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Abstract

Since 2004, the Pan American Health Organization (PAHO) has carried out rotavirus surveillance
in Latin America and the Caribbean. Here we report the characterization of human rotavirus with
the novel G-P combination of G4P[14], detected through PAHO surveillance in Barbados. Full
genome sequencing of strain RVA/Human-wt/BRB/CDC1133/2012/G4P[14] revealed that its
genotype is G4-P[14]-11-R1-C1-M1-A8-N1-T1-E1-H1. The possession of a Genogroup 1 (Wa-
like) backbone distinguishes this strain from other P[14] rotavirus strains. Phylogenetic analyses
suggested that this strain was likely generated by genetic reassortment between human, porcine
and possibly other animal rotavirus strains and identified 7 lineages within the P[14] genotype.
The results of this study reinforce the potential role of interspecies transmission in generating
human rotavirus diversity through reassortment. Continued surveillance is important to determine
if rotavirus vaccines will protect against strains that express the P[14] rotavirus genotype.
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Group A rotaviruses (RVA) are the most frequently detected viral agents associated with
acute gastroenteritis in infants and young children worldwide (Parashar et al., 2006).
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Globally, an estimated 453,000 children die of RVA every year (Tate et al., 2012) and most
deaths occur in low- to middle-income countries in sub-Saharan Africa, South- and
SouthEast Asia, and parts of the Americas (Parashar et al., 2009). In 2004, the Pan
American Health Organization (PAHO), initiated regional RVA surveillance in Latin
America and the Caribbean to obtain useful comprehensive disease-burden data for policy
makers to help implement the RV A vaccine program (de Oliveira et al., 2009). The
Caribbean Epidemiology Center (CAREC) and its successor, the Caribbean Public Health
Agency (CARPHA), provide laboratory reference and epidemiology services to member
countries of the Caribbean community [(Hamilton and Diggory, 1979); http://carpha.org/].
As part of the surveillance program, strain monitoring is being conducted at the U.S. Centers
of Disease Control and Prevention (CDC) to determine if changes occurred in strain
prevalence after introduction of the vaccine.

RVA are members of the Reoviridae family. The RVA genome consists of 11 double-
stranded RNA gene segments that encode six structural (VP1-4 and VVP6-7) and five or six
non-structural (NSP1-5/6) proteins (Estes, 2007). The traditional binomial RVA
classification system was based on the two outer capsid proteins, VP7 and VP4 and at least
27 G-types and 35 P-types have been identified (Matthijnssens et al., 2011). Extending the
classical binomial genotyping system using the VP4 and VVP7 segments, a new RVA
classification system was proposed in which all 11 segments are considered (Matthijnssens
etal., 2011). Following this new classification system, the notations of Gx-P[x]-Ix-Rx-Cx-
Mx-Ax-Nx-Tx-Ex-Hx are used for the VP7-VP4-VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-
NSP4-NSP5/6 encoding genes, respectively.

In humans, there are at least five common G types (G1-G4 and G9), and three common P
types (P[4], P[6] and P[8]) circulating worldwide (Banyai et al., 2012; Gentsch et al., 2005;
Patel et al., 2011; Santos and Hoshino, 2005) Other previously uncommon G and P types
(e.g., G5, G8, G12, P[14], P[19]) have been more frequently associated with human disease
in the last decade (Chitambar et al., 2011; Cilla et al., 2012; Cunliffe et al., 2001; Esona et
al., 2009a; Esona et al., 2009b; Matthijnssens et al., 2009a; Saikruang et al., 2013). These
reports highlighted reassortment based interspecies and zoonotic transmission of RVAs
(Gentsch et al., 2005; Martella et al., 2010). Genetic reassortment is common due to the
segmented nature of RVA. Following mixed infections, chimeric progeny viruses with novel
constellation of segments and unusual phenotypes can be formed (Estes, 2007).

Here we report the genetic characterization of a G4P[14] reassortant RV A strain,
representing a novel VP7-VVP4 genotype combination, detected through the PAHO RVA
Surveillance program in Barbados.

In 2012, a 6-year-old boy presented to a physician in St. Peter Parish, Barbados with
vomiting, diarrhea, and a dry cough. A stool sample was collected when the patient returned
to the doctor’s office 3 days later with abdominal pain. The sample was forwarded to the
CDC for genotyping along with 20 other surveillance samples from Barbados that year.
RNA was extracted from the sample using the MagMax 96 Viral RNA Isolation kit (Applied
Biosystems, Inc., Foster City, CA) on KingFisher Flex Magnetic Particle Processor (Thermo
Fisher Scientific, Pittsburgh, PA). The extracted dsSRNA was denatured at 97°C for 4 min,
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RT-PCR and DNA cycle sequencing were carried out as previously described (Esona et al.,
2009b). Previously published primers were used for the amplification of VP2, VP3, VP6,
VP7, NSP2, NSP3, NSP4, and NSP5 gene segments (Das et al., 1994; Gouvea et al., 1990;
Iturriza-Gomara et al., 2001; Matthijnssens et al., 2006; Mijatovic-Rustempasic et al., 2011,
Tsugawa and Hoshino, 2008). New primers were also designed for amplification of VP1,
VP4, and NSP1 genes based on initial sequencing results, some with M13 sequencing tails
(Table 1).

Sequences were aligned using the MUSCLE program within MEGA version 5 (Tamura et
al., 2011). Once aligned, the JModelTest 2 program (Posada, 2008) was used to identify the
optimal evolutionary model that best fitted the sequence datasets. Using corrected Akaike
Information Criterion (AlCc) the following models; GTR+1+G (NSP1 and VVP7), TRM+G
(NSP2), TIM3+G (NSP3), GTR+G (VP1 and VP4), HKY+G (NSP4), TIM1+G (NSP5),
TIMI+I+G (VP2), GTR+I (VP3), and GTR+I (\VP6) were found to best fit the sequence data
for the different genes. Using these models, maximum likelihood trees were constructed
using PhyML 3.0 along with aLRT statistics for branch support (Guindon et al., 2010). The
evolutionary rate for VP4 gene was calculated as described previously (Matthijnssens et al.,
2010) using BEAST (Drummond and Rambaut, 2007). We used the GTR evolutionary
model (based on jModeltest) along with a log normal relaxed clock. The MCMC chains
length was set at 10,000,000 with sampling every 10,000 runs. The location was compiled
from GenBank and added as a discrete trait. GenBank accession numbers (NSP1-5, \VP1-4,
VP6 and VP7) for each individual genomic segment are: KF035102-12, respectively.

The complete open reading frames for all eleven genes were sequenced and revealed that
this strain, designated RVA/Human-wt/BRB/CDC1133/2012/G4P[14], possesses a novel G
and P combination of G4P[14] and a full genome constellation of G4-P[14]-11-R1-C1-M1-
A8-N1-T1-E1-H1. This is the first P[14] strain shown to possess a Genogroup 1 (Wa-like)
genomic backbone. This was the only G4P[14] strain detected in Barbados in 2012. Of 21
samples genotyped that season, G3P[8] was the predominant genotype, comprising 90.5% of
all strains, and there was a single G1P[8] detection.

For VVP7, we compared the sequence of our G4P[14] strain to those of published human and
porcine RVAs with known G4 specificities and found that the Barbados strain \VP7 gene
clusters with genes of other human and porcine G4 strains from lineage VI (McDonald et al.,
2011) (Figure 1A). The strain RVA/Human-wt/BRB/CDC1133/2012/G4P[14] VPT gene
exhibits 92% homology to human strain M3014 and porcine strain O-1, which has
previously been shown to have a combination of antigenic regions showing significant
homology to more than one serotype (G9 and G4) (Hoshino et al., 2005; Palombo et al.,
1997). G4 porcine RVAs are believed to share common origin with human Wa-like strains
(Matthijnssens et al., 2008a).

For the P[14] VP4 gene, we performed phylogenetic analysis of 33 P[14] strains available in
GenBank (Figure 1B). These P[14] strains exhibit notable genetic variation with an overall
mean diversity of 86.4% (range 79.3-100% identity). The VP4 gene of strain RVA/Human-
wt/BRB/CDC1133/2012/G4P[14] shared the highest degree of nucleotide sequence identity
with P[14] strains from an human outbreak in Northern Territory, Australia, in 2011
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(Cowley et al., 2013) with 91.2% identity and 88.2% or less with other P[14] strains. Within
P[14] strain genes, we identified 7 lineages with strong bootstrap support and a minimum of
10% genetic distance between lineages (Figure 1B). Previous studies suggested that human
P[14] strains have common origins with those of the even-toed ungulates belonging to the
mammalian order Artiodactyla (Matthijnssens et al., 2009b). All lineages contain strains that
were detected in humans. Lineage Il and V exhibit the greatest genetic diversity of the
lineages and contain G3 strains from rabbits. Lineages I, I, IV and VII contain G6, G8 and
G10 strains isolated from bovines, guanacos, sheep, and other ungulates. Strain RVA/
Human-wt/BRB/CDC1133/2012/G4P[14] VP4 gene occupies lineage VI shared with the
aforementioned P[14] strains from Australia (Figure 1B) (Cowley et al., 2013). Unlike the
Barbados strain, the Australian P[14] strains possess a G10-P[14]-12-R2-C2-M2-A11-N2-
T6-E2-H3 Genogroup 2 (DS-1 like) genome constellation which is consistent with G6P[14]
and G8P[14] strains identified globally (Matthijnssens et al., 2009b). In recent years, more
P[14] strains have been associated with gastroenteritis in humans and most of the reported
P[14] strains have the Genogroup 2 gene constellation, with one or more gene segments that
are of bovine origin (Banyai et al., 2009; Banyai et al., 2010; Cowley et al., 2013; Donato et
al., 2014; El Sherif et al., 2011; Ghosh et al., 2007; Matthijnssens et al., 2009b; Medici et al.,
2008; Mullick et al., 2012). The VP8* region of the P[14] VP4 protein has been shown to
interact with the type A histo blood group antigens of humans (Hu et al., 2012; Liu et al.,
2012) as well as bovine and porcine mucins (Liu et al., 2012) and this is thought to play a
role in cross-species transmission of P[14] RVAs.

Through BEAST analysis of 33 P[14] sequences, we estimated that the evolutionary rate for
P[14] genes to be 2.04 x 1073 nucleotide substitutions/site/year (confidence interval, 4.98 x
1073 to 2.52 x 10~%) which was comparatively higher than that reported previously for the
RVA VP4 gene (0.58 x 1072 nucleotide substitutions/site/year) (Jenkins et al., 2002). At the
calculated rate of evolution, the P[14] gene of strain RVA/Human-wt/BRB/CDC1133/2012/
G4P[14] is estimated to diverged from other lineage VI P[14] strains approximately 36 years
previously (1976) and the estimated lineage VI-lineage | split occurred around the year
1911. Phylogeographic analysis of the P[14] strains suggests Italy as the root of P[14]
evolution whereas our strain (G4P[14] has recently evolved from an Australian lineage (data
not shown).

The VP1-3, VP6-7, and NSP1-4 genes of strain RVA/Human-wt/BRB/CDC1133/2012/
G4P[14] share 90-95% nucleotide identity with cognate sequences in GenBank and the
NSP5 gene shares 98.7% homology with human strain BP271 (GenBank accession
KF835969). For all genes except VP4, the Barbados strain genome follows the gene
constellation of the porcine Gottfried strain, G4-P[6]-11-R1-C1-M1-A8-N1-T1-E1-H1,
(Matthijnssens et al., 2008b) though all genes are genetically distinct. The A8 NSP1
genotype found in both strain RVA/Human-wt/BRB/CDC1133/2012/G4P[14] and Gottfried
has been reported previously from human RVA cases from Bulgaria, Hungary, India, and
Nicaragua and is thought to be of porcine origin (Bucardo et al., 2012; Mladenova et al.,
2012; Mukherjee et al., 2011; Papp et al., 2013). For all genes except VP4, NSP3, and
NSP4, the Barbados strain genes cluster within supported clades containing both human and
porcine RVA strains and, in the cases of VP1, VP2, VP3, and NSP1, a small number of
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equine and bovine strains as well (Figures 1A and 2A-F, 2I). In phylogenetic estimates of
the VP4, NSP3 and NSP4 genes (Figures 1B, 2G and 2H), strain RVA/Human-wt/BRB/
CDC1133/2012/G4P[14] occupies sublineages containing human strains only suggesting
that these genes may now be established in human RVA populations. It is difficult, however,
to ascertain the host species of origin for this strain since its genes may have been derived
from human, porcine, equine, or bovine RVAs.

In summary, the study describes the genetic characterization of a novel human RVA with
the G and P combination of G4P[14] and identification of 7 lineages within the P[14]
genotype. The natural history of this strain probably involved one or more reassortment
events involving multiple gene segments and interspecies transmission. Continued
surveillance of RVA strains will be important to determine the extent of similar strains in the
community which is important in the context of whether or not vaccine-induced heterotypic
immunity is sufficient to protect against strains that express the P[14] RVA genotype.
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Phylogenetic trees based on nucleotide sequences of complete open reading frames of (a)
VP7 and (b) VP4 rotavirus genes. The maximum likelihood trees were constructed using
PhyML 3.0 with best model identified by JModelTest 2 program along with aLRT statistics
for branch support shown at the node (<70% not shown). The GenBank accession numbers,
strain names, and G and P-type associated are shown where available.
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Phylogenetic trees based on nucleotide sequences of the complete open reading frame of (a)
VP1, (b) VP2, (c) VP3, (d) VP6, (e) NSP1, (f) NSP2, (g)NSP3, (h) NSP4, and (i) NSP5
rotavirus genes. The maximum likelihood trees were constructed using PhyML 3.0 with best
model identified by JModelTest 2 program along with aLRT statistics for branch support
shown at the node (<70% not shown). The GenBank accession numbers, strain names, and
G and P-type associated are shown where available.
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Table 1

Newly designed primers used in the study.

Page 11

Gene | Primer Sequence (5-3) Nt position, strand
VP1 2012821133-M13-VP1E ;(é'(l;,"xég é%(é ﬁ(é(__l‘:_ gg$ éﬁ;l; 2_(?((:3 TAT TAA AGC TAT ACATGT AAA 1-18 +
2012821133-M13-VPR TAA GCG 3288-3302,—
2012821133-VP1lintF1 GGA GTT CCA AGA CAT AGC GAA A 559-580,+
2012821133-VP1lintF2 GCG TGG ACA GAG TAC CCA AT 2118-2137,+
2012821133-VP1intR1 ACT CAC CGT TTG AGG CTA AT 1212-1231,-
2012821133-VP1intR2 GCG CGT ACG AAT TCAATTTT 2529-2548,—
VP4 2012821133-M13-VP4F TGT AAA ACG ACG GCC AGT GGC TAT AAA 1-9,+
2012821133-M13-VP4R TGT AAA ACG ACG GCC AGT GGT CAC ATC TTG AAA CAG 2345-2362,—
2012821133-VP4intF1 CAC ACA CGA GCA CAAATG AA 742-761,+
2012821133-VVP4intF2 TTGCTAAACTTG TAACGAATT CTC 2132-2155,+
2012821133-VP4intR1 TCT TGC CTC ACC GTT ACA GA 1471-1488,—
NSP1 | 2012821133-M13-NSP1F | TGT AAA ACG ACG GCC AGT GGC TTTTTT TTATGA AAA 1-18,+
2012821133-M13-NSP1R | TGT AAA ACG ACG GCC AGT GGT CACATT TTATGC TGCCT 1549-1568,—
2012821133-NSP1lintF CTATGC TGG GCA AAT GGA AT 784-803,+
2012821133-NSP1lintR ATT CCATTT GCC CAG CAT AG 784-803,—
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