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Detection of avian-like rotavirus A VP4 from a calf in Japan

Hiromichi MITAKE1), Naoto ITO1,2), Kota OKADERA1), Kazuma OKADA1), Kento NAKAGAWA1), Tomomi TANAKA3), 
Kiyohito KATSURAGI3), Kasumi KASAHARA3), Toshihide NIHONGI3), Hiroshi TSUNEMITSU1,4) and  
Makoto SUGIYAMA 1,2)*

1)The United Graduate School of Veterinary Sciences, Gifu University, 1–1 Yanagido, Gifu, Gifu 501-1193, Japan
2)Laboratory of Zoonotic Diseases, Faculty of Applied Biological Sciences, Gifu University, 1–1 Yanagido, Gifu 501-1193, Japan
3)Fukui Prefectural Livestock Hygiene Service Center, 69–10–1 Obatake, Fukui, Fukui 918-8226, Japan
4)Dairy Hygiene Research Division, National Institute of Animal Health, 4 Hitsujigaoka, Toyohira, Sapporo, Hokkaido 062-0045, Japan

(Received 23 July 2014/Accepted 24 September 2014/Published online in J-STAGE 13 October 2014)

ABSTRACT. A total of 568 normal feces from calves on a beef farm in Fukui Prefecture, Japan, in 2011–2012 were examined by RT-semi-
nested PCR for rotavirus A (RVA) VP4 genes. Through partial sequencing and BLAST analyses of 84 VP4-positive specimens, we identi-
fied an avian-like RVA strain, N2342, which shares highest nucleotide identity (80.0%) with known avian-like bovine strain 993/83, in 
one specimen. Phylogenetic analysis also revealed a close genetic relationship between N2342 and avian RVAs, suggesting bird-to-cattle 
transmission. We observed frequent contact of wild birds with calves in the farm, suggesting that these birds were the source of the virus.
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Rotavirus A (RVA) is known as the major agent of severe 
acute gastroenteritis in infants and young humans and in 
animals worldwide [6]. RVA is nonenveloped and possesses 
a triple-layered protein capsid composed of an outer layer, 
an intermediate layer and an icosahedral inner core layer. 
The genome consists of 11 segments of double-stranded 
RNA. The two outer capsid proteins, VP7 and VP4, inde-
pendently elicit neutralizing antibodies, which are used to 
classify the rotavirus strains into G (for glycoprotein) and 
P (for protease-sensitive) genotypes, respectively. So far, 
27 G genotypes and 37 P genotypes have been identified in 
humans and animals [11, 12, 14, 20].

Although RVAs are generally believed to have host spe-
cies specificity [6], there have been a number of reports that 
RVAs can be transmitted from the original mammalian hosts 
to heterologous species by direct transmission of the virus or 
by the contribution of one or several genes to reassortants [5, 
7, 9–11, 16]. Notably, several mammalian animals including 
cattle, sheep and pigs are regarded as potential reservoirs for 
genetic diversity of human RVAs [5, 6, 10, 13]. Therefore, it 
is important to survey the genetic diversity of RVAs in ani-
mals not only for animal hygiene but also for public health.

In addition to mammalian RVAs, avian RVAs have the 
potential to be a threat to both animal hygiene and public 
health. It was previously reported that RVA strain 993/83, 
which had been isolated from a calf with diarrhea [3], has 

close antigenic and genetic relationships with avian RVAs 
[4, 17–19]: sequence analyses revealed that VP4, VP6 and 
VP7 genes of the 993/83 strain share highest homologies 
with the respective genes of avian RVA strain PO-13 at both 
nucleotide and amino acid levels. These findings highlight 
the risk of infection of mammalian species including humans 
with avian RVAs. However, very little is known about the 
interspecies transmission of avian RVAs. Here, we describe 
the detection of an avian-like RVA strain in feces from a 
healthy calf, strongly suggesting interspecies transmission 
from birds to cattle.

A total of 568 normal fecal specimens were collected 
from healthy calves under 12 months of age on a beef cattle 
farm in Fukui Prefecture of Japan from April 2011 to March 
2012 for monitoring the genetic diversity of RVAs, which 
were prevalent among cattle. The stool samples were taken 
directly from calves before falling to the ground. The fecal 
samples were diluted with Eagle’s minimum essential me-
dium to 20% suspensions and clarified by centrifugation at 
1,500 × g for 10 min. The viral RNA was extracted from 
the supernatant by using a QIAamp Viral RNA Mini Kit 
(QIAGEN, Hilden, Germany). Synthesis of the cDNA was 
performed using a PrimeScript II 1st strand cDNA Synthesis 
Kit with random primers (TaKaRa BIO, Otsu, Japan). The 
cDNAs were amplified by semi-nested PCR using TaKaRa 
Ex Taq HS (TaKaRa BIO). For the detection of RVA, the 
VP4 gene was amplified by an outer PCR with the primers 
VP4-HeadF and VP4-1094R2 and by an inner PCR with the 
primers VP4-HeadF and VP4-887R as previously reported 
[2]. The amplicons of the second PCR were purified with 
Nucleo Spin ExtractII (MACHEREY-NAGEL, Duren, 
Gremany) and sequenced with a BigDye Terminator v3.1 
Cycle Sequencing Kit (Applied Biosystems, Foster City, 
CA, U.S.A) on an ABI PRISM 3100 DNA analyzer (Applied 
Biosystems). The second PCR primers were also used as se-
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quencing primers. Initially, the partial nucleotide sequences 
of VP4 genes determined were analyzed using BLAST 
analyses. In the case of detection of an atypical bovine RVA 
VP4 sequence, the partial nucleotide sequences of the VP4 
gene were compared with those of reference RVA strains 
available in GenBank. Phylogenetic analyses for partial VP4 
genes were conducted using MEGA version 4.0. Genetic 
distances were calculated using the Kimura 2 correction pa-
rameter at the nucleotide level, and phylogenetic trees were 
constructed using the neighbor-joining method with 1,000 
bootstrap replicates.

VP4 genes were detected in 84 of the 568 fecal samples 
from healthy calves. Based on BLAST and phylogenetic 
analyses of the partial VP4 gene, 83 of the 84 strains de-
tected in calves were genetically closely related to those 
of known RVAs belonging to P[5], P[11], P[14] and P[29] 
genotypes (data not shown), which are generally prevalent 
in bovines [1, 2, 6, 10]. The remaining strain (N2342), 
which was detected in a 3.4-month-old healthy calf, shared 
the highest identity (80.0%) with avian-like RVA 993/83 
belonging to P[17] in 769 bp corresponding to nucleotides 
53–833 of the NCDV VP4 gene. The partial nucleotide se-
quence of the strain determined in this study was deposited 
in the GenBank database (accession No, AB846649). The 
partial sequence of the N2342 VP4 gene showed the second 
highest identity (79.2%) with the corresponding sequence 
of avian P[17] RVA PO-13 strain [8]. Comparative analysis 
of the partial VP4 nucleotide sequences revealed that the 
partial VP4 gene of N2342 strain shared higher homolo-
gies with those of avian RVAs (68.0–79.2%) than those of 
bovine RVAs (47.3–57.7%), except for avian-like bovine 
RVA 993/83 strain (Table 1). Phylogenetic analysis based on 
the partial VP4 gene also revealed that N2342 strain formed 
within branches of avian RVAs (Fig. 1). These findings 
clearly indicate that the partial VP4 gene of N2342 strain is 
genetically closely related to avian RVAs, strongly suggest-
ing interspecies transmission of RVA from birds to cattle.

For a better understanding of bird-to-cattle transmission 
of RVA, we attempted to analyze the complete open reading 
frame of VP4 and VP7 segments of N2342 strain. However, 

the VP4 and VP7 genes were not amplified using several 
primer sets, which we designed for N2342 strain. Since we 
also failed to isolate N2342 strain from the feces sample 
even after several trials with different methods, we were not 
able to obtain further genetic information on the strain.

The N2342 and 993/83 strains, which have been both 
detected/isolated from cattle under natural conditions, are 
genetically related or classified to P[17] RVAs (Table 1). In 
addition, we previously reported that avian P[17] RVA PO-
13 strain can experimentally infect and induce disease in a 
mouse model [15]. These facts lead us to speculate that avian 
P[17](-like) RVAs might have a special property to infect 
mammalian species including cattle, suggesting the neces-
sity for monitoring of P[17] RVAs in nature to evaluate their 
risk to animal and human health.

The fact that 993/83 strain was isolated from a calf with 
diarrhea [3] raises an important question about whether the 
genetically related N2342 strain has the potential to cause 
diarrhea in cattle. Experimental infection of cattle with the 
isolated N2342 strain would be required to answer this ques-
tion. However, we could not implement such an experiment 
due to failure to isolate the virus. Although the N2342 strain 
was detected in a healthy calf, this fact is not sufficient to 
exclude the possibility that this strain is pathogenic in cattle, 
because the clinical outcome of RVA infection is generally 
believed to depend on a number of factors, such as infection 
dose, viral capacity to cause disease and host factors includ-
ing the age and nutritional status [6].

Although our results strongly suggest that the N2342 
strain originated from birds, the natural origin of this strain 
remains unknown. There was no poultry farm near the beef 
cattle farm from which fecal specimens were obtained for 
this study, suggesting that N2342 strain did not originate 
from poultry. We frequently observed wild birds including 
crows in the beef cattle farm. We also found crow’s feces 
not only on the bodies of calves but also in the bedding and 
feeder in the cowshed. These situations imply that the N2342 
strain originated from wild birds, such as crows, suggesting 
the potential risk of infection of mammalian species with 
RVAs circulating among wild birds. However, information 

Table 1. Comparison of nucleotide sequence identities of partial VP4 (769 bp, corresponding 
to nucleotides 53-833 of the NCDV VP4 gene) of N2342 strain with bovine and avian RVAs

Strain Origin P genotype Nucletotide identity 
with N2342 strain (%) Accession No.

NCDV Bovine P[1] 57.7 AB119636
UK Bovine P[5] 51.3 M22306
B223 Bovine P[11] 47.3 D13394
Sun9 Bovine P[14] 54.6 AB158430
993/83 Bovine P[17] 80.0 D16352
Hg18 Bovine P[21] 54.6 AF237665
AzuK-1 Bovine P[29] 51.3 AB454420
Dai-10 Bovine P[33] 56.2 AB513836
PO-13 Pigeon P[17] 79.2 AB009632
Ch-2G3 Chiken P[30] 71.3 EU486956
Ch-661G1 Chiken P[31] 68.0 EU486962
03V0002E10 Turkey P[35] 73.5 JX204825
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on avian RVAs circulating among wild birds is very limited. 
Active epidemiological surveillance in both wild birds and 
mammalian species will be crucial to evaluate the risk of 
interspecies transmission of RVAs from birds to mammals 
under natural conditions.

In this study, we identified an avian-like RVA, N2342 
strain, in a calf through epidemiological surveillance of RVA 
in healthy calves. Genetic analyses showed close relation-
ships between N2342 and avian RVA strains in the partial 
VP4 gene, suggesting interspecies transmission of RVA from 
birds to cattle. To our knowledge, there has been no report 
on detection/isolation of an avian-like RVA from cattle since 
the isolation of 993/83 strain in 1983, indicating that this is 
the second report.
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