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Full-genome sequencing of a Hungarian canine G3P[3] Rotavirus
A strain reveals high genetic relatedness with a historic Italian

human strain

H. Papp - E. Mihalov-Kovacs - R. Doro6 -
S. Marton - S. L. Farkas -+ G. M. Giammanco *
S. De Grazia + V. Martella - K. Banyai

Received: 11 September 2014/ Accepted: 22 December 2014
© Springer Science+Business Media New York 2015

Abstract A canine Rotavirus A strain was identified in
the fecal specimen of a young dog during 2012 in Hungary.
The strain RVA/Dog-wt/HUN/135/2012/G3P[3] shared
complete genotype constellation (G3-P[3]-I3-R3-C3-M3-
A15-N2-T3-E3-H6) and high genome sequence similarity
(nt, 98.8 %) with a historic human strain, RVA/Human-tc/
ITA/PA260-97/1997/G3P[3]. This study provides evidence
for the canine origin of the unusual NSP1 genotype, AlS5,
and reinforces the hypothesis of direct interspecies trans-
mission of canine rotaviruses to humans.

Keywords Zoonosis - Semiconductor sequencing -
Phylogenetic analysis - Genotype constellation
Introduction

Group A rotaviruses (Rotavirus A, RVA) are a major cause of

diarrhea in humans and animals. The rotavirus virion is non-
enveloped, triple-layered, and contains 11 segments of double-
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stranded RNA. The segmented genome encodes 6 structural
(VP1-4,6,7) and 5 or 6 non-structural (NSP1-6) proteins [1].
Neutralization antigens of the outer capsid layer, VP7 and VP4,
serve as the basis for the commonly used dual classification
system defining G and P types, respectively. So far, at least 27 G
types and 37 P types have been described for RVAs [2, 3].
Recently, a novel classification scheme has been developed for
RVAs, which encompasses all 11 segments and defines geno-
types for each gene [4]. Universal adoption of the new classi-
fication system has helped describe better the impact of
interspecies transmission and of reassortment among homolo-
gous and heterologous strains on the evolution of human RV As.

RVA is not considered a major cause of diarrhea in dogs,
although in vivo experiments have demonstrated firmly that
RVA can induce diarrhea in young dogs [5-9]. All canine
RVAs detected thus far and some feline RVAs have been
characterized as G3P[3] [9, 10]. Interestingly, canine-like
G3P[3] RVAs have also been identified sporadically, but
repeatedly, from human patients hospitalized with gastro-
enteritis worldwide [11-15], suggesting the zoonotic
potential and the pathogenic phenotype of canine RVAsin a
heterologous host.

Whole-genome sequencing studies clearly indicate a
genetic relatedness among canine, feline, and human G3P[3]
RVAs [14, 16, 17], although all canine G3P[3] strains were
isolated in and preceding the 1990s. A better understanding
of common canine RVA genomic configurations, notably of
more recent RVA strains, is expected to help track the origin
of rare RVA strains causing disease in humans.

Results and discussion

In this study, we determined the full-length genome of a
RVA strain detected in the stool of a clinically asymptomatic
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3-week-old dog. The sample was collected during 2012 as
part of an ongoing project to detect enteric viruses in shel-
tered dogs, and it was the sole specimen in which the me-
tagenomic approach identified RV A-specific sequence reads
[17]. Briefly, laboratory procedures included the extraction
of viral nucleic acid using the Zymo DirectZol kit (Zymo
Research) combined with the RiboZol RNA extraction
reagent (Amresco). Subsequently, random primed RT-PCR
was carried out to produce cDNA for high-throughput
sequencing [17]. Library preparation, size selection of
library DNA, emulsion PCR, templated Ion Sphere bead
enrichment, and semiconductor sequencing were carried out
as described in detail elsewhere [18]. The CLC Genomics
Workbench (http://www.clcbio.com/) was used to map
sequence reads to reference RVA sequences and obtain the
consensus genomic sequence for RVA/Dog-wt/HUN/135/
2012/G3P[3] (hereafter called 135/2012). Genotypes of
individual genes were determined according to the recom-
mendations of the RCWG[4] using the RotaC v2.0 web-
based classification tool (http://rotac.regatools.be/). Multi-
ple sequence alignments were constructed and manually
adjusted with the GeneDoc software [19]. Phylogenetic
analysis was carried out using the MEGAG6 package [20].
Best fit substitution models were selected for each data set
based on the Bayesian information criterion. Subsequently,
maximum likelihood trees were generated and bootstrap

Fig. 1 a mVISTA whole-genome nucleotide alignment comparing
the RVA/Dog-wt/HUN/135/2012/G3P[3] strain with homotypic and
partially or fully heterotypic reference RVA strains. Strain names are
shown on the left. The y-axis indicates sequence identity. Gray
shading indicates the level of conservation. Percentile values on the
right indicate the whole-genome sequence-based similarity between
135/2012 and the respective reference strains. b Maximum likelihood
trees of all 11 genes. Bootstrap values greater than 60 % are shown. A
heterotypic human RVA strain, Wa, served as outgroup in each
analysis. The Hungarian canine RVA strain is labeled with a dot. The
scale bars are proportional to the genetic distance

analysis was performed with 500 replications. The mVISTA
software was used to align and visualize the concatenated
whole-genome sequences with reference RVA strains [21].

The genome of strain 135/2012 was 18,524 bp in length
(GenBank Accession No. KJ875791-KJ875801). The
lengths of the sequenced genomic segments, their respective
genotypes, and average sequencing coverage obtained for
135/2012 were as follows: VP1, 3302 bp, R3, 31X; VP2,
2708 bp, C3, 39X; VP3, 2591 bp, M3, 22X; VP4, 2362 bp,
P[3], 26X; VP6, 1356 bp, 13, 23X; VP7, 1062 bp, G3, 25X;
NSP1, 1599 bp, A15,26X; NSP2, 1059 bp, N2, 18X; NSP3,
1068 bp, T3, 40X; NSP4, 750 bp, E3, 25X; NSP5, 667 bp,
H3, 28X. The whole genotype configuration of the identified
canine strain was identical to a rare human strain, RVA/
Human-tc/ITA/PA260-97/1997/G3P[3], detected in Sicily
in 1997 (Table 1).

Table 1 Complete genotype constellations of G3P[3] and some heterotypic RVA strains

Strain name Genotypes
VP7 VP4 VP6  VPI VP2 VP3 NSPI NSP2 NSP3 NSP4 NSP5

RVA/Dog-wt/HUN/135/2012/G3P[3] G3 P[3] K] R3 C3 M3 Al5 N2 T3 E3 H6
RVA/Human-tc/ITA/PA260-97/1997/G3P[3]  G3 P[3] 13 R3 C3 M3 Al5 N2 T3 E3 H6
RVA/Dog-tc/ITA/RV198-95/1995/G3P[3] G3 P[3] I3 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Dog-tc/ITA/RV52-96/1996/G3P[3] G3 P[3] 13 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Dog-tc/USA/CU-1/1982/G3P[3] G3 P[3] 13 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Dog-ct/AUS/K9/1981/G3P[3] G3 P[3] 13 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Dog-tc/USA/AT79-10/1979/G3P[3] G3 P[3] I3 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Cat-tc/AUS/Cat97/1984/G3P[3] G3 P[3] I3 R3 C2 M3 A9 N2 T3 E3 H6
RVA/Cat-tc/AUS/Cat2/1984/G3P[9] G3 P[9] K] R3 Cc2 M3 A3 N1 T6 E3 H3
RVA/Cat-wt/ITA/BA222/2005/G3P[9] G3 P[9] 12 R2 Cc2 M2 A3 N1 T3 E2 H3
RVA/Human-wt/ITA/PAH136/1996/G3P[9] G3 P[9] 12 R2 Cc2 M2 A3 N1 T6 E2 H3
RVA/Human-wt/ITA/PAI58/1996/G3P[9] G3 P[9] 12 R2 Cc2 M2 A3 N2 T6 E2 H3
RV A/Human-tc/JPN/AU-1/1982/G3P[9] G3 P[9] 13 R3 C3 M3 A3 N3 T3 E3 H3
RVA/Human-tc/THA/T152/1998/G12P[9] G12  P[9] 13 R3 C3 M3 Al2 N3 T3 E3 H6
RVA/Human-tc/ISR/Ro1845/1985/G3P[3] G3 P[3] I3 R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Human-tc/USA/HCR3A/1984/G3P[3] G3 P[3] K] R3 Cc2 M3 A9 N2 T3 E3 H6
RVA/Simian-tc/USA/RRV/1975/G3P[3] G3 P[3] 12 R2 C3 M3 A9 N2 T3 E3 H6
RVA/Bat-tc/MSLH14/2012/G3P[3] G3 P[3] 18 R3 C3 M3 A9 N3 T3 E3 H6
RVA/Horse-wt/E3198/2008/G3P[3] G3 P[3] I3 R3 C3 M3 A9 N3 T3 E3 H6
RV A/Rhesus-tc/USA/TUCH/2002/G3P[24] G3 P[24] 19 R3 C3 M3 A9 N1 T1 El H1
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Fig. 1 continued

Whole-genome comparison in the mVISTA module [21]
with nine other G3P[3] strains of canine (K9, CU-1,
RV198, and RV52), human (PA260-97, Rol1845, and
HCR3A), and feline (Cat2 and Cat97) origin, and three
additional fully or partially heterotypic reference strains
(the human AU-1, the simian RRV, and the human Wa) is
depicted in Fig. 1. Overall, the Hungarian canine strain
135/2012 displayed the greatest genomic conservation
(98.8 % nt) with the Italian human RVA strain, PA260-97;
these two strains shared very high sequence identity in all
the 11 genes (range 98.3-99.2 % nt; 98.1-100 % aa) (data
not shown). Lower, but still significant genome sequence
similarity was found with other canine, feline, and human
G3P[3] strains; all these strains were heterotypic to the
135/2012 strain in the genes encoding VP2 and NSP1
(Fig. 1, data not shown).

Phylogenetic analysis of the 11 genes was in agree-
ment with similarity data (Fig. 1). With regard to the
virion components, the VP7, VP4, and VP6 genes of
135/2012 clustered together with the Italian human strain
PA260-97 and two Italian canine strains, RV198 and
RV52. In addition, in the VP1, VP2, and VP3 phylogenies
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135/2012 segregated with the Italian human G3P[3]
strain, the reference human AU-1 strain and several
simian strains, including TUCH (VP1-VP3) and RRV
(VP2 and VP3) [22]. Concerning the non-structural genes,
again, the phylogenetic analysis revealed very close
genetic relatedness between 135/2012 and PA260-97. The
NSP1 was an interesting example of this close relation-
ship between 135/2012 and PA260-97, given that only
these two strains have been described so far to carry the
unusual A15 NSP1 genotype. In the NSP2, NSP3, NSP4,
and NSP5 phylogenies, the Hungarian canine strain
clustered with several Italian canine, feline, and human
strains as well as with simian (RRV; NSP2 gene), caprine
(GRV; NSP4 gene), and bat (MSLH14; NSP4 gene)
G3P[3] RVA:s.

Genome sequencing studies revealed that human, feline,
and canine origin G3P[3] and G3P[9] RVAs can be clas-
sified into three distinct groups, one each retaining a rela-
tively stable constellation of genotypes. The Cat97-like
group includes feline, canine, and human G3P[3] strains,
while feline and human G3P[9] RVAs form two separate
groups based on whole-genome configurations, AU-1-like
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and BA222-05-like [16]. Additional heterologous G3P[3]
strains with shared genotype constellations have been
detected, for example, in horse, monkey, and bat. Phylo-
genetic analysis studies that had involved these strains
often uncovered genetic relationship with canine/feline
G3P[3] RVAs raising interesting scenarios concerning the
origin and evolution of the particular genotype constella-
tions, occasionally pointing out unexpected interspecies
transmission events of RVA strains among these heterol-
ogous hosts [22-24]. The human G3P[3] strain, PA260-97,
was detected in a child hospitalized with severe gastroen-
teritis in Palermo, Sicily, 1997 [12]. This virus shared the
genomic configuration with Cat97-like strains and was
suspected to have originated by spill-over event. Also
PA260-97 was found to possess a novel NSP1 genotype,
Al15, whose host species origin was unknown [16]. The
results presented in this study seem to provide evidence
that this unusual NSP1 genotype may be of canine origin.
However, the occurrence of A15 is known based on merely
two RVA strains, therefore the possibility that this geno-
type had been acquired by reassortment from another host
species to become the component of a Cat97-like canine
RVA strain cannot be excluded either. It remains to be
investigated whether the A15 NSP1 genotype is a stable
component of some Cat97-like RVA strains. At last, the
identification of RVA strains (i.e., 135/2012 and PA260-
97) with a stable genome configuration and minimal
genetic variation in two distinct geographical areas over a
time span of 15 years might indicate an optimal level of
adaptation of this particular RVA genotype configuration
to the putative reservoir carnivore host species.

Comprehensive reviews of human RVA genotypes
uncovered that G3P[3] strains are very rare in human
populations (<0.2 %) in comparison to the prevalence of
medically important genotypes, such as G1P[8] (37.7 %),
G2P[4] (10.6 %), G3P[8] (8.7 %), G4P[8] (6.3 %), and
GIP[8] (11.3 %) [25]. Unfortunately, the epidemiology of
canine RVAs is not systematically investigated leaving
gaps in our knowledge about their prevalence and true
genetic diversity. Thus, although independent reports on
the identification of feline/canine-like RVAs in human
patients hospitalized with severe gastroenteritis demon-
strate that interspecies transmission between humans and
pets may occur, this risk is probably underestimated in the
absence of structured epidemiologic investigations in pets.
Additional epidemiological and molecular data are needed
to assess the extent of RVA interspecies transmissions and
to evaluate the potential zoonotic risks posed by compan-
ion animals.
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