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Analysis of the Excretion Dynamics and Genotypic Characteristics of
Rotavirus A during the Lives of Pigs Raised on Farms for Meat

Production
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To determine the excretion dynamics and genotypic characteristics of rotavirus A (RVA), a longitudinal observational study was
performed in 10 pigs from 3 litters at a farrow-to-finish farm. A total of 400 fecal samples were directly collected from the rec-
tums of individual pigs (aged 7 to 217 days) at 3- to 14-day intervals. Seventy-one samples (17.5%) were positive for RVA by re-
verse transcription-PCR designed to detect the VP7 and VP4 genes. At least 13 combinations of 5 G (G2, G4, G5, G9, and G11)
and 6 P (P[6], P[7], P[13], P[23], P[27], and P[34]) genotypes were identified by direct sequencing of the PCR products. We were
able to detect RVA VP7 sequences from each pig 4 to 6 times with intervals of 7 to 52 days (from 7 to 119 days of age). Each pig
harbored RVAs with at least 3 to 6 different combinations of G and P genotypes, while repeated excretions of RVAs carrying the
same combinations of G and P genotypes were also observed. Virus shedding and changes in G and P genotypes appeared to be
associated with movement of the pigs into weaning, growing, and finishing barns. These results indicated that, over their life-
times, pigs raised for meat frequently and intermittently excrete genetically diverse RVAs.

otavirus A (RVA) is a major cause of severe diarrhea in chil-

dren worldwide and is estimated to cause more than 453,000
deaths each year among children aged 5 years or younger (9, 40).
Similar to findings in humans, RVA is also one of the most fre-
quently detected enteropathogens associated with acute enteritis
among young farm animals such as piglets and calves. RVA infec-
tions pose an economic threat to the livestock industry due to
increased morbidity and mortality rates, and poor growth perfor-
mance (8, 20, 35). Although implementing and maintaining ap-
propriate health management practices are obviously crucial for
controlling RVA-induced diarrhea in piglets and calves (8, 43),
there is a lack of understanding of the viral ecology within these
meat animals from birth to harvest.

RVA is a member of the genus Rotavirus, within the family
Reoviridae. Its genome consists of 11 segments of double-stranded
RNAs encased in a triple-layered capsid. These segments encode
six structural (VP1 to VP4, VP6, VP7) and five or sometimes six
nonstructural (NSP1 to NSP5) proteins (9). Since the two outer
capsid proteins VP7 and VP4 independently induce neutralizing
antibodies, they define G and P serotypes, respectively, and play an
important role in protective immunity (9). Recently, a new rota-
virus classification system, which defines different genotypes for
all the 11 genome segments based on the percentage nucleotide
(nt) sequence identity in each segment, was proposed (27, 28).
According to this scheme, 27 G and 35 P genotypes have been
described for RVAs of humans and animals (27). To date, 12 G
genotypes (G1 to G6, G8 to G12, and G26) and 13 P genotypes
(P[1], P[5] to P[8], P[11], P[13], P[19], P[23], P[26], P[27],
P[32], and P[34]) have been detected in pigs (5, 16, 23, 25, 27,
34, 37).

Although five G genotypes (G1 to G4, and G9) and three P
genotypes (P[4], P[6], and P[8]) represent the majority of clini-
cally important RVA strains in humans (36), the intensive RVA
surveillance associated with introduction of the RVA vaccine into
human populations has resulted in the detection of RVAs with
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unusual genotypes, including those commonly detected in pigs
and cattle (14, 19,21, 29, 38). Animal RVAs are therefore regarded
as a potential reservoir for the genetic diversity of human RVAs,
and consequently their ecology has been of great concern (24).
Further, an increase was been noted in the incidence of porcine
RVA diarrhea on large-scale pig farms (7, 22). Understanding the
viral ecology within a pig population is crucial for preventing or
reducing the incidence of porcine RVA diarrhea as well as trans-
mission of porcine RVAs to humans. However, most studies of
porcine RVAs have focused on the genotypes present in suckling
and weaned pigs (6, 16, 41), which is not informative about viral
ecology and genotypic characteristics when animals are raised on
farms over an extended period.

Here, to understand the ecology of RVA infection within a
farm over an extended period, we investigated the excretion dy-
namics and genotypic characteristics of RVAs isolated from ani-
mals over their lifetimes on a farrow-to-finish swine farm in
Japan.

MATERIALS AND METHODS

Study design. Pigs were kept ata 900-sow farrow-to-finish farm located in
Tochigi Prefecture, Japan, from November 2002 to June 2003. The farm
was managed by a continuous-flow production system, which means that
the farrowing, weaning, growing, and finishing barns are never been de-
populated and that pigs of different ages are sometimes housed together in
different pens in the same building. Since pigs are always present, there is
no opportunity for total cleaning and disinfecting of the facility (17). Pigs
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were nursed with their sows in each farrowing pen until weaning at 28
days of age. They were comingled with those from other litters at the time
of weaning, transferred into a weaning barn, and distributed into pens in
a weaning barn (10 to 12 pigs per pen). Pigs were next transferred into
growing and finishing barns at 59 and 101 days of age without rearranging
the group or commingling with other pigs. Fences that allowed nose-to-
nose contact separated the pens in each barn. To optimize growth and
nutrition, diets were formulated to meet the requirements published in
the Japanese Feeding Standard for Swine (33) and were modified based on
age period (approximate, in days) as follows: early suckling (5 to 28 days),
mid-suckling to early weaning (10 to 40 days), late weaning (35 to 65
days), growing (60 to 130 days), and finishing (greater than 120 days). All
food was purchased from a commercial source. Pigs had constant access to
drinking water.

Ten piglets from three litters (three or four piglets per litter) born on
the same day were randomly selected and ear tagged for identification.
They were housed together as one group after weaning without commin-
gling of other pigs. Fecal samples were directly collected from the rectum
of each pig twice weekly (from 7 to 119 days of age) or once every 2 weeks
(after 119 days of age). The samples were stored and shipped at 4°C. After
recording fecal consistency, the samples were stored at —80°C until RNA
extraction. The Animal Ethical Committee and the Animal Care and Use
Committee of National Institute of Animal Health approved all animal
experimentation.

Preparation of RNA and RT-PCR. Total RNA was extracted from
fecal suspensions using TRIzol-LS (Invitrogen Corp., Carlsbad, CA) and
subjected to reverse transcription-PCR (RT-PCR). A negative control was
included for each RNA extraction. The VP7 gene and the VP8* fragments
of the VP4 gene were amplified using a Qiagen OneStep RT-PCR kit
(Qiagen, Valencia, CA) with primer pairs Beg9/End9 and Con2/Con3,
respectively (13, 15). A negative control from each RNA extraction, a
negative control (Milli-Q water), and a positive control (porcine RVA
OSU strain RNA) were included in each run. The amplicons were ana-
lyzed by 2% agarose gel electrophoresis and visualized under UV light
after ethidium bromide staining. Although the VP4 genes were further
reamplified using the TaKaRa Ex Tagq kit (TaKaRa Bio Inc., Shiga, Japan)
and 1 pl of the RT-PCR product as the template, the VP4 sequences were
able to be determined in only 24 of the 71 samples in which VP7 sequences
were detected. Therefore, the samples were further analyzed for the VP4
gene using a different primer pair, VP4-13F (5'-GCT TCG CTCATT TAY
AGA C-3") and VP4-821R (5'-TCT CTA TTA TAT TGC ATT TCT TTC
C-3"), which was designed to detect porcine RVAs. RT-PCR conditions
were as follows: 50°C for 30 min, 95°C for 15 min, followed by 35 cycles at
94°C for 30 s, 50°C for 30 s, and 72°C for 1 min with a final extension at
72°C for 7 min. Reamplification was performed using 1 pl of the RT-PCR
product as template as follows: 94°C for 5 min, followed by 30 cycles at
90°C for 30 s, 50°C for 30 s, and 72°C for 1 min with a final extension at
72°C for 7 min.

Nucleotide sequence analysis. VP7 and VP4 PCR products were pu-
rified using MicroSpin S-400 HR columns (GE Healthcare, Uppsala, Swe-
den) or a QIAquick gel extraction kit (Qiagen, Valencia, CA) and se-
quenced in both directions on an Applied Biosystems 3100 automated
DNA sequencer using a BigDye Terminator v3.1 cycle sequencing kit (Ap-
plied Biosystems, Foster City, CA). The sequences were assembled, edited,
and analyzed using MEGA 5 software (39). The nucleotide sequences of
the VP7 or VP4 genes from the fecal samples were compared with those of
reference strains available from GenBank (27). Alignments of multiple
sequences were performed using the CLUSTAL W algorithm. Genetic
distances were calculated using the Kimura-2 correction parameter, and
phylogenetic dendrograms were constructed via the neighbor-joining
method with 1,000 bootstrap replications (26).

Statistical analyses. Statistical analyses for comparison of RVA detec-
tion rate in solid feces and soft-to-watery feces were carried out using the
chi-square test.
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Nucleotide sequence accession numbers. The VP7 or VP4 genes of
RVAs detected in the present study shared more than 98.7% nucleotide iden-
tity with those belonging to the same genotype, except for P[13]. We have
therefore submitted the nucleotide sequences of 15 representative isolates to
GenBank/EMBL/DDBJ under the following strain names and accession
numbers (in parentheses): RVA/Pig-wt/JPN/pig2-98d/2003/G11P[7] (VP7,
AB701777; VP4, AB701781), RVA/Pig-wt/JPN/pig5-31d/2002/GOP[23]
(VP7, AB690412; VP4, AB701782), RVA/Pig-wt/JPN/pig5-88d/2003/
G5P[27] (VP7, AB690410; VP4, AB690421), RVA/pig-wt/JPN/pig6-7d/
2002/G4P[6] (VP7, AB690413; VP4, AB701783), RVA/Pig-wt/JPN/pig8-
115d/2003/G2P[34] (VP7, AB690411; VP4, AB690422), RVA/Pig-wt/JPN/
pig8-31d/2002/G9P[6] (VP7, AB701778; VP4, AB701784), RVA/Pig-wt/
JPN/pig8-63d/2003/G2P[27] (VP7, AB701779; VP4, AB701785), RVA/Pig-
wt/JPN/pig9-28d/2002/G5P[6] (VP7, AB690403; VP4, AB690414), RVA/
Pig-wt/JPN/pig9-42d/2002/G5P[13] (VP7, AB690404; VP4, AB690415),
RVA/Pig-wt/JPN/pig9-49d/2002/G5P[7] (VP7, AB690405; VP4, AB690416),
RVA/Pig-wt/JPN/pig9-59d/2003/G11P[27] ~ (VP7, AB690406; VP4,
AB690417), RVA/Pig-wt/JPN/pig9-94d/2003/G11P[13] (VP7, AB690407;
VP4, AB690418), RVA/Pig-wt/JPN/pig9-98d/2003/G5P[13]  (VP7,
AB690408; VP4, AB690419), RVA/Pig-wt/JPN/pig9-112d/2003/G11P[13]
(VP7, AB701780; VP4, AB701786), and RVA/Pig-wt/JPN/pig9-115d/2003/
G11P[34] (VP7, AB690409; VP4, AB690420).

RESULTS

Detection rate of RVAs. Of the 400 fecal samples collected from
10 individual pigs from 7 to 217 days of age, 71 (17.8%) were
positive for the RVA VP7 gene. The detection rate was highest
during the weaning period (37.8%), followed by the growing
(20.0%), finishing (6.7%), and suckling (3.3%) periods. The rela-
tionship between RVA detection and fecal consistency was evalu-
ated in 340 samples collected during the weaning, growing, and
finishing periods. One hundred eleven samples (32.6%) were soft
or pasty to watery as shown in Table 1. The highest incidence of
soft-to-watery feces was observed during the growing period
(57.7%, 75 of 130) followed by the weaning (17.8%, 16 of 90) and
finishing (16.7%, 20 of 120) periods. The detection rate of RVA
nucleotide sequences was significantly higher in soft-to-watery
(20.0%, 4 0f 20) than in solid (4.0%, 4 of 100) feces in the finishing
period (P < 0.01). RVAs were also detected at higher rates in
soft-to-watery than in solid feces in the weaning (56.3%, 9 of 16
versus 33.8%, 25 of 74) and growing (22.7%, 17 of 75 versus
18.2%, 10 of 55) periods, although the differences were not judged
to be statistically significant. The relationship between RVA detec-
tion and fecal consistency could not be evaluated during the suck-
ling period because the records of fecal consistency were not avail-
able for feces collected from 7 to 17 days of age, and only two
samples were positive for RVA sequences (Table 1).

Genetic analysis of RVAs. The nucleotide sequences of the
VP7 genes (710 nucleotides, corresponding to nucleotides 172 to
881 in the VP7 gene of the porcine G5 OSU strain) were success-
fully determined for 60 samples. In the remaining samples, VP7
sequences could not be determined due to mixed infection with
more than one strain of RVAs (eight samples) or unsatisfactory
quality of sequence trace data (three samples). Phylogenic analysis
allowed us to classify the 60 RVA sequences as one of five G geno-
types (G2, G4, G5, G9, and G11) of 27 established G genotypes
(Fig. 1). Nucleotide sequences corresponding to the G5 genotype
were detected most frequently (47.9%, n = 34), followed by those
with G11 (21.1%, n = 15), G2 (8.5%, n = 6), G9 (5.6%, n = 4),
and G4 (1.4%, n = 1) genotypes. The VP7 genes of the isolates
belonging to the same G genotype were genetically closely related
to each other with more than 99.7% nucleotide (nt) identities to
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TABLE 1 Fecal consistency and G and P genotypes of detected RVAs: sampling of 10 pigs from 7 to 217 days of age

Stage (days)

a

Pig

1

2

3

4

5

6

7

8

9

10

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Fecal
consist

Genotype

Suckling 7

Weaning 28
31
35
38
42
45
49
52
56

Growing 59
63
66
70
73
77
80
84
88
92
94
98
101

Finishing 105
108
112
115
119
133
148
161
175
189
203
217

nr
nr
nr

zzs

ZZZ2Z2Z2ZZ>»P&»

OQ0o0O0OU0Z0O0ODU0OZZZ2Z

ZZZZ2Z2Z2Z»ZZZZ

G9P[6]
G9P[23]
G5P[7]
G5P[7]
GxP[7]

G11P[34]

GxP[27]

nr
nr
nr

»zsz

Z 7 ZZ9ZZ7Z2Z

Z0OZ»LZ0OO0OU0OZZZZ

ZZZZZZZ»ZZZZ

GI11P[ND]
G2P[27]

GndP[7]
G11P[7]

nr
nr
nr

z 73

Z 72272272 2ZZZZZ

Z 2272272222272 Z2ZZZZ

z ZzZzZzZzZ2ZUY

G5P[6]
G5P[6]

G5P[13]
GxP[13]

G11P[13]

G11P[13]

nr
nr
nr

zZ 3

ZZ»ZZZZZUY

O»Z0OZ0OUOUUO»»QgUOUOZ

zZzZz2Z2ZZZ%»JUOZU

G5P[7]
G5P[7]

G11P[27]
G2P[27]
G5P[7)
G5P[7]

G5P[7]
G11P[7]

nr
nr
nr

Z7Zg

wwzZzOOZZZZ

isRvii-Aldivivivilvivilvilvleld

zZz0OzZ»0O»OUOz2z

nr
nr
nr

© iz

Z ZZ2Z2Z2Z2Z»UY

Zz0OZ»LQOUQOUOUOZ»ZZ®»

Z ZZ 22 2Z2ZZ2ZZZZ

G4P[6]

G5P[7]
G5P[7]

G2P[27]
G5P[7]
G5P[7]
G5P[7]
G5P[7]

nr
nr
nr

zZ 3

ZZZZ»ZJZ2Z

ZzOO«»wZgggvwwz»wdg

Z ZZZ2Z2ZZZZJZZ

G5P[13]
G5P[7]
G5P[13]

G11P[x]

G5P[7]
GxP[7]

nr
nr
nr

z 73

Z 2272 2Z22Z27ZZZZ

Zz0OUOU0OzZz»Z0OUO»zZ»Zz

z ZzZzZ®»»goUOZzZ

G2P[34]

nr
nr
nr

Z 7z

Z ZZZZZZZZ

Z©wZZ92ZZZZZZZZ

Z ZZZ2Z2ZZZZZZZ

G5P[6]
GxP[x]
G5P[13]
G5P[7]

G11P[27)

G11P[13]
G5P[13]

G11P[13]
G11P[34]

nr
nr
nr

Z7Zg

ZZZzZQ9»wZzZJIZZ

FAlvllvilvlivRvivivivivilAlvlv)

zZzZzZzZ®»zZUOZzZZ

G5P[13]

G5P[13]
G5P[13]

G11P[13]

G11P([27]

GxP[13]

GxP[ND]

@ Fecal consist, fecal consistency of the sample. Genotype, RVA G and P genotypes. —, Samples were negative for RT-PCR targeting the VP7 and VP4 genes. Gx and P[x], VP7 and VP4 sequences could not be determined because of
mixed infection with more than one strain of RVAs. Gnd and P[ND], the VP7 and VP4 nucleotide sequences could not be determined because of unsatisfactory quality of the sequence trace data. Other abbreviations: N, normal; S, soft

(boldface); D, pasty to watery (shaded); nr, record unavailable.
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100

RVA/Human-wt/CHN/LL3354/2000/G5P[6] EF 159575
RVA/Pig-tc/ARG/C134/1986/G5P9[X] L35058

88— RVAHuman-t/BRA/IAL-26/1992/G5P(8] L79916

91

RVA/Pig-wt/THA/CMP178/200X/G5P[X] DQ515961
RVA/Pig-wt/ITA/134/04-15/2003/G5P[26] DQ062572
w&z’igftc/USA/OSUM 977/G5P9[7] X04613
RVA/Pig-tc/VEN/A34/1985/G5P[23] L35059

@ RVA/Pig-wt/JPN/pig10-28d/2002/G5P[13]
@ RVA/Pig-wt/JPN/pig9-42d/2002/G5P[13]
@ RVA/Pig-wt/JPN/pig9-28d/2002/G5P[6]
@ RVA/Pig-wt/JPN/pig6-28d/2002/G5P[6]
@ RVA/Pig-wt/JPN/pig3-31d/2002/G5P[6]
@ RVA/Pig-wt/JPN/pig3-42d/2002/G5P[13]
@ RVA/Pig-wt/JPN/pig3-28d/2002/G5P[6]

@ RVA/Pig-wt/JPN/pig7-42d/2002/G5P[7]

@ RVA/Pig-wt/JPN/pig7-35d/2002/G5P[7]

@ RVA/Pig-wt/JPN/pig6-45d/2002/G5P[7]

@ RVA/Pig-wt/JPN/pig6-42d/2002/G5P[7]

@ RVA/Pig-wt/JPN/pig1-42d/2002/G5P[7]

@ RVA/Pig-wt/JPN/pig7-94d/2003/G5P[7]

@ RVA/Pig-wt/JPN/pig6-98d/2003/G5P[7]

@ RVA/Pig-wt/JPN/pig6-94d/2003/G5P[7]
64| @ RVA/Pig-wt/JPN/pig6-92d/2003/G5P(7]

@ RVA/Pig-wt/JPN/pig6-101d/2003/G5P[7)]

@ RVA/Pig-wt/JPN/pig5-88d/2003/G5P[27]

@ RVA/Pig-wt/JPN/pig-98d/2003/G5P[7]

@ RVA/Pig-wt/JPN/pigd-101d/2003/G5P[7]

@ RVA/Pig-wt/JPN/pig1-38d/2002/G5P[7]
5511 ® RVA/Pig-wtJPN/pig4-45d/2002/G5P[7]
@ RVA/Pig-wt/JPN/pigd-42d/2002/G5P[7]
@ RVA/Pig-wt/JPN/pig2-45d/2002/G5P[7]
@ RVA/Pig-wt/JPN/pig2-42d/2002/G5P[7]
@ RVA/Pig-wt/JPN/pig7-45d/2002/G5P[7]
62| | @ RVA/Pig-wt/JPN/pig8-454/2002/G5P[7]
@ RVA/Pig-wt/JPN/pig8-49d/2002/G5P[x]
@ RVA/Pig-wt/JPN/pig9-49d/2002/G5P[7]
@ RVA/Pig-wt/JPN/pig10-45d/2002/G5P[13]
@ RVA/Pig-wt/JPN/pig10-42d/2002/G5P[13]
@ RVA/Pig-wt/JPN/pig9-98d/2003/G5P[13]
o4 | @ RVA/Pig-witJPN/pigd-1050/2003/G5P[7]
@ RVA/Pig-wt/JPN/pig3-98d/2003/G5P[7]

10— RVAHuman-wiNPLIKTMI8S,2004/G11P125] GU108497
RVA/Pig-tc/MEX/YM/1983/G11P9[7] M23194

100

61

84

RVA/Pig-wt/IRL/60/07-Ire/2007/G11P[26] FJ617260
RVA/Pig-tc/VEN/A253/1988/G11P9[7] L24163
RVA/Human-wt/ECU/EC2184/2005/G11P[6] GQ149096
@ RVA/Pig-wt/JPN/pigd-119d/2003/G11P[7]
@ RVA/Pig-wt/JPN/pig10-56d/2003/G11P[13]
@ RVA/Pig-wt/JPN/pig10-59d/2003/G11P[13]

94

@ RVA/Pig-wt/JPN/pig1-59d/2003/G11P[34]
RVA/Pig-wt/JPN/pig2-59d/2003/G11P[x]
@ RVA/Pig-wt/JPN/pig2-98d/2003/G11P[7]
RVA/Pig-wt/JPN/pig3-59d/2003/G11P[13]
@ RVA/Pig-wt/JPN/pig3-56d/2003/G11P[13]
@ RVA/Pig-wt/JPN/pig3-115d/2003/G11P[13]
@ RVA/Pig-wt/JPN/pig7-59d/2003/G11P[x]
@ RVA/Pig-wt/JPN/pigs-59d/2003/G11P[27]
@ RVA/Pig-wt/JPN/pig9-112d/2003/G11P[13]
@ RVA/Pig-wt/JPN/pig9-115d/2003/G11P[34]
@ RVA/Pig-wt/JPN/pig9-59d/2003/G11P[27]
@ RVA/Pig-wt/JPN/pig9-94d/2003/G11P[13]

ﬁ|: RVA/Human-tc/IND/116E/1985/GOP[11] L14072
RVA/Human-wt/USA/OM46/1998/GOP[8] AJ491181

100

99

RVA/Pig-wt/JPN/Hokkaido-14/2001/GOP[23] AB176677
RVA/Human/THA/Mc345/G9P[X] D38055
RVA/Human/CHN/203/XXXX/GIP[X] AY003871
VA/Pig-wi/JPN/JP3-6/2002/G9P[6] AB176678
@ RVA/Pig-wt/JPN/pig5-31d/2002/G9P[23]
@ RVA/Pig-wt/JPN/pig8-31d/2002/G9P[6]
70| @ RVA/Pig-wi/JPN/pig 1-28d/2002/G9P[6]

@ RVA/Pig-wt/JPN/pig1-31d /2002/G9P[23]

RVA/Pig-tc/USA/Gottfried/1983/G4P[6] X06759
RVA/Human-tc/GBR/ST3/1975/G4P2A[6] X13603
RVA/Pig-wt/BRA843/07-Po/2007/G4P[6] HQ388412
RVA/Human-wt/MEX/D151/1988/G4P[6] AJ488586
RVA/Pig-wt/BRA/ICB2185/XXXX/G4P[X] AF 192267

100

RVA/Pig-wt/BRA/838/07-P0/2007/G4P[6] HQ388411

@ RVA/Pig-wt/JPN/pig6-7d/2002/G4P[6]

RVA/Pig-wt/ THA/CMP77/XXXX/G4P[X] DQ683521
89 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] AY787646
100

100
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99

RVA/Human-wt/BGD/MMC6/2005/G2P[4] EU839923
RVA/Human-tc/USA/DS-1/1976/G2P[4] HQ650122
RVA/Pig-wt/IRL/48/07-Ire/2007/G2P[32] FJ492832
RVA/Pig-w/ESP/34461-4/2003/G2P[23] AY766085
RVA/Pig-wiTHA/CMP034/2000/G2P[27] DQ534015
a5 | @ RVA/Pig-wt/JPN/pig4-66d/2003/G2P[27]
ﬂ. RVA/Pig-wt/JPN/pig6-59d/2003/G2P[27]
@ RVA/Pig-wt/JPN/pig2-73d/2003/G2P[27]

@ RVA/Pig-wt/JPN/pig8-115d/2003/G2P[34]

100 l‘. RVA/Pig-wt/JPN/pig5-119d/2003/G2P[34]
@ RVA/Pig-w/JPN/pig8-63d/2003/G2P[27]

89

G5

G11

G9

G4

G2
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each other, except those of the G5 isolates, which shared 98.7% to
100% nt identities to each other.

The nucleotide sequences of G5 isolates were most closely re-
lated to those of prototype porcine G5 strains OSU and A34 (90.5
to 92.9% nt identities) (Fig. 1). In contrast, the nucleotide se-
quences of G11 isolates were genetically distant from that of pro-
totype porcine G11 strain YM and were assigned to a separate
branch more closely related to the genomes of the human EC2184
and porcine A253 strains (88.6% to 91.7% nt identities) (Fig. 1).
The nucleotide sequences of G2 isolates were genetically distant
from those of prototype human G2 strains DS-1 and TB-Chen and
were assigned to a separate branch related to porcine G2 strains
including CMP034 (87.0% to 87.3% nt identities) (Fig. 1). Simi-
larly, the nucleotide sequences of G9 isolates were distant from
those of human prototype G9 strains 116E and OM46 and were
closely related to those of porcine G9 strain JP3-6 (98.0% to 98.2%
nt identity). The nucleotide sequence of the G4 isolate was genet-
ically distant from that of porcine prototype G4 strain Gottfried,
and it belonged to a lineage composed of porcine strains BRA838/
07-Po and ICB2185 and human strain D151 (83.6% to 85.0% nt
identities) (Fig. 1).

Among the 71 samples, the VP8* fragments of VP4 gene were
detected using the primer pair Con2/Con3 in 19 samples by RT-
PCR and in 7 samples by reamplification of the RT-PCR product.
Among them, the VP4 nucleotide sequences could be determined
in only 24 samples. The remaining 47 samples were further ana-
lyzed using the primer pair VP4-13F/VP4-821R. VP4 genes were
detected in 26 samples via RT-PCR and in 21 samples by reampli-
fication of the RT-PCR products. VP4 nucleotide sequences were
able to be determined in 41 samples. VP4 nucleotide sequences
(663 to 672 nt) corresponding to nt 88 to 762 of the porcine P[7]
OSU strain were determined in 65 of the 71 samples. In the re-
maining six samples, VP4 sequences could not be determined due
either to mixed infection with more than one strain of RVA (four
samples) or to unsatisfactory quality of the sequence trace data
(two samples).

Phylogenic analysis enabled us to classify the 65 RVA VP4 se-
quences as one of six P genotypes (P[6], P[7], P[13], P[23], P[27],
and P[34]) of 35 established P genotypes (Fig. 2). P[7] genotypes
were detected most frequently (39.4%, n = 28), followed by P[13]
(22.5%,n = 16), P[27] (14.1%, n = 10), P[6] (7.0%, n = 5), P[34]
(5.6%, n=4),and P[23] (2.8%, n = 2). The nucleotide sequences
corresponding to the P[6], P[7], P[23], P[27], and P[34] geno-
types shared greater than 99.0% nt identities, and each genotype
was able to be assigned to a single branch (Fig. 2). In contrast, the
P[13] sequences were able to be easily separated into three clusters
(MDR-13, HP140, and A46), with nucleotide sequence identities
within and between clusters ranging from 99.9% to 100% and
from 77.7% to 78.9%, respectively (Fig. 2). The P[13] sequences
contained a 6-nt insertion after nt 564 of the porcine OSU VP4
gene. Nucleotides 415 to 417 of the OSU VP4 gene were deleted
from P[6] and P[27] sequences (data not shown). None of the VP4
sequences displayed a close genetic relationship with those of hu-
man strains (Fig. 2).

Shedding pattern of RVAs. Each of the pigs started to excrete

Excretion Dynamics of Rotavirus A in Pigs

RVAs at an average age of 28 days old (ranging from 7 to 42 days
old) and ended at an average age of 109 days (range: 98 to 119
days). RVA shedding could be detected repeatedly at least 4 to 6
times within 7 to 52 days. The G and P genotypes detected in each
pig are summarized in Table 1.

In the suckling period, virus shedding was detected in only one
pig at 7 (pig 6, G4P[6]) and 24 (pig 2, P[6] genotype) days of age,
respectively.

Within 1 week after weaning, RVA shedding was detected in
the feces of seven pigs (pigs 1, 3, 5, and 7 to 10) for the first time
and in two pigs (pigs 2 and 6) for the second time. This peak in
RVA shedding included combinations of two G (G5 and G9) and
three P (P[6], P[13], and P[23]) genotypes. Mixed infection with
more than one RVA strain was observed in two pigs (pigs 2 and 9
at 31 days).

We detected a second peak of RVA shedding (from 42 to 45
days of age) soon after the first peak in the same weaning barn. In
nine pigs, RVAs had been detected on previous occasions, and in
one pig (pig 4), this was the first instance. We detected RVA se-
quences of G5 together with P[7] or P[13] genotypes in the second
peak. Notably, the same G5 genotype RVAs were detected at the
first and second peaks in five pigs (pigs 3, 6, 7, 9, and 10). Among
them, the same combinations of G and P genotypes were detected
in two pigs (G5P[13] in pigs 7 and 10). The P[13] sequences de-
tected in the first and second peaks all belonged to the A46 cluster
(Fig. 2). The mixed infection was also observed at this time in four
pigs (pigs 1, 3, and 5 at 45 days, and pig 8 at 49 days).

The third peak was characterized by predominant detection of
G11 in combination with P[13], P[27], or P[34] genotypes start-
ing from 56 days and peaked at 59 days, which were just before and
after their movement into the growing barn. P[13] sequences were
detected both at the second and third peaks in pigs 3 and 10,
although the P[13] sequences belonged to the MDR-13 cluster
and were genetically distant from those detected in the first and
second peaks (Fig. 2). G2P[27] genotype RVAs were detected spo-
radically in the first half of the growing period (59 to 73 days). The
mixed infection was observed again at this peak in pig 7 at 59 days.

The fourth peak was characterized by predominant detection
of G5P[7] genotypes starting from 88 days and peaking at 98
days—one week before their transfer into the finishing barn.
G5P([7] genotypes were detected consistently in the feces of pigs 4
and 6 before they entered the finishing barn and in pig 4 even after
its entry. P[7] sequences sharing a close genetic relationship with
those identified at the second peak were detected in pigs 2, 4, 6,
and 7 again at this peak. Re-excretion of the same G5P[7] geno-
type was observed in pigs 4, 6, and 7. Other genotypes were iden-
tified in pigs 2, 5, and 9 and included G5P[13], G5P[27], G11P[7],
and G11P[13]. P[13] sequences were identified in pigs 9 and 10 for
the second and fourth times. These P[13] sequences, together with
those identified at the third peak, represent a branch in the
MDR-13 cluster (Fig. 2). Mixed infection was also observed at this
peak in pigs 7 and 10 at 98 days of age.

During the finishing period, G2 and G11 combined with P[7],
P[13], and P[34] genotypes were detected sporadically from 112
to 119 days. The P[13] sequences identified in pigs 3 and 9 at these

FIG 1 Phylogenetic dendrograms based on partial nucleotide sequences of the VP7 genes from RVA isolates identified in this study and those of reference and
selected strains of each G genotype. Bootstrap values above 60% are shown at the branch nodes. The strains identified in this study are shown with black circles.
The sequences obtained from GenBank are shown with strain names followed by GenBank accession numbers.
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times were genetically distant from those identified at the excre-
tion peaks and represented a separate branch in the HP140 cluster
(Fig. 2).

A total of 13 different combinations of G and P genotypes
(G2P[27], G2P[34], G4P[6], G5P[6], G5P[7], G5P[13], G5P[27],
G9P[6], GOP[23], G11P[7], G11P[13], G11P[27], and G11P[34])
were identified among pigs aged 7 to 119 days. We identified RVAs
with at least three to six different combinations of two or three G
and two to five P genotypes in individual pigs. Repeated excretion
of RVAs with the same G or P genotypes occurred in eight pigs
(pigs 2 to 4 and 6 to 10). Among them, six pigs (pigs 3, 4,6, 7, 9,
and 10) excreted RVAs twice with the same combinations of G and
P genotypes with intervals ranging from 10 to 56 days.

DISCUSSION

The zoonotic potential of porcine RVAs has been a great concern
(19, 24, 30, 31). Together with continuous monitoring of geno-
typic characteristics of porcine RVAs, understanding the viral
ecology within a pig population is crucial for preventing or reduc-
ing the incidence of porcine RVA diarrhea as well as transmission
of porcine RVAs to humans. Here, we demonstrate the repeated
and intermittent lifetime shedding of genetically diverse RVAs
into feces by individual pigs raised for meat production in a lon-
gitudinal observational study.

In the present study, virus shedding, as indicated by detection
of the nucleotide sequences of RVAs, was observed not only in the
suckling and weaning periods but also in the growing and finish-
ing periods. These results differ from those of Fu and Hampson
(10, 11), which indicate that all pigs become infected with RVA
before 40 days of age, although viral antigens are not detected in
pigs over 2 months old. This discrepancy in findings may be due to
a number of factors, such as differences in the sensitivity of the
methods used for virus detection. RT-PCR detection of the RVA
genome has been reported to be 100 to 1,000 times more sensitive
than a commercial enzyme-linked immunosorbent assay (ELISA)
(18). We analyzed the virus excretion using the RT-PCR targeting
the VP7 gene, whereas ELISA was employed by Fu and Hampson
(10, 11). Steyer et al. reported that RVA could be detected in
18.9% of fattening pigs aged more than 70 days using RT-PCR
(38), and Benfield et al. demonstrated RVA excretion by isolating
viruses from the feces of sows before and after farrowing (3).
Taken together, the present and previous findings indicate that
RVA infections can indeed occur in pigs throughout their life-
times.

Note that we were able to detect VP4 genes via RT-PCR using
the primer pair Con2/Con3 in only 26 of the 71 samples in which
VP7 genes were detected. Although the reamplification of the RT-
PCR product using the same primer pair increased the detection
rate, VP4 genes could not be amplified in 45 of the 71 samples, and
VP4 nucleotide sequences could not be determined in 47 samples.
By designing new primer pair VP4-13F/VP4-821R targeting por-
cine RVAs and reamplifying the RT-PCR products, we could am-
plify VP4 genes in all 47 samples, which enabled us to determine
the nucleotide sequences of 41 additional samples. Because the
Con2/Con3 primer pair was designed to detect and genotype hu-

Excretion Dynamics of Rotavirus A in Pigs

man RVAs by heminested PCR (13), it might not be suitable for
detecting porcine RVAs in which a variety of P genotypes have
been identified.

Here, our genetic analysis of the excreted RVAs identified a
variety of genotypes, including at least 5 G (G2, G4, G5, G9, and
G11) and 6 P (P[6], P[7], P[13], P[23], P[27], and P[34]) geno-
types and 13 different combinations (G2P[27], G2P[34], G4P[6],
G5P[6], G5P[7], G5P[13], G5P[27], G9P[6], GOP[23], G11P[7],
G11P[13], G11P[27], and G11P[34]). Our results, as well as those
of others (2, 6, 32), clearly indicate significant genetic diversity of
RVAs within a pig herd. Although such diversity may have re-
sulted from the introduction of new RVA strains into a farm, our
previous report indicated the additional possibility of genetic re-
assortment between RVA strains within the herd (32). In the pres-
ent study, the excreted RVA strains belonging to the same G or P
genotypes had highly similar VP7 or VP4 genes (except P[13]),
while some of them combined with different P or G genotypes.
These results suggest that gene reassortment occurred within the
farm. However, we were not able to rule out the possibility of
mixed infection with more than one RVA strain. Indeed, the sam-
ples in which the VP7 or VP4 nucleotide sequences or both could
not be determined because of mixed infections were observed
concurrently with the RVA excretion peaks. Further, each excre-
tion peak involved RVAs consisting of several combinations of G
and P genotypes. These findings suggest that mixed infection oc-
curs frequently throughout the lifetime of the pigs and that the
genetic diversity of porcine RVAs within a herd might be main-
tained thorough mixed infections and subsequent genome reas-
sortment events.

Although recurrent excretion of RVA from pigs has been re-
ported (4, 10), whether or not this represents reinfection or per-
sistent infection at undetectable titers remains unclear. Repeated
and intermittent excretion was also observed in the present study,
and our genetic analysis of excreted RVAs indicated that this could
have been caused by ingestion of RVAs consisting of different
combinations of G and P genotypes. Further, virus excretion and
changes in the G and P genotypes tended to occur in association
with movement of the pigs into different barns (weaning, grow-
ing, and finishing barns), suggesting that such reinfection and
changes in G and P genotypes may have resulted from exposure to
different RVA strains that persist in each barn (12, 42). The farm
described in the present study was managed by a continuous-flow
system, and consequently not every pen in the barns could be
washed and disinfected to eliminate excreted viruses. Further, vi-
ruses could also be transmitted from neighboring pigs, because
pens were separated by fences that allowed the pigs to come into
direct contact. The frequency of exposure and excretion of RVAs
within a pig herd might therefore be reduced by changing the
management system and structure of the pens.

Recently, asymptomatic RVA infections in pigs and cattle have
caused concern, as RVAs are excreted from subclinically infected
animals and can cause a diarrheal outbreak in the herd (1, 6, 38).
Further, such RVAs may also represent a source of zoonotic trans-
mission (38). Our present findings indicated that asymptomatic
infections could occur in a pig population more frequently than

FIG 2 Phylogenetic dendrogram based on the partial nucleotide sequences of the VP8* fragment of VP4 genes from RVA isolates identified in this study and
those of reference and selected strains of each genotype. Bootstrap values above 60% are shown at the branch nodes. The strains identified in this study are shown
with black circles. The sequences obtained from GenBank are shown with strain names followed by GenBank accession numbers.
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we estimated based on the studies by Fu and Hampson (10, 11).
Although we did not isolate viruses and assess their infectivity or
pathogenicity in our present study, Abe et al. (1) and Collins et al.
(6) successfully isolated RVAs from asymptomatic animals. Taken
together, these findings indicate the need for greater focus on pre-
venting direct transmission of RVAs from animals to humans that
are in contact with livestock to reduce the occurrence of gene
reassortment events that could result in efficiently replicating an-
imal-human reassortant strains in humans. In addition, as indi-
cated by Steyer et al. (38), regarding the wide use of livestock
manure as fertilizer and the stability of RVAs in the environment,
transmission of animal RVAs via environmental samples such as
water sources and raw food should also be assessed.

In conclusion, we demonstrate here the repeated and intermit-
tent lifetime shedding of genetically diverse RVAs into feces by
individual pigs raised for meat production. We believe that our
data illuminate one set of mechanisms influencing the distribu-
tion of RVA in a swine population.
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