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ABSTRACT. After improvement of hygiene protocols on boots in a bovine operation (farm A)
in Ibaraki, Japan in September 2017, mortality of calves and the detection of 4 viral pathogen
indicators, including bovine rotavirus A (RVA), became significantly low for one year. Subsequently,
in the present study, these indicators and mortality were monitored and confirmed all were still
low, except for the detection rate of bovine RVA in calves less than 3 weeks old. The present study
aimed to investigate G and P genotypic profiles of RVAs in farm A from 2018 to 2020. Molecular
analysis using semi-nested multiplex RT-PCR of positive RVAs (n=122) and sequencing of selected
samples revealed the presence of G6, G8, G10, P[1], P[5] and P[11] genotypes and the prevalence
J. Vet. Med. Sci. of G and/or P combination and mixed infections. The most common combination of G and P
84(7): 929-937, 2022 types was G10P[11] (41.8%), followed by mixed infection with G6+G10P[5] (11.5%). Phylogenetic
doi: 10.1292/jvms.22-0026 analysis f)f.F?VAs showgd clustering with bovmg and ot.her anlmz?l—derlved RVA strjalns, su‘ggestlng
the possibility of multiple reassortant events with strains of bovine and others animal origins.
Noteworthy as well is that vaccinated cattle might fail to provide their offspring with maternal
immunity against RVA infections, due to insufficient colostrum feeding. Our findings further
highlight the importance of RVA surveillance in bovine populations, which may be useful to
improving effective routine vaccination and hygiene practices on bovine farms.
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Calf diarrhea is a commonly reported disease in young animals, and still a major cause of productivity and economic loss to
cattle producers worldwide [9]. In Japan, the economic losses due to diarrhea in calves are estimated at approximately one billion
yen per year according to the 2017 annual report from the Ministry of Agriculture, Forestry and Fisheries of Japan [31]. Rotavirus
A (RVA) is the main pathogen associated with neonatal calf diarrhea (NCD), a syndrome that constitutes a major cause of mortality
of calves before weaning and causes significant economic losses to the livestock industry [19, 35]. For humans, RVA also plays
a major role as a cause of severe diarrhea in children worldwide, and is estimated to cause more than 215,000 deaths each year
among children below 5 years of age [43]. RVA also causes diarrhea in a variety of mammals and birds worldwide.

RVAs are classified by a binary system of G and P genotypes for VP7 and VP4 gene respectively, determined by sequence
analyses [14]. To date, RVAs have been classified into 41 G and 57 P genotypes [37]. Among them, G genotypes G6, G8 and G10,
and P genotypes P[1], P[5] and P[11] are considered as major genotypes of bovine RVAs [29]. In addition, several G genotypes
(G15, G18, G21, and G24) and P genotypes (P[14], P[17], P[29], and P[33]) have been detected sporadically in Japan [1, 32].
Certain animal RVA strains have antigenic similarities to some human strains and this may be an indication for animals playing a
role as a source of RVA infections in humans [17].

Our previous study demonstrated that bovine RVA, bovine torovirus (BToV), bovine enterovirus (BEV) and bovine coronavirus
(BCV) can be employed as viral pathogen indicators to monitor the biosecurity levels of bovine farms [44]. After improvement of
hygiene protocols on boots by exchanging boots and appropriate usage of a footbath at the entrance of calf sheds in bovine farm
A in Ibaraki prefecture in September 2017, mortality of calves and the detection of viral pathogen indicators became significantly
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lower for one year [42].

Vaccination of cows at the end of pregnancy is one of the main health management strategies for the control and prophylaxis of
bovine RVA infections. Therefore, the aims of the present study are to monitor mortality and viral pathogen indicators such as RVA,
BToV, BEV and BCV following one year, to determine the frequency of RVA infections, as well as to conduct a genetic analysis of
the circulating RVAs. The ultimate goals of this project are to improve vaccination programs and establish good hygiene practice at
bovine farms.

MATERIALS AND METHODS

Hard information and Specimen collection

The study was conducted on bovine farm A in Japan [42] that has about 10,000 milking caws and produces around 120 calves of
Japanese Black or F1 hybrids (Crossbred of Japanese black and Holstein) monthly. In farm A, the mother cows had been routinely
vaccinated with a “Kyotobiken” Bovine diarrhea 5 combo inactivated vaccine containing RVAs serotypes Gunma 8701 strain
G6P[1], Hyogo 9301 strain G6P[5] and Shimane 9501 strain G10P[11], as well as BCV, and calves were fed colostrum from their
mothers for one day after birth. Calves are reared into individual calf hatches in calf sheds right after their birth and then raised in
the same hatch until two months of age.

A total of 560 fecal samples were collected from calves at 1 to 8 weeks of age from December 2018 to February 2020, at
intervals of two months. At each sampling, around 40 samples were collected from calves at three weeks of age or younger, as well
as from calves older than three weeks of age. Fecal samples were kept cool during the shipment from the farm to the laboratory
and stored at —20°C.

RNA extraction and detection of index viruses by one-step multiplex reverse-transcription polymerase chain reaction (RT-
PCR)

Total viral RNA was extracted using ISOGEN-LS (Nippon Gene Co., Ltd., Tokyo, Japan) from supernatants of 10% fecal
homogenates and tested for RVA, BToV, BEV and BCV genes by one-step multiplex RT-PCR using PrimeScript One Step RT-PCR
Kit ver.2 (Takara Bio Inc., Kusatsu, Japan), as shown previously [42, 44].

Mortality of calves less than two months old

Total numbers of dead calves less than two months of age were recorded every month during the study period. Mortality was
calculated as described previously [42].

G and P genotyping by semi-nested multiplex RT-PCR

RVA genotyping was performed by semi-nested multiplex RT-PCR according to the EuroRotaNet protocol (http://www.eurota.
net/docs.php). In order to identify the G and P genotype, the first round conventional RT-PCR was performed, aiming to amplify
the full length of the VP7 encoding gene (1,062 bp) and the VP8* region (876 bp) of VP4 encoding genes fragments, using the
primer pairs detailed in Supplementary Table 1 and previously described procedures [8, 16].

The second round semi-nested multiplex PCR assay was performed with the G-typing first round RT-PCR product as templates
and primers VP7 forward Gra-5 primer and a pool of G type-specific reverse primers N168, H168, H500, HT8 and ET10, aiming to
characterize the G6 (lineages III and IV), G8, and G10 genotypes, respectively (Supplementary Table 1), as described [4, 16, 21].
P-typing semi-nested multiplex PCR assay was performed using the reverse primer Con 2 as well as specific forward primers for
genotypes P[1], P[5] and P[11], according to procedures described previously [16, 22]. When the multiple bands that suggested two
or more G or P types were detected by semi-nested PCR, the simplex RT-PCR using each gene-specific single typing primer was
performed for these samples, confirmed by sequencing, and considered a mixed infection.

Nucleotide sequencing and phylogenetic analysis

To get more insights about the strains of RVAs circulation, each detected genotype (G6: n=16, G8: n=3, G10: n=6, P[1]: n=5,
P[5]: n=8, P[11]: n=11) was randomly selected from different sampling periods, and VP7 or VP4 partial coding genes were
sequenced. For determination of sequences, the primers for VP7 and VP4 genes amplification are described elsewhere [2, 20]
(Supplementary Table 1). PCR amplicons were purified using gel extraction and spin column purification with QIAquick Gel
Extraction Kit (Qiagen Inc., Hilden, Germany). Purified cDNA was directly sequenced using Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystem, Foster City, CA, USA) and in an automated ABI 3500xL Genetic Analyzer (Applied
Biosystem) as per protocol. The chromatogram files were inspected using Chromas 2.6.6 (Technelysium Pty Ltd., South Brisbane
City, QLD, Australia).

Molecular Sequence similarity searches were performed using the Basic Local Alignment Search Tool (BLAST) server on the
GenBank database to retrieve previously collected sequences with high similarity. Sequences were aligned by ClustalW algorithm
using BioEdit (version 7.0.9.0). Maximum likelihood phylogenetic tree with 1,000 bootstrap method was constructed by using
MEGA-X (version 10.0.5) after finding the best nucleotide substitution model in ‘Find best DNA/ Protein Models (ML)’ program
for each viral gene. Genotype and lineage of representative RVAs were identified according to the nomenclature proposed by the
Rotavirus Classification Working Group (RCWG) [37].
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Nucleotide sequence accession numbers

The VP7 and VP4 genes of the bovine RVAs described in this study are available in the GenBank database. The accession
numbers for the G6 nt sequences are LC592879-LC592894, G8 nt sequences are LC594504—-LC594506, G10 nt sequences are
LC594507-LC594512, those for the P[1] nt sequences are LC594513—-LC594517, P[5] nt sequences are LC594518—LC594525,
and P[11] nt sequences are LC594526 —LC594536.

Statistical analysis

Welch’s t-test was performed using Excel 2013 to compare the virus detection rates before, after and following one year of
implying of improved hygiene protocols on boots, which pertain to the age-related data. The mortality of calves less than 2
months old from November 2016 to October 2019 was also compared in reference to earlier data, after and following the one year
improvement. A significant difference was considered at the level of P<0.05 or P<0.01.

RESULTS

Comparison of virus detection rates and mortality of calves before, after and following one year improvement of hygiene
protocols on boots

In Table 1, age related dynamics of the targeted viruses was summarized for 3 years. In calves at three weeks of age or younger,
before the improvement of hygiene protocols, RVA prevalence of 39.1% was the highest among the 4 targeted viruses, followed
by BEV (28.9%), BCV (23.4%) and BToV (8.2%). After the improvement, all 4 viruses detection rates decreased significantly
(P<0.01). One year after the improvement, RVA (38.6%) and BToV (8.9%) prevalence increased but not significantly. On the
contrary, in calves over three weeks of age, before the improvement, BEV prevalence of 56.6% was the highest, followed by BCV
(33.2%), RVA (13.8%) and BToV (11.2%). After the improvement, all viruses detection rates decreased, except for BCV. One year
after the improvement, prevalence of all viruses decreased significantly (P<0.01), however, BToV prevalence increased though not
significantly.

Table 2 shows mortality of calves less than 2 months of old before, after improvement and following one year improvement
period—namely from November 2016 to October 2017, from November 2017 to October 2018 and November 2018 to October
2019, respectively- as compared chronologically. After the improvement mortality at each month was reduced and the average
mortality was significantly reduced from 1.51% to 0.30%. Following one year improvement the average mortality was still
significantly reduced, in that case from 1.51% to 0.70%.

Table 1. Comparison of virus detection rates (%) before and after improvement of hygiene protocols on boots, in reference to calves at
different age groups

Calves at three weeks of age or younger Calves over three weeks of age
Before After Following one year Before After Following one year
improvement of improvement of improvement of improvement of improvement of improvement of
hygiene protocols  hygiene protocols hygiene protocols hygiene protocols  hygiene protocols  hygiene protocols
on boots on boots on boots on boots on boots on boots
(n=256 samples) ¢ (n=198 samples)®  (n=202 samples) ¢ (n=304 samples) ¢ (n=202 samples) *  (n=198 samples) ¢
RVA 39.1 22.7%* 38.6 13.8 104 2.0%*
BToV 8.2 1.0** 8.9 11.2 4.0%* 11.1
BEV 28.9 8.6%* 13.9%* 56.6 16.8%* 12.6%*
BCV 234 8.1%* 12.9%* 332 35.6 16.2%*
Reference [42] [42] This study [42] [42] This study

The total number of samples of calves at three weeks of age or younger before, after and following one year of improvement of hygiene protocols on
boots, was 256, 198 and 202 respectively. The total number of samples of calves over three weeks of age before, after and following one year improvement
was 304, 202 and 198, respectively.  Sampling years from October 2016 to October 2017. * Sampling years from December 2017 to October 2018.
¢ Sampling years from December 2018 to October 2019. **The significance of difference compared with the period preceding the improvement of hygiene
protocols (P<0.01).

Table 2. Comparison of mortality (%) of calves less than 2 months-old before and after improvement of hygiene protocols

Month
Period Average Reference
Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
Before improvement 375 132 1.00 098 137 278 155 121 175 0.58 083 1.03 1.51 [42]
After improvement 036 0.74 0.37 000 032 0.00 0.00 044 0.00 033 0.68 033 0.30%* [42]

Following one year improvement 0.00 0.65 0.98 034 0.66 0.84 0.50 134 135 143 0.00 0.31 0.70**  This study

**The significance of difference of the average mortality compared with the period preceding the improvement (P<0.01).
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Distribution of G and P genotypes among RVA positive samples

A total of 560 calf fecal samples from farm A were tested during the study period (2018 to 2020), and 21.7% (122/560)
were positive for bovine RVAs. Among the 122 RVAs positive samples, presence of the combinations of G and P genotypes are
summarized in Table 3.

G genotyping revealed that G10 was the most prevalent genotype (45.9%), followed by G6 (25.4%) and G8 (4.1%). Mixed
infection of G6 with G10 genotypes was detected at the rate of 20.5%, while G6 with G8 rated 4.1%. P genotyping indicated that
P[11] was the dominant P type, with a prevalence of 56.6%, followed by P[5] (15.6%) and P[1] (8.2%). In mixed infection P[5+11]
(10.6%) and P[1+11] (9.0%) were detected as well.

The genetic combination of G10P[11] was the predominant one (41.8%), followed by G6P[11] (10.7%), G6P[1] (4.9%), G6P[5]
(4.1%) and G8P[1] (3.3%), respectively. The combination of mixed infection G6+G10P[5] (11.5%) was the most common one,
more than any other combination. Overall, single infections of bovine RVAs comprising different genotypes were higher (64.8%)
than mixed infections (35.2%).

Sequence and phylogenetic analysis of VP7 gene

The partial nucleotide sequences of VP7 gene from twenty five representative RVAs of G6, G8 and G10 in farm A were
determined. A comparison of the nucleotide and deduced amino acid sequences of the VP7 gene was conducted, based on different
geographical locations of animal and human origin of rotavirus reference strains available in NCBI GenBank database, using Blast
server (Supplementary Table 2).

Sixteen RVAs showed high nucleotide 92.8-96.2% and deduced amino acid 94.3-96.9% identities within G6 strains, which
include the bovine strains (DK1231C, V019, 1976-SC, LNAS, GBR, USA/UK, BRV105 and WC3) and the horse strain (OH-4).
Phylogenetic analysis also confirmed that all G6 samples in the present study clustered together with strains from the G6-1V
lineage (Fig. 1a). Three of the twenty-five bovine RVAs had 85.8-95.8% nucleotide and 95.2-98.0% deduced amino acid were
found identical to the G8 RVAs, including the bovine (Cody 1801 and Sun9), porcine (11-1), alpaca (880), human (PR/1300 and
B12) and guanaco (Chubut) strains. Phylogenetically, representative RVAs in farm A are grouped with G8-I lineage of the bovine
Cody 1801 strain (Fig. 1b). The remaining six RVAs showed high nucleotide 95.5-97.2% and deduced amino acid 97.4-98.8%
identities with G10 strains of bovine (GB20-25, 1929-PR, Azuk-7, TO1TR, Khorasan, DQ-75 and B223) and giraffe (GirRV-2).
Phylogenetic analysis exhibited that all G10 RVAs clustered with those of lineage-IV (Fig. 1c).

Sequence and phylogenetic analysis of VP4 gene

The partial nucleotide sequences of VP4 gene from twenty four representative RVAs in farm A namely, P[1], P[5] and P[11]
were analyzed and compared all with reference RVA strains of known animal and human origins available in NCBI GenBank
database, using Blast server (Supplementary Table 3).

Among sequences of RVAs, five had high nucleotide 92.8-96.9% and deduced amino acid 97.3—100% identities with P[1]
genotype strains, including the cervidae (14-02218), alpaca (1115), porcine (66-1), thesus (PTRV), simian (SA11-30), bovine
(NCDV, O Agent, HQ09, CR231, CR231 and BRV101), dog (88977) and goat (0040). Phylogenetic analyses of P[1] genotype with
similar representative strains are illustrated in Fig. 2a. The sequences of the eight samples were most closely related to the human
(CIN-M, RotaTeq SC2-9 and SSCRTV), bovine (VMRI and P4) and cat (FRV537) strains representing the P[5] genotype with
95.1-97.4% nucleotide and 96.1-98.0% deduced amino acid identities. Phylogenetically, these eight RVAs clustered with those of
genotype P[5]-VIII lineage (Fig. 2b). The remaining eleven representative RVAs, shared high nucleotide 92.4-95.6% and deduced
amino acid 95.7-97.2% identities to the P[11] genotype of bovine (GB20-25, 1929-PR, Azuk-7, TO1TR, Khorasan, DQ-75 and
B223) and giraffe (GirRV-2) strains. Phylogenetic analysis of VP4 gene showed that those strains were groped within the P[11]-
lineage III (Fig. 2c¢).

Table 3. Distribution and relative frequencies of G and P genotype combinations due to mixed infections of different

rotavirus A (RVA)
Genotype P[1] P[5] P[11] P[1+5]¢ P[1+11]* P[5+11]¢ Total
G6 6 (4.9%) 5 (4.1%) 13 (10.7%) 0 (0%) 1 (0.8%) 6 (4.9%) 31 (25.4%)
G8 4(3.3%) 0 (0%) 0 (0%) 0 (0%) 1 (0.8%) 0 (0%) 5 (4.1%)
G10 0 (0%) 0 (0%) 51 (41.8%) 0 (0%) 5 (4.1%) 0 (0%) 56 (45.9%)
G6+G8¢ 0 (0%) 0 (0%) 1(0.8%) 0 (0%) 4 (3.3%) 0 (0%) 5 (4.1%)
G6+G10¢ 0 (0%) 14 (11.5%) 4(3.3%) 0 (0%) 0 (0%) 7 (5.7%) 25 (20.5%)
Total 10 (8.2%) 19 (15.6%) 69 (56.6%) 0 (0%) 11 (9.0%) 13 (10.6%)

79 (64.8%) 43 (35.2%)" 122 (100%)

@ Mixed infection.
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(1a) G6-VP7 gene

RVA/Bovine-wt/JPN/AH1146/2019/G6P5
RVA/Bovine-wt/JPN/AH1348/2019/G6P5
RVA/Bovine-wt/JPN/AH1137/2019/G6P11
RVA/Bovine-wt/JPN/AH1128/2019/G6P5
RVA/Bovine-wt/JPN/AH1122/2019/G6P5
RVA/Bovine-wt/JPN/AH1053/2019/G6P1
RVA/Bovine-wt/JPN/AH1047/2019/G6P1
RVA/Bovine-wt/JPN/AH1075/2019/G6P11
RVA/Bovine-wt/JPN/AH1048/2019/G6P1
RVA/Bovine-wt/JPN/AH1094/2019/G6P11
RVA/Bovine-wt/JPN/AH1334/2019/G6P5
RVA/Bovine-wt/JPN/AH0979/2018/G6P11
RVA/Bovine-wt/JPN/AH1046/2019/G6P5
RVA/Bovine-wt/JPN/AH1207/2019/G6P5
RVA/Bovine-wt/JPN/AH1212/2019/G6P5

@ RVA/Bovine-wt/JPN/AH1221/2019/G6P5
RVA/Bovine-wt/CHN/LNAS5/2018/G6P1(MN928482)
RVA/Bovine-wt/Denmark/DK 1263 1 C/XXXX/G6P5(JN410624)
RVA/Bovine-wt/BRA/1976-SC/2014/G6P5(MG452894)
RVA/Bovine-wt/FRA/V019/2010/G6P5(HE646643)
RVA/Horse-tc/JPN/OH-4/1982/G6P5(KC815663)
RVA/Bovine-tc/GBR/UK/1973/G6P5(X00896)
RVA/Bovine-tc/USA/UK/1984/G6P5(JF693056)
RVA/Bovine-tc/JPN/BRV105/1983/G6P1(AB747359)
100 = RVA/Bovine-tc/USA/WC3/1981/G6P5(AY050272)
 RVA/Human-wt/ITA/111-05-27/2005/G6P14(EF554142)

100 L— RVA/Goat-xx/ZAF/Cap445/XXXX/G6P14(AY128708)
RVA/Bovine-tc/TUR Turkey421-05/2005/G6P11(FJ878799)
RVA/Bovine-tc/IRL/CIT-A99/XXXX/G6P5(GQ377868)
RVA/Bovine-tc/USA/MC27/1998/G6P11(AF162435)

100 - RVA/Human-tc/USA/Se584/1998/G6PI(EF672609)
RVA/Human-tc/JPN/KF17/2010/G6P9(JF421980)
RVA/Human-wt/HUN/Hun3/19955/G6P9(AJ487831)
RVA/Bovine-wt/BRA/185-MS/2013/G6P11(MG452930)
o5 | RVA/Bovine-wt/ARG/B3206 BA/2006/G6P5(KC895775)
721 RVA/Bovine-wt/BRA/BRA1743/2011/G6P11(KC678693)

100

010

(1b) G8-VP7 gene

RVA/Human-wt/ITA/PR/1300/2004/G8P14(EU835945)
RVA/Guanaco-wt/ARG/Chubut/1999/G8P14(FJ347105)
RVA/Human-wt/KEN/B12/1957/G8P1(HM627547)
RVA/Bovine-tc/JPN/GB20-25/2007/G8P11(LC553622)
RVA/Bovine-wt/JPN/Sun9/2000/G8P14(AB158431)
RVA/alpaca-wt/PER/880/2010/G8PX(MN853071)
RVA/Porcine/KOR/11-1/XXXX/G8P1(FJ807860)
RVA/Bovine-wt/ZAF/1604/2007/G8P1(JN831225)
RVA/Human-xx’AUS/DG8/1996/G8PX(AF034852)
RVA/Human-tc/IND/69M/1980/G8P410(EF672560)
@ RVA/Bovine-wt/JPN/AH0987/2018/GSP11
RVA/Bovine-xx/USA/Cody 1801/1969/G8PX(U14999)

57)

sal | @ RVA/Bovine-wt/JPN/AH1041/2019/G8P1

100! @ RVA/Bovine-wt/JPN/AH1050/2019/GSP1

100 - RVA/Human-wt/ITA/SS65/2011/G8P4(KC870012)
RVA/Human-wt/CMR/6780/2000/G8P8(EF218668)
RVA/Human-wt/JPN/HK 14-2/2014/G8P8(LC103038)
RVA/Bovine-wt/India/UP/BE4/2010/G8P1(JX442786)
RVA/Human-wt/KEN/KY6914/2002/G8P4(FJ386445)

99 RVA/Human-wt/GHA/Ghan-059/2008/G8P1(KP882472)

RVA/B:

0.10

(1c) G10-VP7 gene

@ RVA/Bovine-wtJPN/AH1445/2020/G10P11

100/ @ RVA/Bovine-wtJPN/AH1472/2020/G10P11

@ RVA/Bovine-wtJPN/AH1451/2020/G10P11

@ RVA/Bovine-wtJPN/AH1471/2020/G10P11

@ RVA/Bovine-wtJPN/AH1375/2019/G10P11

@ RVA/Bovine-wtJPN/AH1390/2019/G10P11
RVA/Bovine-tc/Tran/1 ST/XXXX/G10P11(KM243016)
RVA/Bovine-tc/IranRZV-Khorasan-NZK 7/2012/G10P11(MH424426)
RVA/Bovine-wt/BRA/1979-PR/2014/G10P11(MG269490)
RVA/Bovine-wt/JPN/GB12-3/2007/G10P11(LC553561)
RVA/Bovine-wt TUR/Bo/XXXX/G10P11(FJ878800)
RVA/Bovine-tc/USA/B223/1983/G10P11(LC133552)
RVA/Bovine-tc/JPN/AzuK-7/2007/G10P11(LC553633)
RVA/Bovine-tc/GBR/UKg9K C-1/2003/G10P5(HQ844013)
RVA/Bovine-wt'THA/A44/1989/G10P11(D01055)
RVA/Bovine-wtHUN/HUN-Z8/2002/G10PX(HQ315854)
RVA/Bovine-wt TUR'TO1TR/2004/G10P11(FJ598312)
RVA/Human-tc/IND/N115/2007/G10P11(EU200798)
RVA/Human-wt/AUS/D355/2011/G10P14(JX567748)

100 ' RVA/Human-wt/AUS/V585/2011/G10P14(JX567749)

100 | RVA/Sheep-tc/CHN/Lp14/1981/G10P14(L11602)
RVA/Sheep-tc/CHN/Lamb-NT/2007/G10P15(FJ031029)
RVA/Human-tc/GBR/A64/1987/G10P14(EF672567)
RVA/Bovine-wt/IND/Hg2/1994-1996/G10P11(AF386920)
RVA/Human-tc THA/Mc35/1987-1989/G10P14(D14033)

RVA/Human-tc/GHA/402/2003-2004/G10P6(AY843332)
RVA/Bovine-wt/TUR/E29TR/2006/G10P15(FJ598311)
RVA/Human-wt/IND/kol-655/2005/G10P4(JF681942)

97 - RVA/Human-wt/IND/kol-623/2005/G10P4 (JF681938)
RVA/Bovine-wt/ARG/B3434/2007/G10P11(KC895801)
94 RVA/Bovine-wt/ARG/B3679 D BA/2008/G10P11(KC895796)

020

RVAB t/GBR/UK/1973/G6P5(X00896) (As outgroup)

G6 lineage-IV

| G6 lineage-II
G6 lineage-V
| G6 lineage-I

G6 lineage-111

RVA/Bovine-tc/USA/B223/1983/G10P11(LC133552) (As Outgroup)
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Fig. 1. Phylogenetic tree of (1a) G6, (1b) G8
and (1¢) G10 genotype constructed using
MEGA-X based on nucleotide sequences of
the VP7 encoding genes for representative
Japanese bovine rotaviruses A (closed circle).
The GeneBank accession numbers of the
strains are shown, and lineages are indicated.
For the construction of the phylogenetic
trees, the evolutionary history was inferred
using the maximum-likelihood method based
on the general time reversible model with
discrete gamma distribution and invariant
sites by 1,000 bootstrap replicates.
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Fig. 2. Phylogenetic tree of (2a) P[1], (2b) P[5] and (2¢) P[11] genotype constructed using MEGA-X based on nucleotide sequences of the VP4
encoding genes for representative Japanese bovine rotaviruses A (closed circle). The GeneBank accession numbers of the strains are shown,
and lineages are indicated. For the construction of the phylogenetic trees, the evolutionary history was inferred using the maximum-likelihood

method based on the general time reversible model with discrete gamma distribution and invariant sites by 1,000 bootstrap replicates.
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The viral etiology of diarrhea, which causes considerable economic loss for bovine farms, includes RVA, BToV, BEV and
BCYV; hence, those viruses were selected as candidate “viral pathogen indicators” [44]. After improvement of hygiene protocols
on boots in farm A, mortality of calves and the levels of viral pathogen indicators became significantly lower for one year [42],
but reincreased after December 2018. As shown in Table 1, detection rates of RVA increased in the younger calves, comparing the
others indicator viral pathogens, thereby suggesting the importance of RVA infection control in this bovine farm (and at large). Not
only the detection levels of RVAs, but also their genotyping, seem to be important for RVA infection control.

For the current molecular investigation, we analyzed G and P genotypic profiles of bovine RVAs in farm A in Ibaraki, Japan,
during 2018-2020. Semi-nested multiplex RT-PCR based methods has been successfully used for genotyping of bovine RVA and
proved as a reliable epidemiological tool, enabling the detection of genomic combinations and mixed genotypes infections [4,

16, 36]. The present study revealed that the combination of G and P genotypes, G10P[11] (41.8%) was the predominant bovine
RVA combination. In addition, respectively G6P[1], G6P[5], G6P[11], G8P[1] and G8P[11] have been detected. A continuous
surveillance of bovine RVAs using diarrheic samples from calves collected in Kagoshima prefecture during 1995-1998 showed
that bovine RVAs with G10P[11], G8P[X], and G6P[5] were predominantly common in 1995, 1996, and both 1997 and 1998,
respectively [15]. On the other hand, a systematic surveillance of bovine RVAs in diarrheic samples of calves collected from

29 dairy and Japanese beef farms in 11 prefectures from 1987 to 2000 indicated the existence of bovine RVAs with multiple
genotypes, namely, G6P[5] (37%), G10P[11] (30%), G6P[1] (11%), G6P[11] (11%), G10P[5] (9%), and G8P[11] (1%) [34].
Compared with previous studies, our data demonstrated that bovine RVAs with G6P[1], G6P[5], G6P[11] and G10P[11] genotypes
have been maintained in cattle herds for over 30 years, and bovine RVAs with G8P[1] genotype have been recently widespread

in cattle herds. Moreover, bovine RVAs mixed genotype infections occurred at high frequency during the present study (35.2%),
as observed in several studies showing multiple G and/or P genotypes within a single stool sample [6, 40]. Unusual mixed
combinations (G6+G10P[5], G6+G10P[11], G6+G8P[11], G6P[5+11], G10P[1+11] and G8P[1+11]) were also detected. This is
likely due to farming practices, whereby calves are housed closely in pens, as observed in the current study, rather than being
dispersed in a field [16, 39, 40]. The occurrence of mixed genotype infections makes natural reassortment between strains feasible,
and could result in natural diversity of rotaviruses [5, 27].

Phylogenic investigations of both partial VP7 genes and the deduced amino acid sequences revealed that the Japanese G6 strains
could be grouped into lineage-IV. The cluster includes sixteen G6 strains together with bovine strains those from Denmark, France,
Brazil, China and UK, plus an equine G6 strain from Japan [11, 18, 24]. The Japanese bovine G8 RVAs identified in this study
appeared closely related to the bovine Cody (I-801) strain. Here, we report that the G8-I lineage possesses an infrequent genotype
for the first time within the RVA strains identified by Chang et al. [7, 8]. The G10 genotype of Japanese bovine RVA sequences
occurred more frequently in the G10-IV lineage, and appeared to be closely related to the bovine GB12-3 Japanese strain and other
strains from Iran, Turkey, Brazil and UK [2, 11, 28].

Phylogenetic analyses of partial VP4 gene of nucleotide and deduced amino acid sequences of P[1] have been reported,
indicating the prevalence of P types of different reassortants in animal host species in Japan, United States, South America and
most of countries of Europe [3, 12, 13, 25]. The P[5] genotype of bovine RVA sequences also clustered with the P[5]-VIII lineage,
and clustered with bovine-derived human CJN-M and RotaTeq vaccine strains [30, 33]. Moreover, phylogenic analysis of the
Japanese bovine P[11] strain revealed close similarity to other P[11]-III lineage strains detected in bovine and grouped in a cluster
with the well-known B223, GB12-3 Japanese strains plus other strains from Iran, Turkey, Brazil and UK [2, 11, 26, 28].

When compared at the nucleotide sequence level, the identified bovine RVAs clustered with other animal-derived RVA strains.
Unusual equine RVA strain OH-4 was found to be more closely related to those of bovine and bovine-like human RVAs than to
those of other RVAs, providing the first conclusive evidence for artiodactyl (likely bovine)-to-equine interspecies transmission
events [18]. The incidental transmission of RVAs from animals to humans may not be clinically relevant, but it does provide an
opportunity for reassortment, and thereby the generation of novel strains which may be pathogenic to humans [23, 41].

The findings in the present study are in good agreement with the surveillance of calves from regularly vaccinated caws,
which demonstrated that vaccines may fail to provide good protection against heterologous and also homologous infections. The
amount and the timing of the feeding of lactogenic antibodies and the dose, virulence and serotype of the virus strain will affect
the apparent susceptibility of calves to the infection [10]. Lactogenic immunity only works during the suckling period, and more
specifically when the environmental viral loads are lower than the virus-neutralizing antibody levels contained in the colostrum and
milk. However, continuous colostrum feeding as all or part of the diet for 10—14 days is essential for effective clinical protection
[38]. On farm A, calves were fed colostrum from their mothers for one day after birth, then fed commercial milk replacer. We
hypothesized that because milk from the mother cow was fed for as short as one day instead of for a longer period of time,
antibodies were not supplied to the gastrointestinal tract and the calves were not protected against RVA infections.

Overall compared with previous studies, the present data helps to understand the RVAs diversity in Japanese cattle, and that
further research is needed to determine their relationship to vaccines and other strains circulating worldwide, as well as to assess
their zoonotic potential. These findings suggest the importance of controlling prevalence of pathogens on bovine farms. It is
possible to increase the level of biosecurity at bovine farms through the farm HACCP approach by proper vaccination, changing
boots and clothing, the appropriate use of disinfectants, or limiting access to the farms [44]. In such cases, the presence and
detection of the prevalent indicator viruses will be decreased.
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