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The VP4 (P) and VP7 (G) types of 171 rotavirus isolates obtained from children with diarrhea in the United
States were characterized by PCR typing assays. Strains P1G1 predominated (71%); this was followed by
strains P1G3 (20%) and P2G2 and P1G4 (2% each). Mixed types were identified in five (3%) specimens. Two
(1%) strains bearing the P3 genotype (P3G1 and P3G2) were found in children with severe dehydrating
diarrhea, although the P3 genotype has been regarded as a possible marker for virus attenuation.

Rotaviruses possess a double-stranded RNA (dsRNA)
genome fragmented into 11 segments and enclosed by a
multiple-capsid shell. The outer capsid contains two pro-
teins: VP7, encoded by gene segment 7, 8, or 9; and VP4,
encoded by gene segment 4 (20). Studies of the antigenic
relationships among rotaviruses have shown that both VP7
and VP4 proteins induce neutralizing antibodies (18, 24).
Glycoprotein VP7 specifies the virus G neutralization anti-
gen, and to date, nine G serotypes have been identified in
humans (1, 7, 12, 20, 30). VP4, a minor constituent of the
outer capsid, is associated with several biologically impor-
tant functions. It has hemagglutination activity in many
strains from animals and is responsible for restriction of
human rotavirus growth in tissue culture; it is the site for
protease activation of infectivity and appears to play a major
role in rotavirus virulence (20). On the basis of nucleotide
comparisons among VP4 sequences, five P (for protease-
susceptible) human genotypes were initially described (13).
For those, a correlation was observed between the P geno-
type and the G serotype of an isolate: the P1 genotype
(Wa-like) was associated with G1, G3, G4, and G9 sero-
types; the P2 genotype (DS1-like) was associated with G2
serotype in strains obtained from patients with symptomatic
infections, and the P3 genotype (M37-like) was associated
with the G1, G2, G3, or G4 serotype in strains obtained from
infants in nurseries with asymptomatic infections. Unique P4
and P5 genotypes were found in strains K8 and 69M,
respectively (27, 29). Recently, a sixth P genotype was
identified in an asymptomatic child in the United States (22),
and strains bearing P genotypes closely related to that of
bovine strain B223 have been recovered from asymptomatic
children in India (6, 10).

A set of 171 rotavirus isolates obtained from children with
diarrhea in several locales in the United States were ana-
lyzed for their G and P genotypes by two-step PCR typing
assays described by Gouvea et al. (14) and Gentsch et al.
(11), respectively. The VP7 genes of some relevant rotavirus
strains were further characterized by restriction endonucle-
ase analysis (REA) of their PCR-generated cDNA copies as
described previously (16). Samples included 145 stool spec-
imens collected for an epidemiologic survey and previously
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characterized for their G types (15), 22 additional samples
collected in the last 3 years at the Children’s Hospitals of
Buffalo and Philadelphia, and four cell-adapted strains used
in our laboratory as reference G strains; G1 strain O, G2
strain SC2, and G4 strain CC4 were originally from Phila-
delphia, and G3 strain SK5 was from Atlanta.

The use of the two-step amplification-typing technique
enabled us to identify the P types of 100% of the isolates,
although only 65% gave positive results in the first amplifi-
cation. In this step, viral dsSRNA was subjected to coupled
reverse transcription and PCR in the presence of primers
designed to amplify an 876-bp DNA fragment of gene 4 (Fig.
1). This fragment was then used as a template in a second
PCR with a pool of type-specific primers designed to gener-
ate type-specific fragment lengths (Fig. 2). The typing results
are summarized in Table 1. Strains of P1G1 predominated
(71%), followed by P1G3 (20%) and P2G2 and P1G4 (2%
each). Two strains bearing a P3 genotype were found: P3G1
(strain VE7156) and P3G2 (strain SC2). Types P4 and P5
were not found, and mixed types, including a third strain
bearing a P3 genotype, were present in the remaining five
specimens. The presence of mixed G types had been sus-
pected by RNA electropherotype analysis and confirmed by
enzyme immunoassay (EIA) by using G-specific monoclonal
antibodies in a previous study (15). The presence of mixed P
types was confirmed by a one-step VP4 confirmatory assay
described by Gentsch et al. (11).

In general, our results support the reported correlation
between the two antigenic specificities for each isolate; all P1
strains were type G1, G3, or G4 and all P2 strains were type
G2. The only exception was the finding of both types P1 and
P2 (Fig. 2, lane 2; Fig. 3, lanes 1 and 2) but only type G1 in
specimen VEG6911. Type G2 could not be identified by the
PCR G-typing assay or EIA with a neutralizing monoclonal
antibody (15). Failure to identify type G2 by PCR typing and
EIA was reported for isolates from Japan (23, 31) and
Bangladesh (33); however, this has not been our experience
with specimens obtained in the United States. Electro-
phoretic analysis of the viral RNA showed a typical long
pattern and no evidence for more than a single strain (15).
Therefore, the presence of a strain with the unusual anti-
genic combination P2G1 in specimen VE6911 remains a
possibility, and attempts to isolate such a strain in cell
cultures are under way.

Strains of the four major human G types were recovered
from healthy newborn infants in Venezuela (G1 strains or



FIG. 1. First PCR amplification. Rotavirus dsSRNA was reverse-
transcribed and amplified with the conserved primer pair con2-con3
designed to amplify an 876-bp segment of rotavirus gene 4. Products
were analyzed by agarose gel ¢lectrophoresis and stained with
ethidium bromide. The products shown are from specimens SK77
(lane 1), VE6911 (lane 2), VE7366 (lane 3), VF9221 (lane 4), and
VE7156 (lane 5). Markers (lanes M) are Haelll-digested $X174
DNA.

M37-like strains), Sweden (G2 strains or 1076-like strains),
Australia (G3 strains or McN-like strains), and England (G4
strains or ST3-like strains) (19). All of these strains pos-
sessed the unique VP4 genotype P3, which was quite distinct
from that of strains causing symptomatic infections (13). The
P3 genotype is therefore regarded as a possible marker for
rotavirus attenuation (8). Our results do not support its
association with exclusively asymptomatic infections, be-
cause we identified the P3 genotype in isolates from speci-
mens obtained from infants with severe diarrhea. The cell-
adapted strain SC2 was originally isolated from the stool of
an 11-day-old infant who was admitted to the Pennsylvania
Hospital, Philadelphia, in 1981 with a 4-day history of watery
diarrhea. He received intravenous rehydration and was
discharged 5 days later with the diagnosis of rotavirus
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FIG. 2. PCR P typing (second PCR amplification). One microli-
ter of each product obtained in the first PCR (Fig. 1) was amplified
with a pool of nested P-specific primers and the common con3
primer. Products of specimens SK77 (lane 1), VE6911 (lane 2),
VE7366 (lane 3), and VF9221 (lane 4) indicated infections with
multiple strains, but that of specimen VE7156 did not (lane 5). Lanes
6 to 8, positive controls for P1 to P3, respectively; lanes M, 100-bp
marker with highlighted 600-bp segment (Bethesda Research Labo-
ratories, Gaithersburg, Md.).
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TABLE 1. VP4 (P) and VP7 (G) typing of human rotavirus from
167 fecal specimens and four cell-adapted strains

No. (%) of strains of type:

Type P1 P2 P3 P1+P2 P1+P3
Gl 122 (71) 1(0.5) 1 1
G2 42)  1(0.5)

G3 34 (20)

G4 4(2)

GI+G2 2
G1+G3 1

gastroenteritis because no other pathogen was found. Strain
VE7156 was recovered from a 17-day-old girl who was
delivered prematurely at the Children’s Hospital of Buffalo.
She developed severe, watery diarrhea the day after she was
transferred from the intensive care unit to the ward for
premature neonates. Rotavirus was diagnosed by electron
microscopy and EIA, and no other enteropathogen was
found. An isolate of the P3 genotype was identified by the
two-step P-typing assay (Fig. 2, lane 5) and confirmed by the
one-step confirmatory assay in which a distinct set of type-
specific primers was used (Fig. 3, lanes 8 to 11). Both assays
gave unequivocal and exclusive P3-positive results, thus
implicating this P3G1 or M37-like strain as the causative
agent of the severe diarrheal illness.

We recently observed that the VP7 gene of strain M37
could be distinguished from those of other G1 strains by its
unique profile obtained by digestion with Sau96I endonucle-
ase (16). REA of VE7156 and three P1G1 strains recovered
from children with diarrhea in the same hospital within 1
month is shown in Fig. 4. Strain VE7156 shared the typical
S1 profile with the other ““local’” G1 strains and not the S5
profile of the M37-like strain. Also, the REA profile for the
P3 strain SC2, which has been described previously (16),
showed the same profile as the ‘“‘local’”” G2 strain. This
finding is consistent with the hypothesis that P3 strains from
infants in a nursery are most likely natural reassortants
bearing the VP7 gene of a concurrent “‘virulent’’ strain (8).
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FIG. 3. Confirmation of the P types of specimens VE6911 (lanes
1 and 2), VE7366 (lanes 3 and 4), and VE7156 (lanes 8 to 11).
Rotavirus dsRNA was reverse-transcribed and amplified by PCR by
using a Pl-specific primer (lanes 1, 3, 5, and 8), a P2-specific primer
(lanes 2, 6, and 9), a P3-specific primer (lanes 4, 7, and 10), or a
P4-specific primer (lane 11). Lanes 5 to 7, positive controls for P1 to
P3, respectively; lanes M, 100-bp marker with highlighted 600-bp
segment.
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FIG. 4. Restriction profiles of VP7 gene copies of strain M37
(lane A) and fecal isolates VE7156 (lane B), VE7050 (lane C), and
VET7351 (lane D) digested with Sau96I. Lanes M, 100-bp marker
ladder with highlighted 600-bp segment.

A third P3 genotype strain was identified in the present
study (specimen VE7366), but it was found in combination
with a P1 genotype strain (Fig. 2, lane 3; Fig. 3, lanes 3 and
4). This specimen was from an 1l-month-old child who
developed mild diarrhea 2 days after being admitted for otitis
media and respiratory symptoms to the pediatric ward of the
Buffalo Children’s Hospital. In this case, either rotavirus
strain (P1G1 or P3G1) could have been responsible for the
child’s diarrhea.

Similar to the situation found in other countries, the
present study shows that P3 rotavirus strains might also be
endemic in hospital nurseries in the United States, because
the two infections with rotavirus of the P3 genotype found in
children in distinct wards of the Buffalo Children’s Hospital
were clearly nosocomial. Our study, however, consisted
exclusively of infants with symptomatic infections, thus
precluding an assessment of the frequency of P3 genotype
and its possible association with widespread asymptomatic
shedding of rotavirus by newborns. In studies conducted in
Australia, Venezuela, England, and Sweden (3, 4, 19, 26), a
single but distinct rotavirus strain had been endemic for
years in nurseries for newborns, even though the strains
circulating in the community had changed. This was also the
case in a hospital in South Africa (28). In other studies,
however, no unique ‘“‘nursery strain’’ could be exclusively
associated with asymptomatic infections; in fact, the strains
shed by symptom-free children in hospital nurseries in Chile
and Baltimore, Md., appeared to be the same as those that
produced diarrheal illnesses among individuals in the com-
munities (9, 32). The strains, however, were characterized
by their electropherotypes; their P specificities remain to be
determined. The recent development of genotyping assays
by hybridization with P-specific probes (21) or by PCR with
P-specific primers (11) and of serotyping by EIAs with
monoclonal antibodies capable of discriminating distinct P
types (5, 25) should rapidly generate this needed informa-
tion.

The reasons for the symptomless nature of most neonatal
infections are not understood. Host factors, such as age
susceptibility, passive maternal protection, and the exis-
tence of strains naturally attenuated for newborns, have
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been suggested (8, 17, 19). The last hypothesis is favored by
the fact that ‘“asymptomatic’’ strains, which are endemic in
nurseries for newborns in geographically distant places, bore
a remarkably conserved fourth gene, thus strongly associat-
ing the P3 genotype with virus attenuation. However, the
finding of P3 strains in patients with severe diarrhea indi-
cates that, although a possible major virulence factor, the P3
phenotype is not in itself a guarantee for silent infections in
normal children. Moreover, other surveys have implicated
the P3 genotype in diarrheal illness (2, 5, 21). The incidence
of P3-related diarrhea was very low, but its occurrence in
both neonates and older children in the community or in
hospital settings is nevertheless intriguing. Further clinical
and epidemiologic investigations, including a search for
asymptomatic shedding of rotaviruses by older children and
adults, are needed to ascertain the frequency and virulence
of distinct P types.
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