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Introduction 
 

Rotaviruses belong to the Reoviridae family 

based on both shared genomic and 

morphological characteristics. To date nine 

groups or species of rotavirus have been 

described and classified as A to I, recently the 

newly specie J has been proposed (Bányai et 
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Rotaviruses of the species A (RVA) are of particular epidemiological importance and recognized as 

being worldwide dispersed. RVA causes the majority of infections in humans, as well as are highly 

prevalent among domestic animals. Several studies have shown that zoonotic transmission may 

occur from animals to humans and this may account for the current broad antigenic and genetic 

rotavirus diversity, representing a potential important evolutionary mechanism. The present study 

aims to identify the evolutionary origins of circulating RVA strains in the Amazon region, using 

phylodynamics methods to assess and understand the relationship between hosts, inter-specific gene 

transfer and the chronology of viral infection. In total 83 RVA-positive faecal samples of human 

origin were analyzed, all of which obtained within the official Rotavirus Epidemiological 

Surveillance Network in Brazil. The genome of 17 RVA samples were selected and sequenced. Eight 

RVA strains of zoonotic origins were identified. Of the five G4P[6] genotype samples were shown to 

be of porcine origin, and two samples were generated from reassortment events involving genotypes 

of human and porcine strains. One sample of G3P[3] genotype strain, identify as lineage III, have 

evolved from canine, feline or simian origin, including a reassortment event with RVA strains from 

lineage II. In addition, G12P[9] strains had their origins in chiroptera, cattle or felines. The present 

study included phylodynamic analyses in order to elucidate those otherwise unknown evolutionary 

patterns, mainly in regards to G3P[3] and G12P[9] genotypes. There was a particular focus on the 

occurrence of reassortment events and the evolutionary mechanism which underlie the emergence of 

these strains. These evolutionary events may help in the monitoring of emergent strains of RVA with 

zoonotic potential and vaccine-escape possibility. 
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al., 2017; Mihalov-Kovács et al., 2015). RVA, 

RVB, RVC and RVH species are known to 

infect humans and animals, whereas other 

species infect animals only (Gomes et al., 

2014; Kindler et al., 2013; Matthijnssens and 

Van Ranst, 2012; Trojnar et al., 2013). 

Rotaviruses of the species A (RVA) are of 

particular epidemiological importance and 

known to be of worldwide occurrence. In fact, 

RVA causes the majority of infections in 

humans as well as in domestic animals (Dóró 

et al., 2015; Tate et al., 2016). 

 

The RVA genome is composed of 11-strand 

double-stranded RNA segments which encode 

12 structural proteins (VP1-VP4, VP6 and 

VP7) and six non-structural proteins (NSP1 to 

NSP5/6) making up a triple-layered shell 

(Estes et al., 2013; Marton et al., 2017). Until 

recently the classification was based on a 

binary combination that gathered VP7 (G) and 

VP4 (P) genotype specificities. The newly 

adopted classification of rotaviruses relies on 

the characterization of the 11 RNA segments, 

as proposed by Matthijnssens et al., (2008). 

This full genome assessment provides a 

specificity for each gene segment, and allows 

for a better understanding of the evolutionary 

dynamics within this group of rotaviruses. 

 

According to the new classification system a 

full genetic characterization of the RVA 

strains denoted different constellations 

gathering specificities for all eleven RNA 

segments. In this classification the acronym 

Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx is 

utilized to define genotypes of the VP7-VP4-

VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-

NSP4-NSP5 genes, respectively 

(Matthijnssens et al., 2011). Three distinct 

RVA constellations have been defined to date 

including the WA-like, DS-1-like and AU-1-

like constellations which correspond to 

lineages I, II and III, respectively. Currently 

the number of genotypes identified for each 

gene is as follows: G (n = 36), P (51), I (26), R 

(22), C (20), M (20), A (31), N (22), T (22), E 

(27) and H (22). As a result of utilizing this 

new classification system a growing number 

of sequences have continuously been 

submitted to the GenBank, allowing the 

description of numerous RVA genotype 

constellations of RVA for humans; in 

addition, this system has improved the 

identification of host species for several 

uncommon human RVA strains 

(Matthijnssens and Van Ranst, 2012). 

 

In light of the whole viral genome 

characterization, several studies have been 

conducted worldwide (Gentsch et al., 2005; 

Khamrin et al., 2006; Martela et al., 2010), 

including Brazil (da Silva et al., 2011; Santos 

et al., 1999) and the Amazon region (Bezerra 

et al., 2017; Guerra et al., 2016; Maestri et al., 

2012; Mascarenhas et al., 2007) which have 

reported the occurrence of rotavirus strains of 

human/animal origin, suggesting interspecies 

transmission. In general, it has been 

considered rotavirus of animal origin as a 

possible reservoir contributing for human 

rotavirus antigenic and genetic diversity, the 

potential for interspecies transmission from 

animals to humans or vice versa is believed to 

account for genetic diversity and evolution 

(Dóró et al., 2015). 

 

The great diversity of circulating rotavirus and 

the characteristic of its segmented genome, 

allows easy reassortment of cells co-infected 

with strains of different origins (Midgley et 

al., 2014). Studies in the Amazon region 

concerning the origin and evolution of 

rotavirus strains with zoonotic potential are 

still limited.  

 

In this region the poor sanitary conditions and 

the presence of domestic and wild animals in 

close proximity to humans are factors that 

may account for the emergence of strains 

resulting from frequent interspecies 

reassortment events involving rotaviruses of 



Int.J.Curr.Microbiol.App.Sci (2019) 8(11): 2175-2188 

2177 

 

human and animal origins (Dhama et al., 

2009; Maestri et al., 2012; Nakagomi et al., 

2018; Wolfe et al., 2007). 

 

The continuous monitoring of circulating 

RVA strains is of particular epidemiological 

importance in the current post-rotavirus 

vaccine introduction era. Indeed, the potential 

for emergence of either new or unusual 

rotavirus may represent a challenge to current 

vaccination strategies (Matthijnssens et al., 

2008). The present study aims to identify the 

evolutionary origins of circulating RVA 

samples in the Amazon region using 

phylodynamic methods to allow for a better 

understanding of the relationship between 

hosts, inter-specific gene transfers and the 

chronology of evolution dynamics. 

 

Materials and Methods 

 

Ethical considerations and study design 

 

The present study was approved by the Ethics 

Committee of Research in human beings of 

the Evandro Chagas Institute, Health 

Surveillance Secretariat, under the registration 

number 2.587.984/2018. Overall 83 RVA-

positive fecal samples were obtained from 

three (A, B and C) studies conducted 

previously in Belém, Northern Brazil.  

 

Study A involved infants and young children 

hospitalised for acute gastroenteritis in a local 

paediatric hospital between 1990 and 1992 

(Linhares et al., 1996; Mascarenhas et al., 

2002); Study B included children who were 

either hospitalized for acute diarrhoea or 

sought for medical treatment at an outpatient 

health unit in the context of a two-year 

surveillance study in Belém, between May 

1998 and May 2000 (Gabbay et al., 2007); and 

Study C which was essentially an 

epidemiological pre-rotavirus vaccine trial 

carried out throughout 2003 (Soares et al., 

2010). 

Selection of samples, extraction, PCR and 

sequence 

 

The inclusion criterion for this study was 

similar to that followed by Maestri et al., 

(2012), who had selected samples which were 

previously genotyped for VP7, VP4, VP6 and 

NSP4 genes yielding genotypes that might 

indicate potential zoonotic transmission 

including G3P[3], G3P[6], G3P[9] and 

G12P[9]. An alternative criterion used in this 

study was based on a previous phylogenetic 

analyzes performed by Maximum Likelihood 

that would allow selection of potential 

zoonotic strains identified in a previous in 

silico analysis. 

 

Stool samples were prepared as 10% v/v 

suspension in 0.01M Tris-Ca
++

 buffer pH 7.2, 

followed by extraction of viral RNA in silica 

(Boom et al., 1990). After extraction RT-PCR 

was performed in two steps. The first step 

consisted of obtaining Replication 

Transcription of the DNA strand (cDNA) and 

the second step aimed to obtain amplicons by 

PCR, using specific primers for VP7, VP4, 

VP6 and NSP4 genes. The amplicons were 

further analyzed through 1.5% agarose gel 

electrophoresis. The resulting PCR products 

were then purified followed by sequencing 

using the ABI Prism 3130 automated 

sequencer (Applied Biosystems; Foster City, 

CA). Samples that yielded a viral log greater 

than 50 ng/μL were sequenced using the Ion 

torrent PGM
tm

 platform (Life Technologies; 

Carlsbad, US). 

 

Phylodynamics analysis  

 

Sequences obtained from studied genes were 

subsequently assembled with reference 

sequences deposited at the GenBank for 

reliability, followed by their editing utilizing 

the Geneious v.10.0.6 program (Kearse et al., 

2012), aligned with the Mafft v.7 program 

(Katoh, 2013), and implemented within the 
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Aliview v.1.17.1 program (Larsson, 2014). 

The elimination of recombinant strains was 

performed by the RDP4 programs v.4.46 

(Martin et al., 2015) using 12 parameters, by 

SimPlot v.3.5.1 (Lole et al., 1999) and by 

SplitsTree v.4.14.4 (Huson and Bryant, 2005) 

by the phyTest method. In this program we 

have also evaluated the proportion of invariant 

sites.  

 

For the previous phylogenetic reconstruction, 

the maximum likelihood method was used in 

the IQ-Tree v.1.0.1 program with 1000 

replicas of bootstrap (Nguyen et al., 2014). 

These results were evaluated using the 

TempEst v.1.5 program (Rambaut et al., 2016) 

to observe the correlation of samples with the 

molecular clock test by the R² value. 

Phylodynamics was performed in the BEAST 

v.1.8 program (Suchard et al., 2018) by 

Bayesian inference. Initially a simple run was 

performed to test the three clock models and 

four coalescing models. In order to determine 

the best model (clock/coalescence), the 

"Model Comparison" method was used in the 

Tracer v.1.6 program (Rambaut et al., 2014) 

in which the lowest A.I.C.M. value determines 

the best evolutionary model for the analyzed 

bank. Subsequently, a more robust race with 4 

chains was performed using the best indicated 

model added from the geographic and host 

data of origin.  

 

The tests of the best models and the results 

generated by BEAST were analyzed again in 

Tracer. The graphic result was visualized 

using the program Fig Tree v. 1.4.2 (Rambaut, 

2009), which generates the graphical 

visualization of the phylogeographic tree with 

the clock data, modeling the geographical 

distribution and the most probable origin host.  

 

The nucleotide sequences were deposited in 

the GenBank under the accession numbers 

MK272854-MK272935, MN082045, 

DQ525195 and DQ525185. 

Results and Discussion 

 

Zoonotic potential 

 

Were selected17 of the 83 study samples to 

genomic analysis. Phylogeny and 

determination of nucleotide similarities 

indicated that 53% (9/17) of the samples had a 

potential zoonotic origin, whereas 47% (8/17) 

represented human genotypes belonging to the 

WA-like and DS-1-like genogroups. Among 

the potential zoonotic samples six were 

partially characterized whereas full genomic 

characterization could be done in three 

samples (52127, 56010 and 55018) (Table 1). 

 

Comparative analyzes indicated that potential 

zoonotic samples were grouped in the within 

WA-like, DS-1-like and AU-1-like 

constellation (I, II and III lineages) bearing 

G3P[3], G4P[6] and G12P[9] genotype-

specificities. Samples with G4P[6] genotypes 

related to samples belonging to lineages I and 

II, suggesting an evolution event mainly from 

porcine origin. The sample COD424 showing 

a reassortment in the NSP3 gene genotype T7 

and the sample HSE005 present reassortment 

in the NSP4 gene with strain with genotype E1 

origin, lineages I. The G3P[3] sample 

displayed possible canine and feline origins, 

through reassortment events including the 

NSP2 and NSP5 genes (N2 and H6, 

respectively). Samples with G12P[9] 

genotype-specificity, were recovered from 

Chiroptera, or of either bovine or feline 

origin. Of these, two strains showed 

reassortment involving the NSP5 gene (H6 

genotype). No recombinant sample was 

detected (Table 1). 

 

Phylodynamics 

 

With regards to the G3P[3] and G12P[9] 

samples which displayed an unusual genotype 

combination pattern and an unusual 

evolutionary origin, a further more accurate 
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phylogenetic analysis was performed to assess 

the evolutionary origin in relation to the host 

of origin, the country of the phylogeographic 

genesis and the time for the most recent 

common ancestor (tMRCA) in order to 

determine the probable zoonotic origin. 

 

The potential canine evolutionary origin for 

sample 143 appears evident in regards to the 

VP7, VP4, VP2 and NSP5/6 genes, all of 

which originating from the USA: the G3 

genotype that has tMRCA in the year 1964, 

the P[3] tMRCA is in 1937, I3 have tMRCA 

in 1976 and the H6 genotype with tMRCA in 

year 1965. The C2 genotype has tMRCA of 

the year 1974 and origin in Australia. The 

NSP3 gene has originated from simian 

samples from Italy with T3 genotype and 

tMRCA in the year 1849. The NSP4 gene was 

identified as E3 genotype from Japan felines 

with tMRCA in the year 1974. Mutation rates 

ranged from 8, 47
E-4 

to 1.01
E-4 

changes per site 

per year. The VP6 and NSP2 genes indicated 

human origin as denoted from I3 genotypes 

(tMRCA = 1976 - USA) and N2 (tMRCA = 

1965 - USA), respectively (Figure 1-3). 

 

Altogether 52127, 56010 and 55018 samples 

had a VP2 gene originating from China with 

chiroptera origin, and tMRCA in the year 

1777. The analysis of the NSP1 gene yielded a 

A3 genotype with bovine evolution origin in 

the year of 1860 from the USA. NSP3, NSP4 

and NSP5/6 genes were identified to be of 

feline origin, all which originating from Japan. 

In addition, T3 genotype had tMRCA in the 

year 1985, and those with E3 genotype 

presented tMRCA in 1855; 55127 and 56010 

samples showed a H6 reassortant genotype 

with tMRCA in year 1939. Furthermore, 

55018 sample was shown to be a with H3 

genotype with tMRCA in the year 1936. 

Mutation rates ranged from 2.28
E-3 

to 7.2
E-4 

changes per site per year. VP7, VP4, VP6, 

VP1, VP3, NSP2 and NPS3 genes presented 

human origin with the genotypes G12 

(tMRCA = 1991-BRA), P[9] (TMRCA = 

1997-BRA), I3 (tMRCA=1996-BRA), R3 

(tMRCA=1980-BRA), M3 (tMRCA = 1999-

BRA) and N3 (tMRCA = 1998-BRA), 

respectively (Figure 1-3). 

 

The phylodynamic approach used in the 

present study sought to understand the 

relations and evolutionary origins. In this 

context, for instance, it was observed that 

samples belonging to the G4P[6] genotypes of 

porcine origin have frequently been described 

elsewhere, particularly in the Amazon region 

of Brazil (Maestri et al., 2012; Mascarenhas et 

al., 2007). In our study, phylodynamic 

analyzes showed that G4P[6] samples retained 

their human origin for the VP6 and NSP1 

genes. It should be pointed out that VP6 is a 

key gene for the internalization of viral RNA, 

whereas NSP1 gene acts as an interferon 

antagonist (Carter and Saunders, 2007). Of 

note, our COD424 sample, denoted a 

reassortment involving the NSP3 gene, having 

the T7 genotype shown a similarity with the 

BE2001 strain of human-porcine origin. A few 

reassortment events like this, involving of 

human origin, have been described previously 

(Zeller et al., 2012). In our study, the HSE005 

sample was shown to belong to the E1 

genotype, lineage I, unlike G12P[6] strains 

described previously by Rahman et al., (2007) 

which belonged to lineage II. 

 

The G3P[3] genotype found in sample 143 is 

well described in canines and felines, as well 

as in cattle, horses, chiropters, non-human 

primates and rodents (De Grazia et al., 2007; 

Sachsenröder et al., 2014; Sasaki et al., 2016); 

however, this genotype is rarely found in 

humans. Several studies have shown that 

G3P[3] is found mainly in strains of both 

canine and feline origins and it may also be 

identified in strains of human and in these 

animals origin (Luchs and Timenetsky, 2013). 

The G3P[3] sample showed the earliest 

evolutionary origin related to the NSP3 gene 
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for the year 1849. In addition, we found that 

one of its evolutionary origins included a 

passage through apes. The remainder of its 

genes indicated an intense flow of 

evolutionary origins including strains of 

canine, feline and human origins. These 

findings suggest an ancient circulation 

between humans and domestic animals. The 

possible origin among felines and canines has 

already been reported elsewhere. Our analyses 

provide additional evidence on this (Luchs et 

al., 2012). 

 

Samples 52127, 55018 and 56010, which 

shared the G12P[9] genotype-specificity, 

appeared to be of diverse evolutionary origins 

including human, chiropter, bovines and 

felines. The evolutionary origin of the 

chiropter, as denoted from the VP2 gene is not 

usual for G12P[9]. Our study indicates that 

evolutionary origin occurred in 1777, 

presenting a distant evolutionary past with 

origin in chiropter, therefore, this zoonotic 

characteristic is not usually detected using 

similarity or phylogenetic analysis, only when 

phylodynamic analysis was used. Donato et 

al., (2014) have described a sample obtained 

from an Australian child showing a remote 

similarity, as based on the VP2 gene analysis, 

with of bat-origin prototype MSLH14. These 

authors suggest that this may represent a 

possible mutant with escape from human 

vaccine and emphasize the need for a more 

comprehensive study aiming to determine the 

evolutionary origin of the MSLH14 strain. 

This evolutionary origin of G12P[9] strains 

was evidenced in the present study, their 

remote zoonotic evolutionary origin may be a 

determining factor in their current 

epidemiology. The bovine origin was evidence 

through analysis of the NSP1 gene, as already 

described in Brazil by Gómez et al., (2014) 

with the prototype E15776 G12P[9]. This 

prototype was generated through a 

reassortment which evidenced a bovine 

evolutionary origin, similarly to our findings 

in the present study all of which deriving from 

a common ancestor with tMRCA in the year 

1860. Gómez et al., emphasize the fact that 

G12P[9] bears distinct zoonotic 

characteristics. 

 

Table.1 Genotypes of the analyzed samples by phylogeny approach  

 

Sample VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5/6 

143 G3 P[3] I3 Rx C2 Mx Ax N2 T3 E3 H6 

COD055 G4 P[6] I1 R1 C1 M1 A1 N1 T1 E1 H1 

COD220 G4 P[x] I1 R1 Cx Mx Ax N1 T1 E1 H1 

COD379 G4 P[6] I1 R1 Cx M1 A1 N1 T1 E1 H1 

COD424 G4 P[6] I1 R1 C1 M1 A1 N1 T7 E1 H1 

HSE005 G4 P[6] I2 R2 C2 M2 A2 N2 T2 E1 H2 

52127 G12 P[9] I3 R3 C3 M3 A3 N3 T3 E3 H6 

56010 G12 P[9] I3 R3 C3 M3 A3 N3 T3 E3 H6 

55018 G12 P[9] I3 R3 C3 M3 A3 N3 T3 E3 H3 

The colors represent the evolutionary origins: dark blue relates to feline origin; light blue to bat origin; red to canine 

origin; green to bovine origin; dark gray to porcine origin; and light gray to human origin. Genotypes with 

reassortment are indicated in yellow letters. 
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Fig.1 Phylodynamic analysis of the VP7, VP4 and VP2 genes 

 

 
This analysis was performed for each of the genotypes of the zoonotic samples identified, showing the tMRCA, the 

mutation rate, the country of origin and the host of origin. Samples of the study are indicated by circles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Int.J.Curr.Microbiol.App.Sci (2019) 8(11): 2175-2188 

2182 

 

Fig.2 Phylodynamic analysis of the NSP1, NSP3, NSP4 and NSP5 genes 

 

 
This analysis was performed for each of the genotypes of the zoonotic samples identified, evidencing the tMRCA, 

the mutation rate, the origin country and the host of origin. Samples of the study are indicated by circles 
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Fig.3 Map of phylodynamic of zoonotic samples 143, 52127, 56010 and 55018 

 

 
The colors represent the evolutionary origin according to the legend. The highlighted circles of the straight are the 

genotypes with reassortment, the numbers below the circles are the tMRCA of zoonotic evolutionary origin, above 

the circles are the countries of origin 

 

The NSP3 gene of G12P[9] strains presented 

the T3 genotype with evolutionary origin in 

felines from Japan and tMRCA in the year 

1985. Therefore, our samples are 

evolutionarily close to the feline FRV348 

G3P[3] prototype isolated in Japan. For the 

NSP4 gene, the E3 genotype was also 

observed related to feline origin in Japan and 

with tMRCA in the year 1855. In regard to 

this gene samples were related to feline, 

canine, rodent and equine prototypes of the 

G3P[3] genotype, as well as with the human 

prototype 74IPN G12P[8]. The NSP5 gene has 

also denoted a feline origin from Japan; 

however, these samples have two distinct 

genotypes: samples 52127 and 56010 H6 

genotype with tMRCA in the year 1939, and 

sample 55018, H3 genotype, with tMRCA in 

the year 1936. The analysis of the NSP3, 

NSP4 and NSP5 genes indicated a feline 

G3P[3] origin. The feline origin of these genes 

had already been reported by Okitsu et al., 

(2018) in G3P[3] samples from diarrhoeic 

children. This evolutionary correlation with 

possible feline origin for G12P[9] had already 

been detected but not described and studied in 

detail (Gómez et al., 2014). Of note, Rhaman 

et al., (2007) have suggested that the 

evolutionary history of the G12P[9] genotype 

should be fully understood with further 

phylodynamic analyzes. In this regard, our 

study has provided the evidence towards the 

feline evolutionary origin of this strain. 

 

The present study described the occurrence of 

four pattern of RVA zoonotic infection 

involving genes of both human and animal 

origins by analyzing samples from children 

with diarrhea, evidenced a well-established 

evolutionary exchange between interspecific 

hosts. Although previous studies in the 

Amazon have reported the occurrence of 

zoonotic evolutionary origin involving 

circulating rotavirus A strains in diarrhoeic 

children, our study provided additional 

information in this regard by using the 

phylodynamic approach. This accounted for a 

best understanding of the past evolutionary 

origin, of distinct strains, mainly those bearing 

G3P[3] and G12P[9] genotype-specificities. 
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