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Key external stakeholders:  
Pork industry, policy makers, veterinary professionals 

Practical implications for stakeholders: 
The study investigated the population structure and the microevolution of S. Typhimurium and a variant of S. 
Typhimurium (monophasic), on Irish pig farms.   

 The monophasic variant of S. Typhimurium, was the predominant Salmonella type detected on Irish 
pig farms, and belonged to the same multi-antibiotic and heavy metal resistant epidemic clone 
circulating internationally.  

 Each farm was colonised by a specific clone which was widespread in the farm environment across 
multiple stages of pig production and persisted on pig farms for up to nine months, between distinct 
production cycles, indicating S. Typhimurium and monophasic S. Typhimurium are well adapted to 
the farm environment.  

 Specific related clones of monophasic S. Typhimurium were also noted on different farms indicating 
the spread of this clone.   

 Multi-antibiotic resistance was common in S. Typhimurium and monophasic S. Typhimurium isolates 
and heavy metal resistance, such as to copper, was widespread in monophasic S. Typhimurium 
indicating that acquisition of such resistance may have created a selective pressure for the 
emergence of this serovar. 

Main results:  
 The population structure revealed that each farm was colonised by a specific clone which was 

widespread in the farm environment across multiple stages of pig production and persisted on pig farms 
for up to nine months, between distinct production cycles, indicating S. Typhimurium and monophasic S.  
Typhimurium are well adapted to the farm environment. 

 Biofilm formation was highly variable but had a strong phylogenetic signature. Strains capable of forming 
biofilm with the greatest biomass were from the monophasic and S. Typhimurium DT104 clades, the two 
dominant pandemic clones found over the last 25 years. On-farm microevolution resulted in enhanced 
biofilm formation in subsequent production cycle 

 Antimicrobial resistance was widespread in the S. Typhimurium and monophasic S. Typhimurium 
isolates. Nevertheless, examples of AMR gene loss/acquisition during persistence on pig farms were 
observed. In particular, a group of related monophasic S. Typhimurium isolated from a single pig farm 
and two feed mills acquired further resistance to antimicrobials and heavy metals compared with closely 
related isolates following the acquisition of a large plasmid. Feed may have been the source of the 
plasmid further suggesting its role in the introduction and dissemination of drug-resistant Salmonella 

 
Opportunity / Benefit:  
The goal of the study was to gain a deeper understanding of the population structure and the microevolution 
of S. Typhimurium and monophasic S. Typhimurium during persistence in pig farms in order to inform the 
design of more effective strategies for the reduction of Salmonella in pig farms and, ultimately, increase food 
safety. 

 
Collaborating Institutions:  
Quadram Institute Bioscience (QIB), Earlham Institute (EI), University of East Anglia (UEA) 
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Teagasc project team: Dr. Geraldine Duffy  

Dr. Eleonora Tassinari 
Dr. Evonne McCabe 
Dr. Catherine M. Burgess 

External collaborators: Prof. Rob Kingsley, Quadram Institute Bioscience and University of East Anglia 
Dr. Matt Bawn, Quadram Institute Bioscience and Earlham Institute 

1. Project background:  
Salmonella, in particular serovar Typhimurium, is one of the most common zoonotic agents associated with 
pigs. A variant of S. Typhimurium, termed monophasic, is currently pandemic. This monophasic variant is 
resistant to multiple antimicrobials and pigs are an important reservoir of this new multi-antibiotic resistant 
pandemic serovar. This project set out to address significant gaps in knowledge about why this serovar has 
emerged so rapidly; whether it is more pathogenic, and whether it poses any greater of risk of persistence in 
the pork chain than other serovars. The ability of Salmonella to produce biofilms, namely communities of 
bacteria embedded in an extra-cellular matrix, is thought to promote its long-term survival in the environment 
by providing protection to chemical, physical and biological stresses and this ability was investigated  
  

2. Questions addressed by the project: 

 How related are S. Typhimurium and monophasic S. Typhimurium strains circulating in Irish pig farms 
with those from Europe? 

 What is the population structure of S. Typhimurium and monophasic S. Typhimurium on pig farms? 

 Do S. Typhimurium and its monophasic variant persist on Irish pig farms? 

 Are Irish S. Typhimurium and monophasic S. Typhimurium antimicrobial resistant? 

 How does S. Typhimurium and monophasic S. Typhimurium evolve during the persistence on pig farms 
in relation to antimicrobial and heavy metal resistance? 

 Do S. Typhimurium and its monophasic variant produce biofilms? Is there any link between biofilm-
forming ability and persistence on pig farms? 

 

3. The experimental studies:  

 Whole genome sequencing was performed on S. Typhimurium (n=34) and monophasic S. Typhimurium 
(n=104) strains isolated in a previous study from nine pig farms across the Republic of Ireland and four 
feed mills. A maximum-likelihood phylogenetic tree based on single-nucleotide polymorphisms (SNPs) 
was generated including representative isolates from UK to provide context. The determination of the 
phylogenetic relationships of the isolates together with the information from the metadata enabled to 
determine the structure of S. Typhimurium and monophasic S. Typhimurium population on pig farms. 

 Antimicrobial and heavy metal resistance genes were detected from the whole genome sequences. 

 The ability of the strains to produce biofilms was tested at the air/liquid interface and on plastics using 
two methods, a pellicle assay and a microtiter plate assay, respectively.  

 

4. Main results:  

 The monophasic variant of S. Typhimurium, which was the predominant Salmonella type identified from 
Irish pig farms, and belonged to the same multi-drug and heavy metal resistant epidemic circulating in the 
UK  and is currently globally reported.  

 The population structure revealed that each farm was colonised by a specific clone which was 
widespread on the farm environment across multiple stages of pig production and persisted on pig farms 
for up to nine months, between distinct production cycles, indicating S. Typhimurium and monophasic S. 
Typhimurium are well adapted to the farm environment. 

 Biofilm formation was highly variable but had a strong phylogenetic signature. Strains capable of forming 
biofilm with the greatest biomass were from the monophasic and S. Typhimurium DT104 clades, the two 
dominant pandemic clones found over the last 25 years. On-farm microevolution resulted in enhanced 
biofilm formation in subsequent production cycle. 

 Antimicrobial resistance was widespread in the S. Typhimurium and monophasic S. Typhimurium 
isolates. Nevertheless, examples of AMR gene loss/acquisition during persistence on pig farms were 
observed. In particular, a group of related monophasic S. Typhimurium isolated from a single pig farm 
and two feed mills acquired further resistance to antimicrobials and heavy metals compared with closely 
related isolates following the acquisition of a large plasmid. Feed may have been the source of the 
plasmid further suggesting its role in the introduction and dissemination of drug-resistant Salmonella 
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within the food chain. 
  

5. Opportunity/Benefit: 
The goal of the study was to gain a deeper understanding of the population structure and the microevolution 
of S. Typhimurium and monophasic S. Typhimurium during persistence in pig farms in order to inform the 
design of more effective strategies for the reduction of Salmonella in pig farms and, ultimately, increase food 
safety. 
 

6. Dissemination: 
Oral presentation Kingsley R.A. ‘Phylogenomic insights into the molecular basis of the variable risk to food 
safety of Salmonella pathovariants’, Ecology and Evolution Seminar series, Department of Biology, 
University of York, York (UK), 20

th
 June 2019 

 
Oral presentation Tassinari E., Bawn M., McCabe E., Burgess C. M., Duffy G., Kingsley R. A. ‘Genomic 
epidemiology of Salmonella on farms’, 1st One Health EJP ASM conference, Dublin (Ireland), 22

nd
 -24

th
 May 

2019 
 
Oral presentation Kingsley R.A. ‘Molecular epidemiology of emerging Salmonella variants’, Microbiology 
Society conference, University of Surrey, Guildford (UK), 2

nd
 July 2018 

 
Oral presentation Tassinari E., Bawn M., McCabe E., Duffy G., Kingsley R. A. ‘Variation of Salmonella 
Typhimurium circulating in Irish pig farms’, Ecological Genetics Group 62nd Annual meeting, Imperial 
College, London (UK), 10

th
 – 12

th
 April 2018 

 
Oral presentation Tassinari E., Bawn M., Kingsley R. A. ‘Phylogenomic and phenotypic analysis of epidemic 
Salmonella Typhimurium from the Irish pork chain’, GHFS Research in Progress Seminar, QIB, 2017 
 
Poster presentation Tassinari E., Bawn M., McCabe E., Duffy G., Kingsley R. A. ‘Genomic epidemiology of 
Salmonella Typhimurium on Irish pig farms’, International Symposium Salmonella and Salmonellosis, Saint-
Malo (France), 24

th
 – 26

th
 September 2018 

 
Poster presentation Tassinari E., Bawn M., McCabe E., Duffy G., Kingsley R. A. ‘Variation in biofilm 
formation of S. Typhimurium and monophasic variants in the Republic of Ireland from pre-harvest pork 
chain’, Microbes in Norwich, Norwich (UK), 2

nd
 May 2017 

 
Poster presentation Tassinari E., Bawn M., McCabe E., Duffy G., Kingsley R. A. ‘Variation in biofilm 
formation of S. Typhimurium and monophasic variants in the Republic of Ireland from pre-harvest pork 
chain’, 5

th
 ASM conference on Salmonella, Potsdam (Germany) (29

th
 August - 1

st
 September 2016 

 
Main publications: 
Tassinari E., Duffy G., Bawn M., Burgess C. M., McCabe E. M., Lawlor P. G., Gardiner G., Kingsley R. A. 
(2019) ‘Microevolution of antimicrobial resistance and biofilm formation of Salmonella Typhimurium during 
persistence on pig farms’ Scientific reports 9(1). doi: 10.1038/s41598-019-45216-w  
 
Tassinari E., Duffy G., Bawn M., Kingsley R. A. (2019) ‘Dissemination of a phage-encoded virulence factor in 
a pandemic S. Typhimurium’ Access Microbiology 1(1a)  
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