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ABSTRACT

Background: Bovine group A rotavirus (BoRVA) is a major cause of severe gastroenteritis in 
newborn dairy calves. Only one study has investigated the G and P genotypes among dairy 
calves in a few regions of China, which were G6 and P[5]. Therefore, data on the prevalence 
and molecular characteristics of BoRVA in dairy calves in China remains limited.
Objectives: The purpose of this study was to investigate the prevalence and molecular 
characteristics of BoRVA in dairy calves in China.
Methods: 269 dairy calves diarrheic samples from 23 farms in six provinces in China were 
collected to detect BoRVA using reverse transcription polymerase chain reaction.
Results: 71% of samples were determined to be BoRVA-positive. Two G genotypes (G6, G10) 
and two P genotypes (P[1], P[5]) were identified, and G6P[1] BoRVA was the predominant 
strain. Moreover, the VP7 and VP4 gene sequences of these dairy calf BoRVA strains revealed 
abundant genetic diversity. Interestingly, eight out of 17 complete G6 VP7 sequences were 
clustered into G6 lineage VI and analysis showed the strains were closely related to Chinese 
yak BoRVA strains.
Conclusions: The results of this study show that BoRVA circulates widely among dairy calves 
in China, and the dominant genotype in circulation is G6P[1], first report on molecular 
characteristics of complete P[5] VP4 genes in chinese dairy calves. These results will help us 
to further understand the prevalence and genetic evolution of BoRVA among dairy calves in 
China and, thus, prevent the disease more effectively.
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INTRODUCTION

Rotavirus A (RVA) is an important pathogen causing acute diarrhea in children and the young 
of other animal species worldwide [1,2]. Bovine rotavirus A (BoRVA) is considered to be the 
most common cause of severe gastroenteritis in cattle, and the significant morbidity and 
mortality it leads to, in newborn calves in particular, causes huge economic losses [3,4]. 
Diarrhea is a common symptom in newborn calves and results in a major loss of capital to 
the livestock industry. To date, bovine coronavirus, bovine viral diarrhea virus, and nebovirus 
have been identified as important diarrhea-causing viruses circulating in Chinese calves 
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[5,6]. Moreover, previous studies have provided clear evidence that BoRVA can be transmitted 
to humans, either directly or through multiple reassortment events during the evolution of 
the strains [7,8]; therefore, control of the virus has significance to public health.

VP7 is the outer capsid protein of rotaviruses and participates in both a membrane-
displacing assembly step and a membrane-disrupting entry step [9]. Moreover, VP7 is highly 
immunogenic and induces neutralizing antibodies [9]. The neutralizing epitopes on the 
surface of the VP7 protein are aggregated around two regions, 7-1 (7-1a, 7-1b) and 7-2 [10], and 
mutation at these epitopes leads to viral evasion of monoclonal antibody neutralization [11]. 
Previous studies have suggested that amino acid changes of strains may facilitate escape from 
vaccine-induced immunity because the specific epitopes cannot be recognized [12].

VP4, located on the surface of mature virus particles, independently elicits neutralizing 
antibodies and induces protective immunity [9]. Through proteolysis, VP4 is cleaved into two 
fragments, termed VP5 (amino acid site 1-231) and VP8 (amino acid site 248-776). VP8 forms 
the head of the VP4 spike, and it interacts with receptors on host cells that are necessary 
for virion attachment and enhances RV infection [9]. VP5 can promote cell membrane 
penetration and mediate heterotypic protective immunity [13,14]. To date, the neutralizing 
epitopes of VP5 have been identified in five regions, 5-1 to 5-5 [11], and those of VP8 are 
clustered into four regions: 8-1 to 8-4 [15]. Changes in these epitopes may lead to changes in 
the antigenicity of VP4 proteins, which, in turn, can escape the recognition of neutralizing 
antibodies and impact the effectiveness of existing vaccines [11].

VP7 and VP4 respectively define the G and P genotypes of RVA strains. Thus far, at least 
36 G genotypes and 51 P genotypes have been described for strains from humans and 
animals worldwide (https://rega.kuleuven.be/cev/viralmetagenomics/virus-classification/
rcwg). Notably, the genotypes of circulating strains can change over time and with the 
geographical area of sample collection [16]. Vaccination is an effective means to protect 
against predominant RVA strains, but there is no efficacious cross-protection to different 
genotypes [9,17]. Therefore, the surveillance of rotavirus G and P genotypes is important 
for understanding the epidemiology of rotaviruses and to construct an effective vaccine. 
G6, G8, and G10, in conjunction with P[1], P[5], P[7] and P[11], are considered the common 
bovine genotypes [3] and phenotypes, and G6P[5], G6P[11], and G10P[11] are the most 
common combinations of G genotypes and P genotypes [18-21]. Moreover, six (G6 I to G6 
VI) and ten (G10 I to G6 X) lineages can be distinguished within the G6 and G10 genotypes, 
respectively [22-24]. In China, several G genotypes (G6, G8, and G10) and P genotypes (P[1], 
P[5], P[7], and P[11]) have been detected in the bovine population [25-27]. The only relevant 
study previously conducted showed G6 and P[5] to be common G and P genotypes among 
dairy calves in some regions of China, and the dominant genotype combination was G6P[5] 
[25,27]. Information on the prevalence and molecular characteristics of BoRVA is, therefore, 
still limited. The purpose of this study was to investigate the prevalence and molecular 
characteristics of BoRVA in dairy calves in China.

MATERIALS AND METHODS

Specimen collection
A total of 269 diarrheic samples were collected from dairy calves (< 2 mon old, large-scale 
breeding) from January to December 2018. There were 11, 67, 27, 86, 40, and 38 diarrheic 
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samples collected from Shandong Province (three farms), Liaoning Province (four farms), 
Henan Province (three farms), Xinjiang Province (seven farms), Shanxi Province (five farms), 
and Jilin Province (one farm), respectively. All samples were shipped on ice and stored at 
−80°C in our laboratory.

RNA extraction and cDNA synthesis
The fecal samples were fully resuspended in phosphate-buffered saline (1:5 w/v) and 
centrifuged at 11,000 × g for 10 min. Viral RNA was extracted from samples using RNAiso 
Plus (TaKaRa Bio Inc., Japan) and reverse transcribed using the PrimeScript RT Reagent Kit 
(TaKaRa Bio Inc.) in accordance with the manufacturer's instructions. The resulting cDNA 
was stored at −20°C for use in further analysis.

Detection of BoRVA and co-infection with other diarrhea-causing viruses
BoRVA was detected using a previously reported reverse transcription polymerase chain 
reaction (RT-PCR) assay that was established and validated in our laboratory [26,28]. The 
primer sequences were as follows: BoRVA-F, 5′-CCACCAGGTATGAATTGGAC-3′, and 
BoRVA-R, 5′-GAGTAATCACTCAGATGGCG-3′ (targeting the VP6 gene; fragment length 231 
bp). To investigate co-infection with other major diarrhea-causing viruses, the specific RT-
PCR assays, established and validated in our laboratory previously, were used to screen for 
neboviruses (NeVs), norovirus (NoV), and bovine coronavirus (BCoV) [28,29], and a specific 
RT-PCR assay was used to screen for bovine viral diarrhea virus (BVDV) [5].

Determination of G/P genotypes of BoRVA
Samples detected as BoRVA-positive were subjected to G and P genotyping according to the 
methods described in previous reports for a VP7 gene fragment length of 887 bp and a VP4 
gene fragment length of 664 bp [30,31]. All the amplification products were purified using 
the Omega Gel kit (Omega), cloned into the pMD19-T simple vector (TaKaRa Bio Inc.), and 
sequenced (Sangon Biotech) in both directions. Genotype assignments were carried out using 
the RotaC v2.0 online tool according to the genotyping recommendations of the RCWG.

Complete VP7 and VP4 gene amplification of dairy calf BoRVA strains
To investigate the molecular characteristics of VP7 and VP4 genes of dairy calf BoRVA strains 
prevalent in China, the complete VP7 and VP4 gene sequences were amplified from each 
sample with successfully identified genotypes. Briefly, four primer pairs were designed to 
amplify the complete VP7 gene, and five primer pairs were designed to the complete VP4 
gene. Primer information and PCR conditions were as shown in Supplementary Table 1. All 
PCR products were purified using the Omega Gel Kit (Omega) following the manufacturer's 
instructions, after which they were ligated to the pMD19-T simple vector prior to sequencing.

Sequence, phylogeny, and recombination analyses
The sequences were assembled using SeqMan software (version 7.0; DNASTAR Inc., USA) 
and compared with other sequences available in Genbank using BLAST. The homologies 
of the nucleotide and deduced amino acid sequences were determined using the MegAlign 
program of DNASTAR 7.0 software (DNASTAR Inc.). Phylogenetic trees based on nucleotide 
sequences were constructed using the maximum likelihood method and the Kimura two-
parameter model in MEGA 7.0. Bootstrap analyses were performed on the basis of 1000 
replicates. Recombination analysis was performed using SimPlot software (version 3.5.1) and 
the Recombination Detection Program 4.0 (RDP 4.0, version 4.96) with the RDP, GeneConv, 
Chimaera, MaxChi, BootScan, SiScan, and 3Seq methods.
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Ethics approval and consent to participate
This study was approved by the Animal Ethics Committee of Southwest Minzu University. 
Experimental protocols for obtaining bovine clinical samples used in this study were carried 
out in strict accordance with the Animal Ethics Procedures and Guidelines of China. This 
study did not involve animal experiments besides the fecal sampling of diarrhea calves that 
visited farm for clinical treatment. The sample collection work was approved with signed 
informed consent from the cattle farm owner.

RESULTS

Detection and of BoRVA and co-infections in dairy calves
Among the 269 diarrheic samples from dairy calves, 191 (71.00%) were found to be BoRVA-
positive by RT-PCR, and the BoRVA-positive rates were 92.4% (62/67), 90.9% (10/11), 68.4% 
(26/38), 62.9% (17/27), 60.4% (52/86), and 60.0% (24/40) in Liaoning, Shandong, Jilin, Henan, 
Xinjiang, and Shanxi provinces, respectively. Notably, BoRVA was distributed in all farms across 
the six provinces. Moreover, 145 out of the 191 BoRVA-positive diarrheic samples were co-
infected with BCoV, NoV, NeVs, and/or BVDV: detailed information is shown in Table 1.

G/P genotyping of BoRVA in dairy calves
We successfully genotyped 55 samples from the 191-BoRVA positive samples. The G 
genotypes of 54 samples were determined, leading to 49 samples being identified as G6 (9 in 
Shandong, 36 in Liaoning, and 4 in Xinjiang), and the remaining 5 samples were determined 
to be G10 (5 in Xinjiang). Meanwhile, the P genotypes of the 36 samples were determined: 
21 samples were P[1] (9 in Shandong, 11 in Liaoning, and 1 in Xinjiang), and the remaining 
15 samples were P[5] (15 in Liaoning). Altogether, the G and P genotypes were successfully 
identified for 35 of the samples, of which 20 samples were G6P[1] (9 from Shandong, 10 from 
Liaoning, and 1 from Xinjiang) and 15 from Liaoning Province were G6P[5]. The detailed 
genotype information for each farm is shown in Supplementary Table 2.

Molecular characteristics of complete G6 VP7 genes in dairy calves
In total, 17 complete VP7 genes of G6 were obtained from three provinces (Shandong, 
Liaoning, and Xinjiang). The complete VP7 gene of 17 G6 dairy calf BoRVA strains was 981 bp, 
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Table 1. The co-infection of rotavirus A positive samples with other diarrhoea-causing viruses
Viruses Positive rate (%) (positive/number tested) 95% CI
BoRVA (only) 21.47 (41/191) 15.6 to 27.4
BoRVA+BNoV 23.04 (44/191) 17.2 to 28.9
BoRVA+BVDV 8.38 (16/191) 4.5 to 12.3
BoRVA+NeVs 13.61 (26/191) 9.7 to 17.5
BoRVA+BCoV 5.76 (11/191) 1.8 to 9.7
BoRVA+BCoV+NeVs 8.90 (17/191) 5 to 12.8
BoRVA+BVDV+NeVs 2.62 (5/191) 0.7 to 4.6
BoRVA+BVDV+BCoV 1.05 (2/191) −0.9 to 3
BoRVA+BVDV+BCoV+NeVs 5.24 (10/191) 1.3 to 9.2
BoRVA+BNoV+NeVs 0.05 (1/191) −1.5 to 2.5
BoRVA+BNoV+ BCoV 4.19 (8/191) 2.2 to 6.2
BoRVA+BVDV+BCoV+BNoV 1.57 (3/191) −0.4 to 3.5
BoRVA+NeVs+BCoV+BNoV 3.66 (7/191) 1.7 to 5.6
BoRVA+NeVs+BVDV+BNoV 2.62 (5/191) 0.7 to 4.6
BoRVA+BVDV+BCoV+BNoV+NeVs 8.38 (16/191) 4.5 to 12.3
CI, confidence interval; BoRVA, bovine rotavirus A; BNoV, bovine norovirus; BVDV, bovine viral diarrhea virus; 
NeVs, neboviruses; BCoV, bovine coronavirus.



encoding 326 amino acids. A phylogenetic tree was constructed on the basis of all complete 
VP7 genes of G6 lineages IV and VI, the representative strains of other G6 lineages, and all 
Chinese BoRVA G6 VP7 sequences. The eight strains from this study (four from Shandong, 
three from Liaoning, and one from Xinjiang) clustered into G6 lineage VI, and the remaining 
nine strains (eight from Liaoning, one from Xinjiang) clustered into G6 lineage IV (Fig. 1A). 
Interestingly, G6 lineage VI and IV strains coexisted in Liaoning and Xinjiang provinces. Eight 
strains of lineage VI in this study had the highest identity with two Chinese yak BoRVA strains 
(GenBank accession no. MK250429 and MK638875). And the eight strains shared nucleotide 
identity of 99.7%–100% and amino acid identity of 99.4%–100% with each other. When the 
sequences were compared with the other G6 lineage VI strains available in GenBank, they 
shared 88.3%–90.7% nucleic acid and 94.8%–97.9% amino acid identities. Compared with 
all the G6 lineage VI strains available in GenBank, the eight strains of lineage VI in this study 
with the two yak BoRVA strains shared 24 nucleotide changes (G57A, T63A, A69G, T96C, 
A126G, A150G, T156C, A180T, T207C, G216A, A237G, C247T, G259A, A330G, T363C, C453T, 
C471T, T522C, A528G, C537T, A648G, A762G, T795C, C949T), resulting in one amino acid 
change at the neutralizing epitope 7-1a (V87I) region. These changes resulted in the sequences 
being placed in a unique branch in the phylogenetic tree. Compared with the only two G6P[1] 
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Fig. 1. Phylogenetic tree based on G6 (A) and G10 (B) VP7 complete nucleotide sequences. Sequence alignments and clustering were performed using ClustalW 
in MEGA 7.0 software. The tree was constructed with the maximum likelihood method, with bootstrap values calculated for 1000 replicates. ▲ represents the VP7 
gene of dairy calf BoRVA strains from this study (GenBank no. MN928482-MN928498; GenBank no. MN937499-MN937501); ￮ represents the VP7 gene of two yak 
G6 BoRVA strains; • represents the VP7 gene of BoRVA strains in China.



BoRVA strains characterized from China, the VP7 genes of the eight lineage VI strains from 
this study and two yak strains had 25 identical amino acid changes, resulting in seven amino 
acid changes at the neutralizing epitope 7-1a (V87I, D100N, E130D), 7-1b (N211D, D213N, 
A242T, N238D), and 7-2 (Q148L) regions.

Nine strains of lineage IV in this study shared 97.2%–100% nucleotide identity and 
99.1%–100% amino acid identity with each other and 90.9%–97.4% nucleotide identity and 
94.8%–99.4% amino acid identity with the G6 lineage IV RVA strains available in GenBank. In 
addition, they shared 92.8%–93.7% nucleotide identity and 96.3%–97.5% amino acid identity 
with the only two G6P[1] BoRVA strains from China in GenBank. Nine strains of lineage IV 
identified in this study were closely related to BoRVA strain KJ69-1. Compared with the two 
G6P[1] BoRVA strains from China, the VP7 genes of all nine lineage IV sequences had eight 
amino acid changes (M22I, I29M, V42T, D69N, L118F, T187M, I268V, and F317L). The amino 
acid changes in the G6 VP7 gene are shown in Supplementary Fig. 1. No recombination 
events occurred in the G6 VP7 genes.

Molecular characteristics of complete G10 VP7 genes in dairy calves
Three complete VP7 genes of G10 were obtained from Xinjiang Province. The complete VP7 
gene found in three G10 dairy calf BoRVA strains was 981 bp long and encoded 326 amino 
acids. We constructed a phylogenetic tree based on all complete VP7 genes of G10 lineages 
IV and VII, representative strains of the other G10 lineages, and the Chinese BoRVA G10 
VP7 sequences. The results showed that the two strains from this study were clustered into 
G10 lineage IV, and the remaining one strain was in G10 lineage VII (Fig. 1B). Two strains of 
lineage IV VP7 sequences shared 99.4% nucleotide identity and 100% amino acid identity 
with each other, 87.9%–97.3% nucleotide and 93.3%–98.8% amino acid identity with other 
G10 lineage IV strains available in GenBank. The two G10 lineage IV strains were closely 
related to Human strain NT0082 (97.1%–97.3% nucleotide and 98.8% amino acid identities). 
Compared with the other G10 lineage IV BoRVA strains in GenBank, the VP7 genes of the 
two sequences from this study had one amino acid change (V47I). Moreover, compared with 
the three G10 BoRVA strains from China, the two sequences had three and two amino acid 
changes at the neutralizing epitopes 7-1a (S100N) and 7-2 (L148I) regions, respectively.

The remaining one G10 VP7 sequence was located in lineage VII and shared 94.2–97.0% 
nucleotide identity and 96.6%–99.7% amino acid identity with all G10 lineage VII RVA strains 
available in GenBank. This strain was closely related to dairy calf BoRVA strain 61A (97.0% 
nucleotide identity and 99.7% amino acid identity). Compared with other G10 lineage VII 
BoRVA strains, there was one amino acid change located at neutralizing epitopes 7-2 (L146S). 
Moreover, compared with the three G10 BoRVA strains from China, this strain had four 
amino acid variations (L19F, T44A, S146L, N278A). No recombination events had occurred in 
the G10 VP7 genes.

Molecular characteristics of complete P[1] VP4 genes in dairy calves
We obtained eight complete VP4 genes of P[1] from three provinces (four from Shandong, 
three from Liaoning, and one from Xinjiang) containing 2331 nucleotides encoding 776 
amino acids. Eight P[1] strains in this study and the Chinese yak QH-1 strain (GenBank 
accession no. MK638873) showed the highest similarity, with 99.4%–99.5% nucleotide 
identity and 98.0%–99.1% amino acid identity between them. The eight P[1] strains also 
shared 80.5%–92.8% nucleotide identity and 90.6%–98.1% amino acid identity with other 
P[1] strains from GenBank.
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A phylogenetic tree was then created using all complete VP4 genes of the P[1] genotype 
available in GenBank, which showed the VP4 genes of the eight P[1] strains were clustered 
together with Chinese yak strain QH-1 on a unique branch that was obviously genetically 
distinct from the Chinese G6P[1] strains (Fig. 2A). Compared with the other complete VP4 
sequences of the P[1] RVA strains obtained from GenBank, the eight P[1] strains shared six 
nucleotide changes (G190A, T307C, C641A, A1275 C, A1374G, and A1512G) with the QH-1 
strain, leading to two amino acid changes (V64I, A214E) at the VP8 region. These shared 
changes meant the strains were located on a unique branch. Moreover, compared with the 
two G6P[1] BoRVA strains from China, the VP4 gene of the P[1] RVA strains contained 56 
amino acid changes, of which four were located at the neutralizing epitopes 8-1 (F194Y, 
T196S), 8-3 (Q114S), and 5-1 (L440M) regions. The amino acid changes in the P[1] VP4 gene 
are shown in Supplementary Fig. 2. No recombination events occurred in P[1] VP4 genes.

Molecular characteristics of complete P[5] VP4 genes in dairy calves
There were two complete VP4 genes of P[5] obtained from Liaoning province, and the 
complete VP4 genes of these two strains had 2331 nucleotides and encoded 776 amino acids. 
The two P[5] VP4 gene sequences shared 96.8% nucleotide identity and 97.9% amino acid 
identity with each other, and they shared 89.8%–96.3% nucleotide and 95.2%–98.0% amino 
acid sequence identities with other P[5] strains recorded in GenBank. These two P[5] strains 
were closely related to the four RVA vaccine strains of RotaTeq.

When we constructed a phylogenetic tree based on all complete VP4 genes of P[5] lineage VIII 
and representative strains of other P[5] lineages, the VP4 genes of the two P[5] strains were 
clustered into P[5] lineage VIII and appeared to be closely related to four RVA vaccine strains 
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Fig. 2. Phylogenetic tree based on P[1] (A) and P[5] (B) VP4 complete nucleotide sequences. Sequence alignments and clustering were performed with ClustalW 
in MEGA 7.0 software. The tree was constructed using the maximum likelihood method, with bootstrap values calculated for 1000 replicates. ▲ represents the 
VP4 gene dairy calf BoRVA strains from this study (GenBank no. MN937507-MN937514; GenBank no. MN937515-MN937516); ￮ represents the VP4 gene of one yak 
P[1] BoRVA strain; • represents the VP4 gene of BoRVA strains in China.



of RotaTeq (Fig. 2B). Compared with the other complete VP4 sequences from P[5] RVA strains 
in GenBank, the two P[5] strains from this study had two unique amino acids (D151E and 
Q266R). Moreover, compared with the four RotaTeq RVA vaccine strains, the VP4 gene of the 
two P[5] strains had 48 unique nucleotides, resulting in eight amino acid changes, of which 
six were within the VP8 region (V44G, I148V, D151E, M167I, K172E, R188G) and two were in 
the VP5 region (Q266R, V391A). The amino acid changes in the P[5] VP4 gene are shown in 
Supplementary Fig. 3. No recombination events occurred in P[5] VP4 genes.

DISCUSSION

Prevalence of BoRVA in dairy calves in China
BoRVA is considered to be an important pathogen of cattle because of its conspicuous 
economic impact on the cattle industry [3,4]. However, data on the prevalence and molecular 
characteristics of BoRVA in China are incomplete. In this study, all dairy calves were less 
than 2-mon-old, the observed BoRVA prevalence rate was 71.0%. Positive samples were 
distributed across six provinces that are the major dairy calf production areas in China, and 
the geographical distance between the two farthest farms was more than 2,000 km. The 
results showed that BoRVA is circulating widely among young age of dairy calves in China, and 
this information is useful for efforts on the diagnosis and control of diarrhea in dairy calves. 
Furthermore, a high rate of co-infection with NeVs, NoV, BCoV, and BVDV was found in this 
study, and similar data have been reported previously in the USA [32]. This may lead to an 
increase in clinical severity and the difficulty in diagnosing and controlling dairy calf diarrhea.

In this study, only 55 samples were successfully genotyped from 191 RVA-positive samples, 
the low genotyping rate may be related to the low virus amounts or/and the changes in viral 
nucleotide sequences in clinical samples. The G6 genotypes and P[1] genotypes were the 
most frequently identified. Notably, the G6 strains in this study were clustered into lineages 
VI and IV, and G6 VI lineage with P[1], which was the predominant strain combination, was 
found in three provinces. The G6 IV lineage, which was mainly combined with P[5] and 
occasionally with P[1], was only observed in Liaoning Province. G6 Lineage IV is typical 
of BoRVA strains [16], while G6 lineage VI strains also infect various other hosts, such as 
humans, goats, yak, and pigs. In this study, the wide distribution of a lineage VI strain in 
Chinese dairy calves warrants the continuous co-surveillance of samples from the above host 
sources. To date, only one previous study has reported the G and P genotypes among dairy 
calves in China, of which the predominant strain was G6P[5] [25]. This is the first to report 
G6P[1] BoRVA among dairy calves in China, which was discovered to be the predominant 
strain in these animals. The differences in the genotypes of dairy calf BoRVA strains may be 
associated with the geographical sampling area and the period of sample collection [16,33]. 
It is well known that vaccination is an effective means to prevent predominant RVA strains; 
however, cross-protection between different genotypes is not known to occur [11]. The 
results may be useful for understanding the epidemiology of BoRVA and in constructing an 
effective vaccine to control diarrhea among dairy calves in China. The findings support the 
idea that research into BoRVA is continually needed in China.

Molecular characteristics of VP7 and VP4 genes in dairy calves
In this study, eight G6 lineage VI strains with two Chinese yak BoRVA strains were clustered 
within an independent branch, these strains have emerged and spread in the Chinese bovine 
population. Notably, compared with the four RVA vaccine strains of RotaTeq, the VP4 gene of 
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the two P[5] strains had amino acid variation in the neutralizing antigen epitope (one site in 
8-1) and sialic acid binding site (R188G). The residues that contact sialic acid are conserved in 
sialic acid-dependent rotavirus strains [15]. Therefore, this phenomenon may affect receptor-
binding capacity, leading to changes in the virulence of the RVA strains, and the biological 
significance of this variant warrants further investigation. To the best of our knowledge, 
until now, there were no complete VP4 sequences of P[5] BoRVA from China in GenBank, 
thus this is the first report on the molecular characteristics of a VP4 gene of domestic P[5] 
BoRVA strains. Additionally, the P[5]-VIII lineage has been described for the first time in 
RVA strains in Chinese cattle herds. Previous studies have suggested that the amino acid 
changes of RVA strains may facilitate viral escape from vaccine-induced immunity because 
the specific epitopes cannot be recognized [12,34]; therefore, the biological significance of 
this variant needs further investigation. Whether amino acid changes in these strains affect 
the antigenicity of VP7 and VP4 also needs to be determined. The results of this study have a 
particular reference to the development of a BoRVA vaccine, as there are still no commercial 
BoRVA vaccines available in China. The results will contribute to the prevention of dairy calf 
diarrhea and our understanding of the genetic evolution of BoRVA in China.

In conclusion, the results of our study have shown that BoRVA is widely transmitted among 
dairy calves in China, and G6P[1] is the dominant genotype in circulation. First report on 
molecular characteristics of complete P[5] VP4 genes in Chinese dairy calves. We believe 
these results will contribute to a better understanding of the molecular epidemiology of 
rotaviruses and the development of vaccines.
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Supplementary Fig. 1
Amino acid variants of the complete VP7 genes of all 8 G6 lineage VI strains in this study. 
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compared with the other G6 lineage VI strains in GenBank; Blue indicates the unique aa 
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BRVA strains in China. The neutralization epitopes are shown in red numbers.
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Supplementary Fig. 2
Amino acid variants of the complete VP4 genes of all 8 P[1] strains in this study. Green 
indicates the unique aa variants sites in all 8 P[1] strains in this study and Yak strain QH-1 
compared with the other P[1] strains in GenBank; Blue indicates the unique aa variants sites 
in all 8 P[1] strains in this study and Yak strain QH-1 compared with the only 2 G6P[1] BRVA 
strains in China. The neutralization epitopes are shown in red numbers. Orange indicates 
sialic acid binding site.
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Supplementary Fig. 3
Amino acid variants of the complete VP4 genes of all 2 P[5] strains in this study. Green 
indicates the unique aa variants sites in all 2 P[5] strains in this study compared with the 
other P[5] strains in GenBank; Blue indicates the unique aa variants sites in all 2 P[5] strains 
in this study compared with the 4 vaccine strains. The neutralization epitopes are shown in 
red numbers. Orange indicates sialic acid binding site.
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