid isolation procedures.
This study was conducted with the support of Sivas
Cumhuriyet University Scientific Research Project
Foundation (CUBAP), project no: VET-029.

Conflict of interest

The authors declare that they have no conflict

of interest.

REFERENCES

1. Li H., Zhang B., Yue H., Tang C., 2020. First
detection and genomic characteristics of bovine
torovirus in dairy calves in China. Archives Virol
165, 1577-1583.

2. Horzinek MC., Weiss M., Ederveen J., 1987.
Toroviridae: a pro-posed new family of
enveloped RNA viruses. In “Novel diarrhoea
viruses, Ciba Foundation Symposium”, Ed., G
Brock and Whelan J, No: 128, 162-174, John
Wiley & Sons, Chichester.

3. Weiss M., Steck F., Horzinek MC., 1983.
Purification and partial characterization of a new
enveloped RNA virus (Berne virus). J Gen Virol,
64, 1849-1858.

4. Snijder EJ., Ederveen J., Spaan WJM., Weiss M.,
Horzinek MC., 1988. Characterization of Berne
virus genomic and Messenger RNAs. J Gen Virol,
69, 2135-2144.

5. Draker R., Roper RL., Petric M., Tellier R., 2006.

The complete sequence of the bovine torovirus



A Comparison of Bovine Torovi...

Turan and Isidan

10.

11.

12.

13.

14.

genome. Virus Res, 115, 56-68.

Ito M., Tsuchiaka S., Naoi Y., Otomaru K., Sato
M., Masuda T., Haga K., Oka T., Yamasato H.,
Omatsu T., Sugimura S., Aoki H., Furuya T.,
Katayama Y., Oba M., Shirai J., Katayama K.,
Mizutani T., Nagai M., 2016. Whole genome
analysis of Japanese bovine toroviruses reveals
natural recombination between porcine and
bovine toroviruses. Infection, Gen and Evolution,
38, 90-95.

Brownlie J., 2017. Coronaviridae. In: “Fenner’s
Veterinary Virology”, Ed., Maclachlan J., Dubovi
JE., 5th edn., 459-461, Elsevier, New York.
Woode GN., Reed DE., Runnels PL., Herrig MA.,
Hill HT., 1982. Studies with an unclassified virus
isolated from diarrheic calves. Vet Microbiol, 7,
221-240.

Penrith ML., Gerdes GH., 1992. Breda virus-like
particles in pigs in South Africa. J S Afr Vet Assoc,
63, 102.

Perez E., Kummeling A., Janssen MM., Jimenez
C., Alvarado R., Caballero M., Donado P.,
Dwinger RH., 1998. Infectious agents associated
with diarrhoea of calves in the canton of Tilaran,
Costa Rica. Prevent Vet Med, 33, 195-205.
Matiz K., Kecskemeti S., Kiss |., Adam Z., Tanyi J.,
Nagy B., 2002. Torovirus detection in faecal
specimens of calves and pigs in Hungary: short
communication. Acta Veter Hung 50, 293-296.
Hoet AE., Nielsen PR., Hasoksuz M., Thomas C,,
Wittum TE., Saif LJ., 2003. Detection of bovine
torovirus and other enteric pathogens in feces
from diarrhea cases in cattle. J Vet Diagnostic
Invest, 15, 205-212.

Haschek B., Klein D., Benetka V., Herrera C.,
Vilcek S., Moestl K.,

Baumgartner W., 2006. Detection of bovine

Sommerfeld-Stur |,

torovirus in neonatal calf diarrhoea in Lower
Austria and Styria (Austria). J Vet Med B, Infect
Dis Vet Public Health, 53, 160-165.

lto T., Okada N, S., 2007.
Epidemiological analysis of bovine torovirus in
Japan. Virus Res, 126, 32-37.

Fukuyama

147

15.

16.

17.

18.

19.

20.

21.

22.

23.

Park SJ., Oh EH., Park SI., Kim HH., Jeong YJ., Lim
GK., Hyun BH., Cho KO., 2008. Molecular
epidemiology of bovine toroviruses circulating in
South Korea. Vet Microbiol, 126, 364-371.
Dhama K., Pawaiya RVS., Chakraborty S., Tiwari
R., Verma AK., 2014. Toroviruses of animals and
humans: a review. Asian J Anim Vet Advances, 9,
190-201.

Gulacti 1., 2014.

Detection of bovine torovirus in fecal specimens

Isidan H., Sozdutmaz |I.,
from calves with diarrhea in Turkey. Arch Virol,
159, 1623-1627.

Aita T., Kuwabara M., Murayama K., Sasagawa
Y., Yabe S., Higuchi R., Tamura T., Miyazaki A.,
H., 2012.

epidemic diarrhea outbreaks associated with

Tsunemitsu Characterization of
bovine torovirus in adult cows. Arch Virol, 157,
423-431.

Aydin H., Timurkan MO., Kirmizi GA., 2019.
Sequence analysis of Turkish field strains of
bovine torovirus shows unique amino acid
changes in the partial M gene. Asian PacJ of Trop
Biomed, 9, 129-134.

Turan T., Isidan H., 2018. The first detection and
phylogenetic analysis of bovine astrovirus from
diarrheic calves in Turkey. Etlik Vet Mikrobiyol
Derg, 29, 104-110.

Isidan H., Turan T., Atasoy MO., S6zdutmaz I.,
Irehan B. 2019. Detection and first molecular
characterization of three picornaviruses from
diarrheic calves in Turkey. Acta Vet Hung, 67,
463-476.

Park SI., Jeong C., Kim HH., Park SH., Park SJ.,
Hyun BH., Yang DK., Kim SK., Kang MI., Cho KO.,
2007.
noroviruses in South Korea. Vet Microbiol, 124,
125-133.

Kearse M., Moir R., Wilson A., Stones-Havas S.,

Molecular epidemiology of bovine

Cheung M., Sturrock S., Buxton S., Cooper A,
Markowitz S., Duran C., Thierer T., Ashton B,,
Meintjes P., Drummond A., 2012. Geneious
Basic: An integrated and extendable desktop

software platform for the organization and



A Comparison of Bovine Torovi...

Turan and Isidan

24,

25.

26.

27.

28.

29.

30.

analysis of sequence data. Bioinformatics, 28,
1647-1649.

Nogueira JS., Asano KM., de Souza SP., Branddo
PE., Richtzenhain LJ., 2013. First detection and
molecular diversity of Brazilian bovine torovirus
(BToV) strains from young and adult cattle. Res
Vet Sci, 95, 799-801.

Liebler EM., Kliver S., Pohlenz J., Koopmans M.,
1992. The significance of bredavirus as a
diarrhea agent in calf herds in Lower Saxony.
Dtsch Tierarztl Wochenschr, 99, 195-200.

Shi Z., Wang W., Chen C., Zhang X., Wang J., Xu
Z., Lan Y.,
characterization of bovine torovirus in diarrhoeic
calves in China. BMC Vet Res, 16, 272.

Ilto T., Okada N., Okawa M., Fukuyama S,

2020. First report and genetic

Shimizu M., 2009. Detection and
characterization of bovine torovirus from the
respiratory tract in Japanese cattle. Vet

Microbiol, 136, 366-371.

Kirisawa R., Takeyama A., Koiwa M., lwai H.,
2007. Detection of bovine torovirus in fecal
specimens of calves with diarrhea in japan. J Vet
Med Sci 69, 471-476.

Lojkic I., Kresic N., Simic I., Bedekovic T., 2015.
Detection and molecular characterisation of
bovine corona and toroviruses from Croatian
cattle. BMC Vet Res, 11, 202.

Duckmanton L., Carman S., Nagy E., Petric M.,

148

31.

32.

33.

34.

35.

1998. Detection of bovine torovirus in fecal
specimens of calves with diarrhea from ontario
farms. J Clin Microbiol, 36, 1266-1270.

Alkan F., Ozkul A., Oguzoglu TC., Timurkan MO.,
Caliskan E., Martella V., Burgu 1., 2010.
Distribution of G (VP7) and P (VP4) genotypes of
group A bovine rotaviruses from Turkish calves
with diarrhea, 1997-2008. Vet Microbiol, 141,
231-237.

Aydin H,, MO., 2018.

ishallerinde Coronavirusun nukleoprotein gen ve

Timurkan Buzagi
rotavirusun VP7/VP4 gen bdlgelerinin  kismi
sekansi ve filogenetik analizi. Atatiirk Univ Vet Bil
Derg, 13, 211-218.

Alkan F., Timurkan MO., Karayel i., 2015. The
molecular characterization and detection of
Group A rotavirus from calves with diarrhea in
Turkish Republic of Northern Cyprus. Kafkas Univ
Vet Fak Derg, 21, 127-130.

Smits SL., Lavazza A., Matiz K., Horzinek MC.,
Koopmans MP., de Groot RJ., 2003. Phylogenetic
and evolutionary relationships among torovirus
field variants: evidence for multiple intertypic
recombination events. J Virol, 77, 9567-9577.
Kuwabara M., Wada K., Maeda Y., Miyazaki A,,
H., 2007. First

cytopathogenic bovine torovirus in cell culture

Tsunemitsu isolation of

from a calf with diarrhea. Clin Vaccin Immunol,
14, 998-1004.



