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Introduction 

The Rotavirus genus –member of the Reoviridae 

family– has great importance in public and animal health. 

They are one of the most prevalent viruses that cause 

acute gastroenteritis in animal and human hosts. 

 Almost 95% of the children under the age of five years 

have been affected by rotavirus infection worldwide. 

Diarrhea caused by rotavirus infection is causes leads to 

hospitalization of nearly two million children and to the 

death of half a million infants per year. Rotavirus 

infections also inflict severe economic losses in the 

livestock sector due to secondary symptoms as weight 

loss, developmental retardation and ultimately mortality 

due to severe fluid loss. 

Human and mammalian rotaviruses are extensively 

investigated due to their major involvement in enteric 

diseases, however, only limited data about rotaviruses of 

avian hosts are available. Rotaviruses have a linear, 

segmented dsRNA genome. This constellation allows the 

combination of segment between different strains 

(reassortment events). This evolutionary mechanism is 

thought to be one of the main reason of the high genetic 

variability found in rotaviruses.  



During my PhD period in the Discovery of New 

Diseases Group (MTA Institute for Veterinary Medical 

Research) our main goal was to determine and 

phylogenetically investigate numerous rotavirus group A 

(RVA) genome sequences from various, rarely 

investigated mammalian and avian hosts. Via 

comparative genome analysis of the investigated RVA 

strains we would like to further explore the mechanisms 

of rotavirus evolution. The obtained data could contribute 

to the geological mapping of rotavirus populations in time, 

and thus will help to follow the migration of RVA strains 

causing gastroenteritis epidemics. Hopefully, these 

epidemiological observations could aid in the 

development of effective vaccination programs in the 

future.  

For extensive data acquisition our laboratory 

introduced a next generation sequencing method in 

addition to the classical molecular methods. The obtained 

genome sequence data were analyzed by phylogenetic 

and comparative analysis for scientific publication.  

 



Aims of the study 

1. Genome sequencing of novel Group A rotavirus 

(RVA) strains derived from various, rarely 

investigated host species originating from 

Hungary and international collaborations using 

classical molecular methods.  

2. Introduction of a high-throughput next generation 

sequencing method (IonTorrent PGM) to 

determinate rare unidentified Group A rotavirus 

(RVA) strains. 

3. Comparison of the determined RVA strains to 

international references and synthesis of 

sequence data in systematic reviews to explore 

the genetic diversity of Group A rotavirus (RVA) 

strains in various animal host.  

 



Materials and methods 

Samples 

The 12 rotavirus positive samples used in our 

experiments were provided to us in the forms of tissue 

pieces or faeces by the Hungarian National Food Chain 

Safety Office (NÉBIH), CEVA Phylaxia Zrt., Public 

Authority for Agriculture and Fish Resources is Kuwait, 

and the Irish Equine Centre in Ireland. The samples were 

derived from equine, old world camel, canine, chicken, 

pheasant and domesticated turkey host species and were 

collected in Hungary, Ireland and Kuwait. 

Molecular methods  

 Total RNA extraction from stool samples has been 

performed using QIAamp viral RNA Mini Kit (QIAgen). 

The complete or partial genome of rotaviruses has been 

determined  with classical molecular biology methods in 

the case of eight rotavirus strains. The viral RNA was 

translated to cDNA with a one-step or two-step RT-PCR 

method. Further amplification by PCR was performed with 

specific primers. Nucleotide sequences were determined 

using the traditional Sanger sequencing method. The 



ends of genome segments were determined by an RNA 

ligation based method. 

 In the case of four RVA strains complete genome 

analysis has been done via a newly introduced high-

throughput next generation sequencing method. Briefly, 

the virus genome was amplified by a modified SISPA 

(sequence independent single primer amplification) 

method, followed by complete genome sequencing by a 

semiconductor IonTorrent Personal Genome Machine® 

(Life Technologies). 

 Nucleotide sequences obtained with the classical 

method were checked, corrected and aligned to 

homologous sequences alignments with the BioEdit and 

GeneDoc software. Data obtained from Ion Torrent 

sequencing were analysed with the CLC Genomics 

Workbench (www.clcbio.com) software. 

The MEGA 5 software was used for generation of 

phylogenetic trees. The maximum likelihood tree-

reconstruction algorithm was used along with the best fit 

substitution model that was selected by the Bayesian 

information criterion. The reliability of the phylogenetic 

tree has been validated by bootstrap analysis repeated 

500 times. 



Results 

Mammalian rotaviruses 

We have determined whole genome sequences of 

equine RVAs by classical molecular methods in part of 

an international research collaboration for the first time. 

Both investigated equine RVA strains originated from 

Ireland, from the same collection, with nearly the same 

collection date. A similar genome constellation was 

determined for the two strains, however, they belonged to 

distinct phylogenetic lineages. One of the equine RVA 

strains showed high sequence similarity with an equine 

RVA strain from South-Africa, whereas the other equine 

RVA strain was slightly, but considerably differed from 

other equine RVA strains determined by the collaboration 

or others. Some genes were found to be related to equine 

RVAs from Argentina, whereas other genes were related 

to equine RVA strains from Japan and Great Brittan. In 

addition to sequence determination, we have synthesized 

our data with previously published results in a systematic 

review about equine RVA global distribution to explore 

equine RVA epidemiology. 

We have also determined the partial genome 

sequence of a camel RVA strain originated from Kuwait 



by classical molecular methods. We have obtained the 

sequence information of a set of camel RVA genes that 

have not been investigated yet. Analyses revealed that 

this RVA strain is of high similarity to ovine, bovine, 

porcine and human RVA strains, further formed different 

lineage from other camel RVA strains from Egypt and 

Kuwait. Based on phylogenetical analysis we assumed 

that the camel RVA strain originated from reassortment 

events between animal and human RVA strains. 

Strikingly, the camel RVA strain had a unique NSP4 

genotype that’s sequence similarity was lower than 80% 

to other reference NSP4 genotypes. Due to this 

difference, this gene sequence was designated as a novel 

genotype (E15) by the Rotavirus Classification Working 

Group. 

We have also determined the complete genome 

sequence of a Hungarian canine RVA strain with a next 

generation sequencing method. Its complete genome 

analysis revealed high similarity to an already specified 

human RVA strain from a children with gastroenteritis in 

Italy.  

Both strains had a unique NSP1 genotype (A15). 

However, the canine RVA strain also showed close 

relation to other canine and feline RVA strains. Based on 



the close genealogical relationship with human and 

canine/feline RVA strains we assumed a canine-human 

zoonotic potential of rotaviruses. 

Avian rotaviruses 

In addition to the investigation of mammalian RVA 

strains, we have determined the genomes of eight 

Hungarian avian RVA strains. The complete genome 

sequence of a laboratory control chicken RVA strain and 

complete or partial genomes from pheasant and turkey 

hosts were determined by classical molecular or next 

generation sequencing methods.  

The genotype constellation of the chicken RVA 

strain was divergent form other previously published 

chicken RVA strains; interestingly it was more similar to 

RVA strains previously found in turkeys.  

The five examined pheasant RVA strains had 

variations in genotype constellation. One of the strains 

was highly similar to a published pheasant RVA strains 

from Germany and Hungary, two strains were highly 

similar to turkey RVA strains and two other strains showed 

a close phylogenetic relationship with chicken RVA 

strains. In summary, these results suggest that 



reassortment between pheasant and other RVA strains 

can effectively and frequently occur.  

In addition to the above strains, we have 

determined the complete genome sequence of two turkey 

RVA strains. These strains showed close relation with 

other turkey and Hungarian pheasant RVA strains.  

For the determination of complete or partial 

genome of domestic bird RVA strains, we partially used 

classical molecular methods and a new generation 

sequencing method. 

 



New scientific achievements and 

conclusions 

1. We have determined complete genome 

sequences of equine derived rotaviruses for the 

first time in a national collaboration. The 

phylogenetic analysis revealed a conservative 

genome constellation of equine RVA strains.  

2. We have determined partial nucleotide sequences 

of VP7, VP4, VP1, VP2, NSP2, NSP3, NSP4, and 

NSP5 genes from a novel camel RVA strain. 

Based on the phylogenetic analysis we suggested 

the introduction of a new NSP4 genotype (E15), 

which has been accepted by the Rotavirus 

Classification Working Group.    

3. We have determined the complete genome 

sequence of a Hungarian canine RVA strain. 

Results of the phylogenetic analysis revealed a 

unique A15 NSP1 genotype that has not been 

observed in other canine RVAs previously, and 

suggested the direct transmission of a rotavirus 

strain between canine and human hosts.  

4. We have determined complete or partial genome 

segments of eight avian rotaviruses from 



Hungarian chicken, pheasant and turkey hosts. 

Phylogenetic analysis of the obtained data 

indicated that avian RVA strains generally 

possess a mosaic genome constellation in which 

different genes originated for various avian hosts. 

The observed mosaic genome constellations likely 

reflect the high frequency of reassortment events, 

between RVA strains infecting avian hosts.    
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