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Summary. We used reverse transcription-polymerase chain reaction (RT-PCR) 
to determine the P and G genotypes of 130 culture-adapted rotavirus strains 
isolated fi'om 181 fecal specimens of children under 5 years of age from 9 states 
and the Federal District of Brazil. The 4 genotypes found most commonly 
worldwide were also common in Brazil and P[8]G1 was the most prevalent 
(43%), followed by P[41G2 (12%), P[8]G3 (6%), and P[8]G4 (6%). However, 
unusual types P[8]G5, P [6] G2, P [9] G1, P [9] G3, and mixed infections were 
responsible for 12% and 21% of the cases, respectively. Genotype G5 strains 
were detected in specimens collected in all 9 areas surveyed from all 4 regions of 
Brazil. The unusual strain diversity in Brazil suggests that when tetravalent 
rotavirus vaccines currently being developed are introduced into Brazil, labora- 
tory surveillance will be essential to monitor protection against unusual strains, 
particularly those of genotype 5, as well as emergence of novel reassortants that 
may evolve from the large pool of children with mixed infections. 

Introduction 

Rotavirus is an important etiologic agent of acute gastroenteritis in many species 
of animals and in humans, and is responsible for approximately 870 000 deaths 
annually among children under five years old, mostly in developing countries. 
Consequently, rotavirus is a priority for vacdne development [14]. The virus is 
a member of the family Reoviridae and has a genome containing 11 segments of 
double stranded RNA (dsRNA) enclosed in a triple-layered protein capsid. The 
middle layer contains one protein, VP6, encoded by the genome segment 6, that 
carries both group and subgroup antigens [17, 30]. The outer layer is composed 
of two proteins, VP4 and VP7, encoded by genome segments 4 and 7, 8 or 9, 
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respectively, that evoke a neutralizing antibody response and form the basis for 
the current classification of group A rotaviruses into P (VP4) and G (VP7) 
serotypes [17, 26]. Based on cross-neutralization studies with polyclonal anti- 
sera to isolated viruses or against expressed VP4 proteins, four main serotypes 
have been identified in children with diarrhea: P1A[8]G1, P1B[4]G2, P1A[8] 
G3, and P1A[-8]G4 [3, 6, 23,48]. Additional serotypes (e.g. P319]G1, P1B[4] 
G12, P4[10]G8) have been identified, but the prevalence of these strains is 
believed to be low [4, 9, 12, 15, 17, 20, 22, 38, 43, 46]. 

Because rotavirus diarrhea is equally common among children in developing 
and developed countries, it seems unlikely that improvements in the water 
supply and sanitation will reduce disease incidence. Control of rotavirus disease 
is most likely to be achieved through the development and widespread use of an 
effective vaccine. Early Vaccine trials with single strains showed low or variable 
efficacy and suggested that protection might be improved if VP7 antigens in the 
vaccine matched those of strains in the community. Single gene reassortant 
strains carrying antigens to the major G types are now included in both simian 
(RRV) and bovine (WC3) vaccines currently being evaluated in field trials with 
the hope that homotypic protection will make vaccines more emcacious. A re- 
cent trial of the RRV-TV vaccine by Linhares in Brazil [28] demonstrated an 
efficacy of 56% against severe rotavirus diarrhea, less than the 75-85 % observed 
in similar trials in the U.S. [5, 36]. One theoretical explanation of this decreased 
efficacy could be the presence of unusual strains in circulation that might require 
inclusion of additional reassortant strains into a vaccine for Brazil. 

In anticipation of the possible use of a rotavirus vaccine in Brazil, we wanted 
to characterize the most common strains of rotavirus in circulation to see if these 
strains matched the antigens included in the current vaccine candidates. In this 
report, rotavirus strains from children with acute gastroenteritis in 9 states and 
the Federal District of Brazil were characterized for their G and P genotypes by 
reverse transcription-polymerase chain reaction (RT-PCR), and probe hybridiz- 
ation with genotype-specific digoxigenin-labeled oligonucleotides. Our results 
suggest that the diversity of strains circulating in Brazil exceeds that in many 
parts of the world, that vaccines used in Brazil may require additional antigens, 
and that laboratory surveillance of strains will be essential after a vaccine is 
introduced. 

Materials and methods 

Collection of fecal specimens 

To obtain rotavirus specimens, we screened a collection of fecal samples obtained between 
1982 and 1994 from children under five years old with acute gastroenteritis. These specimens 
were collected from 9 states and the Federal District of Brazil as part of an annual rotavirus 
surveillance project that has been described previously [33]. Specimens positive for rotavirus 
by EIARA [31] and polyacrylamide gel electrophoresis (PAGE) [32] were sent to the 
Comparative Virology Laboratory, Oswaldo Cruz Institute, Rio de Janeiro, where they were 
confirmed and stored at -20 °C. Only the specimens with > 0.5 grams of feces were used for 
characterization. Other enteric pathogens were not analyzed in this study. 
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Culture adaptation of human rotaviruses 

The origin of the prototype culture adapted strains used in this study has been previously 
described [11]. Cultured strains ND25 (P[4]G2, 157C (P[11]G3) and 188A (P[11]G3) were 
from New Delhi, India [10]. Rotavirus strains were adapted to cell culture in MA-104 (fetal 
rhesus monkey kidney) or HT-29 (human colon adenocarcinoma) cells obtained from the 
Biologic Products Section of the Centers for Disease Control and Prevention. The cells were 
grown in Eagle's minimum essential medium containing antibiotics (MEM) (GIBCO, Long 
Island, N.Y.) with 10% fetal bovine serum (GIBCO, Long Island, N.Y.) at 37 °C. Fecal 
suspensions (10-20%) were prepared in MEM and treated with 5 gg/ml of Type IX trypsin 
(Sigma Chemical Co., St. Louis, MO) for 1 h at 37 °C. 200 gl of the undiluted 10% extracts 
were then inoculated into two roller tubes each of HT-29 or MA-104 cell monolayers which 
had previously been overlayered with 2 ml MEM containing 0.5 gg/ml trypsin, and incu- 
bated at 37 °C for 1 h in a rolling roller tube wheel. After this time, maintenance MEM 
medium containing 1 ~tg of trypsin per ml was added to the tubes, and the tubes rolled 
at 37 °C. Five days later, the cultures were frozen and thawed three times, and two addi- 
tional passages were performed as described above. Culture supernatants were assayed for 
the presence of rotavirus by an enzyme immunoassay (Rotaclone, Cambridge Biotech, 
Worcester, MA). 

RNA extraction and RT-PCR for P and G typing 

Five hundred ~1 of positive supernatant from infected cells was extracted with an equal 
volume of 1,1,2 trichloro-l,2,2 trifluoro-ethane (Genetron), clarified by centrifugation at 
2 000 x g for 10 min, and the dsRNA extracted using the Boom method [7] except that the 
silica beads were replaced with a commercial glass powder (RNaid, BIO 101, Inc., LaJolla, 
CA). P and G genotypes were determined by half-nested RT-PCR as described previously 
[10, 21, 24, 25]. For the two-step amplification procedure for G-genotyping, we used 
consensus primers 9Con2 (nt 922-941 of strain Wa VP7 gene: 3'-GTA TAA AAT ACT TGC- 
CAC CA) and 9Con 1 to generate the PCR product [10]. For P-genotyping, the consensus 
minus-sense primer Con2 (nt 887-868 of strain Wa VP4 gene: ATT TCG GAC CAT TTA 
TAA CC), was used in conjunction with Con3 to produce the first amplification RT-PCR 
product [21]. For P [9] genotyping, the plus-sense primer Con3 was used together with the 
strain K8-specific primer 4T-1 and the P typing primers described previously [21]. The 
modified P genotype numbers used here are in accord with recent recommendations of 
a rotavirus nomenclature working group [16]. Briefly, the most common strains with 
Wa-like and DSl-like VP4 genes identified by genotyping methods are designated P [8] and 
P [4] unless they have been characterized by cross-neutralization tests (i.e., the P genotypes 
of rotaviruses in fecal specimens should be reported as P followed by a number in brackets). 
In the case of strains that have been characterized by cross-neutralization studies a complete 
P serotype designation which signifies both serotype and genotype (e.g., strain Wa, P1A[8] 
or strain DS-1, P1B[4] should be given. 

Oligonucleotide probes 

Six genotype-specific oligonucleotide probes labeled at 5'end with digoxigenin (dig) were 
designed to have high homology with strains of one serotype and low homology with those of 
the other serotype (Table 1). Two different probes were designed to confirm genotype G3- 
specific products based on sequence differences between Brazilian G3 strains and a serotype 
G3 prototype isolate (Table 1). 
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Table 1. Sequence of digoxigenin labeled oligonucleotide probes used to characterize 
G 1 to G 4 and P[9] genotype-specific PCR products of rotavirus strains 

Probe Strain Nt. GenBank Sequence b'~ 
position accession no? 

G1-2 Wa 152-175 K02033 
G2-2 $2 186-205 Ml1164 
G3-1 d 1 0 7 E 1 B  93-116 U04350 
G3-2 d BR1072 177-196 U40009 
G4-1 ST3 111-132 X13609 
P9-1 K8 173-194 D90260 

ATA GAT TTT TGT TGA TTA CTG TAG 
ATT TGT GAG GAC GCA AAA TT 
CGT ACT CAA ATC CTT AAC TAG A 
ACT GCC ACC ACT CCT TAA TG 
GTT CGT TCT TGT GAG TTA TAT 
TTG CCT GAT TCT ACA TTG GTG C 

"These sequences were derived from the following references: strains Wa [371, $2 [8], 107E1B and 
Br1072 [19], ST3 [35], and K8 [42] 

bThe polarity of all probes is + sense 
~The temperature for probe hybridization was determined experimentally as 58 °C for G1 to G4, 

and 62 °C for P[91 
dFor genotype G3 strains, two probes have been used 

Southern hybridization and chemilumineseent detection 

Southern hybridization and chemiluminescent detection with genotypes-specific PCR prod- 
ucts was carried out according to the protocols and reagents recommended by Boehringer 
Mannheim Corp. as recently described by Ando et al. [21 and modified by Ramachandran 
and co-workers for rotavirus [34], with the following modifications: pre-hybridization was 
performed at 58 °C (G1-G4 probes) or 62 °C (P[9] probe) for 1 h; hybridization was at 58 ~'~C 
(G1 to G4) or 62 °C (P[91) for 4 h; and membrane treatment with blocking solution was for 
1 h at RT. 

G serotyping by enzyme immunoassay (EIA) 

Several Brazilian G3 strains which reacted with probe G3-2 but not G3-1 were confirmed to 
belong to serotype G3 using the methods and monoclonal antibodies (MAbs) of Taniguchi 
and co-workers [44]. 

Nucleotide sequencing 

Portions of the VP7 gene of four Brazilian G3 strains (nt 102 to 248) and the VP4 gene of 
three P[9] Brazilian isolates (nt 55 to 384) were sequenced by an automated method as 
described in the accompanying paper in this issue of Archives of Virology [11. The primers 
used for sequencing VP7 serotype G3 strains were 9Conl and 9T-3P, and for the VP4 
genotype P [9] strains, Con3 and 4T-1 were used [10, 21]. The sequence data was compared 
with that of other rotaviruses using the University of Wisconsin Genetics Computer Group 
package of programs [13]. 

Accession numbers 

The partial VP7 gene sequences of Brazil G3 strains BR1015, BR1071, BR1072, and BR1163 
have been assigned accession nos. U40007, U40008, U40009, and U40010, respectively. The 
partial VP4 gene sequences of Brazil genotype P [9] strains BRI 130 and BR1 t31 have been 
assigned accession nos. U40011 and U40012, respectively. 
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Results 

Culture adaptation of rotavirus isolates and R T-PCR P and G typin9 

From 181 fecal specimens inoculated in MA-104 or HT-29 cells, 130 (72%) were 
positive for rotavirus antigen by enzyme immunoassay after the third passage. 
All 130 strains could be P and G genotyped by RT-PCR using either a one or two 
-step amplification procedure. Strain diversity was high and single infections 
with strains corresponding to one of the four common genotypes was observed in 
67% (N-- 86) of the specimens, uncommon strains in 12% (N = 17), and mixed 
infections in 21% (N=27) (Table 2). Of the common rotaviruses, genotype 
P [8] G1 (43%) was the predominant strain in most states, followed by P [4] G2 
(12%), P[8]G3 (6%), and P[8]G4 (6%). P[4]G2 was not detected in any of 23 
isolates from the Federal District. Interestingly, we detected genotype G5 as 13 
single (9 %) and 16 mixed (12 %) infections circulating in different states/regions 
and years: AL, RJ/1982, BA, RJ, PR/1983, FD, MG/1985, PE, FD, MG, SP, 
PR/11986, GO, RJ/1987, BA/1989, and R J, PR/1994 (Table 1), suggesting that this 
rotavirus genotype could be endemic in Brazil.The uncommon strains P [6] G1, 
P [-6] G2, P [9] G3, and P [-9] G6 were detected in Pernambuco, Rio de Janeiro, 
Sao Paulo, and Goias states, respectively (Table 2). 

Twenty-seven (100% of those tested) of the common genotypes G1 (N = 8), 
G2(N = 4), G3 (N = 11), and G4 (N = 4) were confirmed by probe hybridization 
with G type-specific oligonucleotides. Three genotype P [9] G3 strains were also 
confirmed by hybridization with an oligonucleotide probe homologous to the 
VP4 gene of strain K8 and with sequence analysis of a fragment of theVP4 gene 
(nt 55 to 384, predicted aa 16 to 125) of two of these strains. These strains were 95 
and 99% identical with the corresponding region of P4 [9] G1 prototype strain 
K8. 

Detailed characterization of the G5 isolates detected in this study will be 
reported elsewhere [1]. 

Discussion 

In the last several years, new methods to detect and characterize genes encoding 
both the VP4 and VP7 neutralization antigens (P and G genotypes) of human 
rotavirus strains have advanced our understanding of the importance of strains 
that could not previously be typed. These methods have been particularly useful 
for the gene encoding VP4 since MAbs for P serotyping have not been fully 
developed and applied to clinical specimens. In the current study, 130 culture- 
adapted rotavirus strains from hospitalized Brazilian children with diarrhea 
were characterized by RT-PCR P and G genotyping, probe hybridization, and 
nucleotide sequencing. The most prevalent strains with genotypes P[8]GI ,  
P [4] G2, P[8] G3, and P [8] G4, accounted for two-thirds of the isolates and 
were the same as those found in previous studies in a variety of countries [18, 27, 
39, 40, 47, 49]. However, unusual strains with genotypes P[8]G5, P[6]G2 
or P[9]G6, P[9]G3, and mixed infections accounted for one-third of the 
specimens, indicating that the strain diversity in Brazil is greater than in most 
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other countries studied to date. Another study demonstrating larger than ex- 
pected strain diversity in the Sao Paulo state of Brazil was reported recently [45], 
but the current report is the first to demostrate that uncommon strains are wide- 
spread in Brazil. Previous studies in Brazil using G serotype-specific MAbs were 
carried out in Belem (North region) [3, 29] and Sao Luiz (North-East region) 
[41], and showed that serotype G1 and G3 were predominant, respectively. 

Especially interesting was the observation that P [8] G5 strains, which are 
apparent reassortants between porcine OSU-like (P917]G5 and human 
P [8] G1, P [8] G3 or P [8] G4-1ike strains, accounted for 9% of single infections 
and 12% of mixed infections. These strains were detected in 8 of the 9 states plus 
the Federal District of Brazil and in different years and regions, beginning in 
1982 (Maceio/AL, northeast region, Rio de Janeiro/RJ south region) until 1994 
(Rio de Janeiro/RJ, southeast region, Londrina/PR, south region). A previous 
report showed that G 5 was present in R J, SP, PE, and GO states [24]. Since all of 
the isolates in the current study were from hospitalized children with diarrhea, it 
suggests that G5 strains may be epidemiologically important as a cause of 
rotavirus disease. 

Some regions of the world appear to have a higher degree of rotavirus 
diversity than others. For example, other uncommon strains P [6] G1, P [6] G2, 
P[6] G3, P [6] G4, and P [6]G9, were recently reported to be present at high 
frequency in Brazil [45] and India [34]. In India P [6] G9 strains, which had been 
not detected anywhere, were the most prevalent isolate, while in Brazil strains 
related to human rotavirus isolates RO1845 and HCR3 (P genotype 3, with 
serotype G1 or G3 specificity), and to P genotype 6 isolates such as M37, were 
reported at frequencies of 17% and 15% of typeable single infections [45]. It 
should be noted, however, that it cannot be excluded that sensitive detection 
methods such as RT-PCR may increase the ability to detect mixed infections, 
while the clinical significance of these dual infections is not yet known. 

This report provides several insights into rotavirus strain variation and 
vaccine development. Our finding of a large number of mixed infections as well as 
strains which may represent reassortants between human and animal rotavirus 
suggests that the opportunities for new strains to evolve in some regions may be 
much greater than has been previously expected. Given that vaccines currently 
being developed are based on the concept that homotypic protection will be 
greater than heterotypic protection, the ability of these vaccines to protect 
against endemic strain such as G5 whose antigens are not included in the vaccine 
remains to be tested under field conditions. If these strains preferentially escape 
protection by the vaccine, additional reassortant strains might be required for 
inclusion in a more effective vaccine. 
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