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1. Rationale for Undertaking the Research  
 

RV is responsible for over 100 million cases of gastroenteritis worldwide, with over 450,000 deaths 
occurring annually. In addition, RV is an important animal pathogen because of its economic impact 
on livestock. Interspecies-transmission, accumulation of point mutations, recombination and 
reassortment are responsible for the huge genetic heterogeneity of RVs (Matthijnssens et al., 2011). 
Previous findings by our group in Ireland have demonstrated the prevailing circulating strains of RV 
in humans and food animals in Ireland (Cashman et al., 2010, 2011, Collins et al., 2008a, b, 2009, 
2010a, b, Mulherin et al., 2008). Analysis of these strains over a significant period of time has 
demonstrated that the mixture of the various strains has occurred more frequently than one would 
expect from an assumption that they occur independently. In Ireland over the last number of years, 
various new RV variants and genotypes have emerged in both children and animals. Currently, 
vaccines are commercially available for the prevention of RV disease in economically important 
animals such as calves, piglets and foals. In addition, vaccines are also available for children. 
Therefore, mapping the precise distribution of RV strains is vital to readily identify sources of 
atypical RV (e.g. unusual animal sources) infections in humans and animals. In addition, the 
acquisition of this data is important to understanding RV ecology, mechanisms by which RVs evolve, 
and cross species barriers. Therefore, detailed analysis of RV strains will ensure effective vaccine 
coverage of all dominating strains in animals and ultimately limit both the number of deaths and 
economic loss caused by RV. 
 

 

2. Research Approach  
 

This project proposal is focused on deep sequence and epidemiological analysis of selected human 
and porcine RV strains. Our earlier findings have demonstrated that the strains circulating in 
porcines most closely resemble humans, and pigs are considered a ‘mixing vessel’ for viruses to gain 
access into the human population, thus the potential for zoonotic infection could exist. 
As outlined, the paucity of complete-genome sequence data has made it difficult to address several 
issues regarding RV diversity and evolution (McDonald et al., 2009) e.g. the reassortment in RV 
genomes, particularly between humans and animals, the continued survival/dominance of some 
G/P types etc. 
We propose using deep sequence analysis of archived human and animal strains. These data will 
provide insight into the evolution and co-evolution of group A RVs in human and porcines in Ireland. 
No DGS data has been reported on RV in Ireland. 

 

3. Research Achievements/Results  

 
 

The rotavirus strains in this study were: 
Human G1P[8], G3P[8], G4P[8].  
Porcine G3P[13], G4P[6], G5P[13],G 114P[13]. 
 
Our previous research in Ireland has reported that the commonly occurring strains, globally are also found in 
Ireland (G1P[8], G2 P[4], G3P[8], G4P[8], also G9P[8]). 
 
The novel strains isolated from porcine samples were Kobuvirus, Astrovirus, Enterovirus, Porcine associated 
stool circular virus, Rotavirus B, Teschovirus, Sapovirus. 
 



 
Summary of project achievements: 
Human rotavirus positive samples were collected from hospitals in Ireland and Northern Ireland. Porcine 
rotavirus samples were collected from porcine farms in Ireland and provided by Dr. John McKillen in Agri 
Food Biosciences Institute, Northern Ireland. A selection of these samples were processed and subjected to 
Deep Genome Sequencing (DGS) in collaboration with Dr. Jelle Matthijnssens in the University of Leuven, 
Belgium. This data was subjected to molecular and epidemiological analysis using a variety of on-line 
resources available for bioinformatics analysis.  
From a selected bank, 5 human and 5 porcine samples were subjected to DGS. The rotavirus strains analysed 
in this study were: Human G1P[8], G3P[8], G4P[8] and Porcine G3P[13], G4P[6], G5P[13], G114P[13].The 
human rotavirus strains isolated were similar to others reported in Europe and globally. The porcine samples 
showed very mixed profiles, with genes from porcine and human backgrounds, showing the potential for 
reassortment and again raising the issue of the possibility of zoonotic infection. Several novel virus strains 
were isolated from porcine samples, namely Kobuvirus, Astrovirus, Enterovirus, Porcine associated stool 
circular virus, Rotavirus B, Teschovirus, Sapovirus. Some of this data was reported in ERBM, Dijon. 
The information reported adds valuable information regarding the rotavirus strains circulating in the human 
and porcine populations, and is important for e.g. surveillance, information regarding vaccine design and 
efficacy.  Results have been reported to the Rotavirus research community via the ERBM. The research has 
resulted in the generation of information regarding the epidemiological situation regarding RV circulating in 
humans and porcines in Ireland.  

 

 
Detailed Information: 

A total of 150 human rotavirus positive samples were collected, n = 70 from S. Ireland and n= 80 
from N Ireland (Figure 1). 
 

 
Figure 1 
 

A total of 148 porcine samples were collected, n = 130, from S. Ireland and n = 18, from N. Ireland. 
Of these, n = 23 were RVA positive. 
 
All 150 human rotavirus positive samples were G and P typed. The most interesting G and P 
combinations were selected for DGS. These were one G4P[8], two G1P[8], and two G3P[8] (Figure 
2). 



 

Figure 2 Human samples selected for DGS:  
 

 
All porcine samples were G and P typed using sequence analysis. Of these, 5 samples were selected 
for DGS. There were G3P[13], G5P[13], two G11P[13] and one G4P6], (Figure 5). 
 
 
Figure 5 Porcine samples selected for DGS: 

 
 
All Irish human RVA samples showed a Wa-like profile (Figure 4). 
 
Figure 4: Comparison of the genomic constellation of the Irish human RVA strains analysed in this 
study. Irish isolates are highlighted using a rectangle. Irish isolates were similar to those reported 
globally. 



 

 
The porcine samples were more variable, as expected, (Figures 6). There were G3P[13], G5P[13], 
two G11P[13] and one G4P6], (Figures 6) samples. Detailed analysis compared Irish and global 
sequences (Figures 7, 8, 9). 
 
Figure 6. Comparison of the genomic constellation of the Irish porcine RVA strains analysed in this 
study. Irish isolates are highlighted using a rectangle. The Irish porcine isolates were very diverse. 
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7a & b. NSP1 analysis of the selected porcine samples. This compares Irish and global 
isolates. 7b is a magnified image of the Irish samples in the red rectangle. 
 

 
 



 
 



Figure 8 a & b. NSP3 analysis of the selected porcine samples. This compares Irish and global isolates. 8b is a magnified 
image of the Irish samples in the red rectangle. 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 9a & b. NSP4 analysis of the selected porcine samples. This compares Irish and global isolates. 9b is a magnified 
image of the Irish samples in the red rectangle. 

 

 

 
 
 
 



4. Impact of the Research 
 

Summary of goals achieved: 
The strains circulating in Ireland were reported as follows: Human G1P[8], G3P[8], G4P[8] and Porcine 
G3P[13], G4P[6], G5P[13], 114P[13]. 
These results have been reported to EuroRotaNet, as the data has been presented to ERBM, Dijon, 2015. 
 
Information pertaining to strains circulating in Ireland has been generated (see below, and project 
summary (section 3). 
 
The results outlined below show detail information regarding the epidemiological situation regarding RV 
circulating in humans and porcines in Ireland, with a view towards gaining insight regarding reassortment. 
 
As can be seen from Figures 3, 4 and 6, the information regarding the DGS of the selected human and 
porcine isolates has been generated. 
The summary details are for humans: 
 

 
 
And, for porcines: 
 

 
 
 

Synopsis 
Early during the course of the project, Drs Helen O’ Shea and PJ Collins attended the ERBM 
(European Rotavirus Biology Meeting) in Valencia, Spain (2013) and we presented a poster on 
Rotavirus research.  
Dr O’Shea was invited to be an External Examiner at the University of Nottingham (2015), and 
has since been invited to be an External Examiner at the University of Liverpool (Feb. 2016). 
We have also published archived data on rotavirus from our previous study. 
Dr Collins also gave a talk in the CERC, hosted in Cork.  
Dr O’Shea presented results in the Chinese Academy of Agricultural Sciences, Beijing, and the 
Shanghai Veterinary Research Institute, China in December 2013, but this was not paid for from 
FIRM, thus added value to the project. 
Dr O’Shea presented results in the several Insitiutions in India in 2014[ Indian Institute of Science 
(IIS), Bangalore, India, Christian Medical College (CMC), Vellore, India, All India Institute of 
Medical Sciences, (AIIMS), Delhi, India]. Again, this was not paid for from FIRM, thus added value 
to the project and has increased out International profile. 
Dr O’Shea was an Invited Speaker at the University of Liverpool in March 2104. 
Some of the results have been presented by Dr O’Shea at the 6th ERBM in Dijon, France, May 17-
20, 2015. Dr O’Shea was asked to organise and host the next ERBM meeting in Cork in 2017. This 
will increase the international profile of the group, CIT and Ireland. Several novel viruses have 
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also been isolated from the samples, and the data are being prepared for publication in relevant 
journals e.g. Genome Announcements. 

 

4(a) Summary of Research Outcomes 

 

(i)  Collaborative links developed during this research 
 

Dr O’Shea was invited to be an External Examiner at the University of Nottingham, and has also 
been invited to be an External Examiner at the University of Liverpool. 
As a result of this grant, the resultant publications, (4b) meetings etc., our group has now 
established new collaborations, which have resulted in the generation of new partners for grant 
applications. We have collaborated on grant application with Dr John McKillen, AFBI, Professor 
Gordon Allen, QUB.  
We have also published in novel areas, as a result of establishing a new collaboration with Dr 
Mary O’Connell, DCU (4b). 
 
i.e. in the area of phylogenetic investigation of bovine coronavirus (see reference below). Results 
indicated that analysis of alignments identified amino acid changes in the spike protein unique 
to the Irish clade. 
 
Lynda Gunn, PJ Collins, Mary O'Connell and Helen O'Shea. Phylogenetic Investigation of enteric 
Bovine Coronavirus in Ireland reveals partitioning between European and Global Strains. Irish 
Veterinary Journal 
68(1):31 · December 2015. DOI: 10.1186/s13620-015-0060-3  

 
 

(ii)  Outcomes where new products, technologies and processes were developed 

and/or adopted  
 
 

Dr Collins travelled to the University of Leuven to carry out characterization of the rotavirus isolates, to G 
and P type the rotavirus strains and to perform Deep Genome Sequencing (DGS). 
 
 
The porcine strains type as G3P[13], G4P[6], G5P[13], 114P[13]. The DGS profiles are illustrated in Figure 
6 and in summary, are : 

 
 
 
 
 
 
 

(iii) Outcomes with economic potential  
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N/A 

(iv) Outcomes with national/ policy/social/environmental potential 
 

The data generated has generated information regarding porcine strain circulating in Ireland. 
 
 

4 (b)  Summary of Research Outputs 

 
Summary of project achievements: 
Human rotavirus positive samples were collected from hospitals in Ireland and Northern Ireland. Porcine 
rotavirus samples were collected from porcine farms in Ireland and provided by Dr. John McKillen in Agri 
Food Biosciences Institute, Northern Ireland. A selection of these samples were processed and subjected 
to Deep Genome Sequencing (DGS) in collaboration with Dr. Jelle Matthijnssens in the University of 
Leuven, Belgium. This data was subjected to molecular and epidemiological analysis using a variety of on-
line resources available for bioinformatics analysis.  
From a selected bank, 5 human and 5 porcine samples were subjected to DGS. The rotavirus strains 
analysed in this study were: Human G1P[8], G3P[8], G4P[8] and Porcine G3P[13], G4P[6], G5P[13], 
G114P[13].The human isolated were similar to others reported in Europe and globally. The porcine 
samples showed very mixed profiles, with genes from porcine and human backgrounds, showing the 
potential for reassortment and again raising the issue of the possibility of zoonotic infection. Several novel 
virus strains were isolated from porcine samples, namely Kobuvirus, Astrovirus, Enterovirus, Porcine 
associated stool circular virus, Rotavirus B, Teschovirus, Sapovirus. Some of this data was reported in 
ERBM, Dijon. 
The information reported adds valuable information regarding the rotavirus strains circulating in the 
human and porcine populations, and is important for e.g. surveillance, information regarding vaccine 
design and efficacy.  Results have been reported to the Rotavirus research community via the ERBM. The 
research has resulted in the generation of information regarding the epidemiological situation regarding 
RV circulating in humans and porcines in Ireland.  
 

 

(i) Peer-reviewed publications, International Journal/Book chapters. 
 
Several peer reviewed papers have been published due largely to the expertise of Dr PJ Collins 
and other members of the team, present and past. 
 
Gunn, L. Collins, PJ, O'Connell, Mary and O'Shea, Helen. Phylogenetic Investigation of enteric 
Bovine Coronavirus in Ireland reveals partitioning between European and Global Strains. Irish 
Veterinary Journal. 2015; 68: 31. 
 
Gunn L, Collins PJ, Fanning S, McKillen J, Morgan J, Staines A, O'Shea H. Detection and 
characterisation of novel bocavirus (genus Bocaparvovirus) and gastroenteritis viruses from 
asymptomatic pigs in Ireland. Infect Ecol Epidemiol. 2015 Jun 9;5:27270. doi: 
10.3402/iee.v5.27270. eCollection 2015. PMID: 26065833 [PubMed] Free Article 
 
Zeller M, Heylen E, Damanka S, Pietsch C, Donato C, Tamura T, Kulkarni R, Arora R, Cunliffe N, 
Maunula L, Potgieter C, Tamim S, Coster S, Zhirakovskaya E, Bdour S, O'Shea H, Kirkwood CD, 
Seheri M, Nyaga MM, Mphahlele J, Chitambar SD, Dagan R, Armah G, Tikunova N, Van Ranst M, 
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Matthijnssens J Emerging OP354-Like P[8] Rotaviruses Have Rapidly Dispersed from Asia to Other 
Continents. Mol Biol Evol. 2015 Apr 8 
 
PJ Collins, Emily Mulherin, Helen O’Shea , Olivia Cashman, Grainne Lennon, Eugene Pidgeon, 
Suzie Coughlan, William Hall, and Séamus Fanning. Changing patterns of rotavirus strains 
circulating in Ireland: re-emergence of G2P[4] and identification of novel genotypes in Ireland. 
Journal of Medical Virology 2014. 
 
Lennon G, Reidy N, Collins PJ, Gunn L, Coyle PV, Cryan B, Fanning S, O'Shea H. A comparison of 
the efficiency of ELISA and selected primer sets to detect Norovirus isolates in southern Ireland 
over a four-year period (2002-2006): variation in detection rates and evidence for continuing 
predominance of NoV GII.4 genotype. Arch Virol. 2014 Jul;159(7):1697-705. 
 
Collins P, Mulherin E, Cashman O, Lennon G, Gunn L, O'Shea H, Fanning S. Detection and 
characterisation of bovine rotavirus in Ireland from 2006-2008. Ir Vet J. 2014 Jun 20;67(1):13. 
 
O'Shea H, Mulherin E, Matthijnssens J, McCusker MP, Collins PJ, Cashman O, Gunn L, Beltman 
ME, Fanning S. Complete genomic sequence analyses of the first group A giraffe rotavirus reveals 
close evolutionary relationship with rotaviruses infecting other members of the Artiodactyla Vet 
Microbiol. 2014 May 14;170(1-2):151-6. 

 

 

(ii) Popular non-scientific publications and abstracts including those presented at 

conferences  
 

The results have been presented by Dr O’Shea at the 6th ERBM in Dijon, France, May 17-20, 2015. 
Dr O’Shea was asked to organise and host the next ERBM meeting in Cork in 2017. This will 
increase the international profile of the group, CIT and Ireland. Several novel viruses have also 
been isolated from the samples, and the data are being prepared for publication in relevant 
journals e.g. Genome Announcements. 
 

 

(iii) National Report 
 
N/A 
 

(iv) Workshops/seminars at which results were presented  
 
Dr O’Shea was an invited speaker at the University of Liverpool, March 2014, at a seminar organized by 
The Gastrointestinal Infections Group, led by Professor Nigel Cunliffe, Department of Clinical Infection, 
Microbiology and Immunology, Institute of Infection and Global Health, University of Liverpool. Dr Miren 
Iturriza Gómara was a Senior Lecturer at the time and has since been appointed as Professor. 
 

(v)  Intellectual Property applications/licences/patents 
 
N/A 
 

(vi) Other 

http://www.ncbi.nlm.nih.gov/pubmed/24473708
http://www.ncbi.nlm.nih.gov/pubmed/24473708
http://www.ncbi.nlm.nih.gov/pubmed/24987518
http://www.ncbi.nlm.nih.gov/pubmed/24987518
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N/A 

 

 

5. Scientists trained by Project 

 

Total Number of PhD theses:       0____ 
 
 

Total Number of Masters theses:       0____ 

 

 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

Cork Institute of 

Technology 

1 0.2 

DCU 1 0.1 

UCC 1 0.05 

Total 1 0.35 

 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

1 2 

PhD students   

Masters students   

Temporary researchers   

Other   

Total 1 2 

 

8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

N/A N/A 
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9. Project Expenditure 

 

Total expenditure of the project:     €96,050.13 

 

Total Award by DAFM:      €97,776.80 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      €0.00 

 
 

 

Breakdown of Total Expenditure 

 

 

10. Leveraging 
 

No direct funding has been leveraged to date but the publications, presentations, and increased 
profile of the P.I. and the group has led to several indicators and measures of esteem e.g. 
invitations to act as an external examiner, to write book chapters, to host the next ERBM, which 
will bring in a lot of revenue to the Cork/Kerry region, invitations to partner in grant applications 
e.g. BB/P004113/1 Title ‘Disease association, on-farm transmission dynamics and risk factors of 
rotavirus and emerging viruses detected in porcine enteric pathologies.’ Indirect funding, in the 
form of a prestigious Marie Curie Fellowship, has been awarded to Dr PJ Collins. This indicates 
recognition of the quality of the research work and findings.  
Dr O’Shea is now an MC member of a COST action on One Health, along with her collaborator, 
Professor Anthony Staines.  

Category 
Name 

Institution 1 

Name 

Institution 2 

Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff      

Temporary staff      

Post doctorates 63,316.27     

Post graduates      

Consumables      509.33     

Travel and 

subsistence 
6,614.50     

Sub total 70,440.10     

Durable 

equipment 
       8,000.00     

Other      

Overheads 17,610.03     

Total 96,050.13     
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She has also been invited to act as an External Examiner for a PhD candidate at the University of 
Liverpool.   
She has also been awarded funding under SeaRefinery, which sets CIT and Ireland in a strong 
position to leverage more European funding. 
 
A main thrust of the global research following introduction of Rotateq and Rotarix vaccines has 
been to monitor the emergences of strains and this research contributed to the research effort, 
globally. 
 
 

 

11. Future Strategies  
 

As a result of this grant, the resultant publications, meetings etc., our group has now established 
new collaborations, which have resulted in the generation of new partners for grant applications. 
We have collaborated on grant application with Dr John McKillen, AFBI, Professor Gordon Allen, 
QUB.  
We have also published in novel areas, as a result of establishing a new collaboration with Dr 
Mary O’Connell, DCU. 
The novel consortium has strengthened our position and we can now apply for funding from e.g. 
SFI/BBSRC, EU etc. 


