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ARTICLE INFO ABSTRACT

Keywords: The aim of this retrospective study was to use RT-PCR and nucleotide sequencing analysis to determine the G
Calves (VP7 gene) and P (VP4 gene) genotypes of 155 Brazilian bovine rotavirus A (RVA) wild-type strains detected in
Diarrhea diarrheic calves from all Brazilian geographical regions from 2006 to 2015. The RVA strains evaluated belonged
RVA to the G6, G10, P[5], and P[11] genotypes. The G6P[5] genotype was prevalent (65.5%; P < 0.05) in beef, and
xiz gzgz the G10P[11] (38.4%) and G6P[11] (30.8%) genotypes were more prevalent in dairy cattle herds. The Midwest
Genotype G was the region with the highest number of genotyped RVA strains, where the genotypes G6, P[5], and P[11]
Genotype P were identified. Genotype combination G6-IV/P[5]-IX, prevalent in beef herds, and G6-I11/P[11]-III or G10-IV/P
Lineages [11]-1I1, prevalent in dairy herds, were detected. In addition, for the first time in Brazil, we detected the P[5] and

P[11] genotype RVA strains that belong to lineage II and VII, respectively.

1. Introduction

Rotaviruses (RVs) are the main viral etiology of diarrhea in children
and young animals. They affect a wide variety of species of mammals
and birds worldwide [1-3].

Rotaviruses belong to the Reoviridae family, genus Rotavirus. The
virus is 70-100 nm in diameter and characterized by a non-enveloped
triple-layered protein capsid with a genome composed by 11 segments
of double-stranded RNA (dsRNA) translated into six structural and six
non-structural proteins [2]. Based on the antigenic and genetic char-
acteristics of the VP6 protein/gene that composes the middle layer of
the viral capsid, RVs can be classified into nine (RVA-RVI) distinct
groups or species [4,5]. Recently, Banyai et al. [6] proposed a new RV
group/species (RVJ). Rotavirus A (RVA) is the most common cause of
acute gastroenteritis in young children and neonatal diarrhea in pro-
duction animals such as piglets and calves [1,2]. According to the an-
tigenic and molecular characteristics of the two proteins (VP7 and VP4)
present in the outer layer of viral capsid, the RVA can be classified into

the G and P serotype / genotype, respectively [2]. To date, 36 G gen-
otypes and 51 P genotypes have been described in RVA strains identi-
fied in human and animal hosts [7].

Several RVA genotypes have been detected in calves. These include
14 different G genotypes (G1-G6, G8, G10-G12, G15, G18, G21, and
G24) and 11 P genotypes (P[1], P[3], P[5]-P[7], P[11], P[14], P[17], P
[21], P[29], and P[33]) [8-12]. The G6P[1] (NCDV strain), G6P[5] (UK
strain), G6P[11] (KN-4 strain), G8P[1] (A5 strain), and G10P[11]
(B223 strain) genotype combinations are considered epidemiologically
important in beef and dairy cattle herds worldwide [8,10,13-18].

Based on nucleotide (nt) and deduced amino acid sequences and on
the phylogenetic analysis, it is possible to show genetic heterogeneity in
the G and P genotypes of wild-type RVA strains that can still be phy-
logenetically classified into lineages. So far, the G6 and G10 genotypes
are classified into six (I-VI) [19] and ten (I-X) [20] distinct lineages,
respectively, while the P[5] and P[11] genotypes are classified into nine
(I-IX) [21] and six (I-VI) [22] lineages, respectively.

The aim of this study was to describe the G and P genotypes of wild-
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type Brazilian RVA strains identified in diarrheic calves from 2006 to
2015.

2. Materials and methods
2.1. Inclusion criteria

The diarrheic fecal samples included in this study were selected
from a fecal sample collection sent to the Laboratory of Animal Virology
that is a national reference for the control and diagnosis of animal RV.
The collection consisted of fecal samples of dairy and beef calves up to
60 days old from all Brazilian geographical regions (South, Southeast,
Midwest, North, and Northeast) from 2006 to 2015. The fecal samples
were stored at -80 °C. The sampling, composed of 1589 diarrheic fecal
samples, was previously evaluated by a silver-stained polyacrylamide
gel electrophoresis (ss-PAGE) technique for RVA dsRNA detection, in
which 417 (26.2%) samples were RVA-positive.

To achieve high diversity of genotypes in relation to the geographic
regions, states, counties, and cattle herds included in the analysis, one
or more fecal samples were selected for analysis per farm. Even as in-
clusion criteria in those herds with more than two RVA-positive sam-
ples, the samples with best intensity of dsRNA bands and distinct mi-
gration profile in ss-PAGE were selected. Based on these inclusion
criteria, 155 RVA-positive diarrheic fecal samples from beef (n = 116)
and dairy (n = 39) calves were selected to determine their G and P
genotypes. The calves were from 70 beef and 30 dairy cattle herds lo-
cated in five Brazilian geographical regions.

2.2. Nucleic acid extraction

Nucleic acid extraction was performed using 20% (w/v) fecal sus-
pensions in Tris-Ca?™ buffer, pH 7.4 (50 mM Tris-HCl; 10 mM NacCl;
1.5mM 2-mercaptoetanol; 3mM CaCl,). The mixture was centrifuged
at 2000 x g for 5min at 4°C. Aliquots of 500 uL of supernatant and
50 pL. of sodium dodecyl sulfate were homogenized and incubated at
56 °C for 20 min. The nucleic acid was extracted using a combination of
the phenol/chloroform/isoamyl alcohol (25:24:1) and silica/guanidi-
nium isothiocyanate methods [1]. The nucleic acid was eluted in 50 pL
of ultrapure diethylpyrocarbonate-treated water (Invitrogen Life Tech-
nologies, Carlsbad, CA, USA) and immediately stored at —20 °C until
use. Aliquots of Tris-Ca®* buffer were included as negative controls in
all viral nucleic acid extraction procedures. The cell culture (MA104
cell) adapted bovine RVA NCDV-Lincoln strain was used as a positive
control in the experiments.

2.3. RT-PCR assay

The extracted nucleic acid was submitted to RT-PCR assay using
RVA VP7 and VP4 consensus primers that amplify 1013 [23] or 1062 bp
[24] and 864 (VP5 subunit of the VP4 gene) [23] or 876 bp (VP8
subunit of the VP4 gene) [25,26] to determine G and P genotypes, re-
spectively. The RT-PCR products were analyzed by electrophoresis on
2% agarose gels in TBE buffer, pH 8.4 (89 mM Tris; 89 mM boric acid;
2mM EDTA), containing 0.5 pg/mL ethidium bromide. After electro-
phoresis at a constant voltage (100 V) for 40 min, the gel was visualized
under UV light.

2.4. Sequencing analysis

RT-PCR products were purified using an illustra GFX PCR DNA and
Gel Band purification commercial kit (GE Healthcare, Little Chalfont,
Buckinghamshire, UK) and quantified with a Qubit Fluorometer
(Invitrogen Life Technologies, Eugene, OR, USA). The RT-PCR products
were sequenced with a sequencer ABI 3500 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) using a Big Dye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) with
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the forward and reverse primers used in the RT-PCR assay. The nt se-
quence quality analysis and contig assembly of the RVA gene sequences
were performed with Phred and CAP3 software, respectively, and the
sequences were accepted if the base quality score was =20. Similarity
searches were performed against sequences deposited in GenBank using
the BLASTn software. Multiple and pairwise alignments with RVA
strains available in GenBank were performed with MEGA software
version 7.0.26, and the sequence identity matrix was constructed using
the BioEdit software version 7.2.6.1. Phylogenetic trees based on the nt
sequences were obtained using the neighbor-joining method with the
kimura two-parameter model using MEGA software version 7.0.26. The
bootstrapping probabilities were calculated using 1000 replicates.

2.5. Nucleotide sequence accession numbers

The VP7 and VP4 genes of the Brazilian bovine RVA strains de-
scribed in this study are available in the GenBank database. The ac-
cession numbers for the G6 nt sequences are MG452862 - MG452930,
those for the G10 nt sequences are MG269482 - MG269496, those for
the P[5] nt sequences are MG269497 - MG269512 and MG269513 -
MG269539, and those for the P[11] nt sequences are MG269540 -
MG269547 and MG269548 - MG269572.

2.6. Statistical analysis

Fisher's exact test, performed using the Minitab 16.1.1.0 software
and adopting a value of P < 0.05, was used to analyze the frequencies
of the RVA G and P genotypes identified in diarrheic calves according to
cattle exploitation type (beef x dairy).

3. Results

The most frequent G and P genotypes detected in the Brazilian wild-
type bovine RVA strains evaluated in this study were G6 (133/155) and
P[5] (87/155) (Table 1). The G6 genotype was identified in combina-
tion with the P[5] (n = 85), P[11] (n = 34), and P[X] (P not-de-
termined) (n = 14) genotypes. With the exception of two RVA strains,
in which the G genotype could not be identified (GX), the P[5] genotype
was only found in combination with the G6 genotype. The G10 geno-
type was identified with P[11] (n = 19) and P[X] (n = 1) genotypes
(Table 1).

A different distribution of the G and P genotype combinations was
found according to the exploitation type. G6P[5] (65.5%; 76/116) was
the combination that occurred more frequently in beef, while G10P[11]
and G6P[11] occurred more frequently, at 38.4% (15/39) and 30.8%
(12/39), respectively, in dairy cattle herds (P < 0.05) (Table 2).

The RVA G and P genotype distribution showed differences ac-
cording to the Brazilian geographical regions evaluated. The Midwest
region, which is the major region of the Brazilian beef cattle industry,
had the highest number of RVA strains genotyped. However, with re-
spect to the G genotype, only the G6 genotype was identified in this
region, in association with the P[5], P[11], and P[X] genotypes. The
South and Southeast regions presented more genetic diversity in terms

Table 1
G (VP7) and P (VP4) genotypes of wild-type RVA strains found in diarrheic
calves of Brazilian cattle herds.2006-2015.

P G Total
G6 G10 GX

P[5] 85 - 2 87

P[11] 34 19 - 53

P[X] 14 1 - 15

Total 133 20 155

* undetermined genotype.
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Table 2
G (VP7) and P (VP4) genotypes of wild-type RVA strains identified in diarrheic
beef and dairy calves in Brazil.2006-2015.

RVA Exploitation type Total (%)
genotype

Beef (%) Dairy (%)
G6P[5] 76 (65.5)* 9 (23.1)* 85 (54.8)
G6P[11] 22 (19.0)° 12 (30.8)* 34 (21.9)
G10P[11] 4 (3.4) 15 (38.4)% 19 (12.3)
G6P[X] 11 (9.5)¢ 3 @7.7)° 14 (9.0)
G10P[X] 1 (0.9)¢ - 1(0.7)
GX'P[5] 2 (1.7)¢ - 2(1.3)
Total 116 39 155

Different letters denote significant differences (P < 0.05) between genotypes
(beef-dairy).

* undetermined genotype.

Table 3

The most common G and P genotypes of wild-type RVA strains identified in
diarrheic calves, according to the geographical region of the cattle herds in
Brazil.2006-2015.

RVA Brazilian geographical region Total
Genotype

South Southeast Midwest North Northeast
G6P[5] 17 9 56 - 85
G6P[11] 5 10 18 1 - 34
G10P[11] 15 4 - - - 19
G6P[X] 4 2 8 - - 14
G10P[X] 1 - - - - 1
GXP[5] - 1 1 - 2
Total 42 26 83 1 155

(=) no bovine RVA strain showed this genotype combination.

of the RVA G and P genotypes. The G6 genotype was identified in RVA
strains of all Brazilian regions included in the study. The P[5] and P[11]
genotypes were found in the main bovine producing regions of Brazil
(Table 3).

G and P genotype combinations of RVA strains distributed according
to the year of diarrheic fecal sample collection identified the G6P[5]
genotype in RVA strains from all 10 years evaluated. The G6P[11]
genotype combination was not found only in two years of this study
(2006 and 2008), while G10P[11] was identified only after 2011
(Table 4).

The nt sequences of the Brazilian RVA strains VP7 gene were
compared with the G6 and G10 genotype sequences deposited in the
GenBank database. The 69 G6 RVA strains characterized in this study

Table 4

G and P genotype combinations in Brazilian wild-type RVA strains identified in
diarrheic calves in beef and dairy cattle herds, distributed according to the year
of the diarrheic fecal sample collection.

Year G and P genotype combinations Total
G6P[5] G6P[11] GI1OP[11] G6P[X] GIOP[X] GXP[5]
2006 3 - - - - - 3
2007 4 4 - - - - 8
2008 2 - - 2 - - 4
2009 20 2 - 1 - - 23
2010 1 3 - - - - 4
2011 5 7 1 1 - - 14
2012 7 3 1 - - - 11
2013 11 6 8 5 - 31
2014 28 8 9 2 - - 47
2015 4 1 - 3 - 2 10
Total 85 34 19 14 1 2 155

(-) none bovine RVA strain showing this genotype combination.
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clustered together with strains from the G6-III (n = 12) and G6-IV
(n = 57) lineages. The Brazilian G6-III strains exhibited 93.6 to 97.7%,
93.7 to 94.9%, and 93.2 to 99.7% of nt identity with bovine G6-III RVA
strains (B61, SI-B17, B609_BA, and B3206_BA), with human G6-III RVA
strain (Hun3), and with other G6-III RVA strains detected in cow,
buffalo, and rabbit hosts, respectively. The Brazilian G6-IV strains
showed 90.7 to 95.4%, 89.8 to 95.8%, 89.2 to 95.8%, and 86.9 to
99.8% of nt identity with the UK prototype strain (G6P[5]), the NCDV
prototype strain (G6P[1]), the WC3 prototype strain (G6P[5]), and with
other G6-IV RVA strains detected in cow, pig, horse, cat, and turkey
hosts, respectively. The Brazilian G6-III and G6-IV RVA strains were
found to have 96.4 to 100% and 87.9 to 100% of nt identity to each
other, respectively. In the phylogenetic tree, the G6-III strains clustered
together, and the G6-IV strains clustered in different branches into
lineage IV (Fig. 1).

The 15 G10 Brazilian RVA strains characterized in the present study
were compared with representative RVA strains of the ten G10 lineages.
Two G10 Brazilian RVA strains clustered into the G10-III lineage and 13
into the G10-1V lineage (Fig. 2). The G10-III RVA strains exhibited
88.6-90.3%, 92.5-92.6%, and 93.6% of nt identity with human (I321
and N155), bovine (TO1TR), and giraffe (GirRV-1) G10-III RVA strains,
respectively. The G10-IV RVA strains shared 93.9-96.4% and
91.9-96.8% of their nt identity with the B223 prototype strain (G10P
[11]) and with other G10-IV RVA strains detected in bovine hosts, re-
spectively. The Brazilian G10-III and G10-IV RVA field strains shared
99.7% and 89.6-100% of their nt identity with each other.

Two different fragments of the VP4 gene (the VP5 and VP8 sub-
units) were obtained depending on the primer pair used in the RT-PCR
assay. The RVA strains described herein were characterized as the P[5]
and P[11] nt sequences and were compared with nt sequences acquired
from the GenBank database. The 16 P[5] RVA strains of the VP8 subunit
showed 92.8 to 99% nt identity with the prototype of the P[5]-IX
lineage strain (BRA1532) and 92 to 100% of nt identity to each other.
These P[5] strains grouped together with the prototype P[5]-IX in the
phylogenetic tree and in a distant branch of the other P[5] lineages
(Fig. 3). One P[5] strain of the VP5 subunit exhibited 95.8 to 98.9% nt
identity with the P[5]-II prototype strains (B2376_D_BA and 791_BA)
from Argentina. The other 26 P[5] RVA strains of the VP5 subunit
showed 86 to 93.5% of nt identity with the representative P[5] strains
of lineages I to VIII. The 26 P[5] RVA strains presented 93.5 to 100% of
nt identity with each other and clustered together in a branch far from
the other P[5] lineages, which suggests that it may represent lineage IX
described using the VP8 subunit of the VP4 gene (Fig. 4).

Thirty-one P[11] RVA strains obtained in this study grouped into
the P[11]-III lineage in the phylogenetic tree and two P[11] strains
formed a new branch separated from the other lineages of P[11] gen-
otype, therefore, we proposed a new lineage, named (P[11]-VII) (Figs. 5
and 6). Eight P[11]-III strains were obtained using a primer pair that
amplified the VP5 subunit and that presented 94.4 to 95.9% nt identity
with the B223 prototype strain (G10P[11]); 93.1 to 96% of nt identity
with P[11]-III RVA strains; and 91.9 to 100% with each other. The 23 P
[11]-11I strains amplified with the primer pair of the VP8 subunit shared
95.1 to 97.7% nt identity with the B223 prototype strain; 92.9 to 100%
with other P[11]-III strains detected in bovine, giraffe, and rabbit hosts;
and 93.2 to 100% with each other. The two P[11]-VII strains amplified
with the primer pair of the VP8 subunit showed 86.5 to 91.6% of nt
identity with the representative P[11] strains of lineages I to VI and
100% of nt identity with each other.

4. Discussion

Even considering the great number of diarrheic fecal samples ob-
tained from beef and dairy herds located in the most important
Brazilian geographical regions of cattle breeding, the neonatal diarrhea
by RVA infection in calves evaluated in this study was predominantly
due to the G6P[5] strains. This genotype combination was also reported
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Fig. 1. The VP7 phylogenetic tree with 706 bp amplicon (158-863 nt) of the G6 genotype lineage assignments G6-I to G6-VI. The tree was constructed using the
neighbor-joining method and the Kimura two-parameter model for nt substitution. The bootstrap values are shown at the branch nodes (values < 70% are not
shown). The scale bar at the bottom of the tree represents the number of nt substitutions per site. The GenBank accession numbers of the strains are provided in
parentheses. The Brazilian bovine RVA G6 strains are indicated with a filled circle.
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Fig. 2. The VP7 phylogenetic tree with 760 bp amplicon (151-910 nt) of the G10 genotype lineage assignments G10-I to G10-X. The tree was constructed using the
neighbor-joining method and the Kimura two-parameter model for nt substitution. The bootstrap values are shown at the branch nodes (values < 70% are not
shown). The scale bar at the bottom of the tree represents the number of nt substitutions per site. The GenBank accession numbers of the strains are provided in

parentheses. The Brazilian bovine RVA G10 strains are indicated with a filled circle.

as the most common in bovine RVA strains identified in other studies
performed in Brazil and around the world [10,13,17,18,27-29].

A small range of genotypes was found in the RVA strains, including
two G genotypes (G6 and G10) and two P genotypes (P[5] and P[11]).
In contrast, genotyping studies in porcine and human RVA strains de-
monstrated the occurrence of a wide variety of genotypes circulating
simultaneously or causing diarrhea outbreaks with the reemergence
and/or the emergence of new genotypes [10-12,30]. The reason for the
greater diversity of the G and P genotypes in porcine RVA strains
compared to bovine RVA strains is unknown. Some authors suggest that
differences in breeding practices and facilities, life cycle, and the trade
and transport of animals are important factors to be considered [10].
Furthermore, some authors suggest that the presence of different cattle
breeds, different systems of breeding, different ecological areas and
different virus biology can be used to explain the diversity of RVA
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strains detected in bovine RVA strains [22].

A different distribution of G and P genotype combinations was
found according to the cattle exploitation type, in which the G6P[5]
genotype combination was more frequent (65.5%) in beef, and the
G10P[11] (38.4%) and G6P[11] (30.8%) combinations were more
frequent in dairy herds. In Argentina (2004-2010), G6P[5] was also the
most frequent genotype combination in RVA strains found in beef cattle
herds. Although genotype G10P[11] was found mainly in diarrheic
fecal samples in dairy calves in the Brazilian study, a different dis-
tribution of the G6P[11] (21%), G10P[11] (17%), and G6P[5] (14%)
genotypes was found in Argentinean dairy herds [17].

Although the diversity of the RVA genotypes found in dairy herds is
considered to be low, it was higher than that in beef herds. Although
the number of RVA strains from the Brazilian Midwest exceeded the
analyzed number of other regions, the G10P[11] genotype was
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@ RV A/Cow-wt/BRA/ 786-PR/2012/G6P5
@ RV A/Cow-wt/BRA/24-GO/2011/G6P5
@ RV A/Cow-wt/BRA/38-PB/2013/G6P5
@ RV A/Cow-wit/BRA/780-PR/2012/G6P5

@ RV A/Cow-wt/BRA/317-MS/201 4/G6P5
@ RV A/Cow-wt/BRA735-MS/2011/G6P5

@ RV A/Cow-wt/BRA/976-SC/2014/GEPS
@ RV A/Cow-vt/BRA/427-GO/2008/G6PS
@ RV A/Cow-vt/BRA/ 548-MG/2009/G6P5
@ RV A/Cow-wt/BRA/18-MG/2012/G6P5
100 | @ RVA/Cow-vt/BRA/ 576-PR/2005/G6P5
@ RV A/Cow-wt/BRA/ 576-M3/2009/G6P5
@ RV A/Cow-wt/BRA/299-MS/2006/G6P5
@ RV A/Cow-vt/BRA/ 500-MT/2009/G6P5
RVA/Cow-tc/GBR/UK/1973/G6P5 (M22306)
RVA/Cow-tc/USAMWC3/1981/GEP5 (L42982)
RVA/Cow-tc/USA/BEA /198x/GEPS (ME3267)
RVA/Horse-tc/JPN/OH-4/1982/G6P5 (KC815661)
RVA/C ow-wt/KOR/KIT5/2004/G5P5 (DQ494408)
RVA/Human-wt/USACIN-M/1988/G1P5 (D16351)
RVA/C ow-tc/USANMRIZEEEIGEPS (U53923)
RVA/Cat-tc/IPN/FRV537/2004/G6P5 (LC074696)
RVA/Pig-o/CHN/ASLOC0IGIPS (L10358)
RVA/Cow-o/GBRV1005/2008G10PS (X79795)
RVA/C ow-wt/IRL/CIT-A99/200x/GEP 5 (GQ414745)
%8 RVA/Cow-wt/ZAF/1603/2007/G6P5 (JN831212)
RVA/Cow-tc/THA/M1A/1989/G10P5 (D13396)
80 - RVA/Pig-tc/THA/P343/1991/G10P5 (AB972859)
97 — RVA/Cow-wt/ARG/791 BA/1999/G10P5 (KC895826)
RVA/Cow-wit/ARG/B180 B LP/1997/G6P5 (KC895830)
99 RVA/Cow-wit/ARG/B2376 D BA/2003/G10P5 (KC895831)
100 I RVA/Cow-wi/ARG/B2449 BA/2005/G6P5 (KC895833)
80 — RVA/Cow-wt/ARG/B2590 B BA/2004/G6P5 (KC895836)
RVA/Cow-wit/ARG/B3035 B BA/2007/G6P5 (KC895822)
RVA/Cow-wit/ARG/B2184 B 5F/2004/G6P5 (KC8958200)
RVA/Cow-wit/ARG/B2818 B BA/2005/G6P5 (KC895817)
RVA/Cow-wit/ARG/B1115 B Co/2000/G6P5 (KC895815)
RVA/Cow-wit/ARG/B1501 B BA/2001/G6P5 (KC895811)

RVA/Cow-wt/BRA/BRA1532/2009/G6P5 (JQ943576)

P[5}

P[5I

P[5}

Fig. 3. The VP4 (VP8 subunit) phylogenetic
tree with 632 bp amplicon (73-704 nt) of the P
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[5]-IX. The tree was constructed using the
neighbor-joining method and the Kimura two-
parameter model for nt substitution. The
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identified only in strains from the South and Southeast regions.

The G6P[11] genotype was not found in two years of study (2006
and 2008), and the G10P[11] genotype was only identified after 2011.
Other studies previously conducted in Brazil identified these RVA
genotype combinations in 1996-1999 [13]; the G6P[11] in 2011 [31],
and the G10P[11] in 2003 [32].

It is likely that the genotype profile of bovine RVA strains has
changed over time. The G6P[1] was not detected in any RVA strains
included in this study other than the period (10 years) and number of
strains (n = 155) evaluated. During 1996-1999, our research group
genotyped 50 RVA strains from eight dairy and/or beef cattle herds
located in the South, Southeast, and Midwest regions of Brazil. The G6P
[1] (NCDV-Lincoln like) genotype was found in 12% (6/50) of the RVA
strains analyzed, while the G6P[5] genotype was described in 40% (20/
50). Additionally, unusual associations of the G and P genotypes, G8P
[11] (n = 1) and G5P[1] (n = 1) were identified [13]. Thus, it has been
observed that for over 20 years, G6P[5] has been the most frequent
genotype combination found in the Brazilian wild-type bovine RVA
strains identified in diarrheic calves.

G8 is a RVA genotype described in cattle [17,33,34]. However, this
genotype was not found in any fecal sample analyzed in this study or in
other surveys performed in Brazil [21,29,32,35] and other countries,
such as Argentina [22], Tunisia [36], and Iran [37].

Considering the importance of the Brazilian cattle industry, cow
vaccinations to prevent RVA infection and control neonatal diarrhea are
still rare in both beef and dairy herds. However, based on data from the
last decade, there is no doubt that there was a considerable increase in
the use of bovine RVA commercial vaccines in Brazil, mainly containing
genotype G6P[1]. In spite of this increase, reports of diarrhea in calves
and even outbreaks of diarrhea have increased. This is likely due to
changes in the reproductive management of beef cattle herds, as the use
of fixed-time artificial insemination and 3- to 4-month breeding seasons
has increased the health risk for the occurrence of neonatal calf
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RVA/Cow-tc/USAMNCDV/1967/G6P1 (AB119636) ]P[1]

diarrhea. At the same time, vaccine failures may occur, as diarrhea
outbreaks in calves of regularly vaccinated cattle herds in Brazil, with
vaccine containing RVA genotype G6P[1] have been observed [16,21].

The G6 genotype of Brazilian bovine RVA sequences were dis-
tributed more frequently in G6-III and G6-IV lineages, according to an
association with the P[11] and P[5] genotypes, respectively. A similar
distribution was observed in a study conducted in Argentina, where the
G6-IV was detected in association with P[5] and P[11] and the G6-III
with the P[11] [17]. In this study, only two G6 lineages were demon-
strated. However, we observed great diversity in the G6-1V lineage with
sequences grouping with different RVA strains. The G10 genotype
clustered with the G10-III and G10-IV lineages, even though 10 dif-
ferent lineages in this genotype were described [20].

Here, we report that the P[5]-I and P[11]-VII lineages were de-
scribed for the first time in the RVA strains identified in Brazilian cattle
herds. The P[5] genotype of bovine RVA sequences also clustered with
the P[5]-IX lineage, and had extreme diversity with other lineages de-
scribed for this genotype [21,22] and the P[11] genotype sequences
also clustered in the P[11]-III lineage, previously detected circulating in
the Brazilian Midwest region by our research group [31].

In two RVA strains, it was not possible to characterize the G geno-
type, and this result was not unexpected. However, with respect to the P
genotype, it was not possible to obtain an amplicon of the VP4 gene in
15 RVA strains, even performing several attempts and using three dif-
ferent pairs of primers [23,25,26].

The mistyping of the VP7 or VP4 genes has been documented in
RVA strains of human and animal origin worldwide [13,27,35]. This
can be caused by the presence of inhibitors of RT-PCR reaction in the
feces, fecal sample conservation problems or viral infection with lower
titers. However, this should not be the reason for the failure in the P
genotype determination, since in all 15 bovine RVA strains in which P
genotype was not determined was possible to determine the G geno-
type. This is likely due to the accumulation of point mutations or
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7] Fig. 4. The VP4 (VP5 subunit) phylogenetic
tree with 694 bp amplicon (1,131-1,824 nt) of
the P[5] genotype lineage assignments P[5]-I
to P[5]-IX. The tree was constructed using the
neighbor-joining method and the Kimura two-
parameter model for nt substitution. The
bootstrap values are shown at the branch
nodes (values < 70% are not shown). The scale
bar at the bottom of the tree represents the
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homologous recombination and hybridization of primers to the target
sequences may have been responsible for not determining the P geno-
type in the 15 bovine RVA strains included in this study [27,32,38-40].

Molecular characterization of RVA strains circulating in animals is
of great importance in terms of both animal and public health.
Phylogenetic studies of RVA strains G6P[14], G12P[11], G10P[14]
circulating in cattle has been related to diarrheal disease in children
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00 | @ RV AiCow-wi/BRAR71-MSI2014iGEP1 1

1
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throughout the world, providing evidence for bovine to human inter-
species transmission and reassortment events [41,42].

The importance of genotyping studies, mainly with retrospective
design, carried out in several geographical regions and under different
cattle breeding conditions (beef and dairy herds) contribute to virus
evolution comprehension. The epidemiological surveillance of the RVA
genotypes circulating at any given time in a given host is therefore

Fig. 5. The VP4 (VP5 subunit) phylogenetic
tree with 760 bp amplicon (1,112-1,871 nt) of
the P[11] genotype lineage assignments P[11]-
I to P[11]-VI. The tree was constructed using
the neighbor-joining method and the Kimura
two-parameter model for nt substitution. The
bootstrap values are shown at the branch
nodes (values < 70% are not shown). The scale
bar at the bottom of the tree represents the
number of nt substitutions per site. The
GenBank accession numbers of the strains are
provided in parentheses. The Brazilian bovine
RVA P[11] strains are indicated with a filled

pL11]-111

100
—::VAHW-MHNDNISSQUU7ﬁIUFII (EU200796)
99 RV A/Human-tc/INDA321/1988-1991/G10P11 (LO7657)

RVAICow-wt/ARG/B2592 B Col2004/1G6P11 (KC895859)

PL11]-11

RVAICow-wifARG/B3700 D BA2008/G6P11 (KC895360) PL11]-v1
94 RVA/Cow-wifARG/B1191 B BAR000/G10P11 (KC895838) ]
RV A/Cow-wt/ARG/B154112001/G6P11 (KC895843) 7
100 RVAICow-wtRG/B383/1998/G15P11 (FI347114) PL11]-1v
95 RVAICow-wt{ARG/B611 BAN9IYIGEP11 (KCR95341) |
RV AICow-wi/ARG/BI96 B Co/2000/G10P11 (KC895849) L1}V
" as | 100 |1 RV AiCow-wifARG/B1988 BAR002IGEP11 (KC95847)
RVA/Huran-tc/IND/1 16E/1985/GOP1 1 (LO7934) JPLL1
0.01

96

circle.



T.N. da Silva Medeiros, et al.

98

Comparative Immunology, Microbiology and Infectious Diseases 64 (2019) 90-98

'-’5 @ RVA/ICow-wt/BRA888-PRI2013/G10P11

@ RV AICow-wit/BRA889-PRI2013/G10P11
100 @ RV A/Cow-wA/BRAI026-PRI2014iG10P11
@ RV ACow-wt/BRA/ 38-MGI2013/G10P11
96 | @ RV AICow-wt/BRA/43-MGi2013/G10P11

RV A/Cow-wt/BRAI235-PRI2013/G10P11

® - .
@ RVA/Cov-wt/BRA2000-PR20141G10P11

@ RV A/Cow-wt/BRA2005-PRI2014iG10P1 1

100 | @ RV A/Cow-wi/BRA2014-PR2014G10P11

L @®RVAICow-wt/BRA/11-PRI2012/G6P11
@ RVACow-wtBRAMN641-MGR2007/G6P11
————= .RVAJCuw wiBRA20-PRI2011/G10P11

@ RV A/Cow-vt/BRADA4-MS2013/G6P1 1
@ RVA/Cow-wt/BRA/ 427 MGR009/GEP1 1
@ RVA/Cow-wA/BRA/358-GO2007/G6P1 1
@ RVA/Cow-wi/BRAGS-RR2011G10P11
@RV A/Cow-vt/BRA/908-PRI20131G6P1 1
@ RV AICow-vwt/BRA/N910-PRI20131GEP1 1
99 | @ RVA/Cov-vt/BRA/929-PRI2013/G6P11

27

RV A/Cow-te/TUR/Turkey421-052005/G6P11 (FI878797)
SCow-vwAMND/UKDO9M-1/2009/G3P11 (HIM235506)

RVAMRabbit-te/NLD/K 1130027/201 1/G6P11 (KC433333)

RV ACow-wtZAFMRC-DPRU456/2009/G6P11 (KP752880)

RVAICow-wtTUN/B70/16-12-06/TUN/2006/G6P11 (KF724031)

RV AICow-te/USAM223/1983/G10P11 (M92936)

100 | RVAICow-tc/CHN/DQ-75/2008/G10P11 (GU181281)

100, RV AiCow-wit/BRATHAF01/2013/G6P11 (KX121175)
@ RVACow-wi/BRAI3-SPR2011/G6P11
RV AICow-wtBRABRA174312011/G6P11 (KCE73697)
@ RVAICow-wit/BRAN943-PRI2013/G10P11
@RV AICow-wt/BRA/N979-PRI2014(G10P11
@ RVAICow-wit/BRAMN9S5-PRI2014IG10P11

RV ACow-tc/AUS/MB-11/1988IG10P11 (4Y047438)

92 RV A/Cow-wt/ARG/B1410 D BAR001/GEP11 (KC895339)

86 RV AICow-wt/ARG/B181 B BA/I997/G10P11 (KC895857)
| RV ACow-wt/ARG/B2592 B Cof2004/G6P11 (KC895859)

0 | RVAiCow-wt/ARG/B2602 B BA2004IGEP11 (KC95354)

99

100

RVAICow- thARGIB2451 BAR005IGEP11 (KC295853)

RV A/Cow-wtiARG/B165202001/G6P11 (KC395840)
RVAICow-wt/ARG/B3045 D BAR007/G10P11 (KC895851)
RV A&ICow-wt/&RG/B3309/2007/G10P11 (KC895856)
RVAICow-wtiARG/B3700 D BAS2008/G6P11 (KC895860)
RVAICow-wt/ARG/B1191 B BAR2000/G10P11 (KC295838)
RVACow-wt/ARG/B1068 B BAR2000/G10P11 (KC895855)

RV ACow-wt/ARG/B293412006/G10P11 (KC895852)
RVACow-wt/ARG/B2659 B BAR004/G10P11 (KC295858)

| @ RVAICow-wit/BRA/811-SP2012/G6P11

1001 @ RV A/Cow-wi/BRA/813-SPR012/1G6P1 |
91 RV AICow-wi/ARG/B1233 B BARIODIGEP1 1 (KCE95846)
RVA/Cow-wtiARG/B1982 BAROD2IGEP11 (KC295847)

100

|_|:RVAJCOW-WUARGIBD% B Co/2000/G10P11 (KC895849)
RVAICow-wtiARG/B1595 Nei2001/G10P11 (KC895848)
ﬁRVAJCuw»WtIARG!BIDBG B Co/f2000/G10P11 (KC895844)

RVAICow-wi/ARG/B383/1998/G15P11 (F1347114)

100 RV A/Cow-wilARGIB154112001/G6P11 (KC895843)
N RVACow-wt/ARG/E175 D BAN99TIGEP11 (KC295342)
RVAICow-wt{ARGB611 BA/99IIGEP11 (KC295841)

RV AfHuman-wtIND/N212/2004iG10P11 (KC175195)
RV A MHuran-wtIND/N1552007/G10P11 (EU200796)

100

RVAM: te/IND/321/1983-1991/G10P11 (LO7657,

)
RV AfHuran-te/IND/116E/1985/GOP11 (LO7934)

PL11]-111

PL11]vT

PL11]v11

PL11]Y

Pl11]1Y

PL11]-11

Je1)1

Fig. 6. The VP4 (VP8 subunit) phylogenetic
tree with 697 bp amplicon (125-821 nt) of the
P[11] genotype lineage assignments P[11]-I to
P[11]-VIL The tree was constructed using the
neighbor-joining method and the Kimura two-
parameter model for nt substitution. The
bootstrap values are shown at the branch
nodes (values < 70% are not shown). The scale
bar at the bottom of the tree represents the
number of nt substitutions per site. The
GenBank accession numbers of the strains are
provided in parentheses. The Brazilian bovine
RVA P[11] strains are indicated with a filled
circle.
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5. Conclusion

Compared to studies conducted in Brazil with RVA strains described
in human and porcine hosts, the G and P genotype diversity in bovine
RVA field strains identified in this study are relatively low. However,
the diversity of G and P genotypes clearly increased after 2011.
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