
Abstract

Objective: To monitor rotavirus (RV) and norovirus (NoV) infections in hospitalized children ≤ 5 years with 
acute gastroenteritis in the state of São Paulo, Brazil, during a 6-year period (2004- 2009).

Methods: This retrospective study was conducted with 61 medical centers with convenient surveillance fecal 
specimens, investigated by enzyme-linked immunosorbent assay, sodium dodecyl sulfate polyacrylamide gel 
electrophoresis, reverse polymerase chain reaction and sequencing to genotype characterization.

Results: RV and NoV infections were detected in 29.6% (144∕487) and 29.2% (26/89) of the samples, 
respectively. The most frequent RV genotypes detected were G9P[8] in 2004; G1P[8] in 2005; G9P[8] in 2006; 
and G2P[4] during 2007, 2008, and 2009. Detection rate declined from 36.3% (33∕91) in 2004 to 4.2% (4/95) 
in 2009. NoV genogroup GII was found in 61.6% (16/26) of the samples, and GI in 11.5% (3/26). Mixed NoV-RV 
infections were observed in 2.2% (2/89) of the samples, involving GI+G9P[8] and GI+G2P[4] strains.

Conclusions: Genotype distribution varied according to collection year, accompanied by a reduction in detection 
rate. Use of RV vaccine requires implementation of post-marketing surveillance to monitor RV strain diversity 
and its efficacy against possible new emerging genotypes. NoVs have been increasingly identified as relevant 
etiological agents among hospitalized children and play an important role in the viral etiology of pediatric acute 
gastroenteritis in the state of São Paulo.
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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 (RV) is considered 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

RVs are the major etiological agent of acute diarrhea in 

children, responsible for more than 600,000 deaths each 

year,3 in addition to the significant economic burden of RV 

disease.4 In Brazil, RV infections were estimated to cause 

~ 3.5 million diarrhea episodes, 655,853 outpatient visits, 

92,453 hospitalizations, and 850 deaths of children ≤ 5 

years each year before RV vaccine introduction.5 
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In 2006 an attenuated G1P[8] vaccine was included in the 

Brazilian National Immunization Program, preventing severe 

RV gastroenteritis, and inducing significant reduction in the 

frequency of RV detection in children with gastroenteritis.6 In 

fact, the RIX4414 vaccine efficacy was evaluated by Araujo 

et al., showing 53.9-81.5% of protection against severe 

cases, and 81.2-93% of protection against hospitalization 

due to RV gastroenteritis in children.7

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

Brazil and linked with this vaccination,8 suggesting that 

this monovalent vaccine possibly created conditions in 

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

genotypes. Morillo et al. showed that the G2P[4] genotype 

was the only strain observed in 2007 during a 5-year 

surveillance study of RV strains in children < 5 years with 

acute gastroenteritis from day care centers in the state of 

São Paulo, Brazil.9 However, more detailed investigations 

concerning the heterological protection conferred by RV 

monovalent vaccine are key points to understand its 

immunogenic behavior.7,10

Noroviruses (NoVs) are the leading cause of acute non-

bacterial human gastroenteritis worldwide, responsible for 

80-90% of the reported outbreaks.11 Although NoV was the 

first virus to be clearly associated with acute gastroenteritis, 

the inability to culture it has caused the underestimation 

of the disease burden of NoV infection and hampered 

epidemiological studies. Therefore, the importance of 

NoV as an etiological agent of acute gastroenteritis in 

both sporadic cases and outbreaks has been determined 

after the development of molecular methods for NoV 

detection.12,13

Globally, NoV outbreaks are mainly caused by 

genogroup I (GI) and II (GII) strains, and the GII strain 

is predominant worldwide,14,15 including Brazil.12,16 NoVs 

have been increasingly identified as relevant etiological 

agents among hospitalized children in Europe, Asia and 

America. The relative importance of NoV may increase with 

RV vaccination.17

The aim of this study was to monitor RV and NoV 

infections among hospitalized children ≤ 5 years with acute 

gastroenteritis in the state of São Paulo during a 6-year 

period (2004-2009). The molecular characterization of NoV 

genogroups and RV genotypes was also undertaken.

Methods

This retrospective study was conducted with 61 medical 

centers from 2004 to 2009 with convenient surveillance 

specimens collected from hospitalized children ≤ 5 years 

presenting acute gastroenteritis. Stool samples from patients 

with acute gastroenteritis were sent to the Enteric Diseases 

Laboratory of Adolfo Lutz Institute, a macro-regional 

reference center for RV surveillance and a member of the 

Acute Diarrhea 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 sampling, without inclusion or exclusion criteria, 

with no characterization of the participating hospitals; 

therefore, the study may not be representative of the actual 

epidemiological scenario. The molecular characterization 

of RV genotypes and NoV genogroups was undertaken. It 

did not include clinical evaluation, so the study does not 

allow evaluation of security, immunogenicity or protection 

provided by vaccination.

A total of 487 stool samples were tested for RV and 

NoV using commercial immunoenzymatic assays (PremierTM 

Rotaclone®, Meridian Bioscience Inc., USA, and Norwalk-

like virus®, R-Biopharm AG, Germany, respectively), 

performed according to the manufacturer’s instructions. 

The RV double-stranded RNA (dsRNA) profiles of fecal 

samples were analyzed by silver-stained polyacrylamide 

gel electrophoresis (PAGE).18

NoV single-stranded RNA and RV dsRNA were extracted 

with Trizol® reagent (Invitrogen, USA), according to the 

manufacturer´s instructions. A reverse transcriptase 

polymerase chain reaction (RT-PCR) for RV and NoV 

was performed, according to the protocol previously 

described.12,19-21

Five RV samples were selected for sequencing in order 

to obtain additional sequence data and to gain insight into 

the variability of Brazilian strains. The RT-PCR products of 

the VP7 gene were purified with PureLinkTM purification kit 

(Invitrogen, USA). Cycle sequencing was carried out using 

the BigDyeTM kit, version 3.1 (Applied Biosystems Inc., USA) 

with primers Anti-A1 and RVG9.19,21 Dye-labeled products 

were run on an automated sequence analyzer (ABI Prism 

377 [Applied Biosystems Inc., USA]) and analyzed with 

DNASTAR software. Nucleotide sequences were edited and 

aligned with the BioEdit sequence alignment editor. 

The sequences were compared with other sequences 

available in the GenBank database. The distance tree 

was constructed with the Clustal method. The sequences 

determined in this study were deposited in the GenBank 

database under the following accession numbers: R1114 

(HM855236), R1112 (HM855237), R1103 (HM855238), 

R1102 (HM855239), and R1143 (HM855240).

Results

RV infection was detected in 144 (29.6%) out of 487 

specimens. Based on the migration pattern on PAGE, one 

negative sample for immunoenzymatic assay showed a 

typical group C RV profile, confirmed by RT-PCR for VP6 

gene. RV genotype distribution showed a different profile 

for each year. The predominant genotypes were G9P[8] 

(67.8%; 21/31) in 2004, G1P[8] (50%; 14/28) in 2005, 
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Figure 1 -	 Dendrogram indicating similarity of nucleotide sequences 
of human rotavirus strains genotypes G1 (R1143), G2 
(R114), and G9 (R1112, R1102, R1103) from medical 
center children ≤ 5 years with gastroenteritis in the 
state of São Paulo, Brazil, compared to Wa (G1), KO2 
(G2), and Mc345 (G9) strains from GenBank. The 
scale indicates the number of divergent nucleotide 
residues

			   Year

	 2004	 2005	 2006	 2007	 2008	 2009

RV genotype 	 % (n)	 % (n)	 % (n)	 % (n)	 % (n)	 % (n)

G1P[4]	 –	 –	 4.3 (1/23)	 –	 –	 –

G1P[8]	 29 (9/31)	 50 (14/28)	 13 (3/23)	 –	 –	 –

G2P[4]	 –	 3.6 (1/28)	 26 (6/23)	 100 (16/16)	 100 (31/31)	 75 (3/4)

G3P[8]	 –	 –	 4.3 (1/23)	 –	 –	 –

G4P[4]	 3.2 (1/31)	 –	 –	 –	 –	 –

G9P[4]	 –	 3.6 (1/28)	 4.3 (1/23)	 –	 –	 –

G9P[8]	 67.8 (21/31)	 39.2 (11/28)	 39.5 (9/23)	 –	 –	 25 (1/4)

G1+G9P[8]	 –	 3.6 (1/28)	 4.3 (1/23)	 –	 –	 –

GNTP[8]	 –	 –	 4.3 (1/23)	 –	 –	 –

Total of genotyped 
samples	 34.1 (31/91)	 36.8 (28/76)	 41.8 (23)	 27.6 (16/58)	 27.7 (31/112)	 4.2 (4/95)

PCR negative	 6.1 (2/33)	 9.7 (3/31)	 8.0 (2)	 11.1 (2/18)	 6.1 (2/33)	 –

Total RV ELISA positive	 36.3 (33/91)	 42.1 (31/76)	 45.5 (25)	 31 (18/58)	 29.5 (33/112)	 4.2 (4/95)

Group C RV	 –	 –	 –	 –	 0.9 (1/112)	 –

Total of samples	 91	 76	 55	 58	 112	 95

Table 1 -	 RV genotyping results of medical center children ≤ 5 years with gastroenteritis in the state of São Paulo, Brazil, 2004-2009

NT = non-typeable results; PCR = polymerase chain reaction; RV = rotavirus.

G9P[8] (39.5%; 9/23) in 2006, G2P[4] (100%; 16/16) in 

2007, G2P[4] (100%; 31/31) in 2008, and G2P[4] (75%; 

3/4) in 2009. Mixed infections (G1+G9P[8]) were observed 

in 2005 and 2006. The detection rate declined from 36.3% 

(33/91) in 2004 to 4.2% (4/95) in 2009 (Table 1).

Figure 1 shows the relationship between the VP7 

sequences of this study (one G1 strain [R1143], one G2 strain 

[R1114], and three G9 strains [R1102, R1103, R1112]) and 

representative strains of genotypes G1 (Wa, M21843), G2 

(KO2, AF401754), and G9 (Mc345, D38055). Comparison of 

the G9 sequences showed 94.6% similarity when compared 

to Mc345 and 99.7 to 100% of similarity among them. 

Comparison of the G1 sequence showed 91.2% similarity 

when compared to Wa, and the G2 sequence showed 98% 

similarity when compared to KO2.

NoV infection was detected in 26 (29.2%) out of 89 

samples, using immunoenzymatic and/or RT-PCR assays. 

Sixteen (16/26; 61.6%) samples were identified as NoV 

genogroup GII, seven (7/26; 26.9%) as GI, and three (3/26; 

11.5%) as GI+GII. Mixed NoV-RV infection was detected 

in 2.2% (2/89) of the samples, involving GI+G9P[8] and 

GI+G2P[4] strains. 

Discussion

RV is a major causative agent of pediatric gastroenteritis 

throughout the world; however, with the improved molecular 

diagnostic techniques, the importance of NoVs is becoming 

more apparent, and the number of these viruses associated 

with gastroenteritis continues to increase.8 In this study, 

RV and NoV showed similar association with gastroenteritis 

requiring hospitalization in children; nevertheless, 

similar reports usually show NoV as the second cause of 

hospitalization after RV.14,15

RV genotypes G9 and G1 were the most frequent 

circulating from 2004 to 2006, corresponding to the results 

of numerous studies focusing RV G type distribution in 

many countries, including Brazil.9,22-25 The VP7 genes of 

G9 strains showed identity, indicating that the VP7 genes 

have the same ancestry. 
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The detection of G2 began to increase in 2006, and 

this genotype displaced G1 and G9 as the most prevalent 

during 2007, 2008 and 2009 seasons. Recently, a high 

prevalence of G2P[4] was reported in Brazil and linked with a 

universal RV vaccination program using a G1P[8] live oral RV 

vaccine,8,26 suggesting that this monovalent vaccine possibly 

created conditions in which G2P[4] could acquire selective 

advantage over P[8] genotypes. Nevertheless, a temporal 

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

been observed in Brazil,22 and should have been considered 

as an alternative explanation to the increased detection of 

this genotype since 2006. G2P[4] genotype was also the 

most prevalent RV type detected during 2007 in northwest 

Portugal, a population naïve for RV vaccine,27 and in other 

studies conducted in non-vaccinated populations.28,29

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

genotype distribution found are accompanied by a reduction 

in the detection rate of RV. In fact, this reduction was 

observed in the number of general notified RV outbreaks in 

the state of São Paulo, Brazil, which progressively decreased 

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

35 (2,084 cases) in 2006; eight (164 cases) in 2007; one 

(three cases) in 2008; to none in 2009.30

The frequency of NoV infection in children detected 

in this work (29.2%) was lower than that observed in a 

study carried out in Germany (35%), but is similar to the 

frequency found in Finland during the period of 2001 to 

2002 (29%).14 Previous studies conducted in different states 

of Brazil showed that NoV prevalence among hospitalized 

children ranges from 9 to 36%.11,31-33

The data concerning hospitalized pediatric patients in 

Italy,34 Germany,14 and Brazil2,33 have demonstrated the 

prevalence of NoV genogroup GII. This study revealed a 

preponderance of GII, confirming that this specific genogroup 

is the most frequently associated with NoV illnesses 

worldwide compared to GI.12,14 The epidemiological issue 

of this finding is still unclear; studies on possible differences 

in biological properties, such as virulence, transmission 

routes, or stability of the virus in the environment, might 

provide explanations.14

In this study, coinfections have occurred among NoV 

GI and RV G9/G2. Dual infections involving enteric viruses 

are relatively common in cases of acute gastroenteritis, 

indicating a high rate of exposure to a variety of enteric 

pathogens.14 However, few reports concerning NoV-RV 

coinfection are available: 1% in Japan,15 2.1% in Germany,14 

and 1.9% in Italy.34 In Brazil, Victoria et al. reported 

4% of dual infection due to RV and NoV in hospitalized 

children in the state of Rio de Janeiro, Brazil.33 Besides 

the diversity of viruses and genotypes circulating in the 

communities, the presence of mixed infections should be 

expected at higher levels; nevertheless, it seems to be 

lower in the Brazilian population.

RV vaccine introduction is likely to have been the 

major influence for the decreasing trends in gastroenteritis 

hospitalizations since 2006.35 The frequency of NoV 

infection indicates that NoV is an important factor in the 

viral etiology of pediatric acute gastroenteritis in the state 

of São Paulo. A better understanding of the epidemiology 

of NoV infections will be necessary to assess their role 

among Brazilian children, and to monitor the impact of RV 

vaccination program.
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