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Super-short rotavirus strains that have a rearranged gene segment 11 are rarely found in humans, and only
five isolates, all from Southeast Asia, have been described in the literature. We report the first isolation in
Japan from an infant with severe diarrhea of a rotavirus possessing a super-short RNA pattern. This strain,
designated AU19, had a G1 VP7 and is also the first isolate in Japan that possesses a P2[6] VP4. Furthermore,
the P2[6] VP4 carried by AU19 was divergent in the hypervariable region of the amino acid sequence from the
P2A[6] VP4s carried by asymptomatic neonatal strains or from the P2B[6] VP4 carried by porcine rotavirus
strain Gottfried. Thus, AU19 is likely to represent a new VP4 subtype, which we propose to call P2C. Given the
recent emergence of the P2[6] VP4s in India, Brazil, and the United States and the role of VP4 in protective
immunity, further scrutiny is justified to see whether the emergence of the previously underrepresented P2[6]
VP4 serotype is related to this new P2 subtype.

Group A rotavirus, belonging to the genus Rotavirus within
the family Reoviridae, is the single most important etiological
agent of acute gastroenteritis in infants and young children
worldwide (15). The rotavirus genome consists of 11 segments
of double-stranded RNA which are separated upon polyacryl-
amide gel electrophoresis. The RNA migration pattern, termed
electropherotype, is unique to each isolate and has been used
extensively in the study of rotavirus molecular epidemiology
(12). Among a myriad of electropherotypes, long, short, and
super-short RNA patterns are identified based on the relative
migration rates of gene segments 10 and 11 (15). Both short
and super-short rotaviruses have a rearranged gene segment 11
(4, 24). However, super-short human rotaviruses are very rare,
and only five strains isolated in Indonesia and Thailand were
described previously in the literature (1, 25, 41). Here, we
report the first isolation in Japan from an infant with severe
diarrhea of a human rotavirus possessing a super-short RNA
pattern. This strain, designated AU19, shared neither G nor P
serotype with the previously identified super-short human ro-
taviruses but was found to possess serotype G1P2[6], making
AU19 further unique in that it is the first P2[6] isolate in Japan.

Cell culture adaptation of rotaviruses was performed essen-
tially as described previously (17).

G and P serotypes were initially predicted by the typing
method based on reverse transcription-PCR according to the
published methods (10, 11). The molecularly predicted sero-
types were then confirmed by plaque reduction neutralization
assays with monoclonal antibodies. Monoclonal antibodies to
identify G1 and P2 serotypes were 5E8 (30) and HS11 (31),
respectively. Hyperimmune sera were also used to determine
the G serotype and to examine the serologic relatedness via
VP4 with the reference strains possessing the P2 VP4. Plaque
reduction neutralization assays were performed as previously
described (29). Briefly, approximately 40 PFU of the virus,

which had been activated for 1.5 h with 10 mg of trypsin (type
IX; Sigma Chemical Company, St. Louis, Mo.) per ml, were
incubated for 1 h at 37°C with serially diluted monoclonal
antibody or hyperimmune serum. Each mixture was inoculated
into the monolayer cells in six-well plastic dishes and overlaid
with agarose containing 0.5 mg of trypsin per ml. When plaques
were developed, the number of plaques was counted after
neutral red staining. Neutralization titer was expressed as the
highest dilution of serum neutralizing 60% or more of the
input virus. The hyperimmune antisera to AU19 were made in
guinea pigs by three monthly injections of the purified AU19
virions emulsified with complete Freund’s adjuvant (for prim-
ing) or incomplete Freund’s adjuvant (for booster injections).

Virus particles were purified from virus-infected cell cultures
by pelleting at 36,000 rpm for 3 h in a Beckman type 45Ti rotor
followed by sedimentation through 30% (wt/vol) sucrose at
38,000 rpm for 3 h in a Beckman type SW41Ti rotor.

Genomic RNA was extracted with phenol-chloroform from
purified virions and reverse transcribed with a pair of primers,
HumCom5 (59-CTCTCGATGGTCCATATCAACC-39) and
HumCom3 (59-TCCTTGTATTCTGAATTGGTGG-39) to ob-
tain the cDNA containing the hypervariable region of VP4
(amino acids [aa] 71 to 203) (11). The cDNA was amplified by
PCR with the same primer pair, cloned into pCR2.1 vector
(Invitrogen, San Diego, Calif.), and sequenced on an ABI
PRISM 310 automated DNA sequencer (The Perkin-Elmer
Corporation, Foster City, Calif.). Three independent cDNA
clones were sequenced mostly on both strands. Sequence anal-
ysis was performed with the aid of the GeneWorks version 2.5
software package (IntelliGenetics, Campbell, Calif.). A phylo-
genetic tree based on the neighbor-joining method of Saitou
and Nei (34) was drawn with the N-J plot program in the
Clustal W package (39).

The reference rotavirus strains used in this study were Wa
(G1, P1A[8]) (42), KUN (G2, P1B[4]) (17), AU64 (G1,
P1B[4]) (27), M37 (G1, P2A[6]) (14), AU007 (G1, P1A[8])
(28), 1076 (G2, P2A[6]) (14), ST3 (G4, P2A[6]) (14), VA70
(G4, P1A[8]) (7), 69M (G8, P4[10]) (25), and SA11 (G3,
P5B[2]) (22).
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Stool specimen 97A019 was obtained from a 13-month-old
girl who was admitted to the Akita University Hospital in
September 1997 because of severe diarrhea and dehydration.
Since this specimen was shown by a latex agglutination assay to
contain rotavirus, the genomic RNA was extracted and the
electropherotype was determined by polyacrylamide gel elec-
trophoresis. This routine analysis disclosed the presence of a
rotavirus strain with a super-short pattern. This strain, desig-
nated AU19, was culture adapted and triply plaque purified
before serologic and molecular characterization. The electro-
pherotype of this triply plaque-purified AU19 (Fig. 1) was
identical with that of the RNA extracted from stool specimen
97A019 (data not shown). We therefore excluded the possibil-
ity of genome rearrangement during the culture adaptation.

The G and P serotypes of AU19 were predicted by the
reverse transcription-PCR performed according to the method
of Gouvea et al. (10) and Gunasena et al. (11), respectively.
Both G and P typing assays yielded unambiguous results indi-
cating that AU19 belonged to G1 and P2[6] (data not shown).

To confirm the molecular prediction, standard plaque re-
duction neutralization assays were performed with both sero-
type-specific monoclonal antibodies and hyperimmune sera
raised against AU19 as well as reference strains. Serotype
G1-specific monoclonal antibody 5E8 neutralized AU19 at a
titer of 21,914. The definition for including a given strain in an
established G serotype is a reciprocal 20-fold or smaller dif-
ference in neutralization titer when the strain is tested against
reference strains representing the established serotype (15).
Thus, AU19 was tested by reciprocal neutralization assays
against two G1 strains routinely used in our laboratory, i.e.,
AU64 (G1, P1B[4]) and AU007 (G1, P1A[8]). As shown in
Table 1, anti-AU19 hyperimmune serum neutralized AU64
and AU007 at a titer 16-fold lower than the homologous neu-
tralization titer, while anti-AU64 hyperimmune serum neutral-
ized AU19 at the same titer as the homologous titer and

anti-AU007 hyperimmune serum neutralized AU19 at a titer
fourfold lower than the homologous titer. Thus, two-way cross-
neutralization was observed between AU19 and two known G1
strains, and AU19 was established to belong to G1.

As to the P serotype of AU19, serotype P2-specific mono-
clonal antibody HS11 neutralized AU19 at a titer of 1,290.
Although the serologic definition of P type equivalent to that
of G serotype is not established, it is known that a shared P
serotype specificity sometimes results in one-way or, less fre-
quently, two-way neutralization between strains possessing dif-
ferent G serotypes (13, 23). To examine whether there is any
neutralization by way of VP4, we tested four strains possessing
various combinations of G and P serotypes against anti-AU19
hyperimmune serum (Table 2). Anti-AU19 neutralized M37 at
a titer 16-fold lower than the homologous neutralization titer,
but this neutralization was considered to be mediated by VP7,
because anti-AU19 failed to neutralize either 1076 or ST3
within the 20-fold difference from the homologous titer. Both
1076 and ST3 belong to P2, but they have G serotypes different
from that of AU19. Given that anti-AU19 did not at all neu-
tralize VA70, whose G and P serotypes were different from
those of AU19, we could not exclude the possibility that the
very weak neutralization (1/64 of the homologous neutraliza-
tion) of anti-AU19 against 1076 and ST3 was mediated by VP4.

The absence of significant neutralization between AU19 and
the reference P2 strains may reflect only the weaker immuno-
genicity of VP4. Rotavirus hyperimmune sera usually contain
more antibodies directed at VP7 than at VP4 (5). An alterna-
tive possibility is that the VP4 sequence of AU19 may be
slightly divergent from those of the reference P2 strains. To
test the latter hypothesis, we sequenced the VP4 of AU19 and
compared the deduced amino acid sequence of the hypervari-
able region (spanning aa residues 71 to 203) with those of
previously sequenced P2[6] strains. As shown in Table 3, AU19
had amino acid identities of 73 to 80% with other P2[6] strains,
whereas amino acid identities between M37 and other P2[6]
strains except AU19 and porcine rotavirus strain Gottfried
were much higher (95 to 98%). Porcine rotavirus Gottfried was
shown by serology to be slightly different from the neonatal
P2A strains, and hence it was assigned to P2B. Upon entire
VP4 sequence comparison, Gottfried was 87 to 88% identical
with the neonatal strains and classified in the P[6] genotype

FIG. 1. The electropherotype of AU19 in comparison with reference labo-
ratory strains. SA11 and Wa possess long RNA patterns, KUN possesses a short
RNA pattern, and 69M is the prototype super-short strain. Note the lowest
migration rates of gene segment 10 of AU19 as well as 69M (indicated by an
arrowhead).

TABLE 1. Serologic characterization of AU19 by the plaque
reduction neutralization test

Virus Serotype

Reciprocal of neutralization titer of
antiserum to:

AU19 AU64 AU007

AU19 102,400 25,600 25,600
AU64 G1, P1B[4] 6,400 25,600 NTa

AU007 G1, P1A[8] 6,400 NT 102,400

a NT, not tested.

TABLE 2. Neutralization activity of the anti-AU19 hyperimmune
serum against the reference strains

Strain G type P type Reciprocal of
neutralization titer

AU19 G1 102,400
M37 G1 P2A[6] 6,400
1076 G2 P2A[6] 1,600
ST3 G4 P2A[6] 1,600
VA70 G4 P1A[8] ,800
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(9). However, Gottfried was only 69 to 70% identical with the
P2A strains at this hypervariable region (Table 3).

When the AU19 sequence was aligned with the other P2
sequences, 12 unique substitutions were identified at the hy-
pervariable region (data not shown). However, none of these
unique substitutions coincided with the neutralization epitopes
identified previously by the neutralization escape mutants (21).

The relationships between AU19 and the P2A strains as well
as the Gottfried strain were confirmed by phylogenetic analy-
sis. In the phylogenetic tree drawn based on the amino acid
sequences of the hypervariable region (Fig. 2), AU19 was
placed on the lineage clearly distinct from either the P2A
strains or porcine strain Gottfried (P2B). This tree also indi-
cates that all P2[6] strains including AU19 and Gottfried be-
long to a single cluster with a high bootstrap probability that is
clearly distinct from other VP4 genotypes such as P[8] (Wa)
and P[4] (DS-1).

The major characteristics of AU19, a human rotavirus strain
possessing a super-short RNA pattern isolated for the first
time outside Southeast Asia, are that it possesses a variant of
genotype P[6] VP4 and that it probably represents a new P2
subtype.

Rotavirus serotypes are defined by the antigenic specificity
of two outer capsid proteins, i.e., VP4 and VP7 (15). While the
numbering of the G serotype agrees with the corresponding
VP7 genotype, the VP4 genotype is designated by including the
number in square brackets after the P term (5). Human rota-
viruses carrying P2[6] VP4 were initially isolated from asymp-
tomatic neonates (6, 8, 14). Subsequent studies have shown,
however, that symptomatic children also shed rotaviruses pos-
sessing the P2[6] VP4 (2, 18, 26, 32, 33, 36–38). Within these
P2[6] strains, irrespective of whether they were isolated from
symptomatic children or from asymptomatic neonates, the
amino acid sequences are highly conserved, with identities in
the VP8* region (which contains the hypervariable region)
between 92.7 and 99.7% (35). Similarly, the hypervariable re-
gion of both nine asymptomatic strains and five symptomatic
strains from Australia obtained between 1974 and 1986 was
shown to have only a few amino acid substitutions, and their
sequences are highly homologous to that of the prototype
strain RV3 (16).

Porcine rotavirus strain Gottfried, originally isolated from
the intestinal contents of a suckling pig with diarrhea (3), was
shown to have VP4 that was 87 to 88% homologous to the
VP4s of the P2[6] asymptomatic neonatal strains (9). Based on
one-way neutralization, the Gottfried strain was proposed to
be a subtype of P2, i.e., P2B, and the P2 specificity shared by all
asymptomatic neonatal strains was proposed to be P2A (20).

A comparison of the deduced VP4 amino acid sequences of
a wide variety of rotaviruses shows a hypervariable region
spanning aa 71 to 203 (5), with P serotype specificity mapping
within this hypervariable region (aa 92 to 192) (19). Thus, a
comparison of the deduced amino acid sequences of the hy-
pervariable region of VP4 can provide information closely
associated with the P type-specific neutralization. High amino
acid homologies in this hypervariable region (94 to 100%)
observed between P2A[6] strains indicate that they all belong
to a single P2A subtype, although neutralization assays using
hyperimmune sera raised against baculovirus-expressed VP4
proteins have not been performed thus far on any of the symp-
tomatic P2[6] strains. The sequence of AU19 shows that it is
almost equally distant from both P2A and P2B strains and that
the distances were significantly greater than those commonly
observed among individual members belonging to the same
subtype (Table 3). On the other hand, AU19 is a member of
the P2 strains because one monoclonal antibody that was
shown to neutralize P2 strains (30) neutralized AU19. Taken
together, these observations strongly suggest that AU19 be-
longs to neither P2A nor P2B but represents a previously
unidentified P2 subtype, which we propose to call P2C.

The epidemiological significance of this single isolate is not
clear. A recent nationwide surveillance in the United States
showed that P[6] strains were identified in 6.9% of rotavirus-
positive specimens from diarrheal children (33). The G sero-
type of these P[6] strains was reported to be either G1 (1.4%)
or G9 (5.5%). Whether any of the G1P[6] strains had super-
short RNA patterns was not reported. It is not known, either,
whether any of the P[6] VP4s had a variant P2[6] similar to
AU19. However, an increasing number of P2[6] strains from
symptomatic children have been reported in India and Brazil.
In India, 43% (27 of 63) of rotavirus-positive stool specimens
contained P[6] strains (32), and 13% (18 of 139) were geno-
typed as P[6] in Brazil (40). Since VP4 plays a role in protective

FIG. 2. A phylogenetic tree for the hypervariable region of VP4 constructed
by the neighbor-joining method. The horizontal distance between two strains is
proportional to the genetic distance between these two strains. The distance is
expressed as the number of substitutions per 100 sites (percent divergence).
Bootstrap probabilities equal to or greater than 850 (of 1,000 trials) are indi-
cated.

TABLE 3. Comparison of amino acid sequence identities between
P2[6] strains

Strain P type G type
% Amino acid identity with:

AU19 M37 Gottfried

AU19 P2[6] G1 100 78 73
M37 P2A[6] G1 78 100 70
VE7156 P2[6] G1 78 98 70
1076 P2A[6] G2 78 95 70
SC2 P2[6] G2 77 95 69
McN P2A[6] G3 79 95 70
RV3 P2[6] G3 80 96 70
MtA5 P2A[6] G3 80 96 70
MtB2 P2A[6] G4 80 96 70
ST3 P2A[6] G4 77 96 70
Gottfried P2B[6] G4 73 70 100
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immunity, it warrants further scrutiny whether the apparent
increase in the prevalence of the previously underrepresented
P2[6] VP4 serotype is related to the emergence of this new P2
subtype.

Nucleotide sequence accession number. The nucleotide se-
quence of the hypervariable region of AU19 VP4 has been
deposited in the GenBank, EMBL, and DDBJ sequence data-
bases and given accession no. AB017917.
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