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We recently established a rotavirus strain surveillance system in the United States to monitor the prevalent
G serotypes before and after the anticipated implementation of a vaccination program against rotavirus and
to identify the emergence of uncommon strains. In this study, we examined 348 rotavirus strains obtained in
1996 to 1997 from children with diarrhea in 10 U.S. cities. Strains were characterized for P and G types, sub-
groups, and electropherotypes by using a combination of monoclonal antibody immunoassay, reverse transcrip-
tion-PCR, and hybridization. The four strains most commonly found worldwide comprised 83% of the isolates
(P[8]1G1, 66.4%; P[4]G2, 8.3%; P[8]G3, 6.9%; P[8]G4, 1.4%), but 9.2% were unusual strains (P[6]G9, 5.5%;
PI[8]1GY, 1.7%; P[6]G1, 1.4%; and P[4]G1 and P[8]G2, 0.3% each). Strains not typeable for P or G type
accounted for 5.5% of the total, while 2.3% of the strains had more than one G type (mixed infections). All P[6]
G9 strains tested had short electropherotypes and subgroup I specificity and were detected in 4 of 10 cities, while
P[8]GY strains had long electropherotypes and subgroup II VP6 antigens. Both sequence analysis of the VP7
open reading frame (about 94 to 95% amino acid identity with the VP7 gene of G9 prototype strain WI61) and bind-
ing to a G9-specific monoclonal antibody strongly suggest that U.S. G9 strains belong to serotype G9. The high
detection rates of unusual rotaviruses with G9 (7.2%) or P[6] (6.9%) specificity in multiple U.S. cities suggest
the emergence of new strains or inadequate diagnosis in the past. The epidemiologic importance of these strains

remains to be determined.

Human rotavirus (HRV) is the most-common viral agent of
severe childhood diarrhea in the United States, causing about
50,000 hospitalizations and 20 to 40 deaths per year at an
estimated annual cost of more than $1 billion (25, 36). A
vaccine against HRV was recently licensed by the Food and
Drug Administration and may be introduced in the United
States by the end of 1998. The vaccine, designated the rhesus
rotavirus tetravalent vaccine (RRV-TV), has been formulated
to protect against the four serotypes, G1 to G4 (24), that
predominate in the United States as well as globally (14).

Recent studies have documented that other serotypes are
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common in some regions of the world, including G9 in India
and G5 in Brazil, but there has been no evidence that such
strains are prevalent in the United States (29, 38). Serotyping
surveys of HRV strains in the United States usually have
resulted in 10 to 30% of strains remaining untypeable after
analysis with monoclonal antibodies (MAbs) to G serotypes 1
to 4. These findings suggest that some of these untyped strains
may belong to uncommon serotypes, although sequencing and
full-characterization studies demonstrate that many of these
strains belong to the four common G serotypes (20). Nonethe-
less, because of the theoretical possibility of uncommon sero-
types and the lack of data on the efficacy of RRV-TV against
strains such as G5 and G9, initiation of strain surveillance
systems in countries prior to and following vaccine introduc-
tion is crucial. Such studies will allow health officials to monitor
the impact of vaccination programs on serotype prevalence
and the emergence of uncommon strains and to provide infor-
mation on the ability of vaccination to protect against diarrhea
caused by serotypes other than G1 to G4.

Rotaviruses are nonenveloped, icosahedral viruses of the
family Reoviridae with 11 segments of double-stranded RNA
(dsRNA), each encoding at least one structural or nonstruc-
tural protein (10). Serotypes of HRV are specified by two
different neutralizing antigens, VP4 and VP7, located in the
outer capsid of the virion and encoded by separate genome
segments. Each serotype has been shown to elicit serotype-
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specific protective immunity, and this feature has, in part, been
used as the rationale for the development of vaccines incor-
porating the serotype antigens of the most-important human
strains (24, 35). The two serotype specificities have been des-
ignated G, since VP7 is a glycoprotein, and P, because HRV
infectivity is activated by protease cleavage of VP4 (10). RRV-
TV contains only G serotype antigens related to the major
HRYV strains G1 to G4; vaccines containing the major P sero-
type antigen are still under development (5).

Fourteen rotavirus G serotypes, including 10 in humans, and
10 P serotypes, with 8 in humans, have been identified to date
by cross-neutralization studies (10, 41, 44). Numerous serotyp-
ing surveys based on enzyme immunoassays (EIAs) with G
type-specific MADbs to characterize HRV strains obtained di-
rectly from fecal specimens of children with diarrhea have
demonstrated that serotypes G1 to G4 are the most important
globally, with type G1 being the most prevalent (14, 15, 32, 49,
50). Direct P serotyping assays with MAbs have not been used
routinely to type HRV in fecal specimens (31), and neutral-
ization with culture-adapted strains is too tedious for epidemi-
ologic studies; therefore, large-scale surveys of common P
types have relied on the development of nucleic-acid-based
typing methods, such as multiplex reverse transcription (RT)-
PCR and probe hybridization (13, 28).

P-genotyping studies have been used to demonstrate that G
types 1, 3, and 4 are usually found only in combination with
genotype P[8], while serotype G2 is commonly found only with
genotype P[4] (14). Genotyping studies conducted in develop-
ing countries have shown that the genetic diversity of rotavirus
P and G types is much greater than previously believed. Thus,
studies have found that strains of genotype P[6] previously
thought to be restricted to neonates may be common in chil-
dren with diarrhea in some countries (38), while G types 5 and
9 have been found to be common among children with diar-
rhea in India and Brazil, respectively (29, 38, 45).

In the current study, we report the development of a strain
surveillance system for the United States as well as the results
of strain-typing studies for the 1996 to 1997 rotavirus season.
We also report the testing of riboprobes for the most-common
P genotypes and their use in the typing of rotavirus dsRNA
directly from fecal specimens.

MATERIALS AND METHODS

Rotavirus specimens. In this pilot surveillance study, the 10 hospital-based
laboratories that provided specimens were recruited primarily from among the
79 laboratories participating in the National Respiratory and Enteric Virus
Surveillance System, based on their known relatively high volume of HRV testing
and geographic representativeness (46). The number of participating laborato-
ries was restricted to 10 to evaluate the feasibility of typing 250 to 350 strains per
year. Each laboratory saved as many as the first 12 rotavirus-positive fecal
specimens from hospital inpatients or outpatients with gastroenteritis each
month during the 1996 to 1997 rotavirus season (1 November 1996 to 31 May
1997) and shipped them to the Centers for Disease Control and Prevention
(CDC) near the middle of and at the end of the season. Specimens were stored
and shipped frozen at —80°C and were not thawed until they were used for the
preparation of fecal suspensions.

Requested patient data included hospital identification number, age, date of
admission, date of specimen collection, and patient type (inpatient or outpa-
tient). Data on disease severity, patients’ gender, and patients’ residence and
recent travel or contact with other individuals who had recently traveled were not
requested for this pilot study.

Virus strains and cultivation. The origin of strains WA, DS-1, M37, and WI61
and the methods for cultivation in MA104 cells in the presence of trypsin have
been described previously (8).

Plaque purification of cultivated strains. After three passages in MA104 cells,
antigen-positive cultures were frozen and thawed three times, trypsinized, and
frozen at —80°C. Three rounds of plaque purification were carried out for strain
US1205 as described previously (42). A virus seed stock of US1205 and other
strains was then prepared by additional passages in MA104 cells.

P genotype-specific riboprobes. Digoxigenin (DIG)-labeled riboprobes specific
for the rotavirus VP4 and VP7 gene hypervariable regions (12, 28) were synthe-
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sized by in vitro transcription with DNA templates containing T7 RNA poly-
merase promoter sites incorporated during RT-PCR. The primer pairs used for
preparation of PCR products were specific for portions of the VP4 genes of
strains Wa, RV-5, and M37 and the VP7 gene of WI61 and contained a T7
polymerase site in one of the primers and restriction endonuclease sites plus
three additional nucleotides in both primers of each pair (Table 1). All primers
used in this study were synthesized in the Biotechnology Core Facility of the
CDC. RT-PCR products were generated from dsRNA templates as described
previously (13). PCR products were concentrated and used as templates for
transcription with the Mega ShortScript kit (Ambion, Inc., Austin, Tex.) accord-
ing to the manufacturer’s instructions. The concentrations of ATP, GTP, and
CTP were each 7.5 mM, while UTP and DIG-UTP (Boehringer Mannheim,
Indianapolis, Ind.) were used at 6 and 1.5 mM, respectively. A control reaction
mixture containing a set of five dsSDNA templates ([100, 200, 300, 400, and 500
bp] Century TM Template; Ambion, Inc.) was also carried out at the same DIG-
UTP concentration, and the transcripts from this reaction were used to monitor
the size and intactness of the rotavirus VP4 and VP7 gene transcripts by urea-
acrylamide gel electrophoresis and ethidium bromide staining as suggested by
the manufacturer. The amount (in micrograms) of DIG-labeled probe synthe-
sized was estimated with the Boehringer Mannheim Genius 1 kit according to the
protocol provided.

RNA extraction. Rotavirus RNA was extracted from 10% fecal suspensions by
using the glass powder method, as previously described, and resuspended in
diethyl pyrocarbonate-treated H,O (13). To prepare RNA for riboprobe sensi-
tivity determinations, the standard strains Wa, DS-1, M37, and WI61 were
concentrated by pelleting through sucrose cushions as previously described (13),
and the dsRNA was extracted by the phenol-chloroform method followed by
ethanol precipitation. After drying, the pellets were resuspended and extracted
by a standard glass powder method, and the RNA concentration was determined
spectrophotometrically.

RT-PCR genotyping. P and G genotypes were determined by heminested
RT-PCR, agarose gel electrophoresis, and ethidium bromide staining (7, 13, 18).
The P genotypes were classified according to the suggestions of the Rotavirus
Nomenclature Working Group (10).

Northern slot blot hybridization. Dilutions of dSRNA (500 to 0.8 ng) extracted
from partially purified virions or from fecal specimens (one-third to one-half the
dsRNA extracted from 500 pl of a 10% stool extract) in 20 pl of diethyl
pyrocarbonate-treated H,O were heat denatured for 4 min at 97°C, chilled for
1 min on ice, and filtered onto a nylon membrane with a 48-well slot blot
apparatus (Bio-Rad; Hercules, Calif.), and the RNAs were cross-linked to the
membrane twice by using the automatic cycle of a Stratalinker (Stratagene, Inc.,
La Jolla, Calif.). The membrane was then prehybridized for 2 h in 25 ml of
prehybridization solution (6 X SSC[1 X SSC is 0.15 M NaCl plus 0.015 M sodium
citrate], 50% formamide, 0.1% sodium dodecyl sulfate [SDS], 2% blocking
solution) (Boehringer Mannheim) at 56 or 68°C, depending on the probe, and
then hybridized overnight at the same temperature in fresh hybridization solu-
tion containing about 1 pg of DIG-labeled probe. Hybridization was carried out
in screw-cap glass tubes with a scientific model 400 hybridization oven (Robbins,
Sunnyvale, Calif.). Samples were washed twice at room temperature for 15 min
with 2X SSC-0.1% SDS and twice again at the same temperature used for
hybridization with 0.5X SSC-0.1% SDS for 15 min, and then the bound probe
was detected with anti-DIG alkaline phosphatase conjugate and CSPD substrate
(Boehringer Mannheim) as described previously for detection of DIG-labeled
oligonucleotide probes (1).

Sequence analysis. VP7 gene RT-PCR products for sequencing were synthe-
sized with one primer pair that was a degenerate mixture of Beg9 (homologous
to G1, G2, G3, and G4 VP7 nucleotides 1 to 28)/end9 (homologous to G1, G2,
G3, G4, and G8 VP7 gene nucleotides 1036 to 1062) (2, 18, 22, 30, 39, 40) and
primer pairs 71/72 and G9C1/72 (Table 1) based on the sequence of serotype G9
strain 116E (8). PCR products were purified on Centrisep columns (Princeton
Separations, Adelphia, N.J.) and sequenced with the individual primers or de-
generate mixture of Beg9 or end9 described above by the dideoxynucleotide
chain termination method with the BigDye sequencing kit (Applied Biosystems,
Inc., Foster City, Calif.) under the thermal cycling conditions recommended by
the manufacturer and a model 377 automated DNA sequencer (Applied Bio-
systems, Inc.). Based on the sequence obtained, additional primers were synthe-
sized to completely sequence the VP7 open reading frames in both directions
(Table 1).

Overlaps in sequence between the different products were analyzed with the
Sequencher program (Gene Codes Corporation, Inc., Ann Arbor, Mich.). Com-
parison to other rotavirus sequences was performed with the University of
Wisconsin Genetics Computer Group and Phylip 3.5 computer programs (9, 11).

Polyacrylamide gel electrophoresis. Extracted RNAs were resolved on 10%
discontinuous gels (27) and stained with silver nitrate (37).

Antigen EIA. The Rotaclone rotavirus detection kit (Meridian Diagnostics,
Inc., Cincinnati, Ohio) was used together with the protocol provided by the
manufacturer. All specimens sent by the 10 laboratories were retested for rota-
virus, and only those positive with the Rotaclone kit were included in this study.

G serotyping and subgrouping with MAbs. The following MAbs were used:
serotype G1 (5E8, RV4-1, and KU4); G2 (IC10 and S2-2G10); G3 (Y0-1E2 and
G3-159); G4 (ST-2G7, VP7 specific, and 60-F2D2); subgroup I specific (255-60);
subgroup II specific (631-9); and subgroup common (631-24) (21) to G serotype
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TABLE 1. Primer pairs used for riboprobe synthesis and sequencing of U.S. G9 strains

s Nucleotide , b .
Strain position Sequence (5’ to 3") Polarity
VP4 (riboprobe) BamHI
Wa 321-336 GCC _GGA TCCGC AAT TAA TAC GAC TCA CTA TAG GGA GA A GTC GTT GCT ATT GAA +
HindIIl
Wa 463-490 CTC AAG CTTTTA ATG TAC GTC TAT TAT AAA ATT CAT T -
BamHI
RV-5 211-232 CTC GGA TCCGC AAT TAA TAC GAC TCA CTA TAG GGA GA C CTT ATC AAC CCA CTA CAT T€
HindIII
RV-5 493-514 GCC _AAG CTTATT TTA GCA TCC CTA CAA GTC T -
Xbal
1076 239-255 GCC _TCT AGACGC AAT TAA TAC GAC TCA CTA TAG GGA GA C AAG CGA TTA CTG GAT A +
HindIII
1076 544-575 CTC AAG CTTGAT GAG TAA TCA GTT GTA GCA TGT GGC GTT TC -
VP7 (riboprobe) Xbal
WI61 37-56 GCC _TCT AGATAG CTC CTT TTA ATG TAT GG +
HindIII
Wi6l 292-331 CTC AAG CTTCGC AAT TAA TAC GAC TCA CTA TAG GGA GA T CAG CAG GGT AAT ATA AAC A
VP7 (sequencing)
116E 35-56° GTT AGC TCC TTT TAA TGT ATG G +
116E 797-818° TTC TCT CTT GGT CCT AAC TTT C -
116E 260-278° CAC AGC AAG AGA CAT TTT T +
1205 746-763 CCG ATG TTG TTG ATG GTC +
1205 350-369 AGT ATC CTT CCA TTC CGT AT -
1205 236-253 TGG AGC CAG TGA TCG GTA -

“ The VP4 genes of prototype strains Wa (P1A[8]G1; accession no. M96825), RV-5 (P[4]G2; accession no. M32559), and 1076 (P2A[6]G2; accession no. M88480)
were used for VP4 primer design, and WI61 (serotype G9) was used for VP7 (17, 19, 23).

 The 5'-terminal three nucleotides represented were included to enhance efficiency of cleavage by restriction enzymes; restriction sites are double underlined. The
T7 RNA polymerase promoter is single underlined. The rotavirus-specific sequence is in boldface type.

¢ This sequence was also used to generate RT-PCR products used for sequencing (primer pairs 35 to 56/797 to 818 and 260 to 278/797 to 818).

and subgroup rotaviruses in 10% fecal extracts by standard protocols (6, 21, 26,
43).

Nucleotide sequence accession number. The VP7 gene sequence described in
this study (strain US1205) has been deposited in the GenBank sequence data-
base and given accession no. AF060487.

RESULTS

P genotyping by hybridization with riboprobes. The speci-
ficity and sensitivity of P genotype-specific riboprobes were
tested at a range of concentrations with dSRNA extracted from
standard strains, while binding to rotavirus RNAs from fecal
specimens was tested with one-third to one-half of the total
RNA from a standard RNA extract (Fig. 1). Routine sensitivity
of standard homologous RNA was approximately 20 ng, al-
though in some experiments, sensitivity of 0.8 ng was observed
without significant cross-hybridization to heterologous dsR-
NAs. Low-level cross-hybridization was sometimes observed at
the highest concentration of heterologous RNAs (e.g., 500 ng
of M37 RNA cross-hybridized faintly with the Wa probe).
Consequently, heterologous dsRNAs of both prototype strains
as well as fecal RNAs that were positive by polyacrylamide gel
electrophoresis and silver staining and whose P genotypes had

been determined by RT-PCR were included in all experiments
as negative controls. Strains were assigned a P genotype only if
the 100- and 20-ng cell culture RNA controls and fecal RNA
controls showed no detectable cross-hybridization. In total,
86% (n = 299) of 348 fecal specimens could be P genotyped
with these probes. Of the remaining 14% (n = 49) that could
not be typed with riboprobes, 8.5% (n = 30) were typeable by
RT-PCR methods (13).

G and P typing of rotavirus strains. Rotavirus from fecal
specimens of 348 children with diarrhea in 10 cities was G
typed by a combination of RT-PCR and monoclonal EIA and
P genotyped with DIG-labeled riboprobes and RT-PCR (Ta-
ble 2). Strain P[8]G1 was the most frequently detected overall
(231 of 348, 66.4%) and the most widely distributed (detected
at all 10 surveillance sites); next most common were P[4]G2
(29 of 348, 8.3% [detected at six sites]) and P[8]G3 (24 of 348,
6.9% [detected at seven sites]) (Table 2). Unexpectedly, the
fourth-most-common strain was genotype P[6]G9 (19 of 348,
5.5%), followed by two other strains thought to be rare in
developed countries, P[8]G9 (6 of 348, 1.7%) and P[6]G1 (5 of
348, 1.4%). Together, the two strain types bearing genotype G9
were found in four cities and represented 7.2% of the strains
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FIG. 1. Sensitivity and specificity of rotavirus P[8], P[4], and P[6] riboprobes and P genotyping of rotaviruses in fecal specimens. Different amounts of denatured,
purified dsRNA from strains Wa (P[8]), DS-1 (P[4]), and M37 (P[6]) were filtered onto nylon membranes (panels A through C; columns 1, 2, and 3; rows A through
D), UV-cross-linked, and hybridized with DIG-labeled riboprobes to the hypervariable regions of strains Wa (panel A), DS-1 (panel B), and M37 (panel C) with
hybridization temperatures of 56, 68, and 68°C for the Wa, DS-1, and M37 probes, respectively, and developed as described in Materials and Methods.

typed in this study; in Indianapolis, although the number of
strains analyzed was low (n = 22), the combined detection rate
of P[6]G9 and P[8]G9 (45%) was only slightly less than that of
P[8]G1 (50%). The majority (20 of 25) of G9 strains were
found in two cities, while none were found in cities located on
the east or west coast of the United States. Genotype P[6]
strains were found in five cities and represented 6.9% of the
total number of strains analyzed in this study.

Among the least-common strains during 1996 to 1997 was
P[8]G4 (1.4%) together with two globally rare strains, P[8]G2
and P[4]G1 (0.3% each). Strains that were nontypeable for the
P or G type or both the P and G types represented 5.5% of the
total, and 2.3% of the strains had mixed G types.

Characteristics of infants infected with G9 strains versus
other serotypes. The ages of the 21 infants infected with G9
strains for whom data were available (mean = 16 months,
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TABLE 3. Reactivity of G9 strains with MAbs

Absorbance (100) with indicated MAb
Strain and (G serotype or subgroup specificity)
source

(G serotype)

KU4 S$22G10 YO-1E2 ST-2G7 F45:8 25560 631-9
(Gl) (G2) (G3) (G4 (GY) (SGI) (SGII)

Culture
KU (1) 100 3 3 3 3 37 98
DS-1(2) 3 94 3 2 2 101 5
P(3) 2 2 31 2 2 12 34
VAT0 (4) 6 5 3 71 15 16 97
WI61 (9) 5 4 5 6 83 33 101
116E (9) 3 3 2 5 73 28 72
Us-1071¢ 2 2 2 2 29 103 95
US-1205° 3 4 3 4 62 105 7
US-1206" 4 4 4 4 34 97 9
Mock infection 2 2 2 2 1 2 1

Stools
US-10737 4 5 4 4 22 116 34
US-1089° 4 4 4 4 27 106 30
US-1202° 4 4 4 4 14 105 31
US-1204¢ 4 4 3 3 92 101 44
US-1212° 3 2 3 3 15 2 59
Negative stool 4 4 4 4 3 3 5

“ Genotype P[6]G9 strain with short electropherotype.
® Genotype P[8]G9 strain with long electropherotype.

median = 11 months, range = 0.1 to 84 months) were very
similar to those of 253 children infected with serotypes G1 to
G4 for whom data were available (mean = 17 months, me-
dian = 11 months, range = 0.23 to 156 months). The percent-
ages of inpatients and outpatients in the two groups were also
similar. Among the 21 G9Y-infected infants, 15 (71%) were
inpatients and 6 (29%) were outpatients, and for 255 children
infected with serotypes G1 to G4 for whom data were avail-
able, 176 (69%) were inpatients and 79 (31%) were outpa-
tients. However, additional studies with larger numbers of G9-
infected infants and more comprehensive patient data will
need to be performed so that it can be ascertained if major
differences between the groups exist.

Characterization of U.S. G9 strains. A partial characteriza-
tion of the G9 strains was carried out to confirm our RT-PCR
genotyping results. All the P[6]G9 strains had short electro-
pherotypes. Fifteen of these strains that were subsequently
culture adapted in MA104 cells had subgroup I VP6 antigens,
while four P[8]GY strains whose RNA profiles were analyzed
had long electropherotypes and subgroup II VP6 and antigens
(Table 2 and data not shown).

To determine if these strains were antigenically related to
serotype G9, selected culture-adapted and fecal G9 strains
were tested for binding to specific MAbs (Table 3). Both cul-
ture-adapted and fecal G9 strains bound to antibody F45:8,
made to prototype G9 strain F45 (P1A[8]G9), but not to MAbs
to serotypes G1 to G4. The binding pattern of the U.S. GY
strains was essentially identical to those of prototype serotype
G9 strains WI61 and 116E. The U.S. G9 strains did not bind to
two other G9-specific MAbs made to prototype strains WI61
(4AS5) and F45 (F45:9) (16, 26) (data not shown).

We also sequenced the VP7 open reading frame of P[6]G9
strain US1205 and compared it to those of prototype strains
from serotypes G1 to G14 (data not shown). The closest de-
duced amino acid relationship was to serotype G9 strain WI61
(95.7% identity), suggesting that US1205 and related strains
belong to serotype G9. A relatively high amino acid homology
of the GO strain US1205 with G3 RRV (88.7%) was also found.
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DISCUSSION

This surveillance study of current (1996 to 1997) HRV
strains in the United States has identified for the first time a
high prevalence of novel strains with G9 and P[6] specificity.
Strains with these G and P types had previously been com-
monly detected only in developing countries; thus, the appear-
ance of these strains in the United States is unusual and raises
questions about whether they represent emerging infections or
simply were not diagnosed in the past. Strains that cannot be
typed by MAD EIA are always present in rotavirus collections,
and most investigators have not attempted to further charac-
terize them; therefore, the possibility exists that these strains
have always been present. Since methods such as multiplex
RT-PCR and hybridization that permit routine characteriza-
tion of P genotypes and the identification of the G types of
nonserotypeable strains have now been developed in several
laboratories, including our own, studies of historic collections
need to be done to look for G9 and P[6] in the United States.
In addition, since the RRV-TV vaccine contains only the VP7
antigens of serotypes G1 to G4, monitoring whether it protects
against serotype G9 infection will be important.

Consistent with the findings of numerous published studies,
P[8]G1 (66.4%) was by far the most-common strain overall and
in 9 of 10 surveillance centers from which we obtained strains,
while P[4]G2 (8.3%) was second and P[8]G3 (6.9%) was third
in prevalence. Unexpectedly, P[6]G9 (5.5%) was the fourth-
most-common strain detected, with isolates from four different
cities. In addition, P[8]G9 (1.7%) was detected in two cities,
yielding a combined G9 detection rate of 7.2% (third most
prevalent of completely typed strains). The P[6]G9 strains with
short electropherotypes and subgroup I specificity have not
previously been detected in the United States, but they were
recently found to be highly prevalent in Bangladesh (47). Fur-
ther, strains with the same P and G types, but with long electro-
pherotypes and subgroup II antigens, were the second-most-
common strains found in a survey of rotavirus strains from
children with diarrhea in India (38). The other strain, P[8]G9
(subgroup 1II, long electropherotype), was previously detected
only once before in the United States and several times in
Japan (4, 19, 33, 34) but has not been reported since. Strains
with serotype G9 specificity, subgroup I antigen, and a long
electropherotype have also been reported once in Thailand
(48).

These results raise to three the number of different coun-
tries, including the first industrialized nation, where the rate
for detection of type G9 has been found to be elevated in
recent rotavirus seasons. This observation raises the possibility
that G9 may be a globally important serotype that has been
inadequately diagnosed in the past or has emerged as an im-
portant serotype in recent years, as suggested by the finding
that G9 was not detected before 1995 in a 10-year study in
Bangladesh by Unicomb and colleagues (47). In addition, the
detection rate of P[6] strains (6.9%) in this study and in surveys
from several developing countries, such as India, Bangladesh,
and Brazil, has raised similar questions (38, 45, 47).

The epidemiologic significance of G9 and P[6] rotaviruses
will need to be defined through continued surveillance and
typing of strains from historic collections analogous to the
Bangladeshi study (47). In the short term, such studies will
need to be conducted by RT-PCR and hybridization methods,
such as those used in the present study, until MAbs that react
specifically with G9 strains in fecal specimens are identified.
We detected GY in the present study and in the Bangladeshi
study only because several years ago we developed RT-PCR
primers specific for an unusual serotype G9 infection of neo-
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nates in India (3, 7) to use in a multiplex RT-PCR system for
G types G1 to G4 and G9 strains (7, 18). One possible antibody
for immunoassay development is F45:8, which was shown in
this and another recent study to react with some stool speci-
mens containing G9 strains from the United States and Ban-
gladesh as well as culture-adapted strains from the United
States, Bangladesh, and India (Table 3 and reference 47).

Sequence analysis confirmed that the VP7 gene of G9 strain
US1205 was highly homologous to serotype G9 strain WI61,
both overall (~96% amino acid identity) and in the major
antigenic regions of VP7 (A to C), strongly suggesting that
this strain and related U.S. G9 strains belong to serotype
G9. Consistent with this possibility, these strains and genotype
G9 strains from Bangladesh and one serotype G9 strain from
India (116E) all reacted with MAb F45:8 (Table 3) (47). The
relatively high (~89%) amino acid identity between the VP7
protein of US1205 and RRV VP7 raises the possibility of
antigenic relationship with this G3 strain. However, the anti-
genic regions (A to C) primarily responsible for G serotype
determination are highly distinct between US1205 and RRYV,
so whether there is any cross-neutralization between these
strains remains to be seen. The study of this issue and, sub-
sequently, the determination of whether vaccination with the
RRV-TV vaccine (containing the G3 RRV parent) protects
against diarrhea caused by serotype G9 are important.

We also evaluated a riboprobe method for P genotyping of
rotavirus strains in fecal specimens. This method was at least as
efficient as previous methods with **P-labeled PCR products
from the same region of VP4 for P genotyping (28), and the
maximum sensitivity of 0.8 ng was also comparable. Hybridiza-
tion with riboprobes has the same limitation of other methods
with long probes in that high concentrations of heterologous
RNAs can lead to low-level cross-hybridization. Consequently,
appropriate standard strain and fecal RNA controls are essen-
tial for reliable P genotyping by dot or slot blot hybridization
methods. Nonetheless, this method shows promise as a less-
expensive, less-labor-intensive alternative to the “gold stan-
dard” method, RT-PCR.
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