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ABSTRACT

Influenza A virus has eight-segmented RNA molecules as a genome and, among all strains of the virus,
both ends of each segment have 13 and 12 nucleotide sequences conserved. In the present study, a simple
RT-PCR method to amplify all eight segments of the virus and determine the HA and NA subtype using
a single primer set based on the conserved terminal sequences has been established. This method is also
capable of detecting subgenomic defective interfering RNA of the influenza A virus. Since the primers
used here cope with each and every RNA segment of influenza A virus, this simple RT-PCR method is
valuable not only for cloning each gene of the virus, but also for identifying subtypes, including subtypes

other than 16 HA and 9 NA subtypes.
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Influenza A viruses commonly infect humans, pigs, horses
and a variety of avian species. The virus has eight-
segmented negative-sense RNA molecules as a genome.
Two of the eight segments encode surface glycoproteins,
HA and NA, which are classified into 16 and 9 subtypes,
respectively. Every subtype of glycoprotein has been de-
tected in the pool of avian influenza viruses (1), although
only limited combinations of subtypes are currently cir-
culating in mammals.

In April 2009 a novel influenza A virus (H1N1) contain-
ing a combination of swine, avian and human virus gene
segments emerged in humans (2, 3) and spread worldwide,
resulting in the declaration of the pandemic (HIN1) 2009
by the World Health Organization in July. It was thought
that avian influenza viruses could be transmitted to hu-
mans only through coinfection and genetic reassortment
of avian and swine or human viruses in pigs, and this was
thought to be true of the pandemic (HIN1) 2009 strain,
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which shows moderate virulence (4-8). It is, however,
also known that avian influenza viruses can be transmit-
ted directly to humans, for example, the H5N1 and H9N2
viruses emerged in humans in Hong Kong in 1997 (9-13)
and the H7N7 virus in the Netherlands in 2003 (14). The
highly pathogenic H5N1 virus re-emerged in Hong Kong
in 2003 (15), and since then more than 400 people have
been infected, more than 250 having died of the infection
(16). Thus, it is important that rapid, sensitive and specific
assays are designed for use when outbreaks of the disease
occur.

The HA and NA subtypes of influenza A viruses are
identified by the HI and NI tests using a panel of antisera
against each HA and NA subtype (17). Genetic analy-
sis with RT-PCR has been attempted to discriminate the
subtypes or a reassortment event by using subtype or seg-
ment specific multiple primer sets (1, 18-21). The RNA
segments of influenza A viruses have 13 and 12 conserved
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sequences at both the 5'- and 3'-ends (Unil3 and Unil2),
respectively (22, 23). Although many research groups have
used both of the conserved sequences to design primers for
RT-PCR, in practice the sequences alone are too short to
be used as universal primers for amplifying each segment.
Recently, modified oligonucleotides have been reported
to amplify all segments of influenza A viruses. However,
different sets of specific primers are required to amplify
each segment and an additional four sets are needed for
amplifying different subtypes of the NA genes (24).

The present study aimed at establishing a much simpler
RT-PCR method that enables all eight segments of the
influenza A virus genome to be amplified and the HA and
NA subtypes to be determined by a single primer set.

MATERIALS AND METHODS

Viruses

The virus strains used in this study are A/Aichi/

2/68  (H3N2), A/swan/Shimane/499/83  (HS5NB3),
A/duck/Czeckoslovakia/56 (H4NG6), A/chicken/
Germany/N/49 (HION7) and a reassortant virus

A/NWS/33 x A/tern/Australia/G70¢/75 (HIN9). Viruses
were propagated by inoculation into the allantoic cavities
of 10-day-old embryonated chicken eggs.

RNA extraction and RT-PCR

VRNA was extracted from the allantoic fluid by
use of the QuickGene RNA tissue kit S II (Fu-
jifilm, Tokyo, Japan) according to the manufac-
turer’s instructions. The RNA (5 ul) was transcribed
into cDNA with AMV RT (Promega, Madison, WI,
USA) and the primer FWunil2: 5-CTGATCTAGACC-
TGCAGGCTCAGCAAAAGCAGG-3', which contains
Xba 1, Pst T and Sse8387 1 recognition sequences in
upstream of complementary sequence to Unil2 (un-
derlined). The reaction mixtures, containing 5 ul of
10 uM FWunil2 and 5 pul of distilled water, were heated
at 70°C for 10 min and chilled on ice for 5 min.
Then, 5 ul of first strand 5x buffer, 40 U of RNasin
(Promega), 2.5 ul of 40 mM sodium pyrophosphate
and 30 U of AMV RT were added to the mixtures. The
reaction was performed at 42°C for 60 min. Second-
strand ¢cDNA was synthesized from the first-strand
cDNA by using DNA polymerase [ (Promega) and the
primer RVunil3: 5-CGTGGTACCATGGTCTAGAGT-
AGTAGAAACAAGG-3', which contains Kpn 1, Nco I and
Xba 1 recognition sequences and a complementary se-
quence to Unil3 (underlined). The second reaction mix-
tures, containing 25 ul of the first-strand cDNA, 40 ul of
second strand 2.5x buffer, 5 ul of acetylated BSA, 3 ul
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of 10 uM RVunil3, 0.8 U of RNaseH (Promega) and
26.5 pl of distilled water, were incubated at 37°C for |
hr to remove VRNA. Then, the mixtures were incubated
with 23 U of DNA polymerase I at 14°C for 3 hr according
to the manufacturer’s instructions, with a slight modi-
fication to generate double-strand ¢cDNA which carries
an elongated priming site suitable for PCR. The double-
strand ¢DNA was amplified by using the AccuPrime Pfx
DNA polymerase (Invitrogen, Carlsbad, CA, USA) and a
set of primers, FWunil2 and RVunii3. The PCR mixtures
contained 5 ul of 10x buffer, 1.5 ul of 10 #M each primer,
30 pl of the double-strand ¢cDNA, 0.5 pl of AccuPrime
Pfx DNA polymerase and 11.5 ul of distilled water. The
first cycle of the amplification program consisted of a
1-min period at 94°C and was followed by 30 cycles with
the following conditions: 94°C for 30 sec, 60°C for 30 sec
and 72°C for 3 min. The program ended with one cycle at
72°C for 5 min.

Direct sequencing of the amplification
products

The amplification products were separated by elec-
trophoresis using 1.5% agarose gels and purified using the
Wizard SV Gel and PCR Clean-Up System (Promega). The
amplicons were directly sequenced with BigDye Termina-
tor verl.1 Cycle Sequencing Kit (Applied Biosystems, Fos-
ter, CA, USA) using the primers FWunil2 and RVunil3.
The cycle sequencing mixtures contained 10 ng of the PCR
product, 2 ul of 5x buffer, 3.2 pmol of the primer, 4 ul
of Ready Reaction Mix and distilled water in a total vol-
ume of 20 . The first cycle of the program consisted of a
1-min period at 95°C and was followed by 25 cycles with
the following conditions: 95°C for 30 sec and 60°C for
4 min. The sequences were analyzed with an ABI Prism
310 Genetic Analyzer (Applied Biosystems).

Cloning and plasmid sequencing

The amplification products corresponding to the poly-
merase genes were phosphorylated by using T4 polynu-
cleotide kinase (Takara Bio, Othu, Japan) according to the
manufacturer’s instructions and cloned into EcoR V site
of pBluescript I KS(+) plasmid (Stratagene, La Jolla, CA,
USA). The nucleotide sequences of the inserts were an-
alyzed with BigDye Terminator verl.1 Cycle Sequencing
Kit using FWunil2/RVunil3 or T7/T3 promoter primers.
The first cycle of the program consisted of a 1-min period
at 95°C and was followed by 25 cycles with the following
conditions: 95°C for 30 sec, 48°C for 30 sec and 72°C for
4 min.
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Fig. 1. Full length amplification of all eight segments of
A/Aichi/2/68 (H3N2) by RT-PCR. The annealing temperature was varied
from 45°C to 70°C. Lane M, 2-Log DNA ladder (New England Biolabs,
Ipswich, MA, USA), lanes 1 to 8, annealing at 70°C, 68.3°C, 65.3°C,
60.8°C, 54.5°C, 49.9°C, 46.5°C and 45°C.

RESULTS

Amplification of A/Aichi/2/68 (H3N2) genome

The PCR conditions for annealing temperature was varied
from 45°C to 70°C to amplify the genome of A/Aichi/2/68
(H3N2). As shown in Fig. 1, six fragments of 2.3 kb, 1.8 kb,
1.6 kb, 1.5 kb, 1.1 kb and 0.9 kb in length were successfully
amplified with all annealing temperatures, and the most
effective amplification was observed with the annealing
step at 60.8°C. These fragments appeared to correspond
to the polymerases (PB1, PB2 and PA), HA, NP, NA, M
and NS genes, respectively, in length. The amplification
products, except for 2.3 kb-one, were excised from the gel
and directly sequenced by use of FWunil2 and RVunil3 as
primers. The nucleotide sequences found in the products
coincided with those of both ends of the HA, NP, NA, M
and NS genes of A/Aichi/2/68 (H3N2), respectively.

Cloning of the polymerase genes
of A/Aichi/2/68 (H3N2)

To detect the PBI1, PB2 and PA genes of the virus, the
2.3 kb-fragment was cloned into the EcoR V site of pBlue-
script I KS(+) plasmid and sequenced. Out of 62 clones
tested, 2 (3.2%), 6 (9.7%) and 54 (87.1%) clones were
found to possess both ends of the PB1, PB2 and PA
genes, respectively (Table 1), These results indicate that the
full length of all eight segments of A/Aichi/2/68 (H3N2)
can be amplified and sequenced with this single primer
set.

© 2009 The Societies and Blackwell Publishing Asia Pty Ltd

Table 1. Frequency of the polymerase genes of A/Aichi/2/68 (H3N2)
doned into the plasmid

Number of dones (%)

PB1 PB2 PA
Exp 1 1(3.3) 2(6.7) 27 (90.0)
Exp 2 131 4(12.5) 27 (84.4)
Total 2(3.2) 6(9.7) 54 (87.1)

Amplification of the genes encoding
different subtypes of NA

Hoffman et al. designed seven sets of universal primers to
amplify all but the NA gene (24). Although the N1, N2,
N4, N5 and N8 subtype NA genes were able to be ampli-
fied with a single set of primers, other subtype NA genes
were required to subtype specific primer sets. Since the N2
NA gene had been successfully amplified and sequenced,
we attempted to amplify the different NA genes of N3, N6,
N7 and N9 subtypes with a single primer set. The PCR
condition was performed with annealing step at 60°C for
30 sec. Figure 2 shows amplification of the whole genome
of different influenza A virus strains including each of the
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Fig. 2. Amplification of the whole genome of influenza A viruses
representing four different NA subtypes. Lane M, 2-Log DNA ladder,
lanes 1 to 4, A/swan/Shimane/499/83 (H5N3), A/duck/Czeckoslovakia/S6
(H4NB), A/chicken/Germany/N/49 (H10N7) and a reassortant virus
A/NWS/33 x Altern/Australia/G70c¢/75 (H1NS). Arrowheads show the
extra bands, which are smaller than the NS gene.
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NA gene using the primer set. Although the polymerase
genes of A/swan/Shimane/499/83 (H5N3), A/duck/
Czeckoslovakia/56 (H4N6) and A/chicken/Germany/
N/49 (H10N7) were detected only faintly, the HA, NP, NA,
M and NS genes were sufficiently amplified. Although no
increased amplification of the polymerase genes was ob-
served with the longer extension time, re-amplification
of the 2.3 kb faint bands gave distinct bands at the posi-
tion of the polymerase genes (data not shown). The am-
plification products of A/swan/Shimane/499/83 (H5N3),
Alduck/Czeckoslovakia/56 (H4N6) and A/chicken/
Germany/N/49 (H10N7) contained prominent extra
bands which migrated faster than those of the NS gene
segments. The amplification products corresponding to
the NA genes were excised from the gel and sequenced
with the primers. The nucleotide sequences of the am-
plicons coincided with those of each subtype of the NA
gene. We also confirmed the appropriate nucleotide se-
quences of the amplicons corresponding to the H1, H4,
H5 and H10 subtype HA genes. These findings indicate
that the single set of FWunil2/RVunil3 primers accom-
plished amplification of the whole genome of all influenza
A viruses. This single primer set also enabled the HA and
NA subtypes to be defined for all influenza A viruses.

Detection of DI RNA segment of
Alduck/iCzeckoslovakia/56 (HANG)

To ascertain the nature of the extra band which mi-
grated faster than the NS gene, the 0.4 kb-band
of A/duck/Czeckoslovakia/56 (H4N6) was directly se-
quenced by use of FWunil2 and RVunil3 as primers. The
nucleotide sequences found in the product coincided with
both ends of the PB1 gene. It is, therefore, presumed that
the extra band comes from the PB1 gene and lacks the
mid-position of the gene. In order to confirm this pre-
sumption, the 2.3 kb-fragment of the virus was cloned
and examined for which gene was contained in the plas-
mid. Out of 46 clones sequenced; none of the PB1 gene
was found, while 22 (47.8%) and 24 (52.2%) clones pos-
sessed both ends of the PB2 and PA genes, respectively
(Table 2). Thisresult probably indicates that the virus stock
of A/duck/Czeckoslovakia/56 (H4N6) contains many DI
particles, which carry internal deletion in the PB1 gene
segment. Other extra bands of A/swan/Shimane/499/83
(H5N3) and A/chicken/Germany/N/49 (H10N7) did not
give significant sequences by use of FWunil2/RVunil3
primers.

DISCUSSION

In the present study, we achieved full length amplification
of all eight segments of the influenza virus A/Aichi/2/68
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Table 2. Frequency of the polymerase genes of A/duck/
Czeckostovakia/56 (H4N6) cloned into the plasmid

Number of dones (%)

PB1 PB2 PA
Exp 1 0(0.0) 11 (57.9) 8(42.1)
Exp 2 0(0.0) 11(40.7) 16 (59.3)
Total 0(0.0) 22 (47.8) 24 (52.2)

(H3N2) genome by using a single primer set. Although a
multiplex RT-PCR method, in which 12-mer and 13-mer
oligonucleotides complementary to the conserved regions
was used to simultaneously amplify all eight RNA seg-
ments of equine H7N7 virus, has been described previ-
ously (25), there has been no report of this method there-
after. In one recent study all eight segments of different
influenza A virus strains were amplified using the segment
specific primer sets, but the primers for the NA gene de-
pend on the subtype (24). Our single set of primers was,
on the other hand, successful in amplifying every segment
of all influenza A viruses examined.

So far, the subtyping of influenza A virus has been car-
ried out with the HI and NI tests, for which a large panel
of antisera is needed. Hoffman et al. described universal
primers for identifying the HA subtype (24). However, at
least five sets of primers were required to define the dif-
ferent NA subtypes. It is, therefore, questionable whether
such subtype specific primers are applicable for defining
a novel subtype of the influenza A virus. Alvarez et al.
have described one-step RT-PCR, detecting all nine NA
subtypes with a single primer set (26). These RT-PCR
amplicons, however, include only a part of the NA gene
related to oseltamivir resistance. The present procedure is
a much more universal and effective tool for amplifying
the influenza A virus gene and indentifying all HA and
NA subtypes, including unknown ones. We succeeded in
amplifying the genome of the novel influenza A (HIN1)
virus and in detecting the nucleotide sequence of the HA
and NA genes of so-called swine (HIN1) virus.

Segment specific primers may be preferable to universal
primers for detecting reassortment events, especially those
concerned with the polymerase genes. However, digestion
of the 2.3 kb-fragment by restriction enzymes, which rec-
ognize the sequences in the universal primers, certainly
helpsto clone a part of the fragment into the plasmid. Then
nucleotide sequencing with T7/T3 promoter primers or
restriction fragment length polymorphism analysis can
be done to identify the gene segment.

An extra band smaller than the NS gene and possessing
both ends of the PB1 gene was found in the amplification
products of A/duck/Czeckoslovakia/56 (H4N6) and none
of the full length of the gene was cloned in this study.
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These results seem to make sense, since influenza virus
DI particles possess internal deleted RNA segments which
have arisen from the polymerase genes (27-29). Colony
hybridization with the central region of the gene as a probe
might help to clone the full-length polymerase gene. Since
it has been suggested that influenza A virus bearing the
subgenomic RNA transmits in nature (27), the detection
of the DIRNA maybe of use in surveillance studies. We also
detected only a small number of the PB1 and PB2 genes
of A/Aichi/2/68 (H3N2). Although no extra fragment of
A/Aichi/2/68 (H3N2) was found, the inefficient cloning
of the genes reflects possible DI RNA.

In conclusion, we have established a novel RT-PCR pro-
cedure that enables all eight segments of influenza A virus
genome to be amplified by a single primer set. In the con-
text of increasing viral diversity, this universal method is
valuable for identifying the HA and NA subtypes, even for
novel influenza A viruses. This method was also success-
ful in detecting the subgenomic DI RNA. The simple and
universal RT-PCR procedure described here is expected to
provide new insights into the epidemiology of influenza
A virus as well as into molecular biology, facilitating cre-
ation of novel diagnostic agents and vaccines for influenza
A virus infection.
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A total of 171 fecal specimens collected from healthy calves on a beef farm in Gifu Prefecture, Japan in
2006-2007 were examined for group A rotaviruses by RT-semi-nested PCR targeting the coding region
for VP8*. Nine specimens were positive for rotavirus. G and P genotyping indicated that one strain was
G10P{11]-like and six strains were considered to be the same unknown G and P genotypes. Among these

six untypeable strains, one strain, AzuK-1, was adapted to cell culture and analyzed. Sequence and phy-

Keywords:

Bovine rotavirus

G genotype

P genotype

Novel genotype
Asymptomatic infection
Japan

logenetic analyses of the full lengths of VP4 and VP7 genes revealed that AzuK-1 strain is a novel bovine
rotavirus bearing new G21 and P{29] genotypes as confirmed by the RCWG. Furthermore, we detected
G21P[29] rotaviruses in fecal specimens collected from healthy calves in Hokkaido, Japan during the
period from 1997 to 1998. These findings suggest that novel G21P[29] rotaviruses have been widely
prevalent among cattle for over 10 years in Japan.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Group Arotaviruses are known to be major agents of severe acute
gastroenteritis in infants and young animals worldwide. Approx-
imately 611,000 children worldwide die from rotavirus diarrhea
every year, the numbers of deaths being particularly high in devel-
oping countries (Estes, 2001; Glass et al.,, 2006; Parashar et al,,
2006). Even in developed countries, rotavirus remains an impor-
tant cause of morbidity. For example, in the United States, it has
been estimated that rotavirus accounted for 47,000-60,000 hospi-
talizations each year of children less than 5 years of age, suggesting
that 1in 67 to 1 in 85 children will be hospitalized with rotavirus
by the age of 5 years (Malek et al.,, 2006). Rotavirus-induced diar-
rhea is therefore a serious public health problem throughout the
world.

Rotaviruses are members of the Reoviridae family. The virus par-
ticles have a triple-layered protein capsid that contains a genome
of 11 segments of double-stranded RNA, which encode six viral
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Biological Sciences, Gifu University, 1-1 Yanagido, Gifu, Gifu 501-1193, Japan.
Tel.: +81 58 293 2948; fax: +81 58 293 2948.
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structural proteins (VP1-4, VP6 and VP7) and six nonstructural
proteins (NSP1-NSP6). Each RNA segment is monocistronic, with
the exception of segment 11, which has an additional overlapping
open reading frame, encoding NSP6. Because of the segmented
nature of the genome, infection of one cell with two different
rotaviruses could result in a reassortment event, which is known to
generate new viruses, so-called “reassortants” with combinations
of genome segments from two parental viruses (Palombo, 2001;
Ramig, 1997). Reassortment is one of the important mechanisms for
generating genetic diversity of rotaviruses and eventually for viral
evolution.

VP4 and VP7, which are encoded by segments 4 and 9, respec-
tively, are components of the viral outer capsid. VP4 forms viral
spikes that project from the surface of viral particle. VP4 has been
shown to participate in several important functions, such as cell
attachment, entry into cells, haemagglutination, neutralization, vir-
ulence, and protease-enhanced infectivity of rotavirus (Dunn et
al,, 1995; Estes, 2001; Fuentes-Panana et al, 1995; Kaljot et al.,
1988; Ludert et al., 1996, Offit et al,, 1986). By protease treat-
ment, VP4 is cleaved into twe polypeptides, VP8* and VP5*. VP7,
the most abundant external glycoprotein, forms a smooth sur-
face of the virion. VP7 is the major neutralization antigen and is
involved in the cell entry process (Fukuhara et al.,, 1988; Sabara et
al, 1985).



M. Abe et al. / Virus Research 144 (2009) 250-257 251

According to diversities of VP4 and VP7 genes, group A
rotaviruses are classified into P and G genotypes. Rotavirus strains
with VP4 and VP7 sharing 89% or greater amino acid identities
belong to the same P and G genotypes, respectively (Estes, 2001;
Gorziglia et al, 1990; Nishikawa et al, 1989). Recently, a novel
classification system for rotaviruses has been proposed based on
the nucleotide sequences of a complete open reading frame (ORF)
(Matthijnssens et al., 2008a). In this system, 80% VP4 and VP7
nucleotide sequence identities are the cut-off values for the clas-
sification of P and G genotypes. To date, 30 P-genotypes (P|1 [-P[{28]
and P[30}-P[31]) and 21 G-genotypes (G1-G20 and G22) have been
described in literature (Matthijnssens et al., 2008a; Schumann et
al., 2009; Solberg et al., 2009). The G and P genotypes are pecu-
liarly distributed across various animal species, suggesting host
species barriers and restriction. For example, G1P{8), G2P[4], G3P[8]
and G4P[8] strains are globally predominant in humans (Estes,
2001). However, human rotaviruses with unusual G genotypes
(e.g. G5, G6, G8, G9, G10 and G12) and P genotypes (e.g., P[3],
P[6]. P{9], P[11] and P[14]) have been emerging, suggesting that
natural reaasortments have occurred between human and ani-
mal rotaviruses, especially in cattle and pigs (Dhama et al., 2009:
Ghosh et al., 2007; Li et al,, 2008; Nguyen et al., 2007; Parra et
al,, 2008; Rahman et al., 2007; Santos and Hoshino, 2005: Sharma
et al, 2008). G9 rotavirus, of which the VP7 gene is presumably
derived from a porcine rotavirus, is recognized as the emerging
pathogen for humans worldwide (Hoshino et al., 2005: Phan et
al,, 2007b; Yang et al., 2007). Therefore, animal rotaviruses are
regarded as a potential reservoir for genetic diversity of human
rotaviruses,

It is notable that a number of new genotypes have recently
been found in animals (Liprandi et al,, 2003; Martella et al,, 2006,
2007; McNeal et al., 2005; Parra et al, 2007; Rao et al., 2000:
Schumann et al., 2009). Monitoring of newly emerging rotaviruses
in animals is important for the control of rotavirus infection in
both humans and animals. Therefore, there has been great inter-
est in rotaviruses circulating in our environment. However, despite
the fact that rotaviruses cause asymptomatic infection in calves,
pigs, cats and humans (Dea et al,, 1985; Debouck and Pensaert,
1983; Hoshino et al., 2003; McNulty and Logan, 1983; Mochizuki
et al,, 1997; Ray et al., 2007; Reynolds et al., 1985; Roger et al,,
2005; Steyer et al., 2008, 2007), there is little information on
rotavirus infection in healthy animals. Hence, it remains to be
elucidated how asymptomatic infection with rotaviruses affects
the ecology and evolution of rotaviruses. Our previous seroepi-
demiological study showed high prevalences of infection with
rotaviruses of several genotypes in cattle (unpublished data).
Thus, it is expected that surveillance of rotavirus infection in
cattle will provide further information on the natural history of
rotaviruses.

To understand infection cycles of rotaviruses in nature, it is nec-
essary to characterize the viruses in subclinically infected animals.
For this purpose, we examined healthy calves in Gifu Prefec-
ture, Japan for rotavirus infection during the period from 2006
to 2007. We were able to isolate an unknown bovine group A
rotavirus from the feces of healthy cattle. Genetic analysis of
the strain demonstrated that VP4 and VP7 have less than 80%
nucleotide identities with other established P- and G-genotypes,
and therefore the Rotavirus Classification Working Group (RCWG)
assigned novel P[29] and G21 genotypes (Matthijnssens et al.,
2008b). .

Furthermore, to clarify when G21P[29] rotavirus emerged in cat-
" tle populations, we retrospectively investigated the prevalence of
G21P[29] rotaviruses in healthy calves using the fecal specimens
collected in Hokkaido, Japan from 1997 to 1998. The results sug-
gested that G21P[29] rotaviruses have been endemic in calves for
at least 10 years.

S
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Fig. 1. Geographical distribution of G21P[29] rotaviruses in Japan. "Fukai et al.
(2007); “unpublished data.

2. Materials and methods

2.1. Fecal samples

Atotal of 171 fecal specimens were collected from healthy calves
(aged <lyear)on a beef cattle farm located in Gifu Prefecture, Japan
from July 2006 to June 2007 (Fig. 1). The fecal samples were diluted
with phosphate-buffered saline to 20% suspensions and clarified
by centrifugation at 750 x g for 10 min. The supernatants were col-
lected and stored at —80°C until use.

In addition, we investigated 298 fecal specimens collected from
eight healthy calves in Hokkaido Animal Research Center in Japan
during the period from 1997 to 1998 (Fig. 1 ). These fecal specimens
were diluted with phosphate-buffered saline to 10% suspensions
and clarified by centrifugation at 750 x g for 10min. The super-
natants were collected and stored at —20°C until use.

2.2. RNA extraction, reverse transcription, and nested and
semi-nested PCR (RT-PCR)

Viral RNA was extracted from fecal suspensions by using a
QIAamp Viral RNA Mini Kit (QJAGEN, Hilden, Germany). Synthesis of
the cDNA was performed using a PrimeScript 1st strand cDNA Syn-
thesis Kit (TaKaRa BIO, Shiga, Japan) with random hexanucleotides
as primers. Genomic RNAs were heated at 95 *C for 5 min and imme-
diately chilled on ice, and then reverse transcription reaction was
carried out. The cDNAs were amplified by semi-nested PCR. To
detect and analyze the rotavirus genes, we designed primers for
amplifying and sequencing VP4 and VP7 genes (Supplementary
Table 1). The cDNA was amplified by an outer PCR with the primers
VP4-HeadF and VP4-1092R for VP4, resulting in a 1050-bp product,
and by an inner PCR with the primers VP4-HeadF and VP4-887R,
resulting in an 840-bp product. PCR was carried out with TaKaRa
Ex Taq (TaKaRa BIO, Shiga, Japan) on a PC-320 PROGRAM TEMP
CONTROL SYSTEM (ASTEC, Fukuoka, Japan) and TP600 TaKaRa PCR
Thermal Cycler Dice Gradient (TaKaRa BIO, Shiga, Japan). Inner and
outer PCRs were performed with an initial denaturation step at
95°C for 5min, followed by 50 cycles of 95:C for 30 s, 50°C for
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1min, 72°C for 1 min and a final extension at 72 °C for 5 min. VP7
genes were partially amplified by nested PCR with the outer primer
pair Beg9 and End9 (Gouvea et al,, 1990) and the inner primer
pair VP7-up2 and VP7-down3, producing gene amplicons of about
1000 bp and 920 bp, respectively. The PCR conditions were the same
as those described for VP4.

2.3. Direct sequencing and DNA sequence analysis for Pand G
genotyping

The second PCR products were purified with NucleoSpin Extract
I (MACHEREY-NAGEL, Duren, Gremany) and sequenced with a
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems,
Foster City, CA)on an ABI PRISM 3100 DNA analyzer (Applied Biosys-
temns, Foster City, CA). The VP4-HeadF, VP4-887R, VP7-up2 and
VP7-down3 PCR primers were also used as sequencing primers. The
nucleotide and amino acid sequences of VP4 and VP7 genes were
compared with those of the established 30 P and 21 G genotypes of
rotavirus strains available in GenBank by CLUSTAL W (Tompson et
al, 1994).

2.4. Virus isolation

Virus isolation was performed by a method similar to that previ-
ously reported (Fukusyo et al., 1981). Briefly, 20% fecal suspension
was added to an equal volume of minimal essential medium (MEM)
(Wako, Osaka, Japan) supplemented with 100 pg/ml gentamicin
(GIBCO, Grand Island, NY) and 2.5 pg/ml amphotericin B (Sigma,
St. Louis, MO). The suspension was treated with an equal volume of
20 pg/ml trypsin (Sigma, St. Louis, MO) for 30 min at 37 °Cand inoc-
ulated onto a confluent monolayer of African green monkey kidney
(MA-104) cells. After adsorption for 1 h, the monolayer was washed
three times and maintained in serum-free MEM supplemented with
0.5 wg/mi trypsin, 50 pg/ml Gentamicin and 2.5 pug/ml Ampho-
tericin B using a roller drum apparatus for 1 week. After three
cycles of freeze-thawing, the suspension was clarified by centrifu-
gion at 750 x g for 15min and then inoculated into MA-104 cells.
Additional passages were performed twice by the same method as
that described above. The presence of rotavirus was determined by
an indirect immunofluorescence assay in MA-104 cells using anti-
VP6 monoclonal antibody as described previously (Minamoto et al.,
1993).

2.5. Determination of 5" and 3’ terminal sequences

To obtain the complete nucleotide sequence of the VP4 and VP7
genes of the rotavirus strain AzuK-1, we used the single-primer
amplification method described previously (Ito et al,, 2001). Briefly,
a single amino-linked modified oligonucleotide, an adaptor primer
(Supplementary Table 1), was ligated to the 3’ ends of both senses of
dsRNA by using T4 RNA Ligase (TaKaRa BIO, Shiga, Japan). Follow-
ing reverse transcription using P-1, a complementary to adaptor
primer (Supplementary Table 1), the cDNA including the entire 5
or 3’ terminal sequence of each segment was amplified by nested
PCR using the primer pair P-1 for the first PCR or P-2 for the nested
PCR and appropriate gene-specific primers, VP8-1, VP4rF2, VP7-1
and VP7-2 (Supplementary Table 1). These primers were prepared
on the basis of sequence data obtained in this study. PCR prod-
ucts were purified and used for nucleotide sequencing as described
above, :

2.6. Sequencing and phylogenetic analysis
Sequences were assembled and analyzed using A plasmid Edi-

tor v1.10.4. Alignments of the nucleotide and deduced amino acid
sequences of VP4 and VP7 genes of Azul¢-1 strain with those of

Table 1
Detection of rotavirus VP4 genes in normal bovine feces by RT-nested PCR.

Year Month Positive/samples Positive rate (%)
2006 Jjuly-November 0/39 0
December 201 14.3
2007 January 3/12 25.0
February 123 4.3
March 1121 4.8
April o/21 0
May 1420 50
June 121 4.8
Total 9171 53

reference strains obtained from NCBI GenBank database were per-
formed using CLUSTAL W. Phylogenetic trees were constructed by
the neighbor-joining method using the MEGA version 4.0 software
(Tamura et al., 2007).

2.7. Nucleotide sequence accession numbers

The nucleotide sequence data presented in this paper have been
deposited in the GenBank database. The accession numbers of the
genes encoding VP4 and VP7 of Azul-1 strain are AB454420 and
AB454421 and those of the genes encoding VP4 and VP7 of CACC
strain are AB486010 and AB486011, respectively. The accession
numbers for the partial VP8* and VP7 gene sequences are as follows:
AB457634 (VP8*) for AzuK-3 strain, AB457635 (VP8*}and AB457636
(VP7) for AzuK-7 strain, and AB457637 (VP8*) for AzuK-9 strain.

Reference rotavirus strains and their accession numbers for
the VP4 gene used in this study were as follows: NCDV
(AB119636), SA11 (M23188), RRV (M18736), L26 (M58292), UK
(M22306), Gottfried (M33516), OSU (X13190), Wa (L34161), AU-1
(D10970), 6SM (M60600), B223 (D13394), H-2 (LO4638), MDR-13
(LO7886), Sun9 (AB158430), Lp14 (L11599), EDIM (AF039219), PO-
13 (AB009632), L338 (D13399), Mc345 (D38054), EHP (U08424),
Hg18 (AF237665), 160/01 (AF526374), 34461-4 (AY768809), TUCH
(AY596189), Dhaka6 (AY773004), 134/04-15 (DQ061053), CMP034
(DQ534016), Ecu534 (EU805773), Ch-2G3 (EU486956) and Ch-
661G1 (EU486962). Reference rotavirus strains and their accession
numbers for the VP7 gene used in this study were as follows:
KU (D16343), S2 (M11164), RRV (M21650), Gottfried (X06386),
OSU (X04613), NCDV (M12394), Ch-2 (X56784), A5 (D01054),
116E (L14072), 61A (X53403), YM (M23194), L26 (M58290), L338
(D13549), CH3 (D25229), Hg18 (AF237666), EW (U08430), Ty-1
(558166), PO-13 (D82979), Ch-1 (AB080738). Ecu534 (EU805775)
and Tu-2E10 (EU486973).

3. Results
3.1. Detection of rotavirus genes from normal feces

A total of 171 fecal specimens from healthy calves were ini-
tially screened for the presence of rotavirus by detection of VP4
genes using RT-semi-nested PCR. As a result, rotavirus VP4 genes
were detected innine (5.3%) of the 171 samples from asymptomatic
calves (Table 1). Seven of the nine samples were found to be posi-
tive in the first-step PCR, indicating that a considerable amount of
virus was excreted in normal feces. Rotavirus genes were identi-
fied throughout a 4-month period from December 2006 to March
2007 and throughout a 2-month period from May to June 2007. The
highest detection rate of rotavirus genes was in January (25.0%),
followed by December (14.3%), whereas detection rates in other
months were low (4.3-5.0%).
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Table 2
Possible P and G genotypes of the nine detected rotavirus strains.

Strains Year Month Possible P and G? types
Ptype G type
AzuK-1 2006 December P[?}® G?
AzuK-2 December P{?} G?
AzuK-3 2007 January P{7] G?
Azuk-4 January P[?] G?
AzuK-5 January P[?] G?
Azuk-6 February P{?] G(ND®)
AzuK-7 March P[11] G10
Azuk-8 May P[?] G?
AzuK-9 June Pl11] G(ND)

4 VP7 genes were aiso amplified by RT-nested PCR and sequenced to determine
possible G types.

b Untypeable due to iow nucleotide identity to any known rotaviruses.
¢ Not determined because VP7 genes were not detected by RT-nested PCR.

3.2. P genotyping by sequence analyses of partial VP8* genes

For P genotyping of the nine strains, the VP4 genes were par-
tially sequenced (693 bp, corresponding to nucleotides 100-786 of
the RRV VP4 gene) and were compared with those of 30 estab-
lished P genotype strains. Based on the nucleotide similarity of
partial VP8* nucleotide sequences, the nine strains were divided
into two P genotypes (Table 2). One genotype (AzuK-1, AzuK-2,
AzuK-3, AzuK-4, AzuK-5, AzuK-6 and AzuK-8) was untypeable and
the partial VP8* amino acid sequence was compared with those of
representatives strains of the 30 established P-genotypes, resulting
in very low identities (33.6-51.7%). These untypeable strains had
identical sequences except for one strain (AzuK-3), which differed
by two nucleotides. The other genotype (AzuK-7 and AzuK-9) was
considered to be P[11] due to highest amino acid identities (96.8%
and 96.3%, respectively) to bovine B223 strain belonging to P[11]
genotype.

3.3. G genotyping by sequence analyses of partial VP7 genes

Similar to the P genotyping, the VP7 genes of the nine strains
were partially sequenced (682 bp, corresponding to nucleotides
149-830 of the RRV VP7 gene) and were compared with those of 21
other established G genotype strains. Among the seven strains for
which P genotypes were nontypeable, six strains (Azuk-1, AzuK-
2, AzuK-3, AzuK-4, Azuk-5 and AzuK-8) had the same sequences
of partial VP7 genes, suggesting that they belong to the same G
genotype, whereas the VP7 gene of the other strain (Azuk-6) was
not detected by RT-PCR (Table 2). When the partial VP7 amino acid
sequences of these strains were compared to those of references
strains, low degrees of identities (57.5% to 73.9%) were found. Thus,
the G genotype of these six strains were also untypeable, The G
genotype of AzuK-7 strain was considered to be G10 due to highest
amino acid sequence identities of the partial VP7 gene with bovine
rotavirus 61A strain (96.4%) belonging to G10 genotype, whereas
the G genotype of AzuK-9 strain was undetermined because the
VP7 gene was not detected by RT-PCR.

3.4. Isolation of a novel bovine rotavirus

One of the untypeable strains was isolated from normal feces
of a 3-month-old calf. A typical cytopathic effect was observed
after inoculation of the fecal suspension into MA-104 cells. The iso-
late was passaged twice in MA-104 cells and designated as strain
AzuK-1. In an indirect immunofluorescence assay using an anti-
VP6 monoclonal antibody that recognizes all group A rotaviruses
(Minamoto et al, 1993), marked fluorescence was observed in
MA-104 cells inoculated with AzuK-1 strain (data not shown). Fur-

Table 3
Comparison of the nucleotide and amino acid sequence identities of the genome

segment encoding protein VP4 of AzuK-1 strain with those of 30 known P genotypes
strains,

Strains Origin P genotype Identity with Azul(-1 strain (%)
Nucleotide Amino acid

NCDV Bovine P{1] 65.9 65.3
SAT1 Simian P[2] 65,7 63.9
RRV Simian P[3] 65.2 63.4
L26 Human Pl4] 63.5 61.4
UK Bovine P[5] 63.9 63.5
Gottfried Porcine P[6} 62.8 59.4
0osu Porcine Pi7] 65.3 63.6
Wa Human P{8] 64.2 60.7
AU-1 Human P{9] 63.0 61.0
69M Human P[0} 64.2 63.9
B223 Bovine P[11] 59.1 57.2
H-2 Equine P[12] 65.9 62.5
MDR-13 Porcine P13} 65.8 62.3
Sung Bovine Pl14] 63.2 59.5
Lpt4 Ovine Pf15] 64.4 63.5
EDIM Murine P16} 61.7 62.9
PO-13 Pigeon P[17] 60.8 56.4
1338 Equine P18} 649 613
Mc345 Human P{19] 64.9 62.4
EHP Murine P{20] 62.6 619
Hgl8 Bovine P{21] 653 63.0
160/01 Lapine P{22] 5822 49.12
34461-4 Porcine P[23] 59.92 51.32
TUCH Simian P[24] 65.0 63.0
Dhaka6 Human P[25] 64.0 615
134/04-15 Porcine P{26} 65.4 64.1
CMP034 Porcine P[27] 64.0 61.7
Ecu534 Human P{28] 65.0 63.4
Ch-2G3 Chicken P[30}] 61.3 55.2
Ch-661G1 Chicken P[31] 61.5 54.7

¢ Calculation of amino acid identity was based on the VP8* region of the VP4 gene,

thermore, by sequencing the partial VP4 and VP7 genes of AzuK-1
strain, it was confirmed that the isolated virus genes were identical
to those amplified by RT-PCR from the fecal sample. To investi-
gate the untypeable rotavirus in detail, AzuK-1 strain was further
characterized by analyzing the full lengths of VP4 and VP7 genes.

3.5. Sequence and phylogenetic analyses of the VP4 gene

The VP4 gene of AzuK-1 strain was found to be 2373 nucleotides
in length and to code 777 amino acids. The VP4 gene of AzuK-1
strain was longer than the lengths of other rotavirus strains (mostly
about 2362 nucleotides) due to several nucleotide insertions in the
3’ non-coding region {data not shown). The VP4 coding nucleotide
and deduced amino acid sequences of Azul(-1 strain were compared
with those of 30 established reference P genotypes (Table 3). Iden-
tity of those in VP4 was low, ranging from 59.1% to 65.9% (nucleotide
level) and from 54.7% to 65.3% (amino acid level). These values
were below a cut-off value of 80% nucleotide sequence identity
that has been used to classify P genotypes (Matthijnssens et al.,
2008a). A phylogenetic tree based on the VP4 nucleotide sequences
of 30 established P genotypes strains and Azuk-1 strain showed that
AzuK-1 strain was located in a new branch (Fig. 2). These results
indicated that AzuK-1 strain belongs to a novel P genotype. The VP4
sequence of AzuK-1 strain was confirmed to be a new VP4 genotype:
P[29] by the RCWG (Matthijnssens et al., 2008b).

3.6. Sequence and phylogenetic analyses of the VP7 gene

VP7 of AzuK-1 strain was 1062 nucleotides in length, with two
in-phase open reading frames beginning at nucleotides 49 and 121
and a single UAG codon at nucleotide 1027. Compared to other G
genotypes (Estes, 2001), the second open reading frame of Azuk-1
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Fig. 2. Phylogenetic tree based on the VP4 nucleotide sequences of 30 established
reference P genotype strains and AzuK-1 strain. The tree was generated by the
neighbor-joining method using the MEGA version 4.

strain was located about 15 nucleotides upstream (data not shown).
These nucleotide sequences encoded a predicted protein of 326 or
302 amino acids. The VP7 coding nucleotide and deduced amino
acid sequences of AzuK-1 strain were compared with those of 21
established reference G genotypes (Table 4). VP7 of AzuK-1 strain
nucleotide and amino acid sequences showed low levels of identi-

Table 4

Comparison of the nucleotide and amino acid sequence identities of the genome
segment encoding protein VP7 of AzuK-1 strain with those of 21 known G genotypes

strains.

Strains Origin G genotype Identity with AzuK-1strain (%)
Nucleotide Amino acid
KU Human Gl 731 752
S2 Human G2 708 70.9
RRV. Simian G3 72.7 74.5
Gottfried Porcine G4 719 71.2
OSuU Porcine G5 72.6 727
NCDV Bavine G6 724 73.0
Ch=2 Chicken G7 62.7 54.6
AS “Bovine G8 70.8 71.5
116E Human GS 724 724
61A Bovine G10 73.8 730
YM Porcitie (43 722 73.5
126 Human Gi2 722 73.3
£338 Equine G13 72.9 73.0
CH3 Equine G14 72,5 724
Hgig Bovine G15 71.5 69.6
EW Murine G16 71.5 72.4
Ty-1 Turkey Gi7 64.6 577
PO-13 Pigeon G18 62.6 54.9
Chet Chicken G19 635 552
Ecu534 Human G20 714 727
Tu=2E10 Turkey 622 624 55.5

NCDV G6 EWG16
Ecu534 G20
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Fig. 3. Phylogenetic tree based on the VP7 nuclectide sequences of 21 established
reference G genotype strains and AzuK-1 strain. The tree was generated by the
neighbor-joining method using the MEGA version 4.

ties to those of other G genotypes, ranging from 62.4% to 73.8% and
from 54.6% to 75.2%, respectively. As with the VP4 gene, these values
were below a cut-off value of 80% nucleotide sequence identity that
has been used to classify G genotypes (Matthijnssens et al., 2008a).
A phylogenetic tree was constructed on the basis of VP7 nucleotide
sequences of 21 established G genotypes strains and Azuk-1 strain
(Fig. 3). In this phylogenetic tree, AzuK-1 strain was located inanew
branch and was confirmed to be a new VP7 genotype: G21 by the
RCWG (Matthijnssens et al., 2008b).

3.7. Retrospective study of prevalence of G21P[29] rotavirus in
cattle

G21P[29] rotavirus infection in cattle was revealed for the first
time in this study. Hence, we were interested to know when geno-
type G21P[29] rotaviruses emerged in the cattle populations. We
therefore investigated the presence of G21P{29] rotavirus in fecal
samples collected from eight healthy calves in Hokkaido, Japan
during the period from 1997 to 1998. Of 298 samples, six from
three calves were positive by RT-semi-nested PCR using specific
primers, CACCVP4-232F, VP4-189F and VP4-479R based on the VP7
and VP4 genes of AzuK-1 strain (Supplementary Table 1). Sequence
analysis revealed that these six strains were genetically identical.
The complete ORFs of the VP7 and VP4 genes of the represen-
tative CACC strain were determined and compared with those
of AzuK-1 strain. The identities of VP4 and VP7 genes between
CACC and AzuK-1 strains were 98.1% and 98.6% at the nucleotide
level and 98.8% and 99.1% at the amino acid level, respectively,
indicating that strain CACC also belonged to the G21P[29] geno-
type.
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4. Discussion

In this study, we showed that rotaviruses were excreted
from asymptomatic calves, especially during winter (Table 1).
Rotaviruses show a seasonal pattern of infection in Japan and other
countries with a temperate climate, with epidemic peaks occur-
ring in cooler months (D'souza et al,, 2007; Estes, 2001; Konno et
al,, 1983; Phan et al, 2007a). Thus, we cannot exclude the pos-
sibility that rotavirus excreted from subclinical calves becomes
a source of infection and triggers a diarrhea outbreak. In fact, it
has been reported that inoculation of a rotavirus strain isolated
from a subclinically infected calf resulted in diarrhea in gnotobi-
otic two-day-old calves (Bridger, 1994). The fact that we detected
rotaviruses mostly in first-step PCR (seven of nine samples being
positive by first-step PCR) in the present study suggested that
enough amount of virus for transmission to animals might be
excreted in normal feces. It was also shown in some previous stud-
ies that duration of rotavirus shedding in feces and maximum
yield of virus antigen in asymptomatic animals were similar to
those in diarrheic animals (Archambault et al,, 1990; Bridger et al.,
19923, 1992b; Hall et al.,, 1993). Extensive follow-up studies will be
required to confirm whether asymptomatically infected calves play
an important role in triggering an outbreak of rotavirus diarrhea in
winter.

Analyses of partial sequences of VP4 and VP7 genes indicated
that viruses detected in this study probably belong to untypeable
P and G genotypes and G10P{11] (Table 2). Rotavirus strains bear-
ing G10P[11] are common pathogens of cattle in various regions
(Garaicoechea et al., 2006; Monini et al., 2008; Reidy et al., 2006;
Varshney et al,, 2002), including Japan (Fukai et al., 1999, 2002;
Okada and Matsumoto, 2002). It has also been reported that
G10P[11] strains are associated with symptomatic and asymp-
tomatic infections in children in India (Iturriza-Gomara et al.,
2004). It would be interesting to determine whether there are any
genetical differences between “asymptomatic” and “symptomatic”
G10P[11] strains.

We successfully isolated and sequenced the VP7 and VP4 encod-
ing gene segments of an unknown group A rotavirus from an
asymptomatic calf. This strain, AzuK-1, showed nucleotide iden-
tities below the 80% cut-off values for both VP7 and VP4, when
compared to all established P- and G-genotypes, indicating that
AzuK-1 possessed a new P- and G-genotype. Furthermore, our phy-
logenetic analyses clearly demonstrated that AzuK-1 strain was
classified into novel P and G genotypes (Figs. 2 and 3). Thus, it
was confirmed that Azul(-1 strain was classified into a new VP7
genotype, G21, and a new VP4 genotype, P[29], by the RCWG
(Matthijnssens et al., 2008b).

The AzuK-1 strain is thought to be closely related to bovine
rotavirus Tak2 strain, which was detected in Tochigi Prefecture,
Japanin 2004 (Fukai et al., 2007), due to the high nucleotide identi-
ties between these two strains (99.4% in both partial VP5* and VP7
genes). From the sequence data of partical VP5* (817 bp) and VP7
(522 bp) of Tak2 strain, Tak2 strain is considered to be the same
G21P[29] genotype as that of AzuK-1 strain.

It is noteworthy that AzuK-1-like rotavirus strains were also
detected in other regions in Japan far from our study region, Gifu
Prefecture. Tochigi Prefecture, in which Tak2 strain was detected, is
about 300 km northeast of Gifu Prefecture (Fig. 1). We also detected
AzuK-1-like genotypes in specimens from healthy calves in Hyogo
Prefecture, which is about 200km southwest of Gifu Prefecture
(Fig. 1). Thus, it is speculated that G21P[29] rotaviruses are widely
prevalent among cattle in Japan.

In addition, results of a retrospective study using fecal sam-
ples that had been collected from calves in 1997-1998 for another
purpose and had been kept in a freezer indicated that G21P{29]
rotaviruses were present in the cattle population for at least 10

years. Therefore, G21P[29] rotaviruses can be considered to be
endemic in the cattle population over the past decade and would
have escaped detection due to their low pathogenicity in cattle.

On the other hand, it is intriguing that Tak2 strain, which proba-
bly belongs to G21P{29] genotype, was detected during an outbreak
of diarrhea in adult cattle (Fukai et al,, 2007). This suggests that
G21P[29] rotaviruses have a risk of causing epidemics of diarrhea
in cattle. These findings have aroused our interest in the genetic
relatedness of Azul-1 and Tak2 strains. However, genetic informa-
tion on Tak2 strain is limited. Further analyses of all 11 genome
segments and pathogenicity of G21P[29] rotaviruses are needed to
evaluate the risk of epidemics of diarrhea in cattle.

In this study, we found that shedding of rotaviruses in healthy
calves in Japan occurred in winter and we isolated a new rotavirus,
G21P[29]. In addition, this study suggested that calves may have
frequent subclinical infections with rotaviruses. Considering that
frequent genomic reassortment among different rotavirus geno-
types was accelerated by mixed infection, the calves may serve as
a reservoir for viral reassortment and evolution of novel rotavirus
strains. Therefore, to fully elucidate how rotaviruses in subclini-
cally infected animals are involved in the viral infection cycle in
nature, additional analyses of genes other than VP4 and VP7 will be
needed. Monitoring rotaviruses that circulate in our environment
will be important for the control of outbreaks in both humans and
animals.
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