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Pathogen genomics and epidemiology work best when we work together to answer our public 
health questions

We can integrate sample, clinical, and epidemiological data to better understand our 
sequencing data

Integrating epidemiological metadata works best when we have a clear purpose, standardised 
approach, and we communicate both ways

Take home message



Recap!

What is metadata?



“Data that provides information about other data” 

Core pieces of information without which it is difficult to understand your data
• In this case sequence data

We need more information about our sequencing data in order to answer our 
public health questions.

 Who was the sample collected from? 

 When was it collected? 

 How was it collected?

What is “metadata”?
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Traditional Emerging structure

• Increased complexity of analysis
• Iterative analyses, 2-way communication and 

data flow with end-users
• Need for appropriate data storage

• Single sample static results
• One day data flow
• Combined analysis at end user level



Core data often not enough to answer specific public health or research questions

Linking clinical and epidemiological information can improve our understanding 

Enhanced clinical & epidemiological data
(metadata for sequence data)

Source: https://www.who.int/publications/i/item/9789290620365  

Case report form/surveySample referral form Other data sets

• Surveillance systems
• Hospital/clinic medical records
• Administrative data

https://www.who.int/publications/i/item/9789290620365


Enhanced 
metadata

Why bother?



Patient record:
Clinical data
Epidemiological data

Hypothesise how and why, stop more illness

Sample referral form:
Sample collection date
Patient demographics

Describe by person, place and time, monitor trends

Metadata provides more 
information

Sequence data

Additional data about the 
sequence, the sample, and the 
host gives us context and 
answer additional questions



Retrospectively sequenced 163 DR-TB & 
53 fully sensitive TB isolates

Prior hypothesis: 

• Repeated introductions of DR-TB

• Concentrated in certain occupational 
groups

Phylogenetic & cluster analysis, adding in 
occupation data

Identified: 

Large cluster of putative local 
transmission

Example: Multidrug resistant 
Tuberculous in Bhutan

Analysis and slide courtesy of Dr Thinley Dorji



Carbapenemase-resistant organisms 
identified, outbreak investigation and 
monitoring implemented
• Contact precautions
• Hand washing and cleaning 

procedures
• Screening patients prior to symptoms

Genomic sequencing identified multiple 
clusters circulating and a shift after 
outbreak response

Clinical and epidemiological data reinforce 
infection prevention and control measures

Example: CPOs outbreaks at a 
health facility in Fiji

Young-Sharma et al. Lancet RH Western Pacific (2024) doi: 10.1016/j.lanwpc.2024.101234

https://doi.org/10.1016/j.lanwpc.2024.101234


Integrated data

How do we do it?



1. What other data do I need?

30 seconds think to yourself:
What other information would help you understand your sequence data? 

Clinical
• Symptoms
• Diagnosis
• Date of onset
• Outcome
• Vaccination history
• Comorbidities

Epidemiological
• Contact with others
• Travel history
• Potential exposures 

(food, past health 
care, animal contact)

• Hospitalisation and 
ward movements

• Antibiotic use

Sample
• Date of collection
• Sample type
• Sample location
• Reason for collection

It is important to only 
collect what you need 
and will use

Demographics
• Age
• Sex
• Gender
• Province, District
• Subdistrict/village
• Ethnicity
• Nationality 
• Occupation



How do we access these data

30 seconds think to yourself:
Who do I need to talk to for access to this additional data? 

Public health
• Surveillance
• Epidemiology
• Data managers

Animal health
• Government 

veterinarians
• Private practice 

veterinarians 

Other laboratories
• Clinical laboratories
• Animal health 

laboratories
• Food and water 

laboratories

It is important to identify who are the data 
custodians and access arrangements

Hospitals:
• Nurses
• Doctors
• Infection prevention 

and control 
practitioners

• Pharmacists



We often do not have access to all of the metadata we want to use

Relationships and communication with other areas of public health and data custodians is crucial if we want 
to integrate additional data

Work together to establish:
• What can we share?
• Who can access different data sets?
• What can we report?
• What can we learn from each other?

2. Getting data access means 
working with others

From: Clinicians
To: Laboratory

From: Clinicians/public health
To: Public health

Case report form/surveySample referral form

Kept at hospitals, ministries of 
health, food safety, ministries 

of agriculture

Other data sets



Practical advice for storing 
metadata

Metadata is stored separately to sequence data
• Use laboratory information management system/databases where possible, ideally 

everything should be stored together
• Often not flexible enough to accommodate required data 

• Try to avoid using Excel to store data – very easy to introduce undetected errors 
• REDCap, EpiCollect, even Google forms are alternatives 
• Avoid storing re-identifiable, or sensitive data on cloud-based systems unless 

sure of data security and access

Use validated rules for data entry, and think about if and how you will keep data up to 
date

Confirm data access rights and protections



We use one or more variables to link observations and enhanced metadata
• Something that is stored in all databases
• Often patient/sample/study ID

Using multiple variables can reduce failure or error when linking datasets
• National/citizenship ID
• Date of birth
• Name (be careful with spelling errors)

Need to consider:
• Data level – does the data apply to the host, sample, or sequence?
• Confidentiality and privacy – who can, or should, have access to personal identifiable information?

3. Linking data: Choose your 
key/s



There are many ways we could choose to report integrated data. To work out the best way to 
show your integrated data, ask:

1. What do I want to communicate?
• This is the most important and first question

2. Who am I communicating to?
• What do they know about these data?
• What do I want them to do with these data?

3. What type of data do I have?

4. Show off your integrated 
data with visualisations

Aim to communicate Possible visualisation 

Distribution of a variable Table, histogram, bar chart

Composition of a variable Stacked bar chart, maps

Comparison between categories Bar chart

Trends over time Table, line graph

Relationships / associations Line graph, scatterplot



Tables can provide simple data summarises

Tables and line lists (they are 
data visualisations too!)

Line lists provide data by record to support 
further analysis and public health action

Characteristic Number (%)

Specimen type

Urine 2 (50%)

Blood culture 2 (50%)

MLST

17 1 (25%)

252 3 (75%)

Table 1: MLST of Klebsiella pneumoniae isolates sequenced from 
Hospital A 



Limited room for information in tree

• Tip labels (annotations)

• Tip colour/shape

• Clade highlights

• Branch colour

We can add heatmaps for metadata

Colours to distinguish categories in the 
metadata variables

Metadata and trees



Graphs

Variation of the heatmap 
visualisation of metadata, 
but here for each variable 
each row is composed of a 
proportional bar chart.

Allows easy comparison of 
the metadata proportions in 
different sublineages

Caution again regarding 
proportional graphs
• Compare graph C to 

graph F

Beale MA et al Lancet Microbe, 2023



Easier to interpret than trees and show 
many sequences

Can show information over time, and show 
additional metadata using:

• Colour

• Size

• Shape

• Y-axis

Cluster diagrams



Tools for linking 
enhanced 
metadata



While doing data cleaning/analysis

• Linking datasets together prior to 
visualisation

• Generally requires knowledge of 
programming and/or statistical software 

While doing data visualisation

• Using open source software or online tools 
for genomic data visualisation

• Generally more user friendly (drag and 
drop)

Ways we can link metadata

R Python

Stata
Manually 

(not 
advised)

FigTree ITOL

Microreact HAIviz



• Basic but very useful 
viewer for exploring trees

• Can add text-based 
information to the tip 
labels 

• Can colour tips, branches 
and highlight clades

• Can not add heatmaps 
with metadata

• Can export trees, but they 
look pretty basic

Does require a download 

FigTree
http://tree.bio.ed.ac.uk/software/figtree/



• Powerful phylogenetic tree 
visualisation tool.

• Publication level figures

Can annotate trees in a variety of 
ways:

• Nodes and labels

• Heatmaps – colours and 
symbols

• Bar charts

• Colour strips along clades

iTOL
https://itol.embl.de/



Can be tedious to set up metadata in 
the required format

Each annotation needs a different UTF-
8 file, each in their own format

However, the result is clear, neat 
annotated trees.

We will be using iTOL in our practical 
session

iTOL
https://itol.embl.de/



Web-based application to build 
interactive dashboards

Built for hospital acquired infections, but 
can be used for any integration of 
genomic and epidemiological data

Basic trees, however does enable other 
types of data visualisation

HAIviz
https://haiviz.fordelab.com/



Basic functionality but simple to use 
drag and drop format

Metadata can be displayed by colour:
• Column graphs (epidemic curve)
• Gantt chart (transmission chain)
• Treemap
• Maps

Panels are interactive and linked

HAIviz
https://haiviz.fordelab.com/



Visualises:

• Trees

• Geographical data

• Temporal data

• Sample metadata

Online tool – convenient, but be 
mindful of what data you upload to 
the site.

Can be deployed on a local server if 
added security is needed.

Microreact
https://microreact.org/

https://microreact.org/


There are many projects to explore:

• Mpox

• Carbapenem-resistant Klebsiella 
pneumoniae

• Streptococcus pneumoniae

• West African Ebola epidemic

• Zika virus in the Americas

• Y-chromosome human

• Vibrio cholerae

• Staphylococcus aureus ST239

• Yersinia enterocolitica

• Salmonella Typhi

Microreact
https://microreact.org/

https://microreact.org/


Panels are interactive and linked

Try clicking on:

• A sample in the map

• An internal node in the tree

• A column of samples on a date

We will also use Microreact in our 
practical session

Microreact
https://microreact.org/

Brings up menu

https://microreact.org/


Take home 
messages



Pathogen genomics and epidemiology work best when we work together to answer our public 
health questions

We can integrate sample, clinical, and epidemiological data to better understand our 
sequencing data

Integrating epidemiological metadata works best when we have a clear purpose, standardised 
approach, and we communicate both ways

Take home message



We will practice integrating metadata into 
phylogenetic trees and other visualisations 
this Friday 31 October

Before the session:

• Register for ITOL (free, web-based)
 https://itol.embl.de/

• Register for Microreact (free, web-based)
 https://microreact.org/

We will provide the tree, clustering, and 
metadata ahead of the session

Practical session this Friday

https://itol.embl.de/
https://microreact.org/


For those attending the in-person training at NIH 
Thailand on 3-7 November, please stay on the 
meeting if you have any questions

In-person training check in


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

