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Abstract

Bovine norovirus (BNoV) is a recently identified calicivirus in the genus Norovirus, which can cause enteric disease with clinical
signs including vomiting, diarrhea, dehydration, and mortality in neonatal calves. BNoV has been reported in different countries
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in 2019. The presence of BNoV was determined by PCR only two samples (5.1%) were positive. The complete genome of
the newly identified strain Bo/CH/HB/BD /2019 was successfully sequenced (GenBank accession number: MN480761). Based
on the existing gene sequences in the GenBank database, evolutionary trees were constructed. Sequence analysis showed that
the nucleotide sequence homology of the Bo/CH/HB/BD/2019 genome with BNoV genomes in GenBank was 84.0-92.4%.
Bo/CH/HB/BD/2019 has a GIIL.2 genotype, and further analysis of its VP1 gene revealed four amino acid substitutions, i.e.,
225C, 246T, 624T, and 945T. To the best of our knowledge, this is the first time the complete genome of a BNoV isolate from
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Summary

Bovine norovirus (BNoV) is a recently identified calicivirus in the genusNorovirus , which can cause en-
teric disease with clinical signs including vomiting, diarrhea, dehydration, and mortality in neonatal calves.
BNoV has been reported in different countries all over the world. We collected 39 fecal, blood, and tissue



samples from calves with diarrhea from Hebei in northern China in 2019. The presence of BNoV was deter-
mined by PCR only two samples (5.1%) were positive. The complete genome of the newly identified strain
Bo/CH/HB/BD/2019 was successfully sequenced (GenBank accession number: MN480761). Based on the
existing gene sequences in the GenBank database, evolutionary trees were constructed.

Sequence analysis showed that the nucleotide sequence homology of the Bo/CH/HB/BD /2019 genome with
BNoV genomes in GenBank was 84.0-92.4%. Bo/CH/HB/BD/2019 has a GIIL.2 genotype, and further
analysis of its VP1 gene revealed four amino acid substitutions, i.e., 225C, 246T, 624T, and 945T. To the
best of our knowledge, this is the first time the complete genome of a BNoV isolate from northern China
has been sequenced.
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Introduction

Noroviruses (NoVs) are important pathogens causing gastroenteritis in children and young animals. In-
fection with NoV in children and young animals can cause intestinal lesions and post-infectious diarrhea
(Smiley,Chang,Hayes,Vinje, & Saif, 2002; Bridger,Hall, & Brown, 1984; Woode & Bridger, 1978). In hu-
mans, NoV is one of the most important etiological agents of gastroenteritis; however, little is known about
NoV causing diarrhea in cattle.

NoVs are small non-enveloped, positive-sense single-stranded RNA viruses. According to the diversity of the
VP1 amino acid (aa) sequence, NoVs are divided into seven genogroups (GI to GVII). Bovine NoVs (BNoVs)
belong to GIII and are further divided into two different genotypes, i.e., genotype 1 (Bo/Jena/1980/DE)
and genotype 2 (Bo/newbury2/1976/UK), which were first identified in Germany (Otto et al., 2011) and the
UK (Jung,Scheuer,Zhang,Wang, & Saif, 2014). The BNoV genome, which has a size of 7.5-7.7 kb, contains
three open reading frames (ORFs). Starting from the 5’ end of the genome, ORF1 encodes a non-structural
protein, including an enzyme responsible for transcription, viral genome replication, and accurate initiation
of RNA synthesis by RNA-dependent RNA polymerase (RdRp). RdRp prevents the virus from losing its
genetic information (Deval,Jin,Chuang, & Kao, 2017; Lee,Chung, & Kim, 2017). ORF2 encodes the major
capsid protein VP17 . It is involved in receptor recognition and host specificity (Chen et al., 2004).Viral
evasion of antibody neutralization results in frequent variations in the VP! aa sequences, which are also
associated with the emergence of new epidemic strains (Lochridge & Hardy, 2007; Lindesmith et al., 2013).
ORF3 encodes the minor capsid protein VP2 | a hypervariable protein that may play a role in maintaining
the stability of NoV particles (Lin,Fengling,Lianzhu,Yuxiu, & Yanhua, 2014).

Previous studies have reported the detection of BNoV in many countries including the UK (Woode & Bridger,
1978; Bridger,Hall, & Brown, 1984), Germany (Gunther,Otto, & Heilmann, 1984), the Netherlands (van der
Poel et al., 2003; van Der Poel et al., 2000), the USA (Cho et al., 2013; Wise et al., 2004), New Zealand
(Wolf et al., 2007), South Korea (Park et al., 2007), Norway (Jor,Myrmel, & Jonassen, 2010), France
(Kaplon,Guenau,Asdrubal,Pothier, & Ambert-Balay, 2011), Turkey (Kaplon,Guenau,Asdrubal,Pothier, &
Ambert-Balay, 2011), and Tunisia (Hassine-Zaafrane et al., 2012). According to previous reports, BNoV was
first detected in Southern China in 2018 (Wang,Yue, & Tang, 2019), and it was detected in central China in
2019 (Shi,Wang,Xu,Zhang, & Lan, 2019).

BNoV has become a threat to the global cattle industry, and it may bring huge economic losses to the cattle
industry in China. Although BNoV is prevalent globally, the study of its pathogenicity, epidemiology, and
molecular biology is only in the preliminary stage. Up to now, GenBank contained only seven complete
BNoV genome sequences; two are GIIL.1 strains (GenBank accession numbers: MK159169 and AJ011099)
and five are GIIL.2 strains (GenBank accession numbers: JX145650, AY126474, AF097917, MN122335.1,
and EU794907). In China, only two BNoV genomes have been completely sequenced, i.e., one from southern
China and one from central China. There are not enough data to establish the genetic relationship and
evolutionary rate of BNoVs in China. At present, the virus has not been successfully isolated, hindering the
development of an effective vaccine. We studied the molecular profile of the virus and analyzed its genetic
variation, in order to provide a reference for the prevention and control of viral spread in China.



We identified a BNoV strain, named Bo/CH/HB/BD/2019, from Hebei, in northern China, and conducted
phylogenetic analysis of the entire genome and the VPI region. BNoV may be highly prevalent in China,
but there are few epidemiological data on the prevalence of the virus. This study lays a foundation for the
further exploration of the molecular biological characteristics of BNoV and the prevalence of BNoV in China.

Materials and methods
Sample information

Between April 2019 and September 2019, we collected and analyzed 39 samples from five different farms with
calf diarrhea in Hebei, China, including 30 diarrheal fecal samples, 5 blood samples and 4 tissue samples
(lung, liver, kidney, heart). Samples were screened for BNoV by nested PCR.

Nucleotide extraction and PCR detection of BNoV

Total RNA was extracted by TRIzol reagent following the manufacturer’s instructions (Invitrogen, Carls-
bad, CA, USA). Reverse transcription was performed using the PrimeScript™ 1st strand cDNA Synthesis
Kit (TaKaRa Biotechnology, Dalian, China) with an oligo dT primer. Nested PCR primers (F, AGT-
TAYTTTTCCTTYTAYGGBGA; R, AGTGTCTCTGTCAGTCATCTTCAT (Smiley,Hoet, Traven, Tsunemitsu,
& Saif, 2003); and nF, GTCGACGGYCTKGTSTTCCT; nR, CACAGCGACAAATCATGAAA (Park et al.,
2006)) targeting the RdRp gene were used with the following reaction conditions: 94°C for 5 min, followed
by 35 cycles at 94°C for 30 s, 54°C for 30 s and 72°C for 40 s, with a final extension at 72°C for 10 min.
The reaction generated a 326 bp PCR product. In addition, three other diarrhea-related enteric viruses,
i.e., bovine viral diarrhea virus, bovine rotavirus, and bovine coronavirus, were detected using previously
reported molecular methods for the evaluation of possible co-infection with BNoV.

Sequencing and phylogenetic analysis of the complete genome of the Bo/CH/HB/BD /2019
strain

Based on the GenBank sequences, we designed six pairs of specific primers using Primer Premier 5 software.
The reference sequences were AY126472.2, JX145650.1, EU794907, AF097917.5, MK159169.1 and NC_-
029645.1. The complete BNoV genome of the strain Bo/CH/HB/BD/2019 was amplified using six sequence-
specific primer pairs.

Reactions were performed in a total volume of 20 uL (2 uL of cDNA, 2 uL of 10x PCR Buffer, 3 yL of 2.5 mM
dNTP, 1 pL of each primer, 0.5 pL of Taq polymerase, and 10 yuL of ddH20). The whole genome of BNoV
strain Bo/CH/HB/BD/2019 was amplified by RT-PCR (oligonucleotide primers are presented in Table 1).
All PCR products were purified with the PCR Purification Miniprep Kit (BIOMIGA, Shanghai, China)
following the manufacturer’s instructions. The PCR products were cloned into the pMD19-T cloning vector
(TaKaRa Biotechnology, Dalian, China). The positive recombinant plasmids were verified by restriction
enzyme digestion and sequenced by Sangon Biotech (Beijing, China). The raw genomic sequence fragments
were imported to SeqMan in DNAStar (DNAStar, Inc., Madison, WI, USA) for assembly and annotation.
The complete BNoV genome sequence has been deposited in GenBank (accession number: MN480761). Se-
quencing and phylogenetic analysis of the complete genome of the Bo/CH/HB/BD /2019 strain was performed
using the Clustal W program in DNA Star software. Then, 10,000 bootstrap replication was performed using
MEGA 7 software, and the phylogenetic tree was constructed by the neighbor-joining method.

Primer Sequence (5-37) Product size(bp) Annealing temperature ()
BNoV1F TGAATGAAGACTTTGACG 1465 52

BNoVIR CGCACCCGATTAGACAT

BNoV2F CCTCGGKCARTATGGDA 1304 53

BNoV2R CTTGGATGGCAGTGGTH

BNoV3F TGTGACCACTGCCATCCA 1638 52

BNoV3R GCCACCAGCTCATCCTT

BNoV4F TCCCTGGACAAAACTACC 1151 49



Primer Sequence (5-3") Product size(bp) Annealing temperature ()

BNoV4R CCTTCCCACAGTGACAGAT

BNoV5F GAYGAYCCGARYGARAC 1563 49
BNoV5R  GAAACGAAATGGGTAATC
BNoV6F GATTACCCATTTBGTYTC 924 42

BNoV6R AACACTGCTCACTATTTC

Results and discussion

BNoV has been detected in many countries. This disease was first detected in China in 2018, and has been
reported in central and southern China. Here, we detected a new BNoV strain, named Bo/CH/HB/BD /2019
(GenBank accession number: MN480761), in Hebei, in northern China, and sequenced its whole genome.
We collected 39 samples, two (5.1%) of which were BNoV positive. One sample was co-infected with bovine
rotavirus. The BNoV detection rate was similar to those reported in Belgium (7.5%) (Mauroy et al., 2009),
Argentina, (3.3 %) (Ferragut et al., 2016), and South Korea (2.8%) (Park et al., 2008), and much lower
than those reported in the USA (72.1%) (Smiley,Hoet, Traven, Tsunemitsu, & Saif, 2003), Norway (49.6%)
(Jor,Myrmel, & Jonassen, 2010b) and Iran (39.5%) (Pourasgari et al., 2018), and also lower than those
reported in central China (25%) and south China (20.4%) (Shi,Wang,Xu,Zhang, & Lan, 2019; Wang,Yue, &
Tang, 2019). Although it has been confirmed that BNoV is prevalent in China, few studies and epidemio-
logical data are available on BNoV in China.

We sequenced and analyzed the Bo/CH/HB/BD/2019 genome, and learned that its genome is 7320 nu-
cleotides (nt) and includes three ORFs, a 21 nt 5 untranslated region, and a 49 nt 3’ untranslated region.
ORF1 is located from 22 nt to 5076 nt and encodes a 1685 aa non-structural protein. ORF2 is located
from 5063 nt to 6631 nt and encodes the 523 aa VPI protein. ORF3 is located from 6621 nt to 7271 nt
and encodes the 217 aa VP2protein. ORF1, ORF2, and ORF3 overlap each other by 14 nt and 11 nt.
Based on the complete BNoV sequences available in the GenBank database, we compared the isolated strain
Bo/CH/HB/BD/2019 with seven isolates from other regions of the world. The sequence similarity between
Bo/CH/HB/BD/2019 and the other isolates ranged from 84.0-92.4%. The homology between the isolates
and all complete sequences in the GenBank database ranged from 69.9% to 91.8% for VP1 and from 67.9%
to 91.2% for VP2 (Table 2), indicating that BNoV genes are diverse and hence require further exploration.

% Identity

GenBank Geographic Complete % Identity % Identity
Strain accession no location genotype Genome VP1 VP2
Bo/Newbury2/1976F/UK917.5 United GIIIL.2 84.3 86.9 84.6
Kingdom
Bo/Dumfries/94/BK126474.2 United GIIL.2 84.3 85.8 85.3
Kingdom
Bo/GIII/B309 /2083 BEI07 Belgium GIIL.2 84.0 84.3 84.8
Bo/GIIL2/Adam /[ZX065%5). 1 Norway GIIL.2 85.9 85.9 86.2
Bo/BET- MK159169.1 China GIII.1 80.1 69.9 67.9
17/18/CH Sichuan
Bo/HN- MN122335.1 China GIII.2 92.4 91.8 91.2
1/2018/China Henan
Bo/GIIL2/Adam 2A062N®L5.1  Norway GIIL.2 85.9 85.9 86.2




_|: 4 KCT75223.1 CH hongkong human
4 KCT75323.1 CH hangkong

4 KF30D6214.1 China human

& KY&963ZTTUSA human
A MKTB94351 Spain human
d KPTBLE9L 1 South Africa human

4 GOBA53I66.2 Australia human

y

4 BU3IZ5B39.2 USA human

— 4 KF306213.1 Ching wuhan human
L & MHZIBSP21UK human
4 GOBA5ITO2 Australia human

4k MK&B3P092 Russia human

A AYTIZ730 Germany human

A MBTS57971 China Beijing human
4 MH3TIB25.1 China jiangxi human
4k MF91B359 2 China changsha human
4 MK2B2256.1 Korea human

4 MK2B2257.1 South Korea human
<> AYB23305.2 USA swine

<> MB5TZ715.1 hongkong Zalophus californianus
<> MKDET2921USA dog

> JFTB1268.1 USA Felis catus

<> 03895631 Japan Felis catus
@ EUT9£507 Landon bovine

@ AYI26472.2 buvine London

& JX1L58501 Horway bovine

9 NC 0296451 Norway bovine

& MK159149.1 Chinasichuan bovine
@ MN1223351 China Henan boving
@ MHAB0T41 HE-BD

— 4k LC3&2058.1 Japan human
L & Nesa5837 Groningen human

Dinnnn

— . MH1300&4 USA human
A MHZIBTZ31 UK human
sk MKOT3IBBT1USA Midland human

4k KX396056.1 China jiangsu human
. MHEDB2B6.1 Belgium human

A KJW62921 Japan human

4 KY$34£2621 China Henan human

:

Phylogenetic trees of different hosts and genotypes were constructed based on the complete Bo/CH/HB/BD /2019
genome sequence and the complete genomes in the GenBank database (Figure 1). Figure la shows that
bovine isolates and human isolates are far related, so there is no potential risk of cross-infection at present.
However, BNoV (GIII) serum antibodies have been detected in humans (Widdowson et al., 2005) and human
NoV sequences have been detected in bovine fecal samples (Menon et al., 2013), and interspecific transmis-
sion may occur in the future. Figure 1b shows that all BNoV isolates belonged to the GIII genotype. The
Bo/CH/HB/BD/2019 strain is more closely related to the other two Chinese strains than to those from other
countries, and is hence clustered in the Chinese BNoV branch in the phylogenetic tree. The isolated strain



was more closely related to the Bo/HN-1/2018/China strain from Henan (central China) (GenBank accession
number: MN122335.1) than to the Bo/BET-17/18/CH strain from Sichuan (southern China) (GenBank ac-
cession number: MK159169.1). This suggests that there may be a different evolutionary process underlying
the spread of BNoV in China. Unfortunately, few data are available on the genetic evolution and prevalence

of BNoV in China.
CV95-OH (AF542083.1) GIL2
4|£ 11MSU-MW AY274820.1 GIL2
GI-Bo-TR-2006-GILP2 GIL2-Aksaray-K53(KX 189060.1) GIL2

# Bo-HM-1-2018-China(MN122335.1) GIL2
# HB-BD VP1 GIL2

Bo-Aberystwyth24-00-UK (AY 126475.1) GIL.2
4'; Morovirus Bo-GIL2-Adam-2006-MNo (JX145650.1) GIL2
MNorovirus Bo-GIL2-Adam-2006-No(NC 029645.1) GIL2

Bo-MNewbury-2-1976-UK (AFD97917.5) GII.2

Bo-NLV-CH126-1998-ML (AF 320825.1) GIL2
E BEC28-IT (GQ 397857.1) GIL.2
Bo-GII-B309-2003-BEL (EU794807.1) GII.2

—— Bo-GII-BV-15-2007-BEL (EU794905.1) GIL2

I— Bo-Dumfries-94-UK (AY126474.2) GII.2
GII-TR-2008-GILPZ GII.2-Aksaray-K063 (KX189067.1)GIL2
sheep-Norsewood30-2007-NZL (EU193658.4) GIL3
Bo-MNoV-Aba-Z5-2002-HUN (EU360814.1) GIL1

 — # Bo-MI-43-18-CH (MK 158171.2) GIL1

| E— # Bo-MI-48-17-CH (MK 158170.2) GIL1

{. Bo-BET-1-18-CH (MK 159174.2) GIL1
# Bo-MILQ-1-17-CH (MK 158173.2) GIL1

# Bo-BET-17-18-CH (MK 159169.1) GIL1
E # Bo-BET-17-18-Ch (MK159169.1) GIL1
# BoBET-1418CH (MK 158175.1) GIL1

0304-19 (KY 934262.1) GIL.1

The BNoV RdRp gene contains highly conserved regions. VPI is the major structural component of cali-
civiruses and is involved in receptor recognition, host specificity, strain antigenic diversity, and immuno-
genicity (Chen et al., 2004). VP2 is highly variable and can contain different types of mutations (Bok et
al., 2009; Seah,Gunesekere,Marshall, & Wright, 1999). VP2 interacts with VP! and, in turn, enhances the
expression of capsid proteins (Vongpunsawad,Venkataram, & Estes, 2013). Due to the slightly different
topologies between ORF2 and ORF3, different BNoV VP2 gene may have resulted from distinct evolution-
ary strategies (Kamel et al., 2009). Phylogenetic trees were constructed based on the BNoV VP! and RdRp
genes (Figure 2). The strain isolated in the present study and CH-HNSC-2018 were clustered in one branch,
while strains isolated from Sichuan, southern China, were clustered in another branch, indicating that the
BNoV strains in China are diverse. Different strains with different genotypes exist in China, making the
prevention and control of viral spread difficult (Figure 2a). The sequence and phylogenetic analyses showed
that Bo/CH/HB/BD/2019 belongs to GII1.2 BNoV (Figure 2b).

The VPI protein includes a shell (S) domain, which is highly conserved among different NoVs, and a
protruding (P) domain, with N-terminal P1 and C-terminal P1 and P2 parts (Chen et al., 2013). The highly
variable region of the sequence (residues 279-406) forms the externally located P2 subdomain, whereas the
central subdomain P1 (residues 226-278 and the C-terminal 124 residues) is located between the S and P2
domains (Venkataram,Hardy, & Estes, 2000). Comparing with previous studies, in both China and other
countries, we found four new aa substitutions in VPI | i.e., 225C, 246T, 624T, and 945T. The 225C residue is
located in the conserved region and 246T is located in the P1 subdomain in the highly variable region. This
may be an adaptation that is unique to BNoV circulating in cattle farms in Hebei, China. Whether these
mutations in Bo/CH/HB/BD/2019 lead to changes in virulence, pathogenicity, and antigenicity remains to
be explored.



In conclusion, in this study we isolated the Bo/CH/HB/BD/2019 strain from Hebei, sequenced its genome,
and identified its genes. We analyzed its sequence homology with other BNoV strains and constructed
phylogenetic trees to analyze its genetic evolution. Our results provide a reference for the development of
a BNoV vaccine to prevent and control viral spread. Nevertheless, more data are still required, so in the
future it will be necessary to further monitor and research BNoV and its subtypes.

Acknowledgments

This research was supported by the Program of the Modern Agriculture Industry Technology System Founda-
tion of Hebei Province (HBCT2018120406, HBCT2018130405) and the Hebei Key Research and Development
Program (19226611D).

Conflict of interest
The authors declare no conflict of interest.
Ethical statement

The authors confirm that the ethical policies of the journal, as noted on the journal’s author guidelines page,
have been adhered to and the appropriate ethical review committee approval has been received. The US
National Research Council’s guidelines for the Care and Use of Laboratory Animals were followed.

All data generated or analyzed during this study are included in this article.
References:

Bok, K., Abente, E. J., Realpe-Quintero, M., Mitra, T., Sosnovtsev, S. V., Kapikian, A. Z.,... Green, K.
Y. (2009). Evolutionary dynamics of GII.4 noroviruses over a 34-year period. Journal of Virology,83(22),
11890-11901.d0i:10.1128 /JVI.00864-09

Bridger, J. C., Hall, G. A., & Brown, J. F. (1984). Characterization of a calici-like virus (Newbury agent)
found in association with astrovirus in bovine diarrhea. Infection and Immunity, 43(1),133-138

Chen, L., Wu, D., Ji, L., Wu, X., Xu, D., Cao, Z.,... Han, J. (2013). Bioinformatics analysis of the epitope
regions for norovirus capsid protein. Bmc Bioinformatics, 14 Suppl 4,55.doi:10.1186/1471-2105-14-S4-S5

Chen, R., Neill, J. D., Noel, J. S., Hutson, A. M., Glass, R. I., Estes, M. K.,... Prasad, B. V. (2004). Inter-
and intragenus structural variations in caliciviruses and their functional implications. Journal of Virology,
78(12),6469-6479.d0i:10.1128/JVI.78.12.6469-6479.2004

Cho, Y. I, Han, J. I., Wang, C., Cooper, V., Schwartz, K., Engelken, T.,... Yoon, K. J. (2013). Case-
control study of microbiological etiology associated with calf diarrhea. Veterinary Microbiology,166(3-4),
375-385.d0i:10.1016/j.vetmic.2013.07.001

Deval, J., Jin, Z., Chuang, Y. C., & Kao, C. C. (2017). Structure(s), function(s), and inhibition of the RNA-
dependent RNA polymerase of noroviruses. Virus Research, 234,21-33.doi:10.1016/j.virusres.2016.12.018

Ferragut, F., Vega, C. G., Mauroy, A., Conceicao-Neto, N., Zeller, M., Heylen, E.,... Parreno, V. (2016).
Molecular detection of bovine Noroviruses in Argentinean dairy calves: Circulation of a tentative new geno-
type. Infection Genetics and Evolution, 40,144-150.doi:10.1016/j.meegid.2016.02.034

Gunther, H., Otto, P., & Heilmann, P. (1984). [Diarrhea in young calves. 6. Determination of the pathogenic-
ity of a bovine coronavirus and an unidentified icosahedral virus]. Arch Exp Veterinarmed,38(5), 781-792

Hassine-Zaafrane, M., Kaplon, J., Sdiri-Loulizi, K., Aouni, Z., Pothier, P., Aouni, M.,... Ambert-Balay, K.
(2012). Molecular prevalence of bovine noroviruses and neboviruses detected in central-eastern Tunisia. Archives
of Virology, 157(8),1599-1604.d0i:10.1007/s00705-012-1344-5

Jor, E., Myrmel, M., & Jonassen, C. M. (2010a). SYBR Green based real-time RT-PCR assay for detection
and genotype prediction of bovine noroviruses and assessment of clinical significance in Norway. Journal of



Virological Methods, 169(1),1-7.doi:10.1016/j.jviromet.2010.03.028

Jor, E., Myrmel, M., & Jonassen, C. M. (2010b). SYBR Green based real-time RT-PCR assay for detection
and genotype prediction of bovine noroviruses and assessment of clinical significance in Norway. Journal of
Virological Methods, 169(1),1-7.doi:10.1016/j.jviromet.2010.03.028

Jung, K., Scheuer, K. A., Zhang, Z., Wang, Q., & Saif, L. J. (2014). Pathogenesis of GIII.2 bovine norovirus,
CV186-OH/00/US strain in gnotobiotic calves. Veterinary Microbiology, 168(1),202-207.d0i:10.1016 /j.vetmic.2013.11.008

Kamel, A. H., Ali, M. A., El-Nady, H. G., de Rougemont, A., Pothier, P., & Belliot, G. (2009). Predominance
and circulation of enteric viruses in the region of Greater Cairo, Egypt. Journal of Clinical Microbiology,
47(4), 1037-1045.d0i:10.1128 /JCM.01381-08

Kaplon, J., Guenau, E., Asdrubal, P., Pothier, P., & Ambert-Balay, K. (2011). Possible novel nebovirus
genotype in cattle, France. Emerging Infectious Diseases, 17(6),1120-1123.doi:10.3201 /eid/1706.100038

Lee, J. H., Chung, M. S., & Kim, K. H. (2017). Structure and Function of Caliciviral RNA Polymerases.
Viruses, 9(11).doi:10.3390/v9110329

Lin, Y., Fengling, L., Lianzhu, W., Yuxiu, Z., & Yanhua, J. (2014). Function of VP2 protein in the stability
of the secondary structure of virus-like particles of genogroup II norovirus at different pH levels: function
of VP2 protein in the stability of NoV VLPs. Journal of Microbiology, 52(11), 970-975.doi:10.1007/s12275-
014-4323-6

Lindesmith, L. C., Costantini, V., Swanstrom, J., Debbink, K., Donaldson, E. F., Vinje, J.,... Baric, R. S.
(2013). Emergence of a norovirus GII.4 strain correlates with changes in evolving blockade epitopes. Journal
of Virology, 87(5),2803-2813.d0i:10.1128/JVI1.03106-12

Lochridge, V. P., & Hardy, M. E. (2007). A single-amino-acid substitution in the P2 domain of VP1 of
murine norovirus is sufficient for escape from antibody neutralization. Journal of Virology, 81(22),12316-
12322.d0i:10.1128/JVI1.01254-07

Mauroy, A., Scipioni, A., Mathijs, E., Saegerman, C., Mast, J., Bridger, J. C.,... Thiry, E. (2009). Epi-
demiological study of bovine norovirus infection by RT-PCR and a VLP-based antibody ELISA. Veterinary
Microbiology, 137(3-4),243-251.d0i:10.1016/j.vetmic.2009.01.031

Menon, V. K., George, S., Shanti, A. A., Saravanabavan, A., Samuel, P., Ramani, S.,... Kang, G. (2013).
Exposure to human and bovine noroviruses in a birth cohort in southern India from 2002 to 2006. Journal
of Clinical Microbiology, 51(7),2391-2395.doi:10.1128/JCM.01015-13

Otto, P. H., Clarke, I. N., Lambden, P. R., Salim, O., Reetz, J., & Liebler-Tenorio, E. M. (2011). Infection
of calves with bovine norovirus GIII.1 strain Jena virus: an experimental model to study the pathogenesis
of norovirus infection. Journal of Virology,85(22), 12013-12021.d0i:10.1128/JVI.05342-11

Park, S. I., Jeong, C., Kim, H. H., Park, S. H., Park, S. J., Hyun, B. H.,... Cho, K. O. (2007). Molecular epi-
demiology of bovine noroviruses in South Korea. Veterinary Microbiology, 124(1-2),125-133.doi:10.1016/j.vetmic.2007.03.010

Park, S. I, Jeong, C., Park, S. J., Kim, H. H., Jeong, Y. J., Hyun, B. H.,... Cho, K. O. (2008). Molec-
ular detection and characterization of unclassified bovine enteric caliciviruses in South Korea. Veterinary
Microbiology, 130(3-4),371-379.d0i:10.1016 /j.vetmic.2008.01.017

Park, S. J., Jeong, C., Yoon, S. S., Choy, H. E., Saif, L. J., Park, S. H.,... Cho, K. O. (2006). Detection and
characterization of bovine coronaviruses in fecal specimens of adult cattle with diarrhea during the warmer
seasons. Journal of Clinical Microbiology,44(9), 3178-3188.doi:10.1128/JCM.02667-05

Pourasgari, F., Kaplon, J., Sanchooli, A.,; Fremy, C., Karimi-Naghlani, S., Otarod, V.,... Pothier, P.
(2018). Molecular prevalence of bovine noroviruses and neboviruses in newborn calves in Iran. Archives of
Virology,163(5), 1271-1277.doi:10.1007/s00705-018-3716-y



Seah, E. L., Gunesekere, I. C., Marshall, J. A.; & Wright, P. J. (1999). Variation in ORF3 of genogroup 2
Norwalk-like viruses. Archives of Virology, 144(5),1007-1014.doi:10.1007/s007050050563

Shi, Z., Wang, W., Xu, Z., Zhang, X., & Lan, Y. (2019). Genetic and phylogenetic analyses of the first
GIII.2 bovine norovirus in China. BMC' Veterinary Research, 15(1),311.doi:10.1186/s12917-019-2060-0

Smiley, J. R., Chang, K. O., Hayes, J., Vinje, J., & Saif, L. J. (2002). Characterization of an enteropathogenic
bovine calicivirus representing a potentially new calicivirus genus. Journal of Virology, 76(20),10089-
10098.d0i:10.1128/jvi.76.20.10089-10098.2002

Smiley, J. R., Hoet, A. E., Traven, M., Tsunemitsu, H., & Saif, L. J. (2003). Reverse transcription-PCR
assays for detection of bovine enteric caliciviruses (BEC) and analysis of the genetic relationships among
BEC and human caliciviruses. Journal of Clinical Microbiology,41(7), 3089-3099.d0i:10.1128 /jem.41.7.3089-
3099.2003

van der Poel, W. H., van der Heide, R., Verschoor, F., Gelderblom, H., Vinje, J., & Koopmans, M. P. (2003).
Epidemiology of Norwalk-like virus infections in cattle in The Netherlands. Veterinary Microbiology,92(4),
297-309.d0i:10.1016/s0378-1135(02)00421-2

van Der Poel, W. H., Vinje, J., van Der Heide, R., Herrera, M. 1., Vivo, A., & Koopmans, M. P. (2000).
Norwalk-like calicivirus genes in farm animals. Emerging Infectious Diseases, 6(1),36-41.doi:10.3201/eid0601.000106

Venkataram, P. B., Hardy, M. E., & Estes, M. K. (2000). Structural studies of recombinant Norwalk capsids.
Journal of Infectious Diseases, 181 Suppl 2, S317-S321.doi:10.1086/315576

Vongpunsawad, S., Venkataram, P. B., & Estes, M. K. (2013). Norwalk Virus Minor Capsid Protein VP2
Associates within the VP1 Shell Domain. Journal of Virology, 87(9),4818-4825.d0i:10.1128/JVI.03508-12

Wang, Y., Yue, H., & Tang, C. (2019). Prevalence and complete genome of bovine norovirus with novel VP1
genotype in calves in China. Sci Rep, 9(1), 12023.d0i:10.1038/s41598-019-48569-4

Widdowson, M. A., Rockx, B., Schepp, R., van der Poel, W. H., Vinje, J., van Duynhoven, Y. T.,...
Koopmans, M. P. (2005). Detection of serum antibodies to bovine norovirus in veterinarians and the general
population in the Netherlands. Journal of Medical Virology,76(1), 119-128.doi:10.1002/jmv.20333

Wise, A. G., Monroe, S. S., Hanson, L. E.; Grooms, D. L., Sockett, D., & Maes, R. K. (2004). Molec-
ular characterization of noroviruses detected in diarrheic stools of Michigan and Wisconsin dairy calves:
circulation of two distinct subgroups. Virus Research,100(2), 165-177.doi:10.1016/j.virusres.2003.11.014

Wolf, S., Williamson, W. M., Hewitt, J., Rivera-Aban, M., Lin, S., Ball, A.,... Greening, G. E. (2007). Sen-
sitive multiplex real-time reverse transcription-PCR assay for the detection of human and animal noroviruses
in clinical and environmental samples. Appl Environ Microbiol, 73(17), 5464-5470.doi:10.1128 / AEM.00572-
07

Woode, G. N., & Bridger, J. C. (1978). Isolation of small viruses resembling astroviruses and caliciviruses
from acute enteritis of calves. Journal of Medical Microbiology, 11(4),441-452.d0i:10.1099,/00222615-11-4-441



YT e—
_|—_C"!*'"- b 030419 (K¥S3a2621)
AR 136202.1)
a¢ Ju—
& B e
[l - ey 2 - GI<!
| _'__E._,__._ BNORD 8221 10 314BACIETEE )
S
PR B e & L
 Eppimten @ Bo/BET- 1 T/1B/CHIMK159169.1)
Jrr— €1 —— @ borommo D sNsOTE )
O s b @ Bo/HIN-1/2018/ChinadM1 22335.1)
1a8araz)

icnmuu- @ Bo/Newbury2/1576/UKIAFOSTI T 5) _GIII

T B C oGBS 2005 BELIEUTME0T)

e
g — .Wmmmuomusnw n
I_L.—su...m-. B2 el 006N 129645.0) 1
) EDR M - ©r 34SMKTESIST) 1
T T——— © HaGRAHang Kong/CUHIIEIAA01 IEHNKCTTSIZEY)
4 e o A/ GILA/ ingzhou/201 2403 /CHNFI06214.1)
Sy - ,
L s i m
o) o HAGEA/HS 1942009/ US{GU3E5439.2)
@i
- o Ren
pr © NORO 12201 12 2018)MH218582.1
B s 5
P T— & HuiGlg
Py & GZBSTTIMGT43097.1)
e £ HWCHN/201T/GILP 16-GIL2/ThouShanS SMHI2 1 825.1)
—— . o
— A
—L B O OMC-0PMICEZ230.1) d
[y mgml)mlwmmm!m )
—'_T: P ——. - -GV, QR
PP
I_
e G2 1P 201 T/MB 1L C388583.1) cne
3

OO IA208.5) GBI

preliminary

1AM AR | G L ”i‘v&\iﬂ UG
- o ESHEK 130050.1] G2 l—: VBTG
ac e B P10 B OIS GRLE T ——
=1 @ HE4D W an
E! oAby 0L 4 3S4TS0) L2 SRS
@ [ Mg b Gl Adare- 3006 #40 (MBS (1 CRBATRO0LGIPT G Msaw LS TLL)
h= Poreins e GIL Acdare- 06 oG 024645, 1) GILE T —
A e o)
] B ha-CHETG 1980 G 130438 1) G2 i Mosacteb 60/201 3/ TLBM N 4B ) amae
o BECHHT (54 WS G2 Aloegvius Boving 1 20,2007 BELEUETITA )
B G50 2003 46 UM T) G2 w AR
g B GV 15200 1L (LPBARCS) CILE
= e Dres L AVAISATAR L2 ""\" AU
3 Fav— $0057.0002 |—mrw BCHIA S50
= 3 Morwallla A 1
- —
Naevbus Bovng iz /200 BajeY SIEARL
M B M3 1B-CH M 15713 GRE | e O 00,
bl T 1541 T G | UM TS0
T K TS0 GO — }
GIL3+

96 MG 708 (M 150172 GRLY

"

T A 1501681) R ]

W B BT 1B CRMCISHIER ) G T 0678

0 BT L1CH K 15171 GO {mmmm.\l em 1<
e Mo b B4 TE/291 2L S04TEL 1)

nd has not beer

This a preprint

Hosted file

Tablel.docx available at https://authorea.com/users/313825/articles/444254-complete-genome-and-—
sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-
china

Hosted file

Table2.docx available at https://authorea.com/users/313825/articles/444254-complete-genome-and-—
sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-
china

10.22541

2020 CCB 0 https

21 Apr

Posted on Authorea


https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china
https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china
https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china
https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china
https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china
https://authorea.com/users/313825/articles/444254-complete-genome-and-sequence-and-phylogenetic-analyses-of-the-first-bovine-norovirus-strain-identified-in-northern-china

