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Phylogenetic analysis of bovine astrovirus in Korean cattle
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Abstract Bovine astrovirus (BAstV) belongs to a genet-
ically divergent lineage within the genus Mamastrovirus.
The present study showed that BAstV was associated with
the gastroenteric tracts of cattle in nine positive fecal
samples from 115 cattle, whereas no positive samples were
found in the brain tissues of 14 downer cattle. Interestingly,
the positive diarrheal samples were obtained mainly from
calves aged 14 days-3 months. Bayesian inference tree
analysis of the partial ORFlab and capsid (ORF2) gene
sequences of BAstVs identified four divergent groups.
Eleven BAstVs, four porcine astroviruses, and two deer
astroviruses (DAstVs; CcAstV-1 and -2) belonged to group
1; group 2 contained two BAstVs (BAstK08-51 and
BAstK10-96) with another two in group 3 (BAstK08-2
and BAstK08-53); and group 4 comprised the BAstV-
NeuroS1 strain derived from a cattle brain tissue sample
and an ovine astrovirus. The same divergent groups were
obtained when the pairwise alignments were produced
using both amino acid and nucleotide sequences. The
Korean BAstVs isolated from infected cattle had a
nationwide distribution and they belonged to groups 1, 2,
and 3.
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Introduction

Astroviruses are single-stranded positive-sense RNA viru-
ses that measure approximately 6.4-7.3 kb in length. The
family Astroviridae comprises two genera: Mamastrovirus
infects mammals and Avastrovirus infects birds [1]. Human
astrovirus was first reported in children with diarrhea in
1975 [2] and mamastroviruses were found subsequently in
a variety of wild hosts, including sheep, cow, pig, dog, cat,
red deer, mouse, mink, bat, cheetah, brown rat, roe deer,
sea lion, dolphin, and rabbit [3-16].

Bovine astrovirus (BAstV) was one of the first astrovi-
ruses [17] to be discovered and it has been isolated in the
USA and the UK. Two BAstV serotypes were established
based on the results of a virus neutralization assay [18].
The genomic characterization and sequence analysis of
astroviruses in bovine fecal specimens collected in Hong
Kong provides evidence of potential recombination in
ORF2 [19]. Recently, the complete genome of a novel
BAstV associated with neurological disease in cattle was
sequenced, i.e., BoAstV-NeuroS1, which was phylogenet-
ically related to an ovine astrovirus (OAstV). A previous
study suggested that BoAstV-NeruoS1 infection was a
potential cause of neurological disease in cattle [20].
However, genetically diverse lineages of BAstVs have not
been identified in many countries because there have been
few studies of astroviruses derived from cattle. Thus, the
present study investigated the genetic groupings of Korean
BAstVs and examined their relationships with the age of
cattle infected with BAstVs.

In total, 115 fecal samples were collected from cattle
with certain or suspected diarrheal disease at cattle farms
throughout Korea between January 2008 and December
2010. The cattle comprised 64 calves aged <30 days and
51 cattle aged >30 days. Based on the fecal condition, 91
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samples were from animals with diarrhea and 24 from
nondiarrheic animals. The cattle comprised 84 Korean
cattle and 31 Holstein cattle. Nonambulatory cattle which
are commonly referred to as “downer” cattle are unable to
stand or walk. Cattle brain tissue samples with a histopa-
thological diagnosis of encephalitis were also collected
from 14 downer cattle between 2010 and 2012. Out of 14
brain samples collected from downer cattle, 7 were found
to be positive for Akabane virus and two were bovine viral
diarrhea virus (BVDV) whereas no pathogenic agent for
encephalitis was detected from the other.

Viral RNA was extracted from the feces using TRIzol LSP,
according to the manufacturer’s instructions. BAstV was
detected in fecal specimens by RT-PCR using a specific pri-
mer set for the ORFlab and ORF2 regions of BAstV (BAstV-
F, 5-GTGTTTGGCATGTGGGTYAARCC-3' and BAstV-
R: 5-RTCVYYBKTGGTGGT-3'), which were designed
based on known strains deposited in GenBank (accession no.
HQ916313-HQ916317). The RT-PCR process amplified a
965-nt long fragment at 42 °C for 30 min, 94 °C for 5 min,
94 °Cfor40 s, 51 °Cfor40 s, and 72 °C for 1 min, followed
by 40 cycles using virus-specific conditions. The BAstV
associated with neurological disease in cattle was also
detected in brain tissue specimens by RT-PCR, as described
previously [20]. Products with the expected size were cloned
using the pGEM-T Vector System II"™ (Promega, Cat. No.
A3610, USA). The cloned gene was sequenced with T7 and
SP6 sequencing primers using an ABI Prism® 3730x1 DNA
Sequencer at the Macrogen Institute (Macrogen Co. Ltd). The
sequences of all the BAstV-positive samples were submitted
to GenBank under accession numbers KF668444-KF668452.

Nine of 115 fecal samples from Korean cattle were
positive for BAstV and all of the BAstVs were related to
diarrhea. However, BAstV was not detected in 14 cattle
brain tissue samples.

Although BAstV was first reported in England in 1987
[17], the association between bovine astroviruses and
gastroenteric diseases in cattle is still not clear. A recent

study reported that BAstV is not associated directly with
severe diarrheic disease in calves under natural conditions
[17, 19, 21, 22]. In the present study, nine Korean BAstVs
were associated with clinical diarrhea in cattle where
calves aged <1 month accounted for 77.8 % of cases
(Table 1). A previous study shows that BAstVs were
excreted by 60-100 % of calves on farms [21] while a
recent study of rectal swab samples from asymptomatic
adult cattle showed that only 2.4 % (5/209) contained
BAstV [19]. This must be because BAstVs are more fre-
quent in young calves than adult cattle.

To investigate the relationships between astroviruses
and other bovine viruses that cause diarrhea in cattle, a
screening test was conducted using specific primers for the
detection of bovine rotavirus (BRV) [23], bovine corona-
virus (BCV) [24], BVDV [25], and bovine kobuvirus
(BKV) [26], as described previously.

Co-infections with other viruses were associated with
the clinical symptoms of diarrhea in only two cases: the
BAstK08/1 strain derived from a 20-day-old calf was co-
infected with BRV and the BAstK10/31 strain from a
14-day-old calf was co-infected with both BRV and BVDV
(Table 1). Although the association between BKV and
diarrhea or gastroenteritis is unclear, it was co-infected
with six Korean BAstVs, except for BAstKO08/51,
BAstK08/53, and BAstK10/35 (Table 1).

In cattle, two astrovirus serotypes have been recognized
based on serological investigations, i.e., BoAstV-1 and
BoAstV-2 infections [18], and recent phylogenetic analy-
ses support the classification of BAstVs and the newly
discovered astroviruses in roe deer (CcAstV) under the
proposed Mamastrovirus genocluster GI [14, 19]. All of the
astrovirus sequences were aligned using the CLUSTAL X
alignment program [27]. The nucleotide sequences were
translated and the shared nucleotide and amino acid
sequence identities among the astrovirus strains were cal-
culated using BIOEDIT 7.053 [28]. The analysis of the
diversity of BAstVs in the present study identified four

Table 1 Summary of bovine astrovirus strains isolated from South Korea

Strain Age Year of isolation Sample Province Co-infection with other pathogens Accession no.
BAstK08/1 20 days 2008 Diarrhea Gangwon BRV, BKV KF668444
BAstK08/2 1 month 2008 Diarrhea Gangwon BKV KF668445
BAstK08/51 3 months 2008 Diarrhea Gyonggi - KF668450
BAstK08/53 3 months 2008 Diarrhea Gyonggi - KF668451
BAstK10/31 14 days 2010 Diarrhea Chungnam BCV, BVDV, BKV KF668446
BAstK10/35 1 month 2010 Diarrhea Chungnam - KF668447
BAstK10/37 1 month 2010 Diarrhea Chungnam BKV KF668448
BAstK10/41 1 month 2010 Diarrhea Chungnam BKV KF668449
BAstK10/96 1 month 2010 Diarrhea Chungnam BKV KF668452

BRYV bovine rotavirus, BCV bovine coronavirus, BVDV bovine viral diarrhea virus, BKV bovine kobuvirus, — no infection
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Fig. 1 Phylogenetic relationships among the partial ORFlab genes
(a) and the partial ORF2 genes (b) of bovine astrovirus (BAstV) and
prototypical astrovirus species. a Partial ORFlab nucleotide
sequences (-InL: 7086.8311). The tree was constructed using
TrNef+G as the best-fit model according to MrModeltest 3.7 with
the Bayesian inference method, and the outgroup was chicken

groups based on the shared sequence identity and the
phylogenetic tree of nine Korean BAstVs. There was high
divergence among the amino acid sequences of the four
groups based on comparisons of the partial ORFlab and
ORF2 sequences of BAstVs, i.e., relative to group 1, the
shared similarity ranges were: 62.4 and 37.9-38.6 % for
group 2, 71.1-73.1 and 37.9-38.6 % for group 3, and 46.2
and 26.5 % for group 4, respectively (Supplement Table).

Bayesian trees were generated with MrBayes 3.1.2 [29, 30]
using best-fit models, which were selected with MrModeltest
3.7 [31] for nucleotide sequences and ProtTest 1.4 [32] for
amino acid sequences. Markov Chain Monte Carlo analyses
were run using 2,000,000 generations for each nucleotide and
amino acid sequence. The best-fit model of the ORFlab
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avastrovirus 1 (Accession No. NC_003790). b Partial capsid (ORF2)
amino acid sequences (-InL: —7251.32). The best-fit model of the
ORF2 amino acid sequence was JJT+I+G+F according to ProTest
1.4. Korean BAstVs are shown in bold whereas those from other
countries are shown in italic. The numbers above the nodes represent
the posterior probabilities

nucleotide sequence selected by MrModeltest 3.7 software
was TrNef+G, according to the results of a hierarchical
likelihood ratio test. The likelihood parameter was set to
nst = 6 and rate = gamma for the datasets, and the gamma
distribution shape parameter was 0.5612. The substitution
model Rmat was 1.0000 (A-C), 2.8533 (A-G), 1.0000 (A-T),
1.0000 (C-G), 4.2829 (C-T), and 1.0000 (G-T). The best-fit
model for the partial ORF2 amino acid sequence selected by
ProTest 1.4 was JIT + I + G + F, according to Akaike’s
information criterion. The relative importance levels of the
parameters were: alpha (+G): 0.39, P-inv (4I): 0.00,
alpha+P-inv (+I+G): 0.61, and freqs (+F): 1.00.

In the neighbor-joining tree of ORF2 genes, five BAstVs
isolated in Hong Kong were closely related to CcAstV-1
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and -2 [19]. Recently, the BoAstV-NeuroS1 strain was
detected in the brain tissues of cattle and the analysis of its
genetic diversity showed that it was most closely related to
the OAstV prototype, which was identified in 1977 [3],
whereas it was phylogenetically distant from a recently
reported OAstV [33] and the Hong Kong BAstVs [20].
This suggests the occurrence of multiple cross-species
transmission events among hosts and other animal species.
However, it appears that the histopathogenic findings of
encephalitis in Korean downer cows were not associated
with the detection of BoAstV-NeuroS1 in brain tissue.

The BI analysis of the partial ORFlab and/or ORF2
genes also showed that all of the known BAstVs could be
separated into four groups (Fig la, b), in the same way as
the diversity analysis. Group 1 of the BI tree contained six
Hong Kong BAstVs and five Korean BAstVs, groups 2 and
3 included only Korean BAstVs, and the BoAstV-NeuroS1
strain was the only member of group 4.

In conclusion, the present study identified four BAstVs
groups based on the phylogenetic analysis and their shared
pairwise amino acid sequence identities. The BAstV
detection rate in cattle feces was higher in calves aged
<1 month compared with adult cattle. Thus, continuous
surveillance of novel diversity in BAstVs should be con-
ducted on many cattle farms throughout the world because
of the risk of emerging astroviruses associated with neu-
rological disease in cattle.
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