
Abstract

Objectives: In 2006 the rotavirus vaccine was included in the Brazilian Immunization Program. The aim of this 
study was to report the results of a 5-year surveillance study of rotavirus strains in children < 5 years with acute 
gastroenteritis from day care centers in the state of São Paulo, Brazil.

Methods: This retrospective study was conducted with 30 day care centers from 2004 to 2008 with convenient 
surveillance fecal specimens, investigated by ELISA, SDS-PAGE, RT-PCR and gene sequencing to genotype 
characterization. 

Results: Rotavirus infection was detected in 28.3% of samples (38/134). The most frequent genotypes detected 
were G9P[8] and G1P[8] in 2004; G1P[8] in 2005; GNTP[NT] in 2006; G2P[4] in 2007; and there were no cases in 2008. 
Mixed infections were not observed. Detection rate declined from 65.7% (23/35) in 2004 to 50% (9/18) in 2007.

Conclusions: Genotype distribution varied according to collection year, accompanied by a reduction in detection 
rate. Use of rotavirus vaccine requires implementation of post-marketing surveillance to monitor rotavirus strain 
diversity and its efficacy against possible new emerging genotypes.
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Introduction

Viral pathogens are the most common causes of 

gastroenteritis in communities and other settings, including 

semi-closed institutions and hospitals.1 In infancy, group A 

rotavirus (RVA) are considered to be the most important 

etiological agent of acute non-bacterial gastroenteritis, 

including outbreaks and sporadic cases, independent of 

improvements in basic sanitation and hygiene procedures.2 

RVA are the major etiologic agent of acute diarrhea in 

children, responsible for more than 600,000 deaths each 

year,3 in addition to the significant economic burden of 

RVA disease.4 

In 2006 an attenuated G1P[8] vaccine was included in the 

Brazilian Immunization Program, preventing severe rotavirus 

gastroenteritis, and inducing significant reduction in the 

frequency of RVA detection in children with gastroenteritis.5 

In fact, the RIX4414 vaccine efficacy was evaluated by Araujo 
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 Rotavirus by genotype (%)

Year Total of samples Number of positive G9P[8] G1P[8] G2P[4] NT

2004 35 22 28.5 14.2 0 20

2005 37 2 0 5.4 0 0

2006 44 4 0 0 0 9

2007 18 9 0 0 11 38.8

2008 0 0 0 0 0 0

Table 1 - Overall genotyping results from day care center children with acute diarrhea in the state of São Paulo, Brazil, from 2004 to 2008: 
pre- and post-rotavirus vaccine era

NT = non-typeable results.
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et al.,6 showing 53.9 to 81.5% of protection against severe 

cases, and 81.2 to 93.0% of protection against hospitalization 

due to rotavirus gastroenteritis in children. 

Recently, a high prevalence of G2P[4] was reported in 

Brazil and linked with this vaccination,7 suggesting that 

this monovalent vaccine possibly created conditions in 

which G2P[4] could acquire selective advantage over P[8] 

genotypes. More detailed investigations concerning the 

heterological protection conferred by rotavirus monovalent 

vaccine are key points to understand its immunogenic 

behavior.6,8

The aim of this study was to report the results of a 5-year 

surveillance study of rotavirus strains in children < 5 years 

with acute gastroenteritis from day care center in the state 

of São Paulo, Brazil, and to evaluate detection trends.

Methods

This retrospective study was conducted with 30 day care 

centers from 2004 to 2008 with convenient surveillance 

specimens collected from children under 5 years presenting 

acute gastroenteritis. Stool samples from patients with acute 

gastroenteritis were sent to the Enteric Virus Laboratory of 

Instituto Adolfo Lutz (IAL), a regional reference center for 

rotavirus surveillance and a member of the Acute Diarrheic 

Disease Monitoring Program (ADDMP). This program aims 

at early detection of diarrhea outbreaks with national 

extent, and has been previously approved by the Ethics 

Committee.

The samples studied were part of ADDMP, obtained 

from a convenient retrospective sampling, without inclusion 

or exclusion criteria, with no characterization of the 

participating day care centers; therefore, the study may not 

be representative of the actual epidemiological scenario. A 

molecular characterization of rotavirus genotypes pre- and 

post-Rotarix® vaccination was performed. It did not include 

clinical evaluation, so the study does not allow evaluation 

of security, immunogenicity or protection provided by 

vaccination.

A total of 134 fecal samples were tested for RVA using a 

commercial immunoenzymatic assay (PremierTM Rotaclone®, 

Meridian Bioscience Inc., USA), performed according to 

the manufacturer’s instructions, and polyacrylamide gel 

electrophoresis (PAGE). Rotavirus-positive stools samples 

were typed after reverse transcription followed by nested 

PCR and sequencing with BigDyeTM on an ABI 377 (Applied 

Biosystems Inc., USA), analyzed with DNASTAR software.

Results

Rotavirus infection was detected in 28.3% (38∕134), and 

all samples belonged to group A, based on the migration 

pattern on PAGE. Genotype distribution showed a different 

profile for each year: 28.5% G9P[8] (10/35), 14.2% G1P[8] 

(5/35) and 20% GNTP[NT] (7/35) in 2004; 5.4% G1P[8] 

(2/37) in 2005; 9% GNTP[NT] (4/44) in 2006; 11.1% 

G2P[4] (2/8) and 38.8% GNTP[NT] (7/18) in 2007. Mixed 

infections were not observed. Detection rate declined from 

65.7% (23/35) in 2004 to 50% (9/18) in 2007, with no 

cases in 2008 (Table 1).

The relationship between the VP7 sequences of seven 

G9 strains (R792, R840, R848, R863, R865, R866, R869), 

one G1 strain (R788), and a representative strain of the 

G9 genotype (Mc345) and G1 genotype (Wa) was shown 

as a distance tree constructed using the Clustal method. 

Comparison of the G9 sequences showed 94.9% similarity 

when compared to Mc345 and 95.6 to 99.8% of similarity 

among them. Comparison of the G1 sequence showed 

90.3% similarity when compared to Wa.

Discussion

Our data show the presence of RVA G9P[8], G2P[4], and 

G1P[8] in agreement with the reported worldwide prevalence 
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of these three genotypes.9 As expected, G9 was the most 

frequent genotype circulating during 2004. This genotype 

has been previously detected in Brazil, in agreement with 

global emergence.10,11 G1 was the second most common 

G type found, corresponding to the results of numerous 

studies focusing RVA G type distribution in many countries, 

including Brazil.9,11 

The G2P[4] genotype was the only strain observed 

during 2007. Alternatively to the proposition that the 

RIX4414 vaccine created conditions in which G2P[4] 

could have acquired selective advantage, a temporal 

periodicity, within ~ 10-year cyclic pattern of G2P[4] has 

been observed in Brazil,11 and should be considered as an 

alternative explanation to the increased detection of this 

genotype since 2006. Although such periodicity could be 

related to RVA vaccine introduction,11 G2P[4] genotype was 

also the most prevalent RVA type detected during 2007 in 

northwest Portugal, a population naïve for RVA vaccine.12 

Therefore, at least in some settings, this prevalence cannot 

be explained by the introduction of vaccination and may 

reflect normal fluctuation of co-circulation RVA genotypes, 

which is in line with reports from other countries and areas, 

in non-vaccinated population, showing exactly the same,13 

including South America.14

Non-typeable RVA strains have been reported in almost 

every epidemiological survey around the world, regardless 

of the methodology employed. In our study, during 2006 

any RVA positive samples from day care centers could be 

genotyped by multiplex RT-PCR, whereas almost all RVA 

positive samples of ADDMP from others settings showed 

G2P[4] specificity. Not only for epidemiological rotavirus 

strain surveillance but also for effective rotavirus vaccine 

development, there is a need for sensitive and reliable 

diagnostic techniques, such as the oligonucleotide microarray 

hybridization method.15 Combining the sensitivity of PCR 

and the specificity of hybridization, it successfully detects 

and unambiguously identifies such G genotypes.

As for pre- and post-vaccination periods, the changes 

in genotype distribution found are accompanied by a 

reduction in the detection rate of RVA from day care 

center samples sent to IAL starting with 65.7% (23∕35) 

in 2004 toward to 50% (9∕18) in 2007, and no cases in 

2008. In fact, this reduction was observed in the number 

of general RVA outbreaks in the state of São Paulo from 

35 (10,481 cases) in 2004; 24 (3,144 cases) in 2005; 35 

(2,084 cases) in 2006; eight (164 cases) in 2007; to one 

(three cases) in 2008.16 On the other hand, analyses of 

RVA outbreaks of previous year’s surveillances17 suggest 

a more variable pattern, with a natural fluctuation of 

RVA cases.

As for other vaccines, implementation of post-marketing 

surveillance is recommended, especially because diverse 

RVA strains co-circulate in the human population. It is 

important not only to monitor RVA diversity, but also its 

efficacy, since new emerging genotypes may not share 

capsid antigen with the vaccine virus. More studies 

concerning the ecology of rotavirus infections will be 

important to better understand whether the reduction 

in RVA detection rate observed in the past few years is 

a direct consequence of the vaccine implementation or 

only a cycle pattern.
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