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Rotavirus strains causing gastroenteritis in Brazilian children were characterized by PCR-based typing
assays. In addition to strains bearing the major human G and P types, large numbers of strains bearing P3
(M37-like), P6 (HCR3-like), untypeable P and G types, and complex mixtures of P and G types not previously
recognized were present in the community.

Group A rotaviruses are the leading cause of acute gastro-
enteritis in young children, and they are the subject of intense
vaccine research (3). Results from vaccine trials have sug-
gested the need for homotypic immunization for protection
against rotavirus disease. Therefore, knowledge of the diversity
and distribution of rotavirus serotypes circulating in a commu-
nity is crucial to the formulation of an adequate vaccine and to
the evaluation of homotypic and heterotypic protection after
vaccination. Rotavirus serotypes are independently defined by
the virus outer capsid proteins VP7 (G type) and VP4 (P type).
Among the 14 known rotavirus G types, 7 were found in
humans (4, 12). Types Gl to G4 are widespread and have
frequently been associated with diarrhea in children, whereas
types G8, G9, and G12 have rarely been associated with
disease. Recently, the two important bovine serotypes, G6 and
G10, were recovered in a few cases of diarrhea in children (8,
20). Among the 12 known P types, the following 6 were found
in humans: P1 (Wa-like), P2 (DS1-like), P3 (M37-like), P4
(K8-like), P5 (69M-like), and P6 (HCR3-like) (4, 14). In
addition, a P type similar to that of the bovine strain B223 was
found in strains recovered from asymptomatic neonates in
India (6).

In the present study, we analyzed rotavirus-positive stool
specimens obtained from children, mostly under 4 years of age,
with acute gastroenteritis in the most developed state of Brazil.
The specimens were collected at day care centers and from
ambulatory and hospitalized patients during a 7-year period.
Specimens collected until mid-1991 were from patients living
in the Sao Paulo metropolitan area. Later, additional centers
located in 11 other cities in the state joined the survey, and
these centers contributed the majority of the specimens col-
lected in 1992. Fecal rotavirus detection was performed by
enzyme immunoassay, RNA electropherotyping, and electron
microscopy (19). The 139 samples determined to be positive
for rotavirus by at least two of these assays were further
characterized by the two-step PCR method previously de-
scribed for G typing (10) and P typing (7, 14).

All specimens produced cDNA segments of the expected
sizes for both VP7 and VP4 genes. Nevertheless, a G type
could be identified in only 85 (61%) of the specimens and a P
type could be identified in 116 (83%) of the specimens in the
second amplification-typing assays (Table 1). Analysis of indi-
vidual specimens demonstrated that only a third of them had a
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combination of one G type and one P type, thus representing
a single rotavirus strain, whereas another third of the speci-
mens had only a G type or a P type identified (Table 2). Seven
(5%) additional specimens had neither a G type nor a P type
identified.
The four major human G types were represented in this

survey (Gl, 17% of the specimens; G2, 6%; G3, 22%; G4,5%),
with an apparent shift in the dominant type from Gl in the
early years to G3 after 1988. Predominance of Gl in the north
Amazon region of Brazil also occurred, from 1984 to 1988 (1,
15). Local variations within the state of Sao Paulo were
observed. An increased number of untypeable samples and an
apparent emergence of G2 strains paralleled the broadening of
the population study by mid-1991. Type G2 was present in
sporadic cases of diarrhea in children in 1991, and it caused a
large outbreak in a small city in 1992. Details of this outbreak
will be reported elsewhere. G2 strains demonstrated the
characteristic short pattern, whereas non-G2 strains were of
the long electropherotype.

In this first study of P types in Brazil, an overall predomi-
nance of P1 (21%) was observed, consistent with its association
with Gl, G3, and G4 specificities (7, 17). Predominance of P1
has also been reported in other studies that analyzed the P
types of rotaviruses causing diarrhea in children (2, 17, 18).
Except in the case of one G1:P2 strain, P2 (8%) was associated
with G2 strains, confirming the general correlation between
these two specificities. On the other hand, we identified 16
cases of moderate to severe diarrhea associated with single
infections with P3 strains. P3 has been primarily associated
with asymptomatic neonatal infections in hospital nurseries
around the world, and therefore, it has been regarded as a

possible attenuation trait (5). In all cases, the presence of
exclusively type P3 rotavirus in the patients' specimens was
confirmed by the PCR confirmatory test, and in three cases it
was also confirmed by partial sequence analysis of the virus
VP4 gene (16). In addition to its presence in single infections,
P3 was present in 23 mixed infections, indicating a widespread
circulation of this P type (13% overall) in the community. Rare
cases of P3-related diarrhea have been reported in other
studies (2, 16, 18). However, the large number of P3 rotavi-
ruses found in this study raises the possibility that P3 strains,
although attenuated in newborns, might still be virulent in
infants and young children. This question is relevant because
the P3 strain M37 is presently being tested as a vaccine
candidate (3).
The identification of a large number of infections with P6

strains (11%) constitutes a novelty. This new P type was
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TABLE 1. Temporal distribution of rotavirus G and P types in Sao
Paulo, Brazil, from 1986 to 1992

No. of samples belonging to type: Total no.
Year

01 02 03 04 MixGa o?b P1 P2 P3 P6 MixPc P?d of samples

200 2
802 0
206 1
002 0
405 3
339 0
45 7 1

0 4 40 3
0 0 90 0

1 2 50 0
0 3 20 0
2 7 30 6
8 4 05 6
5 34 12 6 3

0 0 1 8
0 1 0 10
2 3 2 12
3 0 0 5
5 5 2 21
1 9 6 27
5 18 12 56

Total 23 8 31 7 16 54 35 11 18 16 36 23 139

a MixG, mixture of distinct G types.
b G?, G untypeable. Amplified in the reverse transcription PCR assay for the

VP7 gene but not in the PCR G-typing assay.
MixP, mixture of distinct P types.
P?, P untypeable.

recently identified in HCR3, a strain isolated from a healthy
child in Philadelphia (14), and it was later found in the canine
strains K9 and A79-10 and the feline strain Cat97 (13). In the
present study, we found that rotavirus strains bearing the P6
type can cause diarrhea in children and that they may be
widespread in the human population.
A significant proportion (29%) of the specimens had multi-

ple G and/or P types, which is consistent with infections with
more than one rotavirus strain (Table 3). The presence of
multiple P types in the same specimen was confirmed for all of
the specimens by the independent, one-step PCR confirmatory
test (7), and in the case of six specimens it was also confirmed
by RNA electropherotyping. One potential consequence of the
presence of multiple G and/or P types in specimens is a greater
than previously suspected chance for reassortment during
natural infections.
The finding of a large number of specimens that contained

untypeable rotaviruses was rather unexpected. Unlike the
inability to type by immunological techniques, the inability to
type by PCR typing assay after a successful reverse transcrip-
tion PCR amplification may only be attributed to significant
nucleic acid sequence variations. Although such variations
could occur within a given type, they most likely represent a
different type. Extended PCR typing assays that identify G and
P types commonly found in bovine and porcine strains have
been developed (12, 13), and they are currently being applied
to those samples that could not be typed by the human PCR
typing assays. Initial studies have revealed that about half of
these specimens contained rotaviruses bearing G5, a type

TABLE 2. Distribution of specimens containing single rotavirus
strains recovered from patients with diarrhea in Sao Paulo, Brazil,

from 1986 to 1992

No. of specimens

Genotype
G 2 3 G4

Total 0 0
0enotypeG1 02 03 04 typeable untypeable

P1 11 0 8 5 24 11
P2 1 6 0 0 7 2
P3 1 0 5 1 7 9
P6 3 0 5 0 8 8
Total P typeable 16 6 18 6 46 30
P untypeable 6 1 8 1 16

TABLE 3. Distribution of specimens containing multiple rotavirus
strains recovered from patients with diarrhea in Sao Paulo, Brazil,

from 1986 to 1992

No. of specimens
Genotype(s)

G1 + G3 G2 + G3 G1 + G2 Gl G2 G3 G?' Total

P1+P3 3 0 0 0 0 0 6 9
P3 + P6 4 0 0 0 0 2 0 6
P2 + P3 0 1 0 0 0 1 0 2
P2 + P6 0 0 0 0 1 0 1 2
P1 + P6 2 0 0 1 0 1 8 12
P1 + P2 + P3 1 0 0 0 0 0 0 1
P1 + P3 + P6 1 0 0 0 0 1 1 3
P1 + P2 + P6 0 0 0 0 0 0 1 1
P2 0 0 2 0 0 0 0 2
P3 2 0 0 0 0 0 0 2

Total 13 1 2 1 1 5 17 40

a G?, G untypeable.

previously found only in strains recovered from pigs and horses
(9).
Although analysis of the untypeable specimens continues,

the present study has already demonstrated the existence of
unusual genotypic diversity and complexity among the strains
recovered from Brazil. In addition to the high proportions of
strains bearing P3, P6, and other P and G types distinct from
the conventional human types, complex combinations of mul-
tiple G and P types not previously described are reported here
in association with human gastroenteritis. This situation is in
contrast to that found in the United States, where almost all
human rotavirus strains were of the conventional G and P
types (11, 17). These findings have obvious implications for the
development of rotavirus vaccines and immunization programs

aimed at providing comprehensive protection against rotavirus
disease.
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