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Rotaviruses are etiological agents of diarrhea both in humans and in several animal spe-
cies. Data on avian Group D rotaviruses (RVD) are scarce, especially in Brazil. We detected
RVD in 4 pools of intestinal contents of broilers, layer and broiler breeders out of a total of
111 pools from 8 Brazilian states, representing an occurrence of 3.6%, by a specific RVD
RT-PCR targeting the VP6 gene. Phylogenetic tree confirmed that the Brazilian strains be-
long to group D and 3 of the sequences were identical in terms of amino acid whereas one
showed 99.5% identity with the others. The sequences described in this study are similar
to other sequences previously detected in Brazil, confirming the conserved nature of the

VP6 protein.

INDEX TERMS: VP6, rotavirus, group D, avian, broilers.

RESUMO.- [Monitoramento e caracterizacio molecular
de rotavirus do grupo D em criacdes comerciais brasi-
leiras.] Rotavirus sdo agentes etioldgicos de diarreia tanto
em humanos como em varias espécies animais. Dados so-
bre rotavirus do grupo D (RVD) em aves sdo escassos, es-
pecialmente no Brasil. N6s detectamos RVD em 4 pools de
conteudo intestinal de frango de corte, poedeiras e matri-
zes de um total de 111 pools originarios de 8 estados bra-
sileiros, representando uma ocorréncia de 3,6% a partir de
uma RT-PCR especifica para RVD, tendo como alvo o gene
VP6. A arvore filogenética confirmou que as amostras bra-
sileiras pertencem ao grupo D e trés das sequéncias obtidas
foram idénticas em termos de aminoacidos enquanto uma
apresentou 99,5% de identidade com as demais. As sequ-
éncias aqui definidas sdo semelhantes a outras sequéncias
previamente definidas no Brasil, confirmando a natureza
conservada da proteina VP6.

TERMOS DE INDEXACAO: VP6, rotavirus, grupo D, aves, frangos.
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INTRODUCTION

Rotaviruses are members of the Reoviridae family, and they
are a major cause of acute gastroenteritis in young children
and several mammalian and avian species (Brussow et al.
1992, Estes & Kapikian 2007). They are non-enveloped ico-
sahedral particles and its genome comprises 11 segments
of double-stranded RNA, which encodes six structural pro-
teins (VP1 to VP4, VP6 and VP7) and six nonstructural pro-
teins (NSP1 to NSP6). Based on antibody reactivity or ge-
netic sequencing of structural protein VP6 of the internal
capsid, rotaviruses have been classified into the groups A to
G (Raming et al. 2005, Estes & Kapikian 2007). Recently, a
new rotavirus group, originally designated as ADRV-N (New
Adult Diarrhea Rotavirus), has been proposed as group H
rotavirus (Alam et al. 2007, Matthijnssens et al. 2011).

In avian species, rotavirus groups A, D, F and G have
been detected so far (McNulty et al. 1980, McNulty 2008,
Trojnar et al. 2010, Johne et al. 2011). The group A rota-
viruses (RVA) are mainly associated with diarrhea in hu-
mans, various domesticated and captive mammals, and
poultry (Matthijnssens et al. 2008, Matthijnssens & Van
Ranst 2012). Rotaviruses of groups D (RVD), F (RVF) and G
(RVG) have been seen exclusively in poultry (McNulty 2008,
Villarreal et al. 2006). Recent studies have demonstrated
that RVD is frequently detected in avian species (Otto et al.
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2006, Savita et al. 2008, Islam et al. 2009). However, a few
molecular studies are available revealing its genetic infor-
mation (Dhama et al. 2015).

In Brazil, there have been reports on avian rotavirus
occurrence since 1989, with frequency ranging from 8.5%
(32/378 samples) in broilers (Alfieri et al. 1989) to 45.3%
(58/128 samples) from intestinal contents of layers and
broilers by PAGE (polyacrylamide gel electrophoresis)
(Villarreal et al. 2006). Most of the avian rotaviruses de-
tected in Brazil belong to RVA (Silva et al. 2012, Asano et
al. 2011, Beserra et al. 2014). Nevertheless, RVD and RVF
have been recently described in the country (Bezerra et al.
2012, Beserra & Gregori 2014, Bezerra et al. 2014). Here
we report the occurrence of RVD in feces of broilers, layers
and broiler breeders on Brazilian poultry farms represen-
ting 8 different states, using a RT-PCR technique based on
the amplification of the VP6 gene, followed by nucleotide
sequencing reaction of the amplicons in order to better un-
derstand the phylogeny of the strains detected.

MATERIALS AND METHODS

Samples. A total of 111 pools of intestinal contents were used
in this study. Each pool consisted in enteric content of 3-5 birds
within a single batch, collected between the years of 2008 and
2012. They are from 8 different Brazilian states, Sdo Paulo (n=52),
Parana (n=21), Santa Catarina (n=16), Rio Grande do Sul (n=8),
Espirito Santo (n=2), Goias (n=10), Bahia (n=1) and Ceara (n=1),
including broilers (58/111, 52.25%), layers (14/11, 12.6%) and
broiler breeders (39/111, 35.13%) farms, without symptoms of
diarrhea. This study was approved by the Committee on Ethics for
Animal Trials of the School of Veterinary Medicine, University of
Sao Paulo, under protocol number 2236/2010.

RT-PCR. Samples were prepared as 10% (v/v) suspensions in
DEPC-treated water, clarified at 12,000 x g for 15 min at 4°C, and
the supernatant was used for RT-PCR. Total RNA was extracted
with TRIzol Reagent® (Invitrogen™) and cDNA was synthesized
using random primers (Invitrogen™) and M-MLV Reverse Trans-
criptase (Invitrogen™) as described by the manufacturer. The
cDNA was subjected to PCR targeting the VP6 gene, with RVD spe-
cific primers and thermal cycling conditions described by Bezerra
etal. (2012) generating a 742 bp gel band.

DNA sequencing. Amplicons were purified with EXOSAP-it
(USB®) reagent, submitted to bidirectional DNA sequencing with
BigDye 3.1 (Applied Biosystems®) and resolved in an ABI-3500 Ge-
netic Analyzer (Applied Biosystems®), according to the respective
manufacturer’s instructions. The VP6 gene sequences from each
sample were aligned with homologous sequences representing di-
fferent rotavirus groups retrieved from GenBank with CLUSTAL/W
2.1 (Larkin et al. 2007), and a phylogenetic tree was generated with
the neighbor-joining distance algorithm and the maximum composi-
te likelihood model with 1,000 bootstrap replicates using MEGA 5.1
(Tamuraetal. 2011). Deduced amino acid identities of the generated
sequences were calculated with Bioedit 7.1.3.0 (Hall 1999) software.

RESULTS

Detection of RVD

Out of 111 pools of intestinal contents tested by RT-PCR,
four (3.6%) showed positive results for RVD. Two samples
were detected in broilers from S3o Paulo in 2012, one was de-
tected in broiler breeder from Parana in 2009, and one in layer
from Goias State in 2010. The results are presented in Table 1.

Table 1. RVD positive samples characterized in this study,
according to sample ID, Brazilian State, type of farm,
collection date and VP6 Genbank Accession number

Sample ID State Farm Collection Accession
date number
AVRVBR1 Parana  Broiler breeder 2009 KC689306
AVRVBR2 Goias Layer 2010 KC689307
AVRVBR3  Sao Paulo Poultry 2012 KC689308
AVRVBR4  Sao Paulo Poultry 2012 KC689309

Sequencing analysis of the VP6 gene

Amplicons from all positive samples were successfully
sequenced and partial nucleotide sequences obtained in
this study ranged from 669 nt to 698 nt (residues 25 to
693/722 nt of VP6 gene using as reference strain 10V0133
- accession number JN034682). The phylogenetic tree of
VP6 nucleotide sequences depicted that the four Brazilian
rotavirus strains segregated with the rotavirus D repre-
sentatives, while the topology maintained the remaining
groups (A, B, C, E, E G, and H) apart from each other and
supported by high bootstrap values, as shown in Figure 1.

The maximum nucleotide identity among the strains
of this study was 99.7% (KC689309 x KC689308), and the
minimum identity was 94.1% (KC689309 x KC689306).
With regard to amino acid identities, three of the sequences
were identical (KC689307, KC689308, KC689309) whereas
one (KC689306) showed 99.5% identity with the others,
presenting a substitution 1102V, using as reference rotavi-
rus D strain JN034682.

With respect identities between prototype strain
10V0133 (JN034682) and the sequences generated in this
study, high identities were also found (91-92%, in terms of
nucleotide and 99.5-100% for amino acids).

The nucleotide comparison of the strains from this
study with RVD previously described in Brazil revealed a
high identity (99% nucleotide identity) among KJ101589
(Bezerra et al. 2012, Bezerra et al. 2014) and KC689307.
Likewise, the putative amino acids sequences all samples
showed 100% identity, except the strain KC689306 (99.5-
99.9% amino acid identity) (Bezerra et al. 2012, Bezerra et
al. 2014).

The phylogenetic analysis of the sequences, depicted
two major clades formed by rotavirus A/C/D/F and rota-
virus B/G/H (Fig.1), supported by high bootstrap values,
despite being a partial fragment of the VP6 gene. Taken to-
gether, the use of a specific RVD primer, the high amino acid
sequence identity (99.5%) and the segregation of the Bra-
zilian Samples in the group D clade, show that the samples
detected belong to the group D.

Accession numbers
The sequences were deposited in GenBank under the
accessions numbers KC689306 to KC689309.

DISCUSSION

Viral enteric diseases in poultry, especially in turkeys and

chickens, have an important economic impact because of

production losses due to poor weight gain (Saif 2008).
Avian rotaviruses, their genetic variability and ability
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for interspecies transmission is very limited (Trojnar et al.
2013), and the first complete genome sequence of a group
D rotavirus has been determined in order to characterize
the group D rotaviruses in more detail (Trojnar et al. 2010).

Were detected a low number of positive samples in
this study likewise previous reports, e.g., from example In-
dia where there are some reports about the occurrence of
the RVD. Savita et al. (2008) detected 7 positive samples
for RVD from 77 (fecal and environmental samples) by
PAGE (polyacrylamide gel electrophoresis), and Niture et
al. (2010) detected 4 samples (7.4% or 4/54) with a mi-
gration pattern characteristic of the RVD by PAGE and all
of these samples were positive for PCR targeting VP6 gene.
Katoor et al. (2013) report the first two sequence-confir-
med RVD (4.7% or 2/42) infections in 1-2 week-old broi-
ler chicks from northern India with an initial test of RVD
by PAGE and VP6 gene-based PCR assay for confirmation.

KC623166 RVD/Chicken/BRA/43/2009
KJ101585 RVD/Chicken/BRA/41/2009
JN703463 RVD/Chicken/BRA/105A/2010
JQO65736 RVD/Chicken/BRA/69/2010
KJ101588 RVD/Chickern/BRA/96/2010
KC623164 RVD/Chicken/BRA/109/2011
KJ101581 RVD/Chicken/BRA/35/2009
KJ101580 RVD/ChickeVBRA/33/2009
JQO65735 RVD/Chicken/BRA/27/2008
KJ101579 RVD/Chicken/BRA/29/2008
KJ101583 RVD/Chicken/BRA/39/2009
JQ065734 RVD/Chicken/BRA/37/2009
KJ101587 RVD/Chickern/BRA/94/2010
KJ101584 RVD/Chicken/BRA/40/2009

A KC689306 RV D/Chicken/BRA/AVRVBR1/2009 e
A KC689307 RV D/Chicken/BRA/AVRVBR2/2010
A KC689308 RVD/Chicken/BRA/AVRVBR3/2012
A KC689309 RVD/Chicken/BRA/AVRVBR4/2012
KJ101589 RVD/Chicken/BRA/98/2010

KJ101586 RVD/Chicken/BRA/85/2010

JN034681 RV D/Chicken/UK/06Y0274/2006
NC014516 RVD/Chicken/DEU/05V0049/2005
JN034682 RV D/Chicken/NLD/10v0133/2010
JN034680 RV D/Chicken/DEU/06Y 0064/2006
JN034683 RVD/Chicken/BGD/BS-7/2010

Qg
8

JN034684 RV D/Chicken/BGD/HS58/2010
JNO034685 RV D/Chicken/BGD/M J-5/2010

JN034679 RVD/Chic ken/DEU/06V0047/2006 i
HQ403603 RVF/Chicken/03V0568/DE /2003  JRvF

HQ323753 RVC/Porcine/KOR/CUK-6/2009
99 [AB738416 RV C/Bovine/JPN/Toyama/2009  |[RVC
AB740140 RVC/MHuman/JPN/Y121/2011
’, D16329 RVA/Avian/JPN/P0O13/1993
EF687020 RV A/Avian/ND/CH2/2006

KC579490 RVA/MHum an/WT/USA/DCA4347/1988
97 AB779621 RVA/Pigm/THA/CMP40/08/2008

JX971573 RV A/Bovine/KOR/K5/2004

D82980 RVA/Avian/JPN/Ty-1/1997
JQ085406 RV A/Avian/KOR/AVRY 2/2011
DQ096805 RVA/Avian/DEU/02V 0002G3/2005

100 NC0O7553 RVH/HUMan/USA/J19/2005
| DQ168033 RV H/HUMan/BGD/B2192005
—

99 HQ403604 RV G/Chicken/03V0567/DEU/2003  JRVG
E JQ904211 RV B/Human//IND/NIV 1048101/2010
RVB
G0358714 RVB/Bovine/IND/RUBY 226/2004
1

Fig.1. Nucleotide neighbor-joining distance tree (maximum com-
posite likelihood nucleotide substitution model) for the par-
tial VP6 rotavirus gene showing the known groups. Strains
detected in the present study are preceded by black triangles.
The numbers at each node are bootstrap values greater than
95 from 1,000 replicates. The bar represents the number of
substitutions per site.
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Alam et al. (2011) described the occurrence of the 0.38%
(1/267) RVD in fecal samples from chickens by PAGE-SS
(polyacrylamide gel electrophoresis and silver staining) in
Bangladesh.

In contrast, Otto et al. (2012) showed a high prevalence
of the RVD in chicken and turkey from commercial flocks
in Europe and Bangladesh. They tested 199 samples from
five different European countries and detected 56 (28.2%
or 56/199) positive samples by Page and PCR. They also
tested 393 fecal samples from three different European
countries and Bangladesh and detected 259 positive sam-
ples (65.9% or 259/393) by RT-PCR.

In Brazil, RVD was previously detected in Northern
Brazilian Region by a specific RT-PCR assay, with a high
occurrence ranging from 53% (16/30 samples) to 35.3%
(30/85) (Bezerra et al. 2012, Bezerra et al. 2014).

The strains characterized in this study are very simi-
lar to those found by Bezerra et al. (2012) and Bezerra et
al. (2014), but were collected in different Brazilian states.
Considering the analysis of group-specific VP6 protein sho-
wed amino acid changes at only one position, i.e., 102, when
compared to the reference RVD used in this study (Gen-
Bank accession number J]N034682) and to other sequences
described in Brazil, confirming the conserved nature of this
protein. In fact, the comparative sequence analysis based
on partial VP6 gene of Indian RVD strains revealed higher
homology with the VP6 genes of the avian RVD from Brazil,
Germany, Netherlands, Bangladesh and UK (Kattoor et al.
2013).

The four RVD strains detected, two of broiler, one of
layer and one of broiler breeder, were from farms with ade-
quate biosafety levels in general, although there are reports
of the occurrence of diarrhea on these farms in previous
batches. In the field, rotaviruses are commonly detected via
molecular methods, however, the situation is complicated
by the fact that rotaviruses (and other co-infecting viruses)
are often found in healthy flocks, exhibiting no enteric di-
sease signs (Jindal et al. 2009, Jindal et al. 2012, Day et al.
2013). Some reports demonstrating the presence of this vi-
rus in healthy flocks of commercial chickens are available
(Pantin-Jackwood et al. 2007, Pantin-Jackwood et al. 2008,
Jindal et al. 2010). Due to rotavirus features of high particle
elimination by infected hosts (Koopmans & Duizer 2004)
and resistance to environmental conditions (Harakeh &
Butler 1984), coupled with the density of flocks, the condi-
tions for transmission of virus are increased.

However, avian rotaviruses have been isolated from
diarrheic chickens, turkey and other avian species in va-
rious parts of the world (Niture et al. 2010). Savita et al.
(2008) reported the detection of RVD in diarrheic fecal in
central India (17.39% or 8/46), and Ahmed et al. (2006)
described the occurrence of the 0.86% (2/232) avian ro-
tavirus in diarrheic fecal samples from broilers in Bangla-
desh.

In the midst of this, data on the characterization of re-
maining genes in these strains, including the impact of de-
tected amino acid mutation, can provide more information
about the molecular features of the virus and improve the
prevention and control of avian rotaviruses.
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CONCLUSION

RVD can be found in all types of poultry farms and it is a
possible role might be suggested on the etiology of enteric
disease. According to results, samples from RVD in Brazil
are similar, but the characterization of remaining genes are
necessary to conclude about viral diversity found in the
field.

Acknowledgement.- To Funda¢do de Amparo a Pesquisa de Sdo Paulo
(Fapesp) for the financial support of the project (2011/10224-9).
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