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ABSTRACT 
 
Cattle play a huge role in the community, not only does it provide food for us but 
the ownership of cattle has been a sign of individual wealth. Besides the 
attainment of wealth, ownership of cattle may serve as a livelihood to many 
farmers particularly in rural areas. Rotavirus infections threaten the livelihood of 
many, due to the economic loss that occurs, particularly in the beef and dairy 
industry. This study serves as a surveillance, detecting rotavirus infections 
particularly in small farms in and around Mahikeng. Screening of rotavirus 
infections was done using the VIKIA-Rota-Adeno test strip and TEM. Special 
attention was given to a sample that was named Bov1; the calf from which Bov1 
was isolated from was experiencing watery and bloody diarrhoea. RNA genome 
was isolated using the Trizol method and genotyped using the primers, VP4, VP7 
and NSP5. From the results obtained, there are speculations that Bov1, might be 
humanised having ‘human’ segments and yet isolated from an animal (calf). We 
could not find any similarities for VP7 gene segment for group A rotaviruses, and 
we could not identify the sequence arrangement of the VP7 gene; unless, if our 
study reflects an insensitivity of the methods we have used in detection of bovine 
rotaviruses. Therefore, there is need for further investigations, and the use of 
whole genome sequencing would be a useful tool. 
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INTRODUCTION 
 
Diarrhoea due to rotavirus is a major cause of economic 
loss to individuals who depend on the cattle for livelihoods 
as well as for cattle farmers (Cho and Yoon, 2014). In 2006, 
the economic loss dues to rotavirus infection amounted to 
10 million dollars (Østerås et al., 2007). It usually affects 
calves less than 30 days of age and this is one of the most 
serious illnesses affecting the beef and dairy industry 
world-wide (Tajik et al., 2012). In addition to rotavirus 
agents, other factors that can worsen diarrhoea include: 
bacterial infections, poor hygiene and management and 
poor nourishment (Tajik et al., 2012), but the prevalence of 
each pathogen can vary by geographical location (Cho and 
Yoon, 2014). There might have been improvements in the 
cattle industry in terms of herd management, facilities and 
nutrition but rotavirus diarrhoea is still a problem due to 

the multifactorial nature of the disease; therefore, better 
understanding of the complexities of the disease could be 
crucial in controlling and preventing diarrhoea (Cho and 
Yoon, 2014).  

Group A bovine rotaviruses were the first rotaviruses to 
be isolated in cell culture, in 1969, and soon after that, 
human rotaviruses were discovered by Bishop and 
colleagues in 1973 (Vlasova et al., 2017). Most of the bovine 
rotaviruses belong to Group A but other non-group A 
rotaviruses have been identified in other cases (Cho and 
Yoon, 2014; Tsunemitsu et al., 1992). Group A rotaviruses 
can be further classified into P or G types based on their 
antigenic and genetic similarities of VP4 and VP7 which 
makes up the outer capsid of the virion and induce anti-
viral neutralizing antibody production (Kirkwood, 2010).  
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Structurally, rotaviruses are icosahedral shaped viruses 
with 11 segments of double stranded RNA genome that  
infect the epithelial cells of the proximal intestine (Sen et 
al., 2007). Traditionally, identification and classification of 
rotavirus strains has been based on the dual nomenclature 
of VP4 and VP7 types (Rajendran and Kang, 2014), but 
most recently, all 11 rotavirus gene segments have been 
assigned letter codes for each gene based on specific 
nucleotide sequence identity cut-off percentages for each 
gene segment (Matthijnssens et al., 2011a). Based on the 
sequence analysis of VP4 and VP7, 35 P and 35 G genotypes 
have been identified (Matthijnssens et al., 2011a). Bovine 
rotaviruses mostly belong to G6, G8 and G10 types and P 
[1], P[5], P[6], P[11] whereas human rotaviruses most 
commonly belong to G1, G2, G3, G4, G9 and P[4], P[8] types 
(Rajendran and Kang, 2014). Besides affecting calves, 
bovine rotaviruses can also affect pigs, foals, lambs and 
poultry; in addition, bovine rotaviruses have been excreted 
from dogs and cats (Schwers et al., 1982). A relationship 
between porcine, cattle and humans has been established, 
given the natural history of rotavirus infection (Papp et al., 
2013).  

Replication of rotavirus occurs in specialized regions 
called viroplasms which are specific sites of rotavirus 
protein assembly, RNA packaging and replication and the 
RNA gene segment that is responsible for this is the non-
structural protein NSP5 which is encoded by segment 11 
(Sen et al., 2007). Therefore, inhibiting NSP5 expression 
may result in defective viroplasm formation, reduced viral 
RNA synthesis and decreased rotavirus titres (Sen et al., 
2007). No reports have been found on the identification of 
bovine rotavirus in or around the Mahikeng area, North 
West Province, South Africa. In this study, we used the VP4, 
VP7 and NSP5 genes to compare genetic relatedness of 
bovine stool samples found in this study and the ones in the 
NCBI database. 
 
 
MATERIALS AND METHODS 
 
Screening of samples 
 
Cow diarrhoeal stool samples were collected using aseptic 
techniques (Figure 1) and screened for the presence of 
rotavirus antigens using the VIKKIA Rota-Adeno kit. This 
test is based on the immunochromatography technique 
(ICT), a technique used by Solberg et al. (2009), and the 
procedure was done according to the manufacturer’s 
instructions (VIKIA Rota-Adeno, Biomerieux SA). Stool 
samples were then taken to the Laboratory for Electron 
Microscopy Chemical Resource Beneficiation 
Potchefstroom Campus North-West University, and were 
investigated by Transmission Electron Microscopy (TEM) 
using negative staining (Figure 2). Ethics approval was 
received from the Ethics Committee of the North-West  
University with the ethics reference number: NWU-00174- 

 
 
 
15-S9/NWU-00217-15-S9. 
 
 
Isolation of RNA 
 
Stool suspensions were prepared and kept overnight at 4C. 
Before use, the previously prepared stool suspensions were 
kept at room temperature for about 15 min. About 300 µL 
of the stool suspensions were added to equal volumes of 
Vertrell and the solutions were vortexed for about 30 s, 
centrifuged for 2 min at 5400 g at 4C. The supernatant was 
withdrawn and transferred into clean tubes and 900 µL of 
TRI reagent (or ‘TRIzol’) was added to the supernatant, 
vortexed and incubated at room temperature for 5 min. 
Chloroform (300 µL) was then added, vortexed to mix and 
centrifuged for 15 min at  12 000 g at a temperature of 4 to 
8C. After centrifugation, 3 layers were formed; the 
supernatant, the interphase and the organic phase which 
contained Trizol/Chloroform. The supernatant was 
carefully drawn out using a pipette, without touching the 
interphase, and transferred into a new tube. About 650–
700 µL supernatant was added to ice-cold iso-propanol and 
mixed by tilting the tubes several times and incubated at 
room temperature for about 15 min. After precipitation of 
the RNA, (addition of iso-propanol), the mixture was 
centrifuged for about 15–20 min at 12 000 g at 4C. 
Immediately after centrifugation, the iso-propanol was 
discarded and the tubes placed upside down for the pellet 
to air dry. The pellet was re-suspended in 75 µL distilled 
water and was carefully mixed with a pipette. 
 
 
Genotyping of the genome obtained from samples 
 
The RNA profile was resolved by extracting the double-
stranded RNA, according to previously published methods 
described by Urayama et al. (2016) and the specimens were 
ran on a vertical polyacrylamide slab with 3% stacking and 
10% resolving gels. The gels were loaded with 30 µL of the 
extracted RNA and electrophoresed at 100 V at room 
temperature. The gels were stained using the silver staining 
technique of Herring et al. (1982) (Figure 3).           

The G and P genotypes were determined using reverse 
transcription method developed by Gouvea et al. (1990); 
the VP7 gene was reverse transcribed and amplified using 
the primers F: 5’-GTT TAA AAG AGA GAA TTT CCG-3’ and R: 
5’-GGT CAC ATC ATA CAA TTC TAA-3’. Primers for VP4 F: 
5’-TGGCTTCGCCATTTTATAGACA-3’ and R: 5’-
TCACATCCTCATACAAACAGCTC-3’. Primers for non-
structural proteins NSP5 F: 5’- TTG ACG TGA CGA GTC 
TTCCTT-3’ and R: 5’- CTT GGT CAC AAAA CGGG AGT-3’. The 
conditions set on the thermal cycler (BIO RAD-TM100, USA) 
were as follows:  1 cycle of cDNA synthesis at 60C for 30 
min,  40 cycles of denaturing at 94C for 2 min,  annealing at 
60C for 30 s, extension at 68C for 60 s and 1 cycle of final 
extension of 68C for 5 min.   
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Figure 1: Diarrhoeal stool samples collected using 
aseptic techniques.. 

 
 

 
 

Figure 2: Transmission Electron Microscope image of Bov1. 

 
 
RESULTS AND DISCUSSION 
 
Stool samples collected were watery but particularly Bov1 
which also presented bloody diarrhoea when tested using 
the strip test. When Bov1 was ran on the BLAST search for 
NSP5 identification, the isolates gave a 100% nucleotide 
similarity (Table 1 and Figure 4) to rotavirus A strain: 
RVA/Human-wt/USA/CNMC12/2011/G12P[8] with 
accession number KT920705.1; that was isolated from a 
human in D.C Washington that was collected in the year 

2011. Another isolate that gave 100% nucleotide similarity 
with Bov1 is a strain with an accession number KT921090 
that was also isolated from a human in USA with the 
genotype G12P[8]. A strain of rotavirus with accession 
number KU361041 was isolated from a stool sample 
diarrheic child in 2010. It was isolated by Jane Kaiano in 
Brazil with a genotype G1P[8] and also gave 100% 
nucleotide similarity with that isolated from this study. 
When comparing Bov1 using the VP4 gene segment with 
other segments, there were similarities, particularly with  
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Figure 3: RNA patterns of Bov1 (lane 9). The bands 
were separated by polyacrylamide gel 
electrophoresis and visualized by silver staining. The 
direction of migration is from top to bottom. 

 
 

Table 1: Nucleotide comparison of NSP5 gene segment of isolates from the study and of NCBI database strains. 
 

S/N 
NSP5 Nucleotide Comparison 

Accession number Nucleotide similarity 
Name of isolate  

1 RVA/Human-wt/USA/CNMC12/2011/G12P[8] KT920705.1 100% 

2 RVA/Human-wt/USA/CNMC13/2011/G12P[8 KT921090.1 100% 

3 RVA/Human-wt/USA/VU11-12-63/2012/G12P[X] MF168059.1 100% 

4 RVA/Human-wt/JPN/HK14-10/2014/G1P[8] LC105065.1 100% 

5 RVA/Human-wt/BRA/QUI-89-F4/2010/G1P[8]  KU361041.1 100% 

6 RVA/Human-wt/USA/CNMC111/2011/G12P[X] MF184757.1 100% 

7 RVA/Human-wt/ZAF/3133WC/2009/G12P[4 HQ657148.1 99% 

8 RVA/Human-wt/USA/SSCRTV_00006/2013/G12P[8]  MF469197.1 99% 

9 RVA/Human-wt/JPN/HK14-9/2014/G1P[8] LC105054.1 99% 

10 RVA/Human-wt/CHN/E2432/2010/G3P[8] KF371850.1 99% 

 
 
human strains on the database (Table 2 and Figure 5). 
Comparison of the nucleotide sequences using the VP7 gene 
segments could not be matched to any of the strains in the 
database. When compared with other isolates on the 
RotaC2.0 automated genotyping tool for group A 
rotaviruses, it indicated that Bov1 might not belong to 
group A. 

DISCUSSION 
 
Neonatal calf diarrhoea may lead to great economic losses 
to the livestock industry due to cost treatment and 
susceptibility to other diseases (Dhama et al., 2009). An 
exploratory study was undertaken to report on the 
presence of bovine rotavirus in Mafikeng, North West  

    

   1 Kb                                             

 
 
 
 

https://www.ncbi.nlm.nih.gov/nucleotide/KT920705.1?report=genbank&log$=nucltop&blast_rank=100&RID=4KGHYCAF014
https://www.ncbi.nlm.nih.gov/nucleotide/KT921090.1?report=genbank&log$=nucltop&blast_rank=97&RID=4KGHYCAF014
https://www.ncbi.nlm.nih.gov/nucleotide/MF168059.1?report=genbank&log$=nucltop&blast_rank=70&RID=4KGHYCAF014
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https://www.ncbi.nlm.nih.gov/nucleotide/KF371850.1?report=genbank&log$=nucltop&blast_rank=10&RID=4NN6R3T5014
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Figure 4: Phylogenetic tree constructed using NSP5 sequences of Bov1 and strains from the NCBI strains using 
the neighbour-joining for tree reconstruction.  

 
 

Table 2: Nucleotide comparison of VP4 gene segment of isolates from the study and of NCBI database strains. 
 

S/N 
VP4 nucleotide comparison 

Accession number Nucleotide similarity 
Name of isolate  

1 Rotavirus A isolate Hu/CNMC13/USA/2011/G12P8 KJ560526.1 99% 

2 Human rotavirus A strain rj23643-14  KP732465.1 99% 

3 RVA/Human-wt/USA/CNMC13/2011/G12P8 KT921094.1 99% 

4 RVA/Human-wt/MOZ/21195/2011/G12P8 KP222874.1 99% 

5 RVA/Human-wt/MWI/BID1LN/2013/G1P8 MG181593.1 99% 

6 RVA/Human-wt/ZAF/MRC-DPRU76/2012/G12P8 KP753159.1 99% 

7 RVA/Human-wt/UGA/MRC-DPRU4620/2011/G12P8 KJ753730.1 99% 

8 RVA/Human-wt/ZWE/MRC-DPRU1858/2011/G12P8 KP753226.1 99% 

9 RVA/Hu-wt/RUS/Novosibirsk/Nov12-N4489/2012/G12P8 JX878641.2 99% 

10 RVA/Human-wt/CAN/RT095-07/2008/G1P8 JQ069655.1 99% 

 
 
Province, South Africa. The gene segments (VP4, VP7 and 
NSP5) of interest in this study, when compared with the 
NCBI online database, had similarities to P[8] human 
rotavirus isolated from various parts of the world. This 
indicated that the predominant cause of rotavirus from 
these cows were of human origin, suggesting the possibility 
of anthroponotic transmission. This type of transmission 
was also described by Rajendran and Kang (2014). 
Therefore, this study highlights the need for regular 

surveillance such as these ones to track domestic animals 
that night be reservoirs for future outbreaks in the human 
population. 

There are numerous reports of potential zoonotic 
rotavirus infections in people (Machnowska et al., 2014; 
Grant et al., 2011; Midgley et al., 2012), but because there is 
limited surveillance studies in domestic animals, little is 
known about anthroponotic strains in animals. Particularly, 
knowledge on rotaviruses circulating in domestic animals  

 Rotavirus A strain RVA/Human-wt/USA/SSCRTV 00006/2013/G12P8 

 Rotavirus A strain RVA/Human-wt/USA/CNMC12/2011/G12P8 

 Human rotavirus A strain RVA/Human-wt/BRA/QUI-89-F4/2010/G1P8 

 Rotavirus A strain RVA/Human-wt/USA/VU11-12-63/2012/G12PX 

 RVA/Human-wt/JPN/HK14-10/2014/G1P8

 Rotavirus A strain RVA/Human-wt/USA/CNMC111/2011/G12PX 

 RVA/Human-wt/CHN/E2432/2010/G3P8 

 RVA/Human-wt/JPN/HK14-9/2014/G1P8

 Rotavirus A strain RVA/Human-wt/USA/CNMC13/2011/G12P8 

 Rotavirus A strain RVA/Human-wt/ZAF/3133WC/2009/G12P4 

 Bov1
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Figure 5: Phylogenetic tree constructed using VP4 sequences of Bov1 and strains from the NCBI strains using 
the neighbour-joining for tree reconstruction. 

 
 
such as cows considering the close contact that occurs 
between humans and animals (German et al., 2014). 

The possible sources for anthroponotic transmission may 
include infected humans excreting large amounts of the 
rotavirus into drinking water bodies which can carry high 
viral loads (Rodriguez-Lazaro et al., 2012), particularly 
water bodies that are shared between animals and humans. 
Most enteric viruses, like rotavirus are transmitted via the 
faecal-oral route and they are very stable in the 
environment thus transmitting to other human and animals 
(Pandey et al., 2014). Both domestic animals and humans 
may be the source of contamination of water bodies, 
however, finding the specific culprit as a challenge (Altuğ et 
al., 2017).  

This is particularly a challenge mostly faced in developing 
countries where one would find domestic animals living in 
close contact with humans which can propagate 
interspecies transmission of rotaviruses (Martella et al., 
2010). Interspecies transmission can occur in two major 
routes; direct transmission and transmission with 
reassortment in which both of these methods are 
responsible for generating strain diversity (Cook et al., 
2004). Transmission through re-assortment makes 
zoonotic infections possible because this is how the gene 
segments of animal origin can establish themselves 
permanently in the human population (Matthijnssens et al., 
2011b). Therefore, animal rotaviruses become more 

‘humanized’ by one or multiple reassortment with human 
rotavirus gene segments (Rahman et al., 2005).  

From the results obtained, there are speculations that 
Bov1, might be humanised having ‘human’ segments and 
yet isolated from an animal (calf). We could not find any 
similarities for VP7 gene segment for group A rotaviruses, 
but we could not identify as to which group it belongs to. 
The question then arises, if segments from different groups 
can reassort? But in their study; Taniguchi and Urasawa 
(1995) explains that no reassortment between different 
groups can occur. However, there are speculations on the 
ability of rotaviruses of different groups to reassort, but 
further experiments need to be conducted (Trojnar et al., 
2010), except that our study reflects an insensitivity of the 
methods we have used in detection of bovine rotaviruses. 
Therefore, there is need for further investigations, and the 
use of whole genome sequencing would be a useful tool. 
The limitations of the study are that we only reported only 
about G and P genotypes, whole genome sequencing is 
required to determine every the information about all the 
gene segments. 
 
 
Conclusions 
 
In conclusion, this is the first to report on the presence of 
bovine rotavirus which is of P [8] genotype and in the next  
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study, molecular characterization of the whole genome will 
be done, because information on VP4, VP7 and NSP5 is not 
sufficient to conclude on the genetic make-up of the isolates 
from this study. Therefore, whole genome sequencing that 
was introduced by the Rotavirus Classification Working 
Group (RCWG) is required. This is a genotyping system 
based on the nucleotide sequence identity for all the 11 
genome segments; it is reliable and uniform for comparison 
of Group A rotaviruses within and between different host 
species.  
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