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ABSTRACT

Surveillance of Rotavirus A (RVA) throughout the national territory is important to
establish a more complete epidemiological-molecular scenario of this virus circulation in
Brazil. The aim of the present study was to investigate the genetic diversity of RVA strains
circulating in Tocantins State (Northern Brazil) during six years of post-vaccination follow-
up (2010-2016). A total of 248 stool samples were screened by next generation sequencing
and 107 (43.1%) nearly full length RVA genome sequences were obtained; one sample was
co-infected with two RVA strains (G2/G8P[4]). Six G and P genotypes combinations were
detected: G12P[8] strains (78.6%), as well as the G3P[8] (9.3%) and G1P[8] (0.9%) were
associated with a Wa-like genogroup backbone. All G2P[4] (5.6%) and G8P[4] (2.8%) strains,
including the mixed G2/G8P[4] infection (0.9%) showed the DS-1-like genetic background.
The two G12P[4] strains (1.9%) were associated with distinct genetic backbones: Wa-like and
DS-1-like. The phylogenetic analysis revealed the circulation of lineages G1-1, G2-1V, G3-111,
G8-1 and G12-111, and P[4]-V and P[8]-I1I of the VP7 and VP4 genes, respectively. Conserved
clustering pattern and low genetic diversity were observed regarding VP1-VP3 and VP6, as
well as NSP1-5 segments. We identified the same RVA circulation pattern reported in other
Brazilian regions in the period of 2010-2016, suggesting that rural and low-income areas
may not have a different RVA genotypic distribution compared to other parts of the country.
The unique presentation of whole-genome data of RVA strains detected in the Tocantins State
provides a baseline for monitoring variations in the genetic composition of RVA in this area.

KEYWORDS: Acute gastroenteritis. Rotavirus A. Brazil. Post-vaccine. Genomic

Constellation.

INTRODUCTION

Rotavirus A (RVA) is the leading cause associated with viral acute gastroenteritis
in young children worldwide, accounting for nearly 125,000 deaths annually’. The
substantial morbimortality associated with RVA infections has led to the development
of two oral live vaccines: Rotarix™ (GlaxoSmithKline Biologicals, Belgium) and
RotaTeq™ (Merck Inc., USA)?. So far, nearly 100 countries have introduced at
least one RVA vaccine in their National Immunization Programs (NIPs). In Brazil,
Rotarix™ has been included in the NIP in March 2006. Afterwards, a noteworthy
impact on the decline of the hospitalizations and deaths associated with infantile
gastroenteritis has been widely reported®*.

RVA species together with Rotavirus species B to J are members of the Rotavirus
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genus, Sedoreovirinae subfamily, Reoviridae family and
Riboviria realm. The viral genome consists of 11 segments
of double-stranded RNA (dsRNA) that encode six structural
proteins (VP1-VP4, VP6 and VP7) and six nonstructural
proteins (NSP1-NSP5/6), surrounded by a three-layer
capsid. RVAs areclassified by a binary system based on their
leading neutralization antigens: VP4 (spike protein) and
VP7 (capsid glycoprotein). Moreover, a complete genome
classification is also used to assign genotypes to each
segment, where Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx
represents the genotypes of VP7-VP4-VP6-VP1-VP2-
VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6, respectively®.
G1P[8], G2P[4], G3P[8], G4P[8], GIP[8] and G12P[8]
genotypes are the most common human RVA combinations
in surveillance investigations conducted worldwide®®.

The next-generation sequencing (NGS) approach
is refurbishing viral investigations and NGS applied to
whole genome sequencing has the potential to transform
RVA molecular epidemiology studies in the near future.
In addition, complete or partial sequencing of the 11 RVA
genes may elucidate the genetic relationship between RVA
strains and their evolutionary process®.

Full genomic constellation studies are usually performed
with unusual or reassortant RVA strains'®. However, limited
data are available on the complete genome characterization
of medically important local strains'' especially in
Brazil'?'3, Brazil is a country with distinct demographic
characteristics, ranging from densely occupied urban
centers to largely rural areas. Consequently, a high degree of
diversity among RVA strains is expected between Brazilian
regions, so that the establishment of a wide-ranging RVA
molecular surveillance in the country is crucial.

The aim of the present study was to investigate the
genetic diversity of full genome constellations and to
perform phylogenetic analysis of the 11 genes of RVA strains
circulating in Tocantins State, Northern Brazil, during six
years of post-vaccination surveillance (2010-2016).

ETHICAL APPROVAL

The Ethical approval was granted by the Faculdade
de Medicina of the Universidade de Sao Paulo
(CAAE N° 53153916.7.0000.0065) and the Centro
Universitario Luterano de Palmas — ULBRA (CAAE
N°53153916.7.3007.5516).
MATERIALS AND METHODS

Study specimens

The current cross-sectional surveillance study is part of

Page 2 of 13

a huge project aiming at screening different gastroenteric
viruses in fecal samples collected between 2010 and 2016
in Tocantins State (Northern Brazil) using the metagenomics
approach. A total of 233 stool samples were obtained from
children < 5 years old, 3 from children aged 8-15 years
old, and 7 from adults aged 20-78 years old, all with
gastroenteritis symptoms. In five stool samples, the age
of the patients was not informed. This study was carried
out without any inclusion or exclusion criteria, therefore,
epidemiological data (age, gender, date of symptoms
onset, vaccination status) are missing in some patients. The
samples were initially sent to the Public Health Laboratory
of Tocantins (LACEN-TO) and screened for bacteria (e.g.
Escherichia coli and Salmonella sp.), protozoan (e.g.,
Giardia sp.) and helminths (e.g., Taenia Solum) using
conventional parasitological and culture techniques. Frozen
and stored (20 °C) fecal specimens were then shipped to
the Institute of Tropical Medicine, University of Sao Paulo
(IMT/USP) for the identification of gastroenteric viruses.

Viral metagenomics

Approximately 50 mg of fecal mass from each sample
was diluted in 500 puL of Hanks’ buffered salt solution and
lysing matrix C (MP Biomedicals, USA), homogenized
and centrifuged at 12,000 g for 10min. Viral RNA was
extracted using a ZR and ZR-96 Viral DNA/RNA Kit (Zymo
Research, CA, USA), according to the manufacturer’s
protocol. Nucleic acids were processed using the Illumina
MiSeq (San Diego, CA, USA) NGS platform, according
to Moore et al.'. Shortly, genomic host nucleic acids were
removed using a mixture of nuclease enzymes: TURBO
DNase and RNase Cocktail Enzyme Mix (Thermo Fischer
Scientific, Waltham, MA, USA), Baseline-ZERO DNase
(Epicentre, WI, USA), Benzonase (Millipore, Merck,
Darmstadt, Germany) and RQ1 RNase-Free DNase and
RNase A Solution (Promega, WI, USA). For cDNA
synthesis of each sample, AMV Reverse transcriptase
(Promega, WI, USA) and random hexamers primers were
used according to the manufacturer’s instructions and cDNA
quantification was performed using QubitR Fluorometer
and Qubit™ dsDNA BR Assay Kit (Invitrogen, California,
USA). DNA libraries were prepared using the Nextera XT
Sample Preparation Kit (Illumina San Diego, CA, USA)
identified by dual barcodes, and sequenced using the
Illumina Hi-Seq 2500 Sequencer (Illumina, CA, USA) to
generate 126-bp paired-end reads.

Bioinformatics

The reads were trimmed for primers using Geneious
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software v9.1.8 (Biomatters Ltd., Auckland, New Zealand)
and de novo assembled according to Deng et al.'®. They
were also trimmed for removing low-complexity and low-
quality regions, other microorganisms and host sequences
preceding the de novo assembly. The remaining reads
were submitted to BLASTx search against the National
Center for Biotechnology Information of non-redundant
database (nr). After RVA identification, the generated
consensus sequences were confirmed by their alignment
to the nucleotide database using the NCBI BLASTn tool
with the assembled contigs as query sequences and the 11
RVA gene segments as the target sequences.

Phylogenetic analysis

RVA sequences were genotyped using Rotavirus A
Genotype Determination — ViPR 6. The identified near-full-
length RVA sequences were aligned with those from the
GenBank database using the CLUSTAL W'7. Phylogenetic
trees were reconstructed using the maximum likelihood and
model selection implemented in the MEGA software version
7.0"8. Models used in this study were Tamura 3-parameter
(T92) +G (VP6, NSP2, NSP3, NSP4 and NSP5), T92 + G +1
(VP1,VP2,VP3,VP7 and NSP1), Tamura-Nei (TN93) + G
(VP3 and VP6) and of General Time Reversible (GTR) +
G (VP4). The statistical significance at the branch point
was calculated by using 2,000 pseudo-replicate datasets.

Accession Numbers

Nucleotide sequences have been deposited in
GenBank under the accession numbers: VP1 (MT579311-
MT579418), VP2 (MT601127-MT601137), VP3
(MT601138-MT601245), VP4 (MT633351-MT633458),
VP6 (MT633243-MT633350), VP7 (MT633136-
MT633242), NSP1 (MT633459-MT633566), NSP2
(MT601031-MT601126), NSP3 (MT674403-MT674510),
NSP4 (MT674295- MT674402) and NSP5 (MT600923-
MT601030).

RESULTS
RVA detection

RVA was detected in 43.1% (107/248) of the specimens;
59.7% originated from males and 39.9% from females.
There was no information concerning the gender of four
children. The mean and median ages of RVA positive
patients were 24.6 months (19 days to 36 years-old) and 18.5
months, respectively. Among the 107 RVA-positive strains,
103 (96.3%) were recovered from children aged 0-60
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months, with 35 (32.7%) collected from children > 2 years
old. Twenty-seven strains (25.2%) were obtained from
children between 1 and 2 years old, 23 (21.5%) from
children aged 6 months to 1-year-old, and 16 (15.0%) from
children under 6 months-old. Among the RVA-positive
strains, 60 (56.1%) were recovered from children vaccinated
with at least one dose of Rotarix®. Eleven (10.3%) strains
were collected from unvaccinated children. Vaccination
status was missing in 37 (34.6%) individuals from the group
of samples that tested positive for RVA.

The frequency of RVA detections may vary according
to seasonal fluctuations. The Northern region of Brazil is
characterized by high temperatures throughout the year,
with two well-marked seasons: a rainy (from October to
April) and a dry season (from May to September). In our
study, 47.7% (51) of positive samples were collected in the
rainy season (from October to April) and 50.5% (54) in the
dry season (from May to September); data regarding the
collection time of two fecal samples were missing.

RVA type distribution and genomic constellation

Nearly full-length genome sequences (coverage > 90%)
were obtained from the 107 RVA-positive samples,
including sample TO-173, co-infected with two RVA
strains. Based on VP7 and VP4 genes sequences (classical
binary nomenclature), six different genotypes were
detected: G12P[8] (78.6%; 84/107), G3P[8] (9.3%; 10/107),
G2P[4] (5.6%; 6/107), G8P[4] (2.8%; 3/107), G12P[4]
(1.9%; 2/107) and G1P[8] (0.9%; 1/107). A mixed infection
(G2+G8P[4]) was obtained from one sample (0.9%; 1/107)
collected in 2010. Throughout the investigation period
(2010-2016), the most common genotypic combination was
the emergent RVA strain G12P[8], with the G8P[4] strain
detected only in 2010.

Genotype constellations regarding all 107 RVA strains
presented with a conserved profile. The analysis showed
that all G12P[8] strains, as well as the 10 G3P[8] strains
and the only G1P[8] strain were associated with the classic
Wa-like genogroup backbone (I1-R1-C1-MI1-A1-T1-N1-
E1-H1). All G2P[4] and G8P[4] strains had the DS-1-like
genetic background (I12-R2-C2-M2-A2-N2-T2-E6-H2).
Surprisingly, the two G12P[4] strains, samples TO-048
and TO-075, were associated with two distinct genetic
backbones: Wa-like and DS-1-like, respectively (Table S1,
Supplementary Material (SM) section).

Phylogenetic analysis of VP7 and VP4 genes

The only Brazilian Gl strain identified shared the
highest nucleotide and aminoacid similarities with a human
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Bangladeshi strain isolated from a 29 years-old patient
hospitalized with acute gastroenteritis in 2002 (RVA/
Human-wt/BGD/Agroj23/2002/G1P[8]). The phylogenetic
analysis revealed that this Brazilian G1 strain belonged to
lineage I together with other contemporary strains from Asia
and Europe and was distinct from Rotarix™ and Rotateq™
vaccine strains (Lineage II and III, respectively). In addition,
the phylogenetic analysis demonstrated that the seven
Brazilian G2 strains clustered together with other strains from
different Brazilian Regions (Belem do Para, Acre, Maranhao,
Bahia, Rio de Janeiro, Minas Gerais, Espirito Santo and
Rio Grande do Sul) isolated between 2006 and 2012 and
belonging to lineage I'V. The ten Brazilian G3 RVA strains
shared a strong nucleotide and aminoacid identity varying
from 98.9-100% and 100%, respectively, among themselves.
They grouped into lineage III with strains recovered from
human stool samples in the last decade and they are distantly
related to recently described equine-like G3P[8] DS-1-like
strains (Lineage I). The four G8 RVA strains detected in the
present study shared > 99.3% nucleotide similarity among
themselves. Compared to other GS8 strains, the Brazilian
ones showed a greatest similarity with a G8P[4] strain from
Germany (GER1H/2009) and a Croatian G8P[8] strain
(CR2006/2006) of 97.8-98.2% and 97.2-97.5%, respectively.
Lower nucleotide similarity percentages were observed
with a variety of other strains of human and animal origin
detected worldwide (range: 70.1-86.0%). The phylogenetic
analysis revealed that our Brazilian G8 strains formed three
minor clusters, classified within lineage I. The VP7 gene of
the 84 Brazilian G12 strains showed 89.4-100% nucleotide
similarity among themselves, all belonging to lineage I1I. The
G12 strains clustered with other G12P[8] strains isolated in
Brazil and other countries between 2009 and 2015 (Figure 1,
Table S2, SM section).

Analysis of the 12 P[4] strains revealed nucleotide
similarities of 95-100% among themselves, and similarities
ranging from 92-99.4% to other P[4] strains detected
worldwide. All Brazilian P[4] strains belonged to lineage V.
The most common VP4 genotype among the Brazilian
strains was P[8]. Sequence analysis of 95 P[8] strains
showed that the Brazilian P[8] ones had a 96.2-100%
similarity among themselves. These strains have also shown
high (86.5-99.3%) similarity to other P[8] strains isolated
globally. Brazilian P[8] strains clustered within lineage IIT
(G1, G3 and G12 strains) (Figure 2, Figure S1, SM section).

Phylogenetic analysis of VP1, VP2, VP3 and VP6
genes

The VP1 genes were classified within genotypes
R1 (in Wa-like strains) or R2 (DS-1-like strains). The
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phylogenetic analysis showed that the R1 strains formed
two distinct clusters. The first one clustered with more
recent variants of genotype R1 strains isolated between
2011 and 2017, showing a closer relationship with
North American (SSCRTV_00082, 000808444 and
VUI11-12-192), European (ME650/14, SS64751571),
and African (MRC-DPRU1858 and BIDILN) strains.
In the second cluster, Brazilian R1 strains grouped with
strains isolated in China (R709, L1066 and Y111), Canada
(RT020-09), Italy (PR599) and South Africa (MRC-
DPRU1281) between 2004 and 2013. The R2 phylogenetic
analysis has also shown that Brazilian strains clustered
within two groups, all closely related to DS-1-like R2
strains isolated worldwide since 2010 (Table S2 and
Figure S1, SM section).

Molecular analysis of the Brazilian VP2 genes classified
these strains as C1 (Wa-like) and C2 (DS-1-like) genotypes.
Brazilian C1 and C2 strains showed nucleotide similarities
ranging from 96.6-99.7% to Wa-like strains and 99.0-100%
to DS-1-like strains, respectively (Table S2 and Figure S1,
SM section). The M1 VP3 gene of the Brazilian strains had
nucleotide similarities of 96.9-100% among them. When
compared to other Wa-like globally strains, similarities
ranged from 97.2-99.9%. The Brazilian DS-1-like M2
genotype exhibited nucleotide similarities ranging from
96.4-99.2%, and from 96.6-99.9% when compared to
reference M2 strains. Wa-like and DS-1-like Brazilian
strains clustered with recent variants of genotype M1 and
M2 strains detected after 2000 (Table S2 and Figure S1,
SM section).

The phylogenetic analysis classified the Brazilian
strains as VP6 genotypes I1 (Wa-like) and 12 (DS-1-like). A
comparison of I1 nucleotide sequences of the Brazilian strains
showed similarities ranging from 95.6-100%. Considering
other R1 reference strains, similarities ranged from 95.8-
99.8%. Brazilian 12 strains formed two clusters: (i) RVA/
Human-wt/BRA/TO-251/2010/G8P4 and RVA/Human-wt/
BRA/TO-075/2010/G12P4 strains, clustered together with
South African (MRC-DPRUS81), Paraguaian (1613SR),
Japanese (JP11105) and Brazilian (MA14286) strains (94.3-
98.2%), and (ii) the other nine VP6 12 strains were genetically
related to previously reported Brazilian strains (RJ12225
and SC19868), and displayed similarities of 92.3-96.7%.
Brazilian I2 RVA strains showed similarities of 94.4-99.4%
among them (Table S2 and Figure S1, SM section).

Phylogenetic analysis of non-structural NSP1-NSP5
genes

Data concerning NSP1-NSP5 genes revealed a
conserved clustering pattern among the Brazilian strains.
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Figure 2 - Phylogenetic analyses based on full-lengthVP4 nucleotide sequences from Brazilian RVA strains detected between 2010
and 2016, and reference RVA strains available on GenBank. Bootstrap values under 80% are not shown. Genotypes lineages are
shown on the right side of each phylogenetic tree. P[4] (A) and P[8] (B).

Regarding the genotypes, strains were classified as A1, N1, TO-048, which displayed the G12P[4] genotype. GXP[4]
T1, E1 and H1 in GXP[8] strains, for the NSP1, NSP2, strains were classified as A2, N2, T2, E2 and H2, showing a
NSP3, NSP4 and NSP5 genes, respectively, except for strain DS-1-like backbone (Table S1 and Figure S1, SM section).
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DISCUSSION

In the present study, nearly full length genome
sequences of 107 Brazilian RVA strains circulating in rural
and low-urban areas in Northern Brazil during six years of
post-vaccination surveillance (2010-2016) were analyzed.
Changing patterns of RVA genotypes over time and the rise
of unusual strains are the major concerns for a potential
decrease in the efficacy of current RVA vaccines. Studying
the whole-genome sequences of RVA strains could provide
baseline information to address those concerns in the post-
RVA vaccine era'®.

After the Rotarix™ introduction in 2006 in the National
Immunization Program, an increase in G2P[4] detection
rate was observed in Brazil?®, including in the Northern
region?'. Time series analysis of RVA genotype distribution
in Brazil showed a massive predominance of G2P[4] from
2006 to 2010, and a continuous decrease in the detection
of this strain since 201022, consistent with our present
data. The DS-1-like backbone of the Brazilian G2P[4]
RVA from Tocantins State strains clustered together with
recent new global G2P[4] strains, corroborating previous
whole-genome analysis conducted in Brazil'?2, In the early
2000s, new global G2P[4] RVA strains emerged and became
widespread across the globe, replacing the old G2P[4]
strains?4. Based on the VP7 and VP4 genes, the analyzed
G2P[4] samples clustered within sublineage IV and V,
respectively. These sublineages emerged in late 1990s and
they quickly became the most common sublineages found
worldwide 22434,

As of 2011, areemergence of G3P[8] has been observed
in Brazil, replacing the G2P[4] predominance*?2. An
increase in G3P[8] frequency after 2011 was also observed
in other South American countries®. In the present study,
an increase in the prevalence of G3P[8] in Tocantins State
was recorded between 2013 and 2015. Reemergence of
G3P[6] and G3P[8] was previously reported in Northern
Brazil (Belem) in 2011 and 20122°. Recently, the emergence
of a novel equine-like G3P[8] DS-1-like inter-genogroup
reassortant strain was reported worldwide, including in
Brazil'®?”. Equine-like G3P[8] DS-1-like was first identified
in Brazil in March, 2015 in the city of Foz do Iguacu,
Southern region, and rapidly spread across the country
displaying a potential to replace G3P[8] Wa-like strains'.
All ten Brazilian G3P[8] strains detected in the present
study exhibited the conserved Wa-like backbone gene
constellation and intergenogroup reassortants were not
observed. This corroborated the hypothesis that the G3P[8]
Wa-like strain (wild-type) was the predominant G3 strain
circulating in Brazil before 2015'°.

A global emergence of G12P[8] genotype has been
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reported recently®?8. In Brazil, a peak of G12P[8] detection
was observed in 2014 and 2015, starting at the beginning
of June, 2014 and coinciding with the period when the
FIFA Football World Cup was held in this country*7?.
This survey highlights the ongoing G12P[8] dominance
in Brazil during this period. The genetic constellation of
G12P[8] study strains was consistent with the clonal spread
of a single strain belonging to the Wa-like backbone, as
previously reported®2®. VP7 sequence analysis showed
that the Brazilian RVA G12P[8] and G12P[4] strains
that we detected clustered within lineage III together
with contemporary G12P[8] prototype strains circulating
between 2009 and 2015. The G12-III lineage is linked to
the global scatter of RVA genotype G12 worldwide®28,
In agreement with previous investigations, P[8]-3 is the
unique P[8] lineage circulating in Brazil®'*2%. Since 2003,
virtually all circulating P[8] strains belong to lineage I112%2°,
Unlike G12P[8] Wa-like, G12P[4] DS-1-like strains are
sporadically detected and few investigations have analyzed
their genetic backbone®. The lack of inferences obtained
from the phylogenetic analyses reflects the scarcity of data
on G12P[4] DS-1-like strains. Explanations on why that
particular strain does not remain in circulation are unknown.
Reassortment may impose fitness costs if it results in the
unlinking of genes and/or proteins that have accumulated
compensatory and coadapted mutations®'.

All G8P[4] study strains were identified in 2010,
suggesting a local restricted circulation and corroborating
the sporadic pattern of G8 strains associated with acute
gastroenteritis in the Brazilian population®=2. G8 strains
have the ability to reassort with RVA strains ecologically
suitable to the human gut, including P[4], P[6] and P[8]
specificity®®. However, they do not remain in circulation,
suggesting that these strains may not achieve the fitness
required to become a successful human pathogen in
Brazil, contrary to what is observed in Africa®*. In the
G8P[4] DS-1-like strains detected in India, a possible
origin derived from multiple reassortment events between
artiodactyls, ruminant and human RVA has been suggested®®.
On the other hand, genetic investigations conducted with
G8P[4] DS-1-like strains detected in Italy, Germany and
Brazil showed no evidence of recent zoonotic reassortment
events?®3%7_ The genetic analysis of the Brazilian G8P[4]
strains detected in Tocantins State has also shown that they
do not have a recent zoonotic origin.

Our investigation detected one G1P[8] strain, identified
in 2014. The sample was collected from a 3-month-old
female with unknown RVA vaccination status. The G1P[8]
strain continues to circulate after introduction of the RVA
vaccines, as observed in previous studies conducted in
Brazil®”22, as well as globally'!2%, Vaccine coverage in
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the Northern region is historically lower in comparison
with other regions of the country®®, and RVA vaccination
coverage is not an exception®. It is worth mentioning that
immunization rates in Northern Brazil tend to be lower,
either by geographical dispersion, inadequate cold chain
capacity, insufficient information and education in several
levels of management®. Rotarix™ vaccine coverage in
the Northern region in 2014 was lower (84.1%) than the
national coverage (93.4%)*. Tocantins State almost reached
the national coverage goal (91.9%), indicating that the
common difficulties faced in routine immunizationinthe
Northern region does not seem to apply to this particular
surveyed area. The Brazilian TO-237 GI1P[8] strain was
closely related to the RV1 Rotarix™ strain and to the
P[8]-3 lineage (non-vaccine lineage) intheir VP7 and VP4
genome segments, respectively. The other VP1-VP3, VP6
and NSP1-NSP5 genome segments of Brazilian TO-237
GI1P[8] strain were closely related to circulating strains
belonging to the Wa-like constellation collected worldwide.
Based on RVA classical reassortment events and the lack
of vaccine medical records of our patient, we were not
able to determine the true origin of this TO-237 GI1P[8]
strain. The effect of universal mass vaccination with RVA
vaccines on circulating G1P[8] strains has been intensively
investigated over the years'®°, highlighting the significance
of this particular concern.

CONCLUSION

In conclusion, our investigation summarizes six years of
regional surveillance of RVA diversity in Northern Brazil
and presents the first whole-genome data of RVA strains
detected in Tocantins State. This provides the basis for
monitoring variations in the genetic composition of RVA in
this region. In Tocantins State, the same diversity of RVA
strains circulating in other Brazilian regions was identified,
suggesting that rural and low-income areas do not seem to
have a different genotypic distribution compared to other
parts of the country. Our findings also contribute to the
knowledge of RVA genetic diversity and evolution in a
global perspective.
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SUPPLEMENTARY MATERIAL

Table S1 - Genotype constellation of all 107 Brazilian rotavirus A (RVA) strains detected in the present study. The sample name is
indicated with TO (Tocantins) followed by a correspondent number. Genotypes represented in green and red are associated with
the Wa-like and DS-1-like RVA backbones, respectively.

Sample VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5
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Table S1 - Genotype constellation of all 107 Brazilian rotavirus A (RVA) strains detected in the present study. The sample name is
indicated with TO (Tocantins) followed by a correspondent number. Genotypes represented in green and red are associated with
the Wa-like and DS-1-like RVA backbones, respectively (cont.).

Sample VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5
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Table S1 - Genotype constellation of all 107 Brazilian rotavirus A (RVA) strains detected in the present study. The sample name is
indicated with TO (Tocantins) followed by a correspondent number. Genotypes represented in green and red are associated with
the Wa-like and DS-1-like RVA backbones, respectively (cont.).

Sample VP1 VP2 VP3 VP4 VP6 VP7 NSP1 NSP2 NSP3 NSP4 NSP5

Table S2 - Nucleotide (nt) identity values among Brazilian rotavirus A (RVA) strains analyzed in the study and RVA prototype
strains recovered worldwide. Identity values are available for each of the 11 RVA genes. Data in percentage.

Available at: https://www.dropbox.com/s/ag92c4zxdid9blv/Supplement_2.xIsx?dI=0
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Figure S1 - Phylogenetic analyses based on full VP1-VP3, VP6 and NSP1-NSP5 nucleotide sequences from Brazilian RVA strains
detected between 2010 and 2016, and reference RVA strains available at GenBank. Bootstrap values under 80% are not shown.
Genotypes lineages are shown at the right-hand side of each phylogenetic tree. VP1 (A); VP2 (B); VP3 (C); VP6 (D); NSP1 (E);
NSP2 (F); NSP3 (G); NSP4 (H) and NSP5 (I).

Rev Inst Med Trop Sdo Paulo. 2020;62:¢98 Page 13 of 13



	ABSTRACT
	INTRODUCTION
	ETHICAL APPROVAL 
	MATERIALS AND METHODS 
	Study specimens 
	Viral metagenomics  
	Bioinformatics 
	Phylogenetic analysis 
	Accession Numbers  

	RESULTS
	RVA detection 
	RVA type distribution and genomic constellation 
	Phylogenetic analysis of VP7 and VP4 genes 
	Phylogenetic analysis of VP1, VP2, VP3 and VP6 genes 
	Phylogenetic analysis of non-structural NSP1-NSP5 genes 

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	AUTHORS’ CONTRIBUTIONS 
	FUNDING
	CONFLICT OF INTERESTS 
	REFERENCES
	SUPPLEMENTARY MATERIAL

