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ABSTRACT. Bovine coronavirus (BCoV) is an etiological agent of bovine respiratory disease (BRD).
J. Vet. Med. Sci. BRD is a costly illness worldwide; thus, epidemiological surveys of BCoV are important. Here, we
82(6): 726-730, 2020 conducted a molecular epidemiological survey of BCoV in respiratory-diseased and healthy cattle
. . . in Japan from 2016 to 2018. We found that 21.2% (58/273) of the respiratory-diseased cattle were
doi: 10.1292/jvms.19-0587 infected with BCoV. The respiratory-diseased cattle had virus amounts 4.7 times higher than those
in the asymptomatic cattle. Phylogenetic analyses showed that the BCoV identified in Japan after
2005 formed an individual lineage that was distinct from the strains found in other countries.
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Bovine respiratory disease (BRD) is one of the most common and costly diseases in the cattle industry worldwide. Some viruses
and bacteria, such as bovine respiratory syncytial virus, bovine herpesvirus 1, Mycoplasma bovis and Pasteurella multocida, are
etiological agents of BRD [7]. Although many cases of single virus or bacterial infection cause mild-to-moderate symptoms,
coinfection with several microbes is associated with severe pneumonia [20, 21]. Therefore, it is important to monitor and identify
pathogens that are related to BRD.

Bovine coronavirus (BCoV) belongs to the family Coronavirus, genus Betacoronavirus, species Betacoronavirus 1, which includes
porcine hemagglutinating encephalomyelitis virus and equine coronavirus. BCoV has been associated with mild-to-bloody diarrhea in
neonatal calves and adult cattle [6, 22]. Recent metagenomic and multiplex studies showed that this virus has also been identified as
a major contributor to BRD [18, 19, 24]. Thus, control of BCoV infection may decrease the incidence of BRD. Betacoronavirus 1 is
composed of five structural proteins: a nucleocapsid (N), a membrane (M), a spike (S), an envelope (E) and a hemagglutinin esterase
(HE). The S protein forms petal-shaped spikes on the surface of the virion and has been associated with antigenicity [23]. The S gene
includes a polymorphic region, and its sequence is useful for the genetic classification of the virus [2, 9].

The extent of the contribution of BCoV to BRD cases in Japan is unclear, and a large-scale molecular survey has not been
conducted in the last decade [12]. In this study, we compared the health condition of cattle with the infection rate and viral copy
number of BCoV to determine its influence on BRD. Furthermore, we performed phylogenetic analyses of the polymorphic region
of the S gene in BCoV identified in Japan from 2016 to 2018 to clarify the genetic changes and entry routes of recent strains. We
believe that this study will contribute to the understanding of BCoV and decrease BRD cases in Japan.

Nasal swab samples were collected from a total of 182 healthy and 273 respiratory-diseased cattle from 42 farms in the Aichi
(7 farms: n=30), Mie (11 farms: n=106), Kagoshima (4 farms: n=36), Kumamoto (2 farms: n=30) and Miyazaki (18 farms: n=253)
prefectures in Japan from January 2016 to February 2018. All of the sampled farms had at least one or more respiratory-diseased
subjects. Because BRD outbreaks concentrate in the cold seasons, most of the samples (371/455, 81.0%) were collected from
November to April (November: n=13, December: n=40, January: n=116, February: n=106, March: n=47, April: n=49). The rest of
the samples were collected in the following months: May, n=8; July, n=6; August, n=15; September, n=24; and October, n=31. The
samples were mainly collected from cattle in breeding farms (Holstein: n=3, Japanese Black: n=372, cross-breed: n=13, unknown:
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n=2) and partly in fattening (Japanese Black: n=40) and dairy (Holstein: n=25) farms. The samples were mainly collected from
calves (<6 months old: n=298, 7-12 months old: n=110, >12 months old: n=41, unknown: n=6). Clinical veterinarians performed
the diagnoses in the cattle with respiratory disease and collected nasal swabs from the diseased and healthy cattle in the same
pen. The swabs were placed in a tube containing 3 m/ of Dulbecco’s Modified Eagle’s Medium (Nacalai Tesque, Kyoto, Japan)
or phosphate-buffered saline supplemented with penicillin and streptomycin, and were then shipped refrigerated. All the samples
were stored at —80°C until further analysis. Data regarding other viruses and bacterial infections typically involved in BRD were
unavailable in this study.

The methods of RNA extraction, cDNA conversion, and real-time PCR followed those in our previous report [17]. The
method of generating standard curves using real-time PCR was described in our previous report [15]. The specific primers and
probe sequences of BCoV were designed based on a previous report [13]. Their sequences were as follows: forward primer:
5'-GGACCCAAGTAGCGATGAG-3'; reverse primer: 5'-GACCTTCCTGAGCCTTCAATA-3'; and probe: 5'-FAM/ATTCCGACT/
Zen/AGGTTTCCGCCTGG/IBFQ-3'.

The sequences of the polymorphic region of the BCoV S gene corresponding to positions 25,006-25,416 of the Kakegawa
strain (Accession No. AB354579) were obtained. The methods of PCR amplification, purification, and sequencing
followed those in our previous report [16]. Primers for SL1 (5'-GCAGGTTTAATCCTTCTACTTGGA-3') and SR2
(5'-CACCAAGAATTATGTCTGTGTTTGA- 3') were used to amplify the target sequence [9]. When the expected size of the DNA
band was weak or invisible, nested PCR was performed using the following primers with the same PCR conditions: SL1 nested
(5'-CTTGGAATAGGAGATTTGGTTTT-3'), and SR2 nested (5'-CAAAAATATTACACCTATCCCCTTG-3). The sequences that were
determined in this study were submitted to the DNA Databank of Japan (DDBJ) under Accession No. LC504662-730. These sequences
and the available sequences that we retrieved from GenBank were aligned using ClustalW. The molecular phylogenetic trees were
constructed using the neighbor-joining method with MEGA7 software [14]. The evolutionary distances were computed using Kimura’s
two-parameter model. A total of 1,000 bootstrap replicates were used to derive the trees based on the nucleotide sequences.

The Fisher exact test and y? test were used to compare the infection rate of BCoV between healthy cattle and cattle with
respiratory symptoms and among age of cattle, respectively. Because of the non-normal distribution of the viral loads, the Mann-
Whitney U test was used to compare the viral loads between healthy cattle and cattle with respiratory symptoms, and respiratory-
diseased cattle with and without diarrhea. These analyses were performed using GraphPad Prism 6 software (GraphPad Software,
La Jolla, CA, USA). P<0.05 was considered statistically significant in this study.

Nineteen (Aichi: n=3, Kumamoto: n=2, Mie: n=4, Miyazaki: n=10) of the 42 (45.2%) farms positive for BRD presented at least one
or more BCoV infection. The positive number and infection rate of each prefecture were as follows: Aichi (n=7, 23.3%), Kumamoto
(n=11, 36.7%), Mie (n=15, 14.2%), Miyazaki (n=52, 20.6%) and Kagoshima (n=0, 0%). The regional difference in the infection
rate will not be discussed because of the deviation in the number of samples and sampling seasons. Fifty-eight of the 273 (21.2%)
cattle with respiratory symptoms were qPCR-positive for BCoV (Fig. 1a). On the other hand, 27 of the 182 (14.8%) healthy cattle
were also positive. Although there was no significant difference, the positive rate of cattle with respiratory symptoms was higher
than that of healthy cattle (P=0.11, Fisher exact test). The positive rate in cattle with respiratory symptoms was similar to that in a
previous study conducted in Ireland (22.9%) [19]. The study reported that BCoV was the most frequently detected virus in calves with
respiratory symptoms. Therefore, BCoV was epidemic and contributed to BRD outbreaks in Japan, similar to the situation in other
countries. The median (average) values of viral loads in cattle with respiratory symptoms and healthy cattle were 206.0 (5691.7) and
43.6 (886.3) copies/ul, respectively (Fig. 1b). Although there was no significant difference, the viral loads in cattle with respiratory
symptoms were higher than those in the healthy cattle (P=0.07, Mann-Whitney U test). Our failure to identify a significant association
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Fig. 1. The correlation between cattle with respiratory symptoms and BCoV infection. (a) The rate of BCoV infection was higher in respiratory-
diseased cattle (21.2%) than in healthy cattle (14.8%). (b) The median value of BCoV viral loads in respiratory-diseased cattle was 4.7 times
higher than that in healthy infected cattle (206.0 vs. 43.6).
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Table 1. Seasonal difference of bovine coronavirus infection rate

Positive rate of bovine coronavirus

Season (Month) (No. of positive/No. of inspections)
All cattle Respiratory symptoms

Early spring (Mar.) 36.2% (17/47) 50.0% (8/16)
Late spring (Apr., May) 5.2% (3/57) 6.6% (3/45)
Summer (Jun., Jul., Aug.) 4.7% (1/21) 4.7% (1/21)
Early autumn (Sep., Oct.) 1.8% (1/55) 2.0% (1/49)
Late autumn (Nov.) 100% (13/13) 100% (6/6)
Winter (Dec., Jan., Feb.) 19.0% (50/262) 28.6% (39/136)
Total 18.6% (85/455) 21.2% (58/273)

between viral load and respiratory symptoms may be because nasal samples were not collected multiple times. For example, cattle
newly infected with BCoV but not yet presenting respiratory symptoms were diagnosed as healthy in this study. Therefore, follow-up
examinations should be performed to accurately reflect the correlation between viral loads and respiratory symptoms. Thirty-two of
58 BCoV-infected cattle with respiratory symptoms also had mild-to-bloody diarrhea. The median (average) values of viral loads in
respiratory-diseased cattle with and without diarrhea were 271.9 (6,619.3) and 104.0 (4,550.1) copies/ul, respectively. There was no
significant difference (P=0.34, Mann-Whitney U test). The presence or absence of difference between bovine respiratory and enteric
coronaviruses has been a controversial issue. Some of the candidate genes were reported to be the molecular determinant of tissue
tropism to respiratory or intestine cells [3]. At present, consensus has yet to be reached. In this study, some calves in a farm developed
only respiratory symptoms. However, the other calves in the same farm developed both respiratory and enteric diseases. The virus
seemed to be from the same strain based on the partial sequence of the S gene. Therefore, the host factor, especially the existence of
neutralizing antibody, may be the importance of developing diarrhea. The details about the history of BCoV-infection and vaccination
were unknown in this study. Further studies are required to reveal this issue. Seventy-seven of the 85 (90.5%) BCoV-positive cattle
were under 6 months old, and the rest of the positive cattle ranged from 7 to 11 months old. No positive cattle were more than
12 months old (n=41). The infection rates of cattle with less than 6 months old, 7 to 11 months old and more than 12 months old
were 25.8% (77/298), 7.2% (8/110) and 0% (0/41), respectively (P<0.0001, ¥ test). Cattle with more than 12 months old might
have neutralizing antibody acquired by BCoV-infection in the past or vaccination, and it might inhibit the BCoV-infection in adult
cattle. Castles et al. reported that the infection rate of calves born to vaccinated dams was significantly lower than that of calves born
to unvaccinated dams [2]. Another study reported that calves with high neutralizing antibodies acquired through passive immunity
were mostly protected against BCoV infection [1]. Therefore, dam vaccination is an important procedure to protect the herd from
epidemic BCoV. Monovalent and combined inactivated vaccines were available for preventing BCoV infection in Japan. No sampling
cattle were vaccinated by the monovalent one. On the other hand, some dams were unclear for the use of combined vaccine because
of movement through the livestock market. Therefore, the vaccination history will not be discussed in this study. The percentages
of detection rates by season are summarized in Table 1. BCoV infection was most commonly detected from late autumn to early
spring (November to March). This trend was similar to those in other studies [2, 19]. An experimental infection showed that BCoV
persistently infects the respiratory tissues of cattle [11]. Although the mechanism of viral reactivation is unclear, cold exposure may
decrease innate immunity mechanisms, such as nasal mucus velocity [4]. Coronaviruses are more stable at lower temperatures than
at higher temperatures [5, 8]. These results indicate that cold seasons may increase the risk of BCoV infection. Thus, improvement of
health condition and the vaccination before the winter season might be important to prevent an epidemic of BCoV. Feeding style such
as tie or free stall affects efficiency of viral transmission. In recent years, many farms in Japan changed the feeding style from tie to
free stall because of upsizing the number of heads and animal welfare. Thus, it may affect the prevalence of BRD related viruses and
bacteria.

The polymorphic region of the BCoV S gene was successfully amplified in 69 of the 85 qPCR-positive samples. Because of
the very low copy number, the remaining 16 samples were unsuccessfully amplified. All of the strains identified in this study
were classified into the Japan G4 group (Fig. 2a). Although the genetic divergence in the polymorphic region of the S gene has
progressed over the last decade, no novel group was epidemic [9]. The Japan G4 groups were estimated to have entered Japan
before 2005. We compared the sequences with BCoV isolates from around the world to estimate the entry route (Fig. 2b). The
BCoVs were classified into six lineages: Europe, South America I and II, Asia and USA I and II, and Japan G4. Japan G4 was
obviously independent from the other lineages, and no virus registered in GenBank, except for the Japanese strain, was classified
into the Japan G4 group. Therefore, we consider Japan G4 as a Japan lineage. Few live cattle have been exported from and
imported into Japan, except for importation from Australia, in the last two decades. This policy might account for the unique
development of BCoV in Japan. The amino acid identities in the S polymorphic region between Japan G4 and the 66/H (Accession
No. AB451543) available vaccine strain in Japan was 89% to 94%. Although only one serotype of BCoV has been identified, the
cross-neutralization test using the 66/H antisera showed that the antibody titer against Japan G4 lineage was lower than Japan G2
and G3 lineages [10]. BCoV vaccination might support the development of Japan G4 lineage and decline of G2 and G3 lineages.
Thus, genetic information about recent strains may help in the development of the most appropriate vaccine.

This study covered only two areas (Tokai and Kyushu) of Japan, which is geographically divided into eight areas. The movement

doi: 10.1292/jvms.19-0587 728



The Journal of
Veterinary
Medical

Science BOVINE CORONAVIRUS SURVEILLANCE IN JAPAN

66]C20-Miyazaki-2016 T
(a) M28-Miyazaki-2016 (b)
C19-Miyazaki-2016
IKK27 -Kumamoto-2016
KK28-Kumamoto-2016
C11-Miyazaki-2016
C13-Miy 2016
C15-Miy. 2016
C16-Miy 2016
IB Mi azakl-2017
-Kumamoto-2016
KK 4-Kumamoto- 2016 Japan G4
S11-M|e-2

= Japan lineage
$12-Mie-2 P g

S1ERKSS: 10-2016
— -Kumamoto-:
[——— KK4-Kumamoto-2016
'—CSB M azak|-2016
| azakl 2016
¥ 1zaki-2016
AG-Aichi-2016
C14-Miyazaki-2016
T16-Miyazaki-2016

AT7-Aichi2016 T1-Miyazaki-2016

TJapan G3

'nMI‘D Asia & USA
— 4-Miy lineage Il

Japan G3

-mi) Japan G4
I:M% 2005-2018 4

N
=3
[t |

A9-Aichi-2

——— KK10-Kumamoto-2016
Hokkaido/18/2005 —

Asia & USA
lineage |

Kagoshima/1/2007
ima/3/2007

Ibaraki/5/2007

Ibaraki/6/2007

Kumamoto/1/2007
94' Kumamoto/2/2007

97

370

Ead
==
S8

t53

2L
No
NN
oo
=3-1
6

—

Japan G2

Wakayama/8/2007 P

Kagosh|ma1512007 -

Eoshlmal612007

Kagoshima/4/2007

Hokkaido/39/2008
Hokkaido/40/2008 .
KK21-Kumamoto-2016 South America
-Kumamoto-2016

|§K’zqi_2016 (Brazil) lineage |
A hi-2

T Japan G1

(Argentina)

South America
lineage Il

Oque-2018 <

/13/2004

/14/2004

/15/2004

i /16/2004
03

Hol
IochlglISIZOOZ
Wakayama/6/2003
Yamla a':amzlglozzo 0 Japan G3
shikawa, 5
Toch|g|1512002 2002-2004
Tochigi/8/2002
ety Europe i
ochigi
Hokkaido/1/200: LGN
Hokkaido/3/200
Hokkaiu\ulZlZOOZ
Hokkaido/5/2002
HokkaimolG/ZODs S

Ishikawa/3/2001 i I

ochigi/ i Japan

99| " Yamagata/3/2003

L‘YamagatalAlZOOS : 2001-2004
Ishikawa/4/2004

-

99|_|—Ish|kawasl)19g999 "Japan G1
4 ‘—Toch|g|/1/206061/“ i 1999-2001
Ik TClassical
P . fog| Kejeoare A . 1
0.005 81 Quabee 1 jiistrain 0.01

Fig. 2. Phylogenetic analyses of the partial sequences of the BCoV S gene. The analyses involved the polymorphic region of the BCoV S gene
at the nucleotide level. The gene corresponded to positions 25,006-25,416 of the Kakegawa strain [9]. The scale bars indicate the number of
substitutions per site. (a) Sixty-nine strains identified in this study are connected as “name of strain”, “isolated prefecture”, and “isolated year”
by hyphens (Ex. C20-Miyazaki-2016). On the other hand, the sequences retrieved from GenBank are connected as “isolated prefecture”, “name
of strains”, and “isolated year” by slashes (Ex. Tochigi/1/2001). Bootstrap values of more than 50% (1,000 replicates) are shown next to the

branches. (b) Eighty-six strains identified in Japan from 1999 to 2018 and 170 strains identified throughout the world were involved in the
phylogenetic analysis.

of live cattle is very active throughout Japan. Therefore, we think the results reflected not only the circumstances in a few regions
but also throughout Japan. However, further studies are required to identify the circumstance of BCoV infection in Japan more
accurately. We have few evidences to suggest why Japan G4 has expanded over the last 15 years and why G1-3 went extinct in
Japan. One simple theory is that Japan G4 might amplify and spread in cattle easier than G1-3. We successfully isolated six strains
classified as Japan G4 (no data shown). Therefore, we will try to verify this hypothesis in the future.
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In conclusion, the findings of this study indicate that BCoV is an important pathogen in calves with BRD in Japan. Furthermore,
the virus might have evolved uniquely in Japan over the last 20 years. Genetic information about recent strains is important for the
development of the most appropriate vaccine and to understand viral evolution. To date, there is not enough information available
about this virus throughout the world. Therefore, further studies are required to identify the importance and evolution of this virus.
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