
Genomics of antimicrobial resistant Campylobacter transmission 
through UK Agri-Food systems.

Dr Frances Colles

frances.colles@biology.ox.ac.uk

PATH-SAFE work stream 2d



• 2,500 Human disease isolates (Oxfordshire and Wales)
• 1,000 Agri-food isolates (cattle, sheep, deer, duck, turkey, free-range poultry)

WS2d – Oxford University antimicrobial resistant 
Campylobacter genomics

• Build a well-defined, representative culture collection for Campylobacter, enabling analyses such as source 
attribution and Genome Wide Association Studies (GWAS)

• Determine the genomic predictive mechanisms of antimicrobial resistance amongst the isolate collection
• Assess longitudinal trends and current risk to human health through AMR Campylobacter
• Assess the impact of eating out and foreign travel on cases of human disease
• Integration of PubMLST (https://pubMLST.org) with PATH-SAFE resources

Isolates to be sequenced

Intended outcomes



Introduction

• Why Campylobacter?

• Previous study (2015-2018): ‘ Enhanced molecular-based 
surveillance and source attribution of Campylobacter 
infections in the UK’

• Overview of current study (preliminary results):
• Oxfordshire human disease
• Source attribution
• Antimicrobial resistance

• Ongoing work and future directions



The problem(s) with Campylobacter

Campylobacter

In humans:
• Severe bloody diarrhoea
• 5-600,000 cases/yr in the UK
• GBS, Reactive arthritis, IBS
• £700 million year cost to economy

WHO watch list for antimicrobial resistance



The problem(s) with Campylobacter

?



• Human Disease isolates (Oxfordshire and North East England) in years 2015-18, n= 5,3325, 

• Abattoir and retail meat from duck, sheep, cattle, pig, turkey and chicken, n= 3,883

Previous source attribution study (2015-2018)

https://doi.org/10.46756/sci.fsa.ksj135



Chicken meat:
Source of 60-80% human disease

Contaminated chicken meat is the 
predominant source of human disease

Enhanced molecular based surveillance and source 
attribution of Campylobacter infections in the UK 
https://doi.org/10.46756/sci.fsa.ksj135



High levels of antimicrobial resistance in 
human disease: C. jejuni

Enhanced molecular based surveillance and source attribution of Campylobacter infections in the UK 
https://doi.org/10.46756/sci.fsa.ksj135



High levels of antimicrobial resistance in 
animal sources: C. jejuni

Enhanced molecular based surveillance and source attribution of Campylobacter infections in the UK 
https://doi.org/10.46756/sci.fsa.ksj135



High levels of antimicrobial resistance in 
human disease: C. coli

Enhanced molecular based surveillance and source attribution of Campylobacter infections in the UK 
https://doi.org/10.46756/sci.fsa.ksj135



High levels of antimicrobial resistance in 
animal sources: C. coli

Enhanced molecular based surveillance and source attribution of Campylobacter infections in the UK 
https://doi.org/10.46756/sci.fsa.ksj135



Chicken meat:

2014/15
73.3% neck skin samples Campylobacter positive
19.4% neck skin samples >1,000 CFU/g

2017
56% neck skin samples Campylobacter positive
7% neck skin samples >1,000 CFU/g

Higher rates and greater variation amongst smaller retail shops

The percentage of heavily contaminated chicken meat is falling

Report (2019): A microbiological survey of Campylobacter in fresh whole UK-produced chilled chickens at retail sale



Antibiotic use on farms is falling

British poultry council

Veterinary medicines directorate UK (VMD)



Genomics of antimicrobial resistant Campylobacter transmission 
through UK Agri-Food systems.

Preliminary results from the current study



PubMLST: Germs, Genes and Genomes

https://pubMLST.org https://pubmlst.org/organisms/campylobacter-jejunicoli/



PubMLST: Germs, Genes and Genomes

https://pubMLST.org https://pubmlst.org/organisms/campylobacter-jejunicoli/



FSA PATH-SAFE project

https://pubmlst.org/organisms/campylobacter-jejunicoli/https://pubMLST.org

Presenter Notes
Presentation Notes
Some historical samples
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Oxford Report: Enhanced molecular-based surveillance and source attribution of Campylobacter infections in the UK; 
https://doi.org/10.46756/sci.fsa.ksj135

Number of Campylobacter case reports per year

Oxfordshire cases National cases

Previous study Current study

National data: https://www.gov.uk/government/publications/campylobacter-infection-annual-data/campylobacter-data-2010-to-2019



The number of cases varies seasonally: Oxfordshire data
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Nomenclature to describe Campylobacter genetic diversity

aspA glnA gltA glyA pgm tkt uncA Sequence type Clonal complex
4 7 10 4 1 7 1 ST-45 ST-45 complex
4 7 10 4 42 7 1 ST-137 ST-45 complex

2 61 4 64 74 25 23 ST-1034 ST-1034 complex

7 locus multilocus sequence typing (MLST)

Core genome multilocus sequence typing (cgMLST)

Antimicrobial resistance determinants

C. jejuni/C. coli v2: 1142 loci
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The most common clonal complexes, with frequency >15 are shown
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The most common clonal complexes, with frequency >15 are shown
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Source attribution models will be used to test results
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ST-45 complex has a summer peak of infection
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Most clonal complexes show no correlation with season
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July November

Campylobacter variants in chicken flocks change over time



Genomics of antimicrobial resistant Campylobacter.

Preliminary results



Antimicrobial resistance: Campylobacter jejuni
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Antimicrobial resistance: Campylobacter coli
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99% of resistant isolates; 105 alleles 

Fluoroquinolone resistance
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1 isolate, ST-230 (ST-45CC), allele 661
Finland, Scotland, England (2012-18)

Fluoroquinolone resistance

99% of resistant isolates; 105 alleles
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1 isolate, ST-230 (ST-45CC), allele 661
Finland, Scotland, England (2012-18)

2 isolates, allele 1510: USA 2018, Italy 
2023.  Allele 2298, unique
T86V: n=257 on PubMLST, 93% C. lari

Fluoroquinolone resistance

99% of resistant isolates; 105 alleles 
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1 isolate, ST-230 (ST-45CC), allele 661
Finland, Scotland, England (2012-18)

47 isolates, ST-441 (U/A), allele 45  (98%) 
UK, France 2006-23
1 isolate, ST-6175 (21CC), allele 176 
England, France, Luxembourg 2016-23

2 isolates, allele 1510: USA 2018, Italy 
2023.  1 isolate allele 2298, unique
T86V: n=257 on PubMLST, 93% C. lari

Fluoroquinolone resistance

99% of resistant isolates; 105 alleles 



PubMLST: AMR genetic determinants



PubMLST: searchable AMR variant



Summary

• 80% of human disease in Oxfordshire is coming from 10 clonal complexes which are stable 
over time.

• There is no apparent effect in clonal complex distribution related to COVID-19 lockdowns.

• Highest levels of AMR are found in chicken associated lineages that are stable over time 
and globally distributed.



Ongoing and future work

• Finalise the Oxfordshire disease dataset (2019-2022), together with 
sequencing of Agri-Food isolates.

• Source attribution analysis using machine-learning approaches.

• Genome-wide association studies comparing lineages with high vs low AMR.

• Further development of PubMLST to predict AMR from genotypic data.
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