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Evidence of Serologic Diversity within Group C Rotavirusest
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The Cowden strain of porcine group C rotavirus and the Shintoku strain of bovine group C rotavirus were
classified as different serotypes by two-way cross-neutralization tests. Two neutralization patterns against the
Cowden and Shintoku strains were observed when hyperimmune or convalescent-phase antisera to three
noncultivatable porcine group C rotaviruses and a human group C rotavirus were used in one-way
cross-neutralization tests. Antisera to two porcine group C rotaviruses and the human group C rotavirus
neutralized the Cowden strain at high titers but did not neutralize the Shintoku strain, suggesting that these
three strains are serotypicaily related to the Cowden strain. The remaining antisera to a porcine group C
rotavirus (HF strain) reacted with the Cowden and Shintoku group C rotaviruses in cell culture immunoflu-
orescence tests but did not neutralize either virus in one-way cross-neutralization, suggesting that the HF strain
belongs to a third serotype. However, confirmation of these findings requires additional analysis by two-way
cross-neutralization. Our findings support the existence of at least two distinct serotypes of group C
rotaviruses, and possibly a third, among animals and humans. The serotypic similarity observed between the
Cowden strain and a human group C rotavirus suggests that the cultivatable Cowden strain and antiserum to
this vimrs may provide important reagents for the diagnosis of group C rotaviruses in humans.

Rotaviruses are classified as a genus of the family Reovir-
idae on the basis of characteristic morphology and a genome
containing 11 segments of double-stranded (ds) RNA. Rota-
viruses are divided into seven groups (A to G) on the basis of
their distinct antigenicity and dsRNA electropherotypes (18,
23, 24, 27, 31, 32).
The group (gp) A rotaviruses are a major cause of gastro-

enteritis in animal and human neonates (8, 17) and, com-
pared with non-gp A rotaviruses, have been well studied and
characterized. The gp C rotaviruses have been found in
swine (2, 12, 29), humans (1, 5, 6, 16, 22, 25, 37), and cattle
(36) with diarrhea. Porcine gp C rotaviruses cause diarrhea
in experimentally inoculated gnotobiotic pigs (2, 30), and
serologic surveys have indicated that gp C rotaviruses are
prevalent in pigs in North America, Australia, Europe, and
Japan (4, 19, 27, 35). Recently, a large-scale outbreak of
diarrhea caused by gp C rotavirus in children in Japan has
been reported (16), and others have also observed additional
gp C rotavirus infections in humans (6, 22, 25, 37). These
results suggest that gp C rotaviruses may be emerging
enteric pathogens in animals and humans.
The gp A rotaviruses are classified into serotypes as

defined by two outer capsid proteins (VP4 and VP7) which
stimulate the production of neutralizing antibodies (10, 20).
The predominant immune response in hyperimmunized ani-
mals is against VP7; therefore, neutralization assays for
serotyping using hyperimmune antiserum reflect antigen
properties of VP7 (7). Eleven serotypes of gp A rotaviruses
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have been identified on the basis of VP7 (7, 15). VP7 is
encoded by gene segment 7, 8, or 9, depending on the virus
strain (7). For gp C rotaviruses, an outer capsid glycoprotein
corresponding to VP7 of gp A rotaviruses was identified (3,
14) and is encoded by gene 8 (26). Whether serotypic
variation exists among gp C rotaviruses is unclear, and the
failure of in vitro propagation of most gp C rotaviruses has
hampered the use of neutralization assays for serotyping of
gp C strains.

Recently, two strains of gp C rotaviruses (Cowden and
Shintoku) have been successfully propagated in MA104 cells
in our laboratory (30, 36). We also have analyzed the genetic
diversity among gp C rotaviruses by DNA-RNA hybridiza-
tion by using a gene 8 cDNA probe generated from the
Cowden strain of porcine gp C rotavirus (13). But whether
the genetic diversity noted in the hybridization assay actu-
ally reflects distinct antigenicities among gp C rotaviruses
has not been determined by serologic assays. This report
describes the serologic comparison of the Cowden and
Shintoku strains of gp C rotaviruses by neutralization as-
says. Furthermore, the reactivities of these two gp C strains
in neutralization assays with hyperimmune and convales-
cent-phase antisera against four noncultivated gp C rotavi-
ruses are reported.
The Cowden porcine gp C and Shintoku bovine gp C

rotaviruses adapted in MA104 cells (30, 36) were used as
viral antigens for indirect immunofluorescence (IF) and
fluorescent-focus neutralization (FFN) tests in this study.
Both viruses were plaque purified at least once before use.

Hyperimmune antisera were prepared in guinea pigs with gp
C rotavirus strains Cowden, Shintoku, and Ehime 86-542
(human) and three porcine field strains designated WH, Wi,
and HF (13). The viruses showed distinct dsRNA electro-
pherotypes and were derived from intestinal contents of
infected gnotobiotic pigs (Cowden, WH, Wi, and HF), tissue
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TABLE 1. Indirect IF and neutralizing antibody titers of hyperimmune guinea pig antisera to four porcine rotaviruses, a bovine
rotavirus, and a human group C rotavirus against Cowden porcine and Shintoku bovine group C rotaviruses

Indirect IF antibody titer' against rotavirus Neutralizing antibody titer" against rotavirus
Antiserum to group C
rotavirus (host-strain) Porcine group C Bovine group C Porcine group C Bovine group C

(Cowden) (Shintoku) (Cowden) (Shintoku)

Porcine-Cowden 2,560 2,560 10,240 640
Bovine-Shintoku 10,240 10,240 640 51,200

Human-Ehime 86-542 1,280 1,280 2,560 80
Porcine-Wi 2,560 1,280 5,120 <80
Porcine-WH 5,120 2,560 5,120 <80
Porcine-HF 2,560 2,560 <80 <80

a Determined as the reciprocal of the highest antiserum dilution which resulted in fluorescing cells.
b Determined as the reciprocal of the highest antiserum dilution which caused an 80% or greater reduction in fluorescent foci.

culture fluids (Shintoku), or feces collected from a child with
diarrhea (Ehime 86-542) in Ehime, Japan, and semipurified
on sucrose gradients (14). Before injection of viruses into
guinea pigs, the viruses were confirmed to be double shelled
by electron microscopy and the guinea pigs were shown to
be free of antibody to both gp C rotavirus strains by indirect
IF and FFN tests. Hyperimmune antiserum against the
Cowden strain was also prepared in gnotobiotic pigs as
described previously (2). Seven gnotobiotic pigs and a co-
lostrum-deprived calf were used for production of specific
convalescent-phase antisera against Cowden, WH, Wi, and
HF porcine gp C rotaviruses and Shintoku bovine gp C
rotavirus, respectively. All pigs and the calf developed
diarrhea at postinoculation days 1 to 3, and diarrhea contin-
ued for 2 to 6 days. Coincident with diarrhea, gp C rotavirus
shedding detected by immune electron microscopy (28) and
electrophoresis of viral dsRNA (34) occurred in feces from
all pigs and the calf. At 18 to 21 days after inoculation, the
pigs and calf were bled. Convalescent-phase sera were
collected from four children in Ehime, Japan, naturally
infected with a human gp C rotavirus which showed the
same dsRNA electropherotype as the Ehime 86-542 strain
(22).
Antibody titers of the antisera were determined by indirect

IF tests as described previously (33, 36). The neutralization
titers of antisera against the Cowden and Shintoku gp C
rotavirus strains were determined by the FFN test as de-
scribed previously (21). Briefly, equal volumes of sera (serial
twofold dilutions) and viruses containing 200 fluorescence
focus units per 0.05 ml were mixed and reacted at 37°C for 2
h. The mixture (0.05 ml) was inoculated onto monolayers of
MA104 cells grown in 96-well plates. After adsorption at
37°C for 1 h, the cells were washed once with Eagle's
minimum essential medium; they then received the same

medium containing 25 ,ug of pancreatin per ml and were

incubated at 37°C for 20 h. The cells were fixed with 80%
acetone and stained with gnotobiotic pig anti-porcine gp C
rotavirus (Cowden) serum conjugated with fluorescein iso-
thiocyanate. Neutralizing antibody titers were expressed as

the reciprocal of the highest serum dilution that resulted in
an 80% or greater reduction of fluorescent foci. The initial
serum dilution for the FFN test was determined by testing
sera from 10 nonimmunized animals (five gnotobiotic pigs
and five guinea pigs). Four sera (from one gnotobiotic pig
and three guinea pigs) showed nonspecific background reac-

tions to the Cowden or Shintoku strain up to a dilution of
1:40. Therefore, the initial serum dilution used for the FFN
test was 1:80. The reproducibility of both tests was evalu-
ated by testing five sera on three separate occasions. There

was no greater than a twofold variation in the titer of each
serum in both tests.
The indirect IF and neutralizing antibody titers of various

hyperimmune guinea pig antisera against the Cowden and
Shintoku strains are shown in Table 1. All of the antisera
possessed indirect IF antibody to both strains at high titers
(1,280 to 10,240), and each antiserum showed no significant
difference between the Cowden and Shintoku strains in
indirect IF antibody titers (no greater than a twofold differ-
ence). These results suggest that common group antigens are
highly conserved among gp C rotavirus strains (21), and all
of the viruses induced antibody responses in guinea pigs.
Antiserum to the Shintoku strain showed an 80-fold lower
FFN antibody titer against the Cowden strain than the
homologous strain. Antiserum to the Cowden strain had a
16-fold lower FFN antibody titer against the Shintoku strain
than the homologous strain (Table 1). Gnotobiotic pig hyper-
immune antiserum to the Cowden strain neutralized the
Cowden and Shintoku gp C rotaviruses at titers of 10,240 and
320, respectively, a 32-fold titer difference (data not shown).
Antisera to other gp C rotavirus strains showed two neutral-
ization patterns. Antisera to WH, Wi, and Ehime 86-542
neutralized the Cowden strain at high titers (2,560 to 5,120)
but failed to neutralize the Shintoku strain (<80). Antiserum
to HF did not neutralize either the Cowden or the Shintoku
strain, although this serum possessed indirect IF antibody to
both strains at high titers (2,560).

Reactivities of the Cowden and Shintoku strains in both
tests (IF and FFN) against convalescent-phase antisera
(Table 2) were similar to those observed when hyperimmune
antisera were used (Table 1). All of the antisera had indirect
IF antibody to both strains at titers of 80 to 640, and each
antiserum showed no significant difference between these
strains in indirect IF antibody titers (no greater than a
twofold titer difference). Antisera to strains Cowden and
Shintoku distinguished each virus with at least 16-fold dif-
ferences for the reciprocal FFN antibody titers. Antisera to
other strains showed two neutralization patterns (Table 2)
which were the same as those for hyperimmune antisera
(Table 1). Antisera to WH, Wi, and Ehime 86 neutralized the
Cowden strain at titers of 320 to 2,560 but failed to neutralize
the Shintoku strain (titer, <80). Antisera to HF collected
from three pigs did not neutralize either the Cowden or the
Shintoku strain (titer, <80).
For gp A rotaviruses, antigenically distinct serotypes are

usually determined on the basis of a 20-fold or greater
difference between titers of homologous and heterologous
reciprocal neutralizing antibodies (11, 38). In the present
study, antisera to strain Cowden distinguished Shintoku with
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TABLE 2. Indirect IF and neutralizing antibody titers of convalescent-phase sera from gnotobiotic pigs, a colostrum-deprived calf, and
humans experimentally or naturally infected with group C rotaviruses against Cowden porcine and Shintoku bovine group C rotaviruses

Convalescent-phase serum Indirect IF antibody titerf Neutralizing antibody titerb
against rotavirus against rotavirus

Serum no'cInfected species- Porcine group C Bovine group C Porcine group C Bovine group C
strain (Cowden) (Shintoku) (Cowden) (Shintoku)

43-1 Porcine-Cowden 640 640 2,560 <80
B-4 Bovine-Shintoku 160 160 <80 1,280

E-421 Human-Ehime 86 640 640 320 <80
E-489 Human-Ehime 86 640 640 640 <80
E-454 Human-Ehime 86 160 160 320 <80
E-313 Human-Ehime 86 320 320 320 <80
43-11 Porcine-Wi 80 80 640 <80
15-5 Porcine-WH 160 160 1,280 <80
43-7 Porcine-WH 80 80 2,560 <80
12-10 Porcine-HF 160 80 <80 <80
15-1 Porcine-HF 160 80 <80 <80
15-2 Porcine-HF 160 160 <80 <80

a Determined as the reciprocal of the highest serum dilution that resulted in fluorescing cells.
b Determined as the reciprocal of the highest serum dilution which caused an 80% or greater reduction in fluorescent foci.
c Each number represents serum collected from individual animals or human patients.

16-fold (hyperimmune guinea pig antiserum) and 32-fold
(convalescent gnotobiotic pig antiserum) titer differences in
the neutralization tests. Similarly, antisera to strain Shintoku
showed 80-fold (hyperimmune guinea pig antiserum) and
16-fold (convalescent calf antiserum) titer differences in the
neutralization assays. Because the antisera to these strains
distinguished each virus with at least 16-fold differences, we
propose to classify the Cowden and Shintoku strains as
different gp C rotavirus serotypes. This finding is the first
report of the presence of serotypic variation among gp C
rotaviruses based on antigenic analysis. Two neutralizing
patterns against strains Cowden and Shintoku were ob-
served when antisera to WH, Wi, Ehime 86-542, and HF
were used. Our data indicate that WH, Wi, and Ehime
86-542 are more closely related antigenically than HF to the
Cowden strain and all of them are antigenically distinct from
the Shintoku strain. The WH, Wi, and Ehime 86-542 strains
may belong to the same serotype as the Cowden strain, and
additional serotypes (HF strain) may exist among gp C
rotaviruses. However, final confirmation requires additional
analysis by two-way cross-neutralization tests. Our prelim-
inary findings of the serotypic similarity between Cowden
and a human gp C rotavirus further supports the feasibility of
using the cultivatable porcine gp C rotavirus (Cowden) and
antisera to this virus as diagnostic reagents for human gp C
rotaviruses to avoid the difficulty in producing reagents
directly from noncultivatable human gp C rotaviruses.
Comparison of these results with those of hybridization

assays using a Cowden gene 8 cDNA probe described
previously (13) showed good agreement. The Cowden gene 8
probe (VP7 gene) hybridized strongly with the correspond-
ing gene of the WH and Wi strains of porcine gp C rotavirus
and a human gp C rotavirus strain isolated in Japan (88-196),
but weaker hybridization signals were observed with the
corresponding gene of the Shintoku and HF strains. This
finding suggests that the serologic diversity observed in the
present study is related to the antigenicity of VP7 of gp C
rotaviruses. The data further imply that hybridization assays
using VP7 gene probes for gp C rotaviruses may provide
alternative methods for serotyping of noncultivatable gp C
rotaviruses, similar to their use for serotyping of gp A
rotaviruses (7, 15). Furthermore, genetic reassortment of

noncultivatable gp C rotaviruses with strains Cowden and
Shintoku may be effective for the rescue of noncultivatable
gp C rotaviruses by methods similar to ones described for gp
A rotaviruses (9). This procedure could provide reassortant
gp C rotaviruses useful for serotypic characterization of
noncultivatable strains.
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