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This study aims to estimate the frequency of group A rotaviruses (RVA) infection with genotypes G3P[8]
and G9P[8] in children that suffered from diarrheal disease (DD) between 2001 and 2011 in different
Brazilian regions. In addition, the genetic diversity of G3P[8] and G9P[8] RVA strains recovered from vac-
cinated and non-vaccinated children was assessed. Laboratory-based RVA surveillance included 15,115
cases of DD, and RVA was detected by enzyme immune-assay and/or polyacrylamide gel electrophoresis
in 3357 (22%) samples. RVA was genotyped by the semi-nested RT-PCR and among RVA-positive samples,
100 (2.9%) were G3 (63 G3P[8], 32 G3P not typed [NT], and 5 G3P[6]) and 378 (16.2%) were G9 (318
G9P[8], 59 G9P[NT], and 1 G9P[6]). From the G3 and G9 positive samples, 16 and 12, respectively, were
obtained from children aged 4–48 months vaccinated with the monovalent vaccine (Rotarix�, RV1). Phy-
logenetic analyses of the VP7 and VP8⁄ encoding genes were performed for 26 G3P[8] and 48 G9P[8]
strains. VP8⁄ phylogenetic analysis revealed that all strains analyzed belonged to P[8] lineage III, whereas
RV1 belongs to P[8]-I lineage. VP7 analysis revealed that all G3 and G9 strains belonged to G3-lineage III
and G9-lineage III. The comparison of the VP7 and VP8⁄ antigenic epitopes regions of Brazilian strains
with RV1 strain revealed several amino acid changes. However, no particular differences among Brazilian
strains detected before and after vaccine introduction were observed, or among strains detected from
vaccinated and non-vaccinated children. Complete genome characterization of four G3P[8] and seven
G9P[8] strains revealed a typical conserved human Wa-like genomic constellation. Changes in the genetic
diversity of G3P[8] and G9P[8] RVA detected from 2001 to 2011 in Brazil seemed not be related to RV1
introduction in Brazil.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Despite the continuing reduction on the burden of diarrheal dis-
ease (DD) in recent years, DD still represents the second leading
cause of death in children 65 years old in the developing world
(Black et al., 2010; Wazny et al., 2013). Group A rotaviruses
(RVA) are the main etiologic agent of DD in children in this age
group worldwide, with a high mortality impact in Africa and Asia
(Kotloff et al., 2013). According to the estimates for 2008, RVA were
associated with 453,000 deaths worldwide among children
65 years old, mainly (>80%) in countries in Asia and Sub-Saharan
Africa (Tate et al., 2012). RVA mortality have been estimated to
196,000 cases/year in 2011 (Walker et al., 2013).

RVA belongs to the Reoviridae family, possessing a genome of 11
double-stranded RNA gene segments encoding six structural (VP1–
VP4, VP6–VP7) and six non-structural proteins (NSP1–NSP6). A
binary classification system was established for RVA based on
the two gene segments encoding the outer capsid proteins, VP4
(P-genotype) and VP7 (G-genotype) (Estes and Greenberg, 2013).
More recently, an extended classification system has been pro-
posed including all 11 gene segments and, to date, containing 27
G, 37 P, 16 I, 9 R, 9 C, 8 M, 16 A, 9 N, 12 T, 14 E and 11 H genotypes,
respectively (Matthijnssens et al., 2008; Trojnar et al., 2013).

Epidemiological studies of RVA infections have demonstrated a
significant genetic diversity of strains co-circulating in different
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continents. In humans, at least six RVA G genotypes (G1–G4, G9,
and more recently G12), and three P genotypes (P[8], P[4], and
more recently P[6]) circulates worldwide generating a major
impact in public health (Leite et al., 2008; Iturriza-Gómara et al.,
2009; Bányai et al., 2012). The spread of different RVA genotypes
and the emergence of novel genetic variants in distinct geograph-
ical regions and at different points in time, are likely to influence
severe DD (Carvalho-Costa et al., 2011; WHO, 2013).

RVA genotype G9 emerged during the 1990s and reports
demonstrated its importance in the burden of DD on a global scale
(Laird et al., 2003; Gentsch et al., 2005; Rahman et al., 2005, 2008;
Carvalho-Costa et al., 2006; Endara et al., 2007; Matthijnssens
et al., 2010a). This genotype has been detected possessing a Wa-
like or DS-1-like genomic constellation or a combination of both
(Page et al., 2010; Matthijnssens & Van Ranst, 2012).

Among RVA genotypes described so far, genotype G3 has the
largest host range, being described in different species as: mon-
keys, rabbits, pigs, poultry, dogs, cats, horses, mice, sheep, humans,
etc. (De Grazia et al., 2010; Matthijnssens et al., 2010b; Guo et al.,
2012; Malik et al., 2012; Nemoto et al., 2012; He et al., 2013;
Okitsu et al., 2013). An overall increase in the prevalence of G3
strains has been recently reported in many countries, some of
them in association with the introduction of the pentavalent RVA
vaccine (RotaTeq�, RV5) (Ngo et al., 2009; Hull et al., 2011;
Kirkwood et al., 2011; Mitui et al., 2011).

The binary combinations G3P[8] and G9P[8] are among the
most frequently observed in humans worldwide (Sánchez-
Fauquier et al., 2006; Leite et al., 2008; Carvalho-Costa et al.,
2011; Esona et al., 2013). A high genetic heterogeneity was
observed for these genotypes, generated by point mutations in
the VP7 encoding gene. Nucleotide sequence analyses indicate
the presence of several genetically distinct, co-circulating clades
of G3P[8] and G9P[8] viruses, which contained minor but signifi-
cant differences in their encoded proteins (McDonald et al.,
2009a,b; Esona et al., 2013; Nyaga et al., 2013).

Brazil introduced universal vaccination with the monovalent
G1P[8] RVA vaccine (Rotarix�, RV1) in March, 2006. After mass
vaccination, the RVA epidemiology changed, and genotype
G2P[4] became the most prevalent genotype detected in Brazil.
In addition, differences in the G3P[8] and G9P[8] prevalence have
been observed in different Brazilian regions (Leite et al., 2008;
Carvalho-Costa et al., 2009, 2011; Linhares et al., 2011; Linhares
and Justino, 2014). In this report, phylogenetic analysis and epide-
miological aspects of RVA genotypes G3P[8] and G9P[8] strains are
described, including those obtained from vaccinated children. In
addition, the complete genetic constellation of all 11 gene seg-
ments was determined for four G3P[8] and seven G9P[8] Brazilian
strains to further explore the genetic variability of these strains
and compared with RV1 and contemporary RVA strains.
2. Material and methods

2.1. Laboratory-based group A rotaviruses surveillance

RVA surveillance was performed between January 2001 and
December 2011 in 23 Brazilian states. A total of 15,115 fecal sam-
ples from DD cases were studied. RVA surveillance is performed
through a hierarchical network in which samples are provided by
medical request in hospitals and health centers, monitored by
the Brazilian Unified Health System (SUS). The fecal samples were
collected by the Central Laboratory of each state and then for-
warded to the Regional Rotavirus Reference Laboratory – Labora-
tory of Comparative and Environmental Virology, Oswaldo Cruz
Institute, Fiocruz. Forms with epidemiological, clinical, and RVA
vaccination data (after March 2006) accompanied each fecal sam-
ple. This study is part of a project that covers diagnosis, surveil-
lance and molecular epidemiology of viruses that cause DD
approved by the Ethics Committee of Fiocruz (CEP: 311/06).
2.2. Group A rotavirus detection and G- and P- genotyping

RVA detection in fecal samples was carried out by enzyme
immunoassay (EIA, Premier Rotaclone�, Meridian Bioscience, Inc.;
Ridascreen�, R-Biopharm) and polyacrylamide gel electrophoresis
(PAGE) (Pereira et al., 1983). Nucleic acids were extracted from
10% fecal suspensions by the glass powder method described by
Boom et al. (1990), including modifications (Leite et al., 1996) or
the QIAamp Viral RNA mini kit (Qiagen�/Westburg, Leusden, The
Netherlands) according to the manufacturer’s instructions. The
extracted RNA was reverse transcribed and RVA G- and P- genotyp-
ing was performed using semi-nested multiplex PCRs as previously
described (WHO/IVB/08.17, 2008).
2.3. VP7 and VP8⁄ sequencing and phylogenetic analysis

Twenty-six G3 (21 from the post vaccination period, including
nine from vaccinated children) and 48 G9 (9 from the post vaccina-
tion period, including two from vaccinated children) positive sam-
ples recovered between 2001 and 2011 were selected for VP7 and
VP8⁄ sequence analyses, respectively. Criteria used to select the
samples were: number of positive samples per year (vaccinated
and non-vaccinated), amount of fecal sample, and quality of
extracted RNA. The cDNA products were resolved on agarose gels
electrophoresis and purified using the Expo-SAP-IT PCR Product
Cleanup Kit (Affymetrix, Miles Rd, Cleveland, OH, USA). Sequencing
was performed with an ABI Prism Big Dye Terminator Cycle
Sequencing Ready Reaction Kit on an ABI Prism 3730 Genetic Ana-
lyzer (Applied Biosystems�, Foster City, CA, USA) at the Institute of
Technology in Immunobiologicals (Bio-Manguinhos, Fiocruz), or an
ABI Prism 3130 automated sequencer (Applied Biosystems�, Foster
City, CA, USA) at the Rega Institute of Medical Research (University
of Leuven, Belgium). Nucleotide BLAST analyses were performed
and multiple sequence alignments were carried out using the Clu-
stalW program (Thompson et al., 1994). Phylogenetic analyses
were constructed using the Neighbor-Joining method with the
Kimura-two parameter model in MEGA5.0 (Tamura et al., 2011).
The statistical significance of the nodes was assessed by bootstrap
resampling analysis (2000 replicates). Deduced amino acid
sequences of VP8⁄ and VP7 proteins of Brazilian G3P[8] and
G9P[8] RVA strains were compared with the RV1 strain using
the Bioedit v.7.2.3 software (Hall, 1999). Sequences obtained in
the current study were deposited in the GenBank database under
the following accession numbers: VP7: KJ454448 – KJ454518;
VP8⁄: KJ454519 – KJ454592.
2.4. Eleven genes amplification and sequencing

The amplification of the eleven genome segments from four
G3P[8] and seven G9P[8] strains were performed using a OneStep
RT-PCR Kit (QIAGEN�) following the manufacturer’s instructions
and amplifications conditions as previously described (Tort et al.,
2010; da Silva et al., 2011; Gómez et al., 2013; Rose et al., 2013). Puri-
fication and sequencing conditions are the same as previously
described for VP7 and VP8⁄ encoding genes. Accession numbers cor-
responding to obtained sequences are: VP6: KJ454593 – KJ454601;
VP1: KJ454602 – KJ454610; VP2: KJ454611 – KJ454620; VP3:
KJ454621 – KJ454624; NSP1: KJ454625 – KJ454633; NSP2:
KJ454634 – KJ454644; NSP3: KJ454645 – KJ454653; NSP4:
KJ454654 – KJ454664; NSP5: KJ454665 – KJ454673.
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3. Results

3.1. Laboratory-based group A rotaviruses surveillance

From 2001 to 2011, fecal samples obtained from patients with
DD were analyzed and 3357 out of 15,115 (22%) were positive
for RVA. Globally, among these 3357 RVA-positive samples, 100
(2.9%) were G3 (63 G3P[8], 32 G3P not typed [NT], and 5 G3P[6])
and 378 (16.2%) were G9 (318 G9P[8], 59 G9P[NT], and 1 G9P[6]).
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Fig. 1. Rates of G3 and G9 group A rotavirus (RVA) genotypes detection in positive
fecal samples though laboratory-based surveillance.

Table 1
Year distribution of group-A rotavirus (RVA) infections and rate of detection of G3 and G9

Year Overall year
rate* of RVA
detection

Rate of RVA
detection in
unvaccinated
children**

Rate of RVA detection
in
vaccinated***children

Rate of G3P[8] or
G3P[NT]§ detectio
RVA-positive
unvaccinated chi

2001 157/801
(19.6)

NA� NA NA

2002 226/840
(26.9)

NA NA NA

2003 514/1856
(27.7)

NA NA NA

2004 651/2545
(25.6)

NA NA NA

2005 344/1292
(26.6)

NA NA NA

2006 227/1576
(14.4)

3/11 (27.3) 0/10 (0) 0/3 (0)

2007 203/1232
(16.5)

35/152 (23) 13/105 (12.4) 0/35 (0)

2008 264/1013
(26.1)

43/117 (36.8) 34/159 (21.4) 0/43 (0)

2009 141/980
(14.4)

12/89 (13.5) 41/310 (13.5) 1/12 (8.3)

2010 447/1863 (24) 36/98 (36.7) 154/624 (24.7) 1/36 (2.8)
2011 183/1117

(16.4)
31/76 (40.8) 51/393 (13) 10/31 (32.3)

Total 3357/15115
(22.2)

160/543 (29.5)� 293/1601 (18.4)� 12/160 (7.5)��

* Results are expressed as number of positive subjects/number of tested subjects (% of
** children aged 4–48 months who did not received two doses of the monovalent vacci
*** children aged 4–48 months who received two doses of the monovalent vaccine.
§ Not typed.
� Not applicable.
� p < 0.001.
�� p = 0.808.
��� p = 0.828.
Prior to RV1 introduction, from 2001 to 2005, including a large
RVA outbreak occurred in the state of Acre in 2005, the overall RVA
detection rate was 1892/7334 (25.8%); the frequency of G3 and G9
identification in RVA-positive samples was 36 (1.9%) and 304
(16.1%), respectively. In the post vaccination era, 7781 samples
were studied, 1465 (18.8%) were positive for RVA, including 66
(4.5%) G3 and 114 (7.8%) G9 strains. Fig. 1 presents the global rate
of G3 and G9 detection by year, from 2001 to 2011.

Concerning children aged 4–48 months, 3531 samples were stud-
ied in the pre vaccination period, 1065 (30%) being
RVA-positive. Frequency of G3 and G9 detection was 33 (3.1%) and
212 (19.9%), respectively. In the post vaccination period (from 2006
on), 1601 studied samples were from children aged 4–48 months vac-
cinated with two doses of RV1. The frequency of RVA detection
among these vaccinated children was 293/1601 (18.3%). Among
non-vaccinated children in the same age group, the RVA detection
rate was 160/543 (29.5%), p < 0.001 (chi-square test).

Table 1 summarizes the results of RVA detection as well as epi-
demiological information about G3 and G9 infections. The rate of
detection of G3 among RVA-positive vaccinated (16/293 [5.4%])
and RVA-positive unvaccinated (12/160 [7.5%]) children was simi-
lar (p = 0.808; Yates corrected chi-square test). Frequency of detec-
tion of G9 was also similar among vaccinated (12/293 [4.1%]) and
unvaccinated (8/160 [5%]) RVA-positive children (p = 0.828; Yates
corrected chi-square test).
3.2. VP7 and VP8⁄ sequence and phylogenetic analysis

A total of 74 VP7 and VP8⁄ nucleotide sequences were analyzed
from strains detected from 2001 to 2011 (26 G3P[8] and 48
genotypes in vaccinated and unvaccinated children aged 4–48 months.

n in

ldren

Rate of G3P[8] or
G3P[NT] detection in
RVA-positive
vaccinated children

Rate of G9P[8] or
G9P[NT] detection in
RVA-positive
unvaccinated children

Rate of G9P[8] or
G9P[NT] detection in
RVA-positive
vaccinated children

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

0 2/3 (66.7) -

0/13 (0) 1/35 (2.9) 0/13 (0)

0/34 (0) 3/43 (7) 3/34 (8.8)

3/41 (7.3) 0/12 (0) 2/41 (4.9)

5/154 (3.2) 0/36 (0) 2/154 (1.2)
8/51 (15.7) 2/31 (6.4) 5/51 (9.8)

16/293 (5.5)�� 8/160 (5)��� 12/293 (4.1)���

positive subjects).
ne.



Fig. 2. Phylogenetic analysis based on the VP8⁄ (VP4) gene nucleotide sequences of
Brazilian G3P[8] and G9P[8] strains, and sequences from the Genbank database.
Brazilian strains obtained from vaccinated and non-vaccinated children are marked
with a filled and an empty circle, respectively. Genotype and lineages appeared at
the right of the figure. Numbers at the nodes indicate bootstrap values; only values
above 70% are shown. The scale bar at the bottom represents 0.05 substitutions per
nucleotide position (nt.subst./site).
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G9P[8]). Eleven strains were detected from children vaccinated
with RV1: 9 G3P[8], and 2 G9P[8].

Phylogenetic analyses based on the VP8⁄ encoding gene showed
that all Brazilian strains grouped inside P[8] lineage-III, in four dis-
tinct clusters: (i) G9 strains detected in Acre state in 2005 and pre-
vious reported strains in 2006 in Acre by Tort et al. (2010), strains
RVA/Human-wt/BRA/ba4931-01/2001/G9P[8] and RVA/Human-
wt/BRA/RJ8631/2004/G9P[8] grouped closely to this cluster; (ii)
G3 strains detected in 2005–2006, G9 strains detected in 2004–
2007 and RVA/Human-wt/BRA/BA17313/2009/G9P[8]; (iii)
G9P[8] strains detected in 2010–2011 (vaccinated and non-vacci-
nated); (iv) G3P[8] strains detected in 2009–2011 (vaccinated
and non-vaccinated). Strain RVA/Human-wt/BRA/RO13270/2006/
G9P[8] grouped in a separate branch and showed closest genetic
relationship with G1P[8] strains detected in Belgium (2006–
2008), and strain RVA/Human-wt/BRA/RJ8418/2004/G9P[8] also
grouped separately and showed closely genetic relationship with
a previous GXP[8] strain detected in Brazil in 2002, and G1P[8]
strains detected in Australia and Belgium in 2000 and 1999,
respectively (Fig. 2). Identity values among Brazilian strains were
95.7–100% and 96.2–100%, for nucleotide and amino acid,
respectively.

Analysis of VP7 encoding gene revealed that all Brazilian G3
strains belonged to lineage III and shared 98.1–100% of nucleotide
identity. Amino acid identity among Brazilian strains was 99–
100%. Although strains were very similar among each other, differ-
ent cluster could be observed: (i) strains detected from 2004 to
2006 grouped together with one strain detected in 2009 (RVA/
Human-wt/BRA/rs16647/2009/G3P[8]) and showed 100% nucleo-
tide identity with strains detected in Vietnam (2001–2003) and
Thailand (2010–2011); (ii) strains detected in 2009; (iii) strain
RVA/Human-wt/BRA/SC18448/2010/G3P[8] (vaccinated) cluster
in a separate branch showing 100% identity with G3P[8] strains
from Thailand detected in 2010; (iv) and strains detected in 2011
grouped in two separate clusters (both including vaccinated and
non-vaccinated children) (Fig. 3).

G9 strains grouped inside lineage III in different clusters: (i)
strains detected between 2001 and 2007, being most of the strains
detected in 2004 100% identical to RVA/Human-wt/BEL/B3458/
2003/G9P[8] strain; (ii) strains detected in Acre state in 2005;
(iii) strains detected between 2009 and 2011 (vaccinated and
non-vaccinated), these strains grouped closely to Acre strains;
(iv) strains detected in Roraima state in 2006 (Fig. 4). Nucleotide
and amino acid identity values among Brazilian strains were
97.1–100%, and 96–100%, respectively.

When comparing the VP7 and VP8⁄ antigenic epitope regions of
Brazilian strains with RV1 strain, some amino acid differences were
observed. For the VP8⁄ protein region, amino acid differences were
observed at positions: N113D, S125N, S131R, N135D, S146G,
S190N, and N196G for G3/G9 strains; S131G for G9 strains; and at
positions N87D, N150T just for G3 strains (Supplementary material
Fig. 1). For the VP7 protein, amino acid changes were observed at
positions: G96N, E97S, W98G, S123D, V125A, Q146A, N147T,
N211D, V212T, D213N, M217E, N221A, and T242N, for G3 strains;
and at positions T87A, N94G, G96T, D100N, S123D, V125A, V129I,
Q146S, N147T, V212T, D213A/V, M217E, N221S, N238D, and
T242N for G9 strains (Supplementary material Fig. 1). No differences
among vaccinated children and non-vaccinated children were
observed, as well as between pre- and post-vaccine introduction
detected strains.

3.3. Genome constellation

Analysis of the partial/complete gene segments of four
G3P[8] (RVA/Human-wt/BRA/RJ10911/2005/G3P[8]; RVA/Human-
wt/BRA/RS16823/2009/G3P[8]; RVA/Human-wt/BRA/RS20345/
2011/G3P[8]; RVA/Human-wt/BRA/SE20323/2011/G3P[8]) and
seven G9P[8] (RVA/Human-wt/BRA/ba4931-01/2001/G9P[8];



RVA/Human-wt/BRA/CE19795/2011/G3P[8]
RVA/Human-wt/BRA/RS20345/2011/G3P[8]
RVA/Human-wt/BRA/RJ20109/2011/G3P[8]
RVA/Human-wt/BRA/PE20272/2011/G3P[8]
RVA/Human-wt/BRA/PE20269/2011/G3P[8]

RVA/Human-wt/ESP/G3-SP5.8-3/2004-6/G3P[X]
RVA/Human-wt/ESP/G3-SP5.7-3/2004-6/G3P[X]
RVA/Human-wt/ESP/G3-SP2.8-3/2004-6/G3P[X]
RVA/Human-wt/CHN/E579/2007/G3P[X]
RVA/Human-wt/CHN/R1455/2007/G3P[X]
RVA/Human-wt/VIE/VN-467/2001-3/G3P[X]
RVA/Human-wt/VIE/VN-463/2001-3/G3P[X]
RVA/Human-wt/CHN/R709/200X/G3P[X]
RVA/Human-wt/CHN/Z409/2005/G3P[X]
RVA/Human-wt/BRA/RJ11864/2006/G3P[8]
RVA/Human-wt/BRA/RJ10908/2005/G3P[8]
RVA/Human-wt/BRA/rj10658/2005/G3P[8]
RVA/Human-wt/BRA/RJ12058/2006/G3P[8]
RVA/Human-wt/BRA/RJ11916/2006/G3P[8]
RVA/Human-wt/BRA/RJ12025/2006/G3P[8]
RVA/Human-wt/BRA/RJ10960/2005/G3P[8]
RVA/Human-wt/BRA/RJ10547/2004/G3P[8]

RVA/Human-wt/THA/CU1023-KK/2011/G3P[X]
RVA/Human-wt/THA/CU778-KK/2010/G3P[X]
RVA/Human-wt/BRA/RJ10911/2005/G3P[8]
RVA/Human-wt/BRA/rs16647/2009/G3P[8]
RVA/Human-wt/USA/VU08-09-30/2008/G3P[8]
RVA/Human-wt/ARG/Arg5812/2007/G3P[8]
RVA/Human-wt/ESP/G3-SP1.9-3/2004-6/G3P[X]
RVA/Human-wt/ARG/Arg6295/2007/G3P[X]

RVA/Human-wt/BRA/RS16838/2009/G3P[8]
RVA/Human-wt/BRA/RS16835/2009/G3P[8]
RVA/Human-wt/BRA/RS16823/2009/G3P[8]
RVA/Human-wt/BRA/RS19876/2011/G3P[8]
RVA/Human-wt/BRA/AL20101/2011/G3P[8]
RVA/Human-wt/BRA/AL20364/2011/G3P[8]
RVA/Human-wt/BRA/SE20331/2011/G3P[8]
RVA/Human-wt/BRA/SE20332/2011/G3P[8]
RVA/Human-wt/BRA/SE20334/2011/G3P[8]
RVA/Human-wt/BRA/se20323/2011/G3P[8]

RVA/Human-wt/THA/CU747-KK/2010/G3P[8]
RVA/Human-wt/THA/CU766-KK/2010/G3P[8]
RVA/Human-wt/THA/CU822-KK/2010/G3P[X]
RVA/Human-wt/THA/CU766-KK/2010/G3P[8]
RVA/Human-wt/BRA/SC18448/2010/G3P[8]

III

RVA/Cow-tc/GBR/PP-1/1976/G3P[7]
RVA/Pig-wt/SLO/P50/2004-5/G3P[X]
RVA/Pig-wt/THA/CMP214/2002-3//G3P[13]

IV

RVA/Rhesus-xx/RORVP7/XXXX/G3P[X]
RVA/Dog-tc/ITA/RV52-96/1996/G3P[3]
RVA/Equine-wt/XXX/ERV316/XXXX/G3P[X]

RVA/Lapine-xx/ITA/229/2001/G3P[13]
RVA/Lapine-xx/ITA/308/2001/G3P[13]

RVA/Dog-xx/K9/1979/G3P[3]
RVA/Dog-tc/ITA/RV198-95/1995/G3P[3]
RVA/Dog-xx/RV198/1995/G3P[X]

I

G3

RVA/Human-wt/BEL/BE00048/2009/G1P[8]
RVA/Vaccine/USA/Rotarix-A41CB052A/1988/G1P[8]
RVA/Human-wt/USA/DC3855/1989/G1P[8]100
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Fig. 3. Phylogenetic analysis based on the VP7 gene nucleotide sequences of Brazilian G3P[8] strains, and sequences from the GenBank database. Brazilian strains obtained
from vaccinated and non-vaccinated children are marked with a filled and an empty circle, respectively. Genotype and lineages appeared at the right of the figure. Numbers at
the nodes indicate bootstrap values; only values above 70% are shown. The scale bar at the bottom represents 0.05 substitutions per nucleotide position (nt.subst./site).
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RVA/Human-wt/BRA/rs6535-03/2003/G9P[8]; RVA/Human-wt/
BRA/RJ8224/2004/G9P[8]; RVA/Human-wt/BRA/RJ10650/2005/
G9P[8]; RVA/Human-wt/BRA/RJ10748/2005/G9P[8]; RVA/Human-
wt/BRA/AC11824/2006/G9P[8]; RVA/Human-wt/BRA/MA20306/
2011/G9P[8]) strains revealed the typical Wa-like genome constel-
lations G3-P[8]-I1-R1-C1-M1-A1-N1-T1-E1-H1 and G9-P[8]-I1-R1-
C1-M1-A1-N1-T1-E1-H1, respectively (Table 2). A total of 101
sequences were obtained, 54 corresponding to complete open
reading frame (ORF) gene sequences (VP7 = 7; VP4 = 3; VP6 = 2;
VP2 = 1; VP3 = 1; NSP1 = 5; NSP2 = 11; NSP3 = 5; NSP4 = 10;
NSP5 = 9) and 47 to partial ORF gene sequences (VP7 = 2;
VP4 = 8; VP6 = 7; VP1 = 9; VP2 = 9; VP3 = 3; NSP1 = 4; NSP3 = 4;
NSP4 = 1). Sequences of VP7, NSP1, NSP3 and NSP5 encoding genes
of strains RVA/Human-wt/BRA/RJ8224/2004/G9P[8] and RVA/
Human-wt/BRA/AC11824/2006/G9P[8] were reported in a previ-
ous study by Tort et al. (2010).
4. Discussion

Recent post-licensing studies have demonstrated that RV1
effectiveness ranges from 78% to 91% in the United States



Fig. 4. Phylogenetic analysis based on the VP7 gene nucleotide sequences of Brazilian G9P[8] strains, and sequences from the Genbank database. Brazilian strains obtained
from vaccinated and non-vaccinated children are marked with a filled and an empty circle, respectively. Genotype and lineages appeared at the right of the figure. Numbers at
the nodes indicate bootstrap values; only values above 70% are shown. The scale bar at the bottom represents 0.05 substitutions per nucleotide position (nt.subst./site).

394 M.M. Gómez et al. / Infection, Genetics and Evolution 28 (2014) 389–397
(Cortese et al., 2013; Payne et al., 2013), reaching 83% in Spain
(Castilla et al., 2012), 90% in Belgium (Braeckman et al., 2012),
and 75.8% in Brazil (Justino et al., 2011). Additionally, integrated
analyses including all phase II and III trials estimated that RV1 effi-
cacy was 90.19% for G3P[8] strains and 83.76% for G9P[8] strains
(De Vos et al., 2009). Phase III trials in Latin America found that
vaccine efficacy reached 80.5% against pooled non-G1P[8] strains
(Linhares et al., 2008; O’Ryan and Linhares, 2009). Since RVA can



Table 2
Genotype constellation of Brazilian group A rotavirus (RVA) genotype G3P[8] and G9P[8] strains. Genotypes indicated in Italic were obtained through partial sequence analysis.

Brazilian Strain RV1 status Genotypes

VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5

RVA/Human-wt/BRA/ba4931-01/2001/G9P[8] NVac G9 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
RVA/Human-wt/BRA/rs6535-03/2003/G9P[8] NVac G9 P[8] – R1 C1 – A1 N1 T1 E1 H1
RVA/Human-wt/BRA/RJ8224/2004/G9P[8] NVac G9⁄ P[8] I1 R1 – – A1⁄ N1 T1⁄ E1 H1⁄

RVA/Human-wt/BRA/RJ10650/2005/G9P[8] NVac G9 P[8] I1 – C1 – A1 N1 T1 E1 H1
RVA/Human-wt/BRA/RJ10748/2005/G9P[8] NVac G9 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
RVA/Human-wt/BRA/AC11824/2006/G9P[8] NVac G9⁄ P[8] I1 R1 C1 – A1⁄ N1 T1⁄ E1 H1⁄

RVA/Human-wt/BRA/MA20306/2011/G9P[8] Vac G9 P[8] I1 – C1 M1 A1 N1 T1 E1 H1
RVA/Human-wt/BRA/RJ10911/2005/G3P[8] NVac G3 P[8] I1 R1 C1 – A1 N1 T1 E1 H1
RVA/Human-wt/BRA/RS16823/2009/G3P[8] Vac G3 P[8] – R1 C1 – A1 N1 T1 E1 H1
RVA/Human-wt/BRA/RS20345/2011/G3P[8] NVac G3 P[8] I1 R1 C1 – A1 N1 T1 E1 H1
RVA/Human-wt/BRA/SE20323/2011/G3P[8] NVac G3 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1

Asterisk (⁄) indicates sequences reported in a previous study by Tort et al. (2010). The vaccination status of the children are indicated: Vac – vaccinated; NVac: non-
vaccinated; RV1: Rotarix�; (–): without amplification.
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be detected in a variable proportion of children vaccinated with
RV1, the concept of RV1 vaccine escape strains has to be consid-
ered with caution. In addition, RV1 aims to prevent severe DD
causing hospitalization and mild infections are expected to occur
in the cohort of vaccinated children, as recently reported in Brazil-
ian vaccinated children by Gómez et al. (2013) and Rose et al.
(2013). Although few data is available regarding the severity of
these infections in vaccinated children, these cases reflect the need
for health services and etiologic investigation.

In this study, the rates of RVA detection in the pre- and post-
vaccination periods were compared. Frequency of RVA infection
in DD cases was substantially higher before 2006, prior to RV1
introduction, including in the subgroup of children aged 4–
48 months. In the post-vaccination period, the comparison of
RVA detection rates in vaccinated and unvaccinated children
showed that children who failed to receive RV1 were more fre-
quently infected with RVA. Nevertheless, the rate of G3 and G9
detections among RVA-positive children was similar in vaccinated
and unvaccinated children. Therefore, G3P[8] and G9P[8] infec-
tions have been diagnosed in a small proportion of vaccinated chil-
dren. In Brazil, a regional increase in circulation of RVA genotype
G3 was observed in 2005 (prior to universal vaccination), account-
ing for 30% of hospitalized children in a public hospital in the city
of Rio de Janeiro (Carvalho-Costa et al., 2009). In addition, a geo-
graphically restricted increase in detection rate of G3 strains was
demonstrated after the introduction of the RV1, in the Southern
region of Brazil in 2009 (Carvalho-Costa et al., 2011). RVA genotype
G9 emerged in Brazil following a global trend in the 1990s, being
detected in near 30% of RVA-positive samples from 1996 to 2005
(Leite et al., 2008). Furthermore, G9 was detected in the vast
majority of RVA-positive patients studied in a large DD outbreak
in the State of Acre in 2005 (Siqueira et al., 2010). Frequency of
G9 detection decreased substantially following universal vaccina-
tion with RV1 in Brazil. It has been demonstrated that RV1 is highly
effective against G9 RVA strains (Linhares et al., 2012).

VP8⁄ phylogenetic analysis performed in the current study
revealed that G3P[8] strains circulating in Brazil during the study
period possessed different alleles of VP8⁄. For G9P[8] strains differ-
ent alleles circulating among Brazilian population were also
observed. (Fig. 2). Whereas the P[8] of G9 and G3 strains detected
between 2001 and 2007 (including one G9P[8] strain detected in
2009) showed close phylogenetic relationship (except for G9P[8]
strains detected in Acre in 2005), G9P[8] strains detected between
2010 and 2011 and G3P[8] strains detected between 2009 and
2011, clustered in two separate clusters. As observed for VP8⁄, dif-
ferent alleles of G3 and G9 VP7 encoding gene circulates among
Brazilian population in the period study (Figs. 2 and 4). Regarding
strains from vaccinated children, except for strain RVA/Human-wt/
BRA/SC18448/2010/G3P[8] that clustered in a separate branch and
was 100% identical to G3P[8] Thai strains detected during the same
year, all clustered together with strains from non-vaccinated
children.

G9P[8] strains detected in Acre state in 2005 grouped in a sep-
arate cluster for both analyzed genes (Figs. 3 and 4). These strains
belongs to an outbreak occurred in Acre in 2005 that caused 12,145
hospitalizations prior to RV1 introduction in Brazil (Siqueira et al.,
2010; Tort et al., 2010). Interestingly, all G9P[8] Brazilian strains
detected after 2009 showed close phylogenetic relationship with
these strains for the VP7 gene (Fig. 4).

Despite the potential emergence of new variants of VP4 and VP7
proteins, able to evade the immune response caused by the vac-
cine, results obtained in the current study showed no differences
inside previous described antigenic epitopes of these two proteins,
among Brazilian strains detected before and after vaccine introduc-
tion, as well as among Brazilian vaccinated and non-vaccinated
strains (Supplementary material Fig. 1). In this study the analysis
of complete/partial 11 gene segments of Brazilian G3P[8] and
G9P[8] strains revealed a complete Wa-like genotype constellation
(Table 2). Wa-like genome constellation in combination with P[8]
and different G-genotypes has been the most common human
RVA genotype constellation observed worldwide during three dec-
ades (Matthijnssens & Van Ranst, 2012). Furthermore, a correlation
has been proposed about the fact that G9P[8] RVA strains circula-
tion increased in human populations during the last two decades,
and have also been shown to possess a Wa-like genotype constel-
lation (Matthijnssens et al., 2008; Matthijnssens & Van Ranst,
2012). It is possible that the acquisition of this genotype constella-
tion might have resulted in their worldwide successful spread
among humans (Matthijnssens et al., 2008). In addition, a previous
study based on complete genome analysis of fifty-one G3P[8] RVA
strains detected between 1974 and 1991 revealed a complete Wa-
like genomic constellation for all strains analyzed (McDonald et al.,
2009a,b). Other studies has also correlate G3P[8] strains with a
Wa-like genomic background (Matthijnssens et al., 2008;
Theamboonlers et al., 2013). As well as G9P[8] strains, G3P[8]
strains has been one of the most prevalent genotype combination
worldwide, and in Brazil these two genotypes have co-circulate
with other RVA strains, including DS-1-like strains (Leite et al.,
2008; Carvalho-Costa et al., 2009, 2011; Gómez et al., 2011). How-
ever, no inter-geno group reassortments with such DS-1-like
strains were observed among analyzed G3 and G9 strains. This
might be related to the fact that RVA must balance the advantages
of gene reassortments with the disadvantages of unlinking pre-
ferred genes/proteins combinations (McDonald et al., 2009a,b).

It is known that VP4 and VP7 antigenic properties play an
important role by stimulating the production of neutralizing
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antibodies and represent key factors influencing RVA vaccines per-
formance (Hoshino and Kapikian, 2000). However, other factors
such as high titers of RVA-specific antibodies in breast milk and
levels of RVA-specific IgA antibodies in the gut lumen have been
described as possibly interfering with the efficacy of orally admin-
istered vaccines (Patel et al., 2013; Moon et al., 2013; Santos et al.,
2013). These factors can also influence vaccine effectiveness and,
consequently, the occurrence of RVA infections in (apparently)
fully vaccinated children. Additionally, the performance of RVA
vaccines in developing countries may be influenced by more com-
plex enteropathogenic profiles, where DD are frequently associated
to malnutrition and bacterial and parasitic gut, in poor sanitation
backgrounds.
5. Conclusions

Genotypes G3 and G9 represents, together 15.5% of the total
RVA infections, being 18% and 12.3% in the pre- and post-vaccina-
tion periods, respectively, detected in similar proportions among
vaccinated and unvaccinated children. P[8] lineage III was
observed in all G3 and G9 infections, throughout the pre- and
post-vaccination periods, whereas RV1 possesses P[8]-I lineage.
Different alleles of VP8⁄ and VP7 encoding genes circulated among
Brazilian population during the study period, however this genetic
variability was not reflected at amino acid level; no differences
were observed in the antigenic composition of G3P[8] and G9P[8]
strains for VP8⁄ and VP7 proteins, independently of the vaccination
status, geographic area and period. Finally, G3P[8] and G9P[8] Bra-
zilian strains analyzed in the current study hold a Wa-like genetic
background. Altogether, results obtained in the current study sug-
gests that changes in the genetic diversity of G3P[8] and G9P[8]
from 2001 to 2011 seems not be related to RV1 introduction in
Brazil.
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