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Aim:

To pilot a better national surveillance system for the 
monitoring and tracking of foodborne pathogens (FBP) and 

antimicrobial resistance (AMR) in the agri-food system.

WS1: Create national data 
system permitting analysis, 

storage and sharing of 
pathogen sequence and 

metadata

WS2: Pilot new 
surveillance approaches 
for monitoring major FBD 

pathogens and AMR, 
across a range of 

scenarios

WS3: Test remote 
genomic diagnostic 

methods ‘in field’ 

WS4: Use catchment pilots 
to generate core data on 

transmission of AMR 
through the environment

Key 
benefits

Reduction 
in 

commercial 
losses

Strengthen 
UK Science 
Excellence

Efficient 
use of 

resources
Wider 

societal 
benefits

Shared Outcomes Fund

Cross departmental & Four Nations

£19.2m 

2021-2024
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Inputs



Outcomes (2-5 years)



Continuation funding

• Data Sharing & Analysis theme
• Additional pathogens and functionality

• Foodborne Disease theme
• Further surveillance pilots and extension of models

• AMR theme
• Novel surveillance methods and sources

• Onsite Diagnostics theme
• Develop a framework for deployment of onsite diagnostics



Thank you for listening!

PATH-SAFE Programme

Email: PATHSAFE@food.gov.uk

Webpage: PATH-SAFE

mailto:PATHSAFE@food.gov.uk
https://www.food.gov.uk/our-work/pathogen-surveillance-in-agriculture-food-and-environment-programme


Session 1 
Developing 

Biosurveillance Data 
Systems



Development of a National Foodborne 

Disease Genomic Data Platform - PATH-

SAFE WS1a efforts



Aim: to provide genomic interpretation linked to core minimal contextual data for 
decision makers within PATH-SAFE partner organisations - initially with a focus on 
Salmonella

2022
Project workstreams

Discovery 1: General overview 
of foodborne infrastructure in 
the UK

January 2023-March 2024

Discovery 2: Salmonella 
specific investigation

Consortium efforts

Platform development

WP3: Consortium partners 

(CLIMB-BIG-DATA, PubMLST, 

EnteroBase)

WP2: Platform development

WP4: Community Input 

Advisory Groups: Technical, 

AMR, FBD Data Standards, 

International Interaction

WP1: Project management & 

Administration

Key Benefits

Rapid cluster 
identification

Standardised 
analysis

Easier 
communication

Multi-agency 
genomic 

surveillance

Easy to use 
interface

Trigger cross 
agency 

investigations



● Established 2014, multi-site cloud infrastructure dedicated to microbial 

bioinformatics, established sustainability model through user and institutional contributions

● Multiple rounds of investment in hardware specific for microbial big data analysis, 

upgraded and refreshed in 2020-2022 in Birmingham and Cardiff. Each site:

● Very large storage capacity, fast (>1PB SSD) and slow (>10PB spinning disk)

● GPU server farm for machine learning applications (>40 Nvidia A100s)

● Very large memory machines for genome assembly (1-3Tb)

● Scalable cloud hosting and containerised analytic pipelines

https://www.climb.ac.uk/



● Years of experience hosting and providing research interface 

for multiple pathogens (Salmonella, Escherichia/Shigella etc.)

● Conducted assembly pipeline comparisons to inform 

decision making and sign-off by PATH-SAFE governance. 

● Worked with the development team to ensure API utility to 

deliver analytics and where possible pull data into the data 

platform

● Providing gold-standard typing 

(MLST/cgMLST) for the research and public 

health communities for multiple pathogens

● Ensured maximal utility of APIs to deliver 

typing and where possible enhanced usage 

of data for the data platform

● Additional retrospective sequencing and 

analysis of Campylobacter is being 

undertaken across the UK in order to gather 

baseline data 

https://enterobase.warwick.ac.uk/ https://pubmlst.org/



Exemplar End User Group

● Questionnaires

● Metadata requirements

● Risk factors (analytics)

● User personas

● Platform use cases

Community Input Advisory Groups

1. Technical Advisory Group: Best practice 
analytics and QC – assembly 
recommendations, typing, clustering, 
additional (eg serotyping)

1. AMR Advisory Group: Define markers of risk 
(e.g. genes, SNPs, mechanisms) to be 
reported for genotypic resistance and tools 
used

1. FBD Data Standards Group: Adherence to, 
and extension of data standards ti improve 
interoperability and QC

1. International Interaction Advisory Group: 
Liaise with international stakeholders 
regarding best practice standards, 
challenges and learnings

Aim: understand user needs and organisation 

requirements as well as discussions on policy, data and 

analytics



Sequencing lab

CLIMB-BIG-DATA

Pathogenwatch

Metadata FASTQs

Assembly Pipeline 
EToKi

FASTA 
file

● Secure Login + user 
authentication

● Sequence assembly
● Metadata validation
● Secure data storage

● Interactive investigation
● Cluster identification
● Data governance
● Data sharing of analysis 

results

Metadata Results

Genomic analysis 
pipeline

Meta
data 
file

Clustering

Single 
genome 
report

Novel ID generation

Important to consider:

● De-centralised sequencing capacity 

● Standardised analytical pipeline 
needed to be able to compare 
genomes

● Value provided to genomic 
information by providing context to 
publicly available genomes

● Linkage to minimal associated data 
(time, place, organism, sample type) 



CLIMB-TRE: Trusted Research Environment 

● Specialised TRE for pathogen genomic surveillance

● Base platform utilised for COG-UK & UK COVID-19 

genomics response, ~3.5m genomes processed

● Decentralised sequencing – centralised real-time analytics 

- decentralised delivery to public health agencies and 

academics

● Web upload/authentication and ID generation

https://climb-tre.github.io



● Serotyping
● MLST
● cgMLST
● Clustering
● AMR 
● Tree building

List of analytics

Sequence(s) and data in

SpeciationAnalytics / Containers

Species specific reporting and interaction

User focused and friendly

Single genome report Collections of genomes Population monitoring





Single genome report





Challenges

● Data release 

● Standardisation

● Policy and Governance going forward

● Measuring impact and value provided 
What’s next?

● Build trust in the platform

● Increase level of data uploaded to the platform

● Measure impact and value

● Continuation bid

● Scale up to additional pathogen(s)
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Developing an exemplar One Health Data 
System for a pilot Environmental AMR 
surveillance
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HCAI, Fungal, AMR, AMU & Sepsis Division

UK Health Security Agency



Objectives

One Health Surveillance System (OHSS)

Objective

✓ to complete discovery for target vision & feasibility of creating a UK wide One Health AMR Surveillance System

Environmental Surveillance System (ESS)

Objective

✓ to design and develop a shared data environment for environmental AMR 



Epics development

For each source, 
what resistance 
is present and 

in what 
organisms? 

What is the 
level of 

resistance? 

What is the 
context of 

resistance?

How is 
resistance 

distributed?

What is the 
risk?

Has the 
resistance been 
investigated 
and acted 
upon?



User Groups

Data 

providers

Data 

processers

Data 

consumer 

Clinicians | Environmental scientists | Public health specialists | Veterinarians  |  Water 

suppliers  | Sewage/wastewater treatment plants  | Government agencies* | 

Academia‡ | Agricultural management | Fisheries | Food manufacturers | Devolved 

Administrations (except Northern Ireland)

Lab scientists | Data scientists | Business analysts

Government agencies* - Policy makers, Operational managers and Board 

members/executives



User Story Building Exercise

User groups then ranked these user 
stories - high, medium or low 

priority.

E
x
e
rc

is
e
 1

E
x
e
rc

is
e
 2

User Story: 
What do I want to need or 

want from an OHSS?



Number of user stories identified

User Group OHSS ESS
Public Health Outbreak Specialists 17 12
Sewage/ Wastewater Treatment Plants 11 7
Policy Maker 11 8
Data Scientist 10 4
Lab Scientist 7 5
Clinicians 7 4
Academia 5 3
Board Members / Executives 4 3
Food Manufacturers 3 1
Fisheries 3 2
Pharmaceutical Companies 2 1
Frontline Workers 2 -
Environmental Scientist 2 5
Data / Business Analyst 2 -
Agricultural Management 2 2
Lab Scientist 1 5
Operational Managers - 1
Total 89 63



User Story Prioritisation 

How is 

resistance 

distributed?

What is the risk?

For each source, 

what resistance 

is present and in 

what 

organisms? 

What is the level 

of resistance? 

Has the 

resistance been 

investigated and 

acted upon?

What is the 

context of 

resistance?

3 6 0 7 8 10

3 4 0 4 2 3

1 2 0 0 0 2

0 2 0 2 1 3

0 0 0 1 0 1

0 0 0 0 0 0

O
H

S
S

E
S

S

System set up, 

integrity and 

governance

19

7

10

8

2

2

Key:

High priority

Medium priority

Low priority

NB: No user stories were aligned to Epic 3, “what is the context of resistance?”. A 

new category, “system set up, integrity, and governance” was created for user 

stories that described process requirements and governance features. 



Data Maturity Assessment

Completeness Accuracy Accessibility Automation*

Are there existing and suitable 
system?
Are new systems required

Is data capture subject to error 
due to human involvement and 
complexity level?

How easy is it to access and 
manipulate data?

How feasible is it to have data 
captured automatically e.g. 
through API calls to LIMS 
system? 

Inaccurate Fully accurateNo data Fully complete Not available Fully accessible

• User stories broken down and assessed against the following pillars: completeness, accuracy, accessibility

• The initial rank of the user stories was an output from the workshop and is an assessment of the relative value the story 

has to One Health AMR surveillance. 

• Note that this ranking may have been subject to change based on further stakeholder input and evaluation throughout discovery.

*Note: Automation may be populated at a later date as deemed appropriate during wider OHSS 

development.

Completely manual Fully automated



Summary of Engagements: User Needs and Requirements

✓Monitoring Trends, thresholds/ 
Benchmarks

✓Source and flow of AMR through the 
Ecosystem

✓Sequencing Data

✓Metadata and Provenance

✓Increase in Testing

✓Governance, data access and sharing

✓Communication

✓Incomplete/ Inconsistent Data

✓Timeliness of Data

✓Policy Not Practice

✓Pragmatic Approach

✓System capacity

✓Technology Agnosticism

✓Future Proofing

✓Front-end & Flexibility of Information

✓Linkage to Authoritative Databases/ 
Infrastructure

✓Method Alignment

✓Data dictionary 

✓Sample Matrices and Analysis Pipelines



Summary of Engagements: Considerations from Devolved Administrations

✓Interoperability
✓Different testing methods for 

susceptibility

✓Unstandardized LIMS systems

✓Different sampling regimes and lab 
processing techniques

✓Agile processes

✓Data quality and presentation
✓Lack of comparative dashboards/ 

functions

✓Data quality and representativeness

✓Exploration of data

✓Lack of constant metadata collected

✓Lack of coherence between sources of 
AMR 

✓Inferential frameworks and 
understanding of causation

✓Identification of shared commitments

✓Governance and commercially sensitive 
considerations

✓Loss of control over data
✓Misinterpretation of data

✓Accessibility and practicality of insights



Summary of Engagements: Challenges

✓Linkage of differing AMR questions & 
interpretations

✓Operationalisation of surveillance

✓Communication

✓Availability and management of data
✓Multiple large data systems

✓Limited data sharing systems

✓Variations in data collected

✓Frequency of data collection

✓Lack of robust data systems

✓Manual data system



Exemplar Environmental Surveillance System



ESS – High Level Design Architecture 

ESS Goals 

• Exemplar for a 

UK wide One 

Health AMR 

surveillance data 

system (OHSS) 

• Proof of concept 

for OHSS 

solution 

proposed at 

discovery



ESS – Low Level Design Architecture

ESS Goals 

• Exemplar for a 

UK wide One 

Health AMR 

surveillance data 

system (OHSS) 

• Proof of concept 

for OHSS 

solution 

proposed at 

discovery



User personas



ESS: Development activities 

Discovery
• Develop research plan

• Conduct stakeholder interviews to 

      develop use cases and user personas 

Alpha
• Finalise user personas

• Build a basic cloud base data 

      platform

• Develop wireframes and basic 

      dashboard designs

• Develop low level design 

      architecture 

Beta

• Build dashboards using Power BI

• Conduct user testing of automated 

      ingestion and validation of data source

Live
• Support and iterate the 

      dashboards according to 

      the user acceptance 

      testing

• Knowledge transfer between 

      Deloitte and UKHSA

• Prepare to decommission the 

      system



Developed solution

Presentation title40

Automated

DevOps

Cloud-enabled

Self Service

Consistency and Traceability

Business Continuity

Real-time Data Provision

Safe

Simple and Easy to Use

Interoperability

Rapid Data Ingestion

Flexible

ESS 

Exemplar 

Design 



ESS: Home page



ESS: Report recommendation



ESS: Data health



ESS: Bacterial prevalence



ESS: Mycology prevalence



ESS: Antimicrobial resistance



ESS: MIC distribution



ESS: Substance concentration



ESS: AMR gene presence



ESS: Self service



ESS: AMR and substance concentration



ESS: Bacterial prevalence and substance concentration



Summary

• We developed recommendations and strategic case for the development of a UK-wide one 

health surveillance system (OHSS)

• We developed an exemplar for this OHSS based on a proposed solution developed through 

discovery albeit, with limited scope 

• Some learnings from this process are;

• The choice of visualisation tool can limit desired functionalities

• Timely availability of data

• Uncertainty and time for approval process

• A key stakeholder feedback is one health being much more than generating and processing 

AMR data. 

• Future work should focus on what we do with signals identified from the

• More work and research is needed on how to decide appropriate action
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