Health Protection Research Unit
in Genomics and Enabling Data
at University of Warwick

NIHR

Health Protection Research Unit
in Genomics and Enabling Data

Xavier Didelot
University of Warwick

. 30t" January 2025

AR

UK Health _
Security ® Centre for Genomic
Agency Pathogen Survelllance

THE UNIVERSITY OF

WARWICK

2. UNIVERSITY OF

tttﬂt.lt
ity ity

4P CAMBRIDGE




/ NIHR HPRUs - 1 April 2020 - 31 March 2025

-

14 Units and 1 Development Award funded;

+ Environmental Research Units; Infections Research Units
and Cross Cutting Units

* 3 new Units and 3 existing Units with new Directors

* New area ‘Genomics and Enabling Data’

The aim of the NIHR HPRU scheme is to support PHE in
delivering its objectives and functions for public health
protection, including building an evidence base for public
health policy and practise;

* Emerging and Zoonotic Infections
* Gastrointestinal Infections

Genomics and Enabling Data

Emergency Preparedness
and Response

Blood Borne and Sexually
Transmitted Infections
Environmental Exposures
and Health

Chemical and Radiation
Threats and Hazards
Respiratory Infections &%
Modelling and Health
Economics

Environmental Change and
Health

Vaccines and Immunisation

Behavioural Science
and Evaluation

Environmental
Exposures and Health

Healthcare
Associated
Infections and
Antimicrobial
Resistance
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UK Health
Security
Agency

UKHSA Science
Strategy 2023 to 2033
Securing health and
prosperity

Data

Data collection and analysis are important
steps in the scientific process, providing
evidence to test and validate hypotheses.
UKHSA collects and generates valuable
data as part of its health protection
activities. Our data is used internationally
because of its quality.

Capabilities encompass:

* access to data through secure and interoperable systems, enabling sharing with
international, national, local, and academic partners

* advanced modelling capabilities

* world-class insights gained through analytics and data science

® our science-driven, data-enabled approach underpins all our work

Genomics

UKHSA is a world leader in pathogen
genomics, a powerful approach
providing detailed information for use

in the investigation and management of
infectious diseases. UKHSA possesses
considerable genomics expertise including:

 an accredited clinical service for tuberculosis (TB)
and other key pathogens

« identification and resistance prediction for gastrointestinal pathogens
¢ outbreak investigation

* surveillance

 vaccine and therapeutic effectiveness

* global capacity strengthening

e variant characterisation

¢ access to data for international sharing and research purposes
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https://warwick.ac.uk/hpruged/

* NIHR funding £4m over 2020-2025

e Collaboration between UKHSA and three academic
institutions

e Mission: to provide the methodological backbone
required to improve national public health using genomic
and epidemiological data

* 4 research themes, 12 projects

 Academic Career Development

 Knowledge Mobilisation

e Patient and Public Involvement and Engagement

UK Health THE UNIVERSITY OF ® (Centre for Genomic

Security WAW/IC]( Pathogen Surveillance
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Structure

Theme 1 Theme 2 Theme 3 Theme 4
Outbreak Integrating Interface and Evolutionary
analysis genomics into implementation dynamics
epidemiology
Theme leads Didelot Keeling Aanensen Parkhill
(Warwick) (Warwick) (CGPS) (Cambridge)
UKHSA leads Myers Ribeca Misra Chattaway
1 Outbreak 4 Hypothesis 7 Interface tools 10 Evolution in
detection testing using genomic data
genomic data
2 Transmission 5 Population 8 Databases for 11 Evolution in
Projects analysis structure genomic and metagenomic
analysis enabling data data
3 Informing 6 Population 9 Collection of 12 Prediction of
outbreak size dynamics enabling data evolutionary
control trends




Health Protection Research Unit
in Genomics and Enabling Data

N I H R at University of Warwick
Challenges identified by PHE

Develop improved methods and algorithms for rapid and effective
detection of genetic variants, and analysis of the impact of microbial
genome sequencing on outbreak detection, investigation and
monitoring, in particular, tracking real-time progression of the outbreak.

What synthetic evidence methods and machine learning take account of
the complex transmission dynamics of infectious diseases, using data from
surveillance systems, population-based surveys, genetic sequencing,
epidemiological data from contact tracing and behavioural data?

Develop tools and methods for rapid collation, visualisation and analysis of
microbial genomic data for robust characterisation and prediction of
resistance, and linking data to reservoirs and sources of transmission to
identify threats.

How can more granular data be achieved to enhance understanding of
infections and drug resistance, devising policies and monitoring outcomes
without significantly increasing data collection burdens?
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Theme 1: outbreak analysis

Xavier Didelot (Warwick) and Richard Myers (UKHSA)

A

e Qutbreak detection

* Transmission analysis c

Time

Time

* Informing outbreak
control

Time

Time



Health Protection Research Unit
in Genomics and Enabling Data

N I H R at University of Warwick
Challenges identified by PHE

Develop improved methods and algorithms for rapid and effective
detection of genetic variants, and analysis of the impact of microbial
genome sequencing on outbreak detection, investigation and monitoring, in
particular, tracking real-time progression of the outbreak.

What synthetic evidence methods and machine learning take account of
the complex transmission dynamics of infectious diseases, using data from
surveillance systems, population-based surveys, genetic sequencing,
epidemiological data from contact tracing and behavioural data?

Develop tools and methods for rapid collation, visualisation and analysis of
microbial genomic data for robust characterisation and prediction of
resistance, and linking data to reservoirs and sources of transmission to
identify threats.

How can more granular data be achieved to enhance understanding of
infections and drug resistance, devising policies and monitoring outcomes
without significantly increasing data collection burdens?
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Theme 2: Integrate genomics into epidemiology

Matt Keeling (Warwick) and Paolo Ribeca (UKHSA)
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Health Protection Research Unit
in Genomics and Enabling Data

N I H R at University of Warwick
Challenges identified by PHE

Develop improved methods and algorithms for rapid and effective
detection of genetic variants, and analysis of the impact of microbial
genome sequencing on outbreak detection, investigation and monitoring,
in particular, tracking real-time progression of the outbreak.

What synthetic evidence methods and machine learning take account of
the complex transmission dynamics of infectious diseases, using data from
surveillance systems, population-based surveys, genetic sequencing,
epidemiological data from contact tracing and behavioural data?

Develop tools and methods for rapid collation, visualisation and analysis
of microbial genomic data for robust characterisation and prediction of
resistance, and linking data to reservoirs and sources of transmission to
identify threats.

How can more granular data be achieved to enhance understanding of
infections and drug resistance, devising policies and monitoring outcomes
without significantly increasing data collection burdens?



Health Protection Research Unit
in Genomics and Enabling Data

NIHR t Uni ity of Warwick
Theme 3: Interface and implementation
David Aanensen (CGPS) and Raju Misra (UKHSA)

* Interface tools
* Databases for genomic and enabling data
* Collection of enabling data
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Health Protection Research Unit
in Genomics and Enabling Data

N I H R at University of Warwick
Challenges identified by PHE

Develop improved methods and algorithms for rapid and effective
detection of genetic variants, and analysis of the impact of microbial
genome sequencing on outbreak detection, investigation and monitoring,
in particular, tracking real-time progression of the outbreak.

What synthetic evidence methods and machine learning take account of
the complex transmission dynamics of infectious diseases, using data from
surveillance systems, population-based surveys, genetic sequencing,
epidemiological data from contact tracing and behavioural data?

Develop tools and methods for rapid collation, visualisation and analysis of
microbial genomic data for robust characterisation and prediction of
resistance, and linking data to reservoirs and sources of transmission to
identify threats.

How can more granular data be achieved to enhance understanding of
infections and drug resistance, devising policies and monitoring
outcomes without significantly increasing data collection burdens?
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Theme 4: evolutionary dynamics
Julian Parkhill (Cambridge) and Marie Chattaway (UKHSA)

e Evolution in genomic data
* Evolution in metagenomic data
* Prediction of evolutionary trends
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in Genomics and Enabling Data
at University of Warwick

NIHR

Collaboration with other HPRUs

Methodology with broad relevance

Links with disease-specific areas to retain
applicability
Open source software releases

Collaborative work including:

— HPRU in Gl (Liverpool/Warwick)

— HPRU in BBVSTI (UCL)

— HPRU in MHE (Imperial)

— HPRU in HCAI & AMR (Imperial, Oxford)
— HPRU in RI (Imperial)



Training example: joint sandpit event

N I H R ‘ National Institute
for Health Research
Health Protection Research Units in Genomic and Enabling Data and
Gastrointestinal Infections joint event

Public Health Challenges (Sandpit Event)
6t & 7" December 2022

UNIVERSITY OF WARWICK

PROGRAMME

Aim: To train HPRU Gl and GED Academy members in the process of preparing a collaborative
grant application with a view to potentially undertaking a small piece of independent research.



Knowledge mobilization examples

Detectimports [[Y¥)  Reference  Articles -

Introduction

DetectImperts isa A package aimed at distinguishing imported cases from locally acquired cases within a geographically limited
genomic sample of an infectious disease. The input is a dated phylogeny of local genomes only, as can be build using BEAST ,
treedater or BactDating . The main output iz an estimated probability of importation for each case in the dated phylogeny.

Dependencies

DetectImperts depends on Stan through CmdStan. Although other options might exist, for instance using Conda, the simplest
option is to install CmdStan via the R package CmdStanA. You can do so with the commands

install.packages({"cmdstanr", repos = c{"https://mc-stan.org/r-packages/", getOption("repos™)})
library{cmdstanr)

install_cmdstan()

The last command will download and compile all the missing dependencies.

Installation

You can install petectImports directly from github with the commands:
devtools: :install_github("xavierdidelot/DetectImports")
The package can then be loaded using:

library(DetectImports)

Quick example

First we load and plot a dated tree stored in a Newick file. For this example we will use the file example.nwk which is distributed within
the package DetectImports:

library(ape)

path=system.file("extdata", "example.nwk”, package = "DetectImports")
tree=read.tree(path)

plot{tree,show.tip.label=F)

axisPhyle(1)
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Sampling dates

The plotting function for the results of DetectImports has a type parameter which by default is set to "scatter"” . So the last
command will produce a scatterplot of the coalescent intervals for each sequence as a function of time, with the sequences
comesponding to imports coloured in red. By changing the type to “tree" , one will get a plot of the original tree with, once again,
imported sequences coloured in red:

plotires,type="tree")
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Programme of the Annual Scientific Conference

Monday 22" and Tuesday 23™ April 2024
UKHSA, COLINDALE

DAY 1 Monday 22" April 2024
12:00 pm Registration and Lunch
1:00 pm Walcome — Marie Chattaway & Paolo Ribeca, UK Health Security Agency

SESSION 1, Chaired by Xavier Didelot, University of Warwick

1:10 pm Microbiome response to anfibiotics across multiple scales
Chiris Quince (Earlham)

1:30 pm Diversity and distribution of mobile genatic elements in foodborne pathogens
Clare Barker (UKHSA)

1:50 pm A phylogenetic approach for estimating rates of gene gainfloss and selection

Caitlin Collins (Cambridge)

2:10 pm Classifying microbial species in contaminated dissase-outbreak isolates using kmer
spactra-based multidimensional clustering
Ryan Momison (LKHSA)

2:30 pm Knowladge mobilization
Noal McCarthy (Trinity Callege Dublin

2:50 pm Fram research to routine - building the public health genomics programme in Wales
Tom Cannaor (Cardiff)

3:10 pm Coffee breaki/poster viewing

SESSION 2, Chaired by Noel McCarthy, Trinity College Dublin

3:40 pm KEYMOTE SPEAKER
Genomic platforms for surveillance of enteric fewer and AMR
Kat Haolt {LSHTM)

4:10 pm LineageCapture: Phwlogenetic identification of bactanal clade members excduded by
SMP clustering
Matt Moore (Warwick)

4:30 pm Projections for COVID-19, a tale of two problams
Malt Kesling (Warwick)

4:50 pm Microevolution during the emergence of pandemic monophasic Salmonalla
Typhimurium ST34
Robart Kingsley (Quwadram)

5:10 pm KPop: An assembly-free and scalable method for the comparative analysis of

microbial genomes
Paclo Ribeca (UKHSA)

Health Protection Research Unit
in Genomics and Enabling Data
at University of Warwick

NIHR

DAY 2 Tuesday 23™ April 2024
09:00 am Registration, Coffee and Networking
SESSION 3, Chaired by Marie Chattaway, UK Health Security Agency

10:00 am KEYNOTE SPEAKER
Applying innovative genomic approaches to the prevention and control of infectious
diseases
Deborah Williamson (UKHSA)

10:30 am EnteroBase in 2024
Sascha Ot (Warwick)

10:50 am Fresh perspectives on bacterial variation: at genome scale and within patienis
Gemma Langridge (Quadram)

11:10 am Detection and characterisation of Salmonella enterica serovar Infantis (eBG31)
harbouring blaCTX-M-1 causing clinical diseass in humans in England.
Matt Bird (LUKHSA)

11:30 am Distinguishing imported cases from locally acquired cases within a geographically
limited genomic sample of an infectious diseass
Xavier Didelot (Warwick)

11:50 am An integrated approach for academic training and professional registration,
addressing inegualities for healthcare scientists
Marie Chattaway (UKHSA)

12:00 pm Group Photo, followed by Poster Viewing and Lunch
SESSION 4, Chaired by Paolo Ribeca, UK Health Security Agency

1:00 pm Harmessing Genomics for a One Health Approach: Insights from Salmonella Pathogen
Lead
Marie Chattaway (UKHSA)

1:20 pm Infarence of infectious disease transmission through a relaxed botlenack using
multiple genomes per host
Jake Carson [Warwick)

1:40 pm Signatures of Pathogen Emergence
Judian Parkhill (Cambridge)

2:00 pm Cdimedil: A Manopore-based bininformatics pipeline for the rapid typing and
characterisation of gastrointestinal pathogens
David Greig (UKHSA)

2:20 pm Exploring Black Perspectives on the Impacts of Patient and Public Involvement and its
Evaluation (The ELEVATE Study)
Jade Jordan {(Warwick)

2:40 pm Deducing clonal complex population structure from gene content

Emily Fotopoulou (UKHSA)

3:00 pm Closing Remarks - Xavier Didelot



Patient and Public Involvement and Engagement
NIHR | 12 2 Care Research

Why involve members of the public in research?

QO

" . Funding bodies
People who are Members of the Involving members Public sl egthics
affected by public can of ttth putiiccan involvement can coinitttaas will
research have a provide a res:Ia?crl:l f: :he make research ask about your
right to.heve a dlfferer}t needs of specific more relevant p!ans for public
sayinit perspective communities involvement

18
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Health Protection Research Unit in Genomics and Enabling Data

Aboutus | People | Research Themes~ | Knowledge Mobilisation | Involvement and Engagement | Capacity Development | Conference 2024 | Intranet &~

The Health Protection Research Unit (HPRU) in Genomics and Enabling Data is a N I H R Health Protection Research Unit
partnership funded by the National Institute for Health Research 2 (NIHR) between in Genomics and Enabling Data
the UK Health Security Agency (UKHSA) 7 and the University of Warwick 4, in at University of Warwick
collaboration with the Centre for Genomic Pathogen Surveillance [ and the University of Cambridge .

The HPRU in Genomics and Enabling Data is part of a network of 14 HPRUs [/ funded by NIHR across England, part of a £58.7 million investment by the
NIHR to protect the health of the nation. All HPRUs are partnerships between UKHSA and academic institutions with a specific disease or methodological
remit. Each HPRU undertakes high quality research that is used by UKHSA to keep the public safe from current and emerging public health threats.

The specific mission of the HPRU in Genomics and Enabling Data is to provide the methodological backbone required to improve national public health using
new rich data sources. In particular, recent and ongoing developments in whole-genome sequencing technologies have a widely acknowledged great potential
to help us improve public health, but this potential is currently incompletely realised due to a lack of sound and scalable methodology to interpret the datain

the correct epidemiological context.

Working in close collaboration with other HPRUs, we are developing new analytical methods that exploit large scale genomic, metagenomic and

epidemiological data available on infectious diseases, in order to learn about the ways pathogens evolve, spread and cause diseases. These new methods are
based on robust statistical methodology, thoroughly tested on both simulated and real datasets, and implemented into open source software tools that are
easy to deploy and apply. We use probabilistic models and Bayesian inference to keep a clear understanding of any assumptions made and a full quantification
of uncertainties inherent to any public health system. We give particular attention to the scalability of the methods to large amounts of data, and the

practicality of their application in real-time situations, including the feasibility to respond to public health emergencies.

Our research work covers four complementary themes. We also perform additional activities for Knowledge Mobilisation, Patient and Public Involvement

and Engagement, and Research Capacity Development.
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