CENTRE ror
PATHOGEN
GENOMICS

Integrating metadata in
pathogen genomics

Ms Keeley Allen

Epidemiologist

Centre for Pathogen Genomics,

Microbiological Diagnostic Unit Public Health Laboratory,
WHO Collaborating Centre for Antimicrobial Resistance

Institute




Take home message

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



Recap!

What is metadata?
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GENOMICS
“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?
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Genomic epidemiology in public health
laboratories

Traditional Emerging structure

Laboratory
results

Laboratory
results

Epidemiologists

Epidemiologists

Departments Department
of health of health

Bioinformatic Bioinformatic
results Governments results Government

Health care Health care
facilities Genomic facilities
Epidemiology

« Single sample static results Increased complexity of analysis

« One day data flow Iterative analyses, 2-way communication and
« Combined analysis at end user level data flow with end-users

Need for appropriate data storage
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Enhanced clinical & epidemiological data
(metadata for sequence data)

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

Linking clinical and epidemiological information can improve our understanding

Sample referral form Case report form/survey

Annex 3.3 Case report form for surveillance of critical AMR

Other datasets

« Surveillance systems

Annex3.2  Example sample referral form with core surveillance data fields
is form would be col p edby he g ic laboratory when referring isolates to the NRL for
furlher!esnng, A iti idemiological or clinical data may be
it i Corbapenemase:producing Enterobacterales case report form * Hospital/clinic medical records
4 i 3.3,
rm adapted from WHO Laboratory Quality Stepwise Implementation Tool (54) — [ Confirmed ~ Date reported bl p
- [J Probably Data collection period: __/__/__to___/__/__ H H 1
e e : « Administrative data
e Patients details Iniial CPE detecton
Referring laboratory details e PRI
Name Given: Family: __________ Organism species:
UR number: _____ DateofBirth: __/__/. C: gene(s):
Sex: O Male O Female O Other, specify Date of collection: _/__/__
Patient details* Reason for specimen collection:
Failyrame: Gmmr ollection: reen
identifer T Dateofbith _____ gromogwi wae Acute hospital en if screen, reason for screening: e
Sec [ Male O Female T[] <other ﬂi\ﬁr" [T <asrequied> L1 Unkowown s O General pra idential I ed
O Unknown Other
m‘mm B Othes cutpatient E@Wrwum: _D _____________________________ ity, facility name Ward: Date a —
EWI mhm? U vadnc "I O Oberpedy: " Please provide bed movement data for admission of CPE detection electronically or overleaf
details
sy b
Reasonforcollecion: 17 Civcaly mdicated Sampletype:  |JBood (T Faees 1) Une  )Sputum
Es«m Dmmﬁ?m O Tiswe ORid + 9‘) FI . 2
- o — ey & XS} Fleming Fund Doherty 1A
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Source:


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

Why bother?




Metadata provides more
information

Patient record:
Clinical data
Epidemiological data

Sample referral form:
Sample collection date

Patient demographics Additional data about the
sequence, the sample, and the
Sequence data host gives us context and

answer additional questions

Describe by person, place and time, monitor trends

Hypothesise how and why, stop more illness




Example: Multidrug resistant
Tuberculous in Bhutan

Retrospectively sequenced 163 DR-TB & - ° @
53 fully sensitive TB isolates AR e —°
Prior hypothesis: ®..'. S
* Repeated introductions of DR-TB o0 ° .. .
« Concentrated in certain occupational . : s °
groups . @ o o
Phylogenetic & cluster analysis, adding in R . .
occupation data @ @
|dentified: = WORTE
Large cluster of putative local S S

fransmission Analysis and slide courtesy of Dr Thinley Dorji

Occupation

o Students
* House wife

e Private /Business
® Health Care Provider
® Civil Servant

Ar_med forces

o Prisoner

® Corporate employee



Example: CPOs outbreaks at a
health facility in Fiji

A Epidemic curves B Organism and patient characteristics

. Qutbreak
1A=“ patients declared 120

Carbapenemase-resistant organisms
identified, outbreak investigation and
monitoring implemented

« Contact precautions By cluster

10

n
w

3 & zé‘
(% ‘“Yuow sad)
‘sajdwes Bujusaiog
w [=2] w
o ©o o
sjuaned jJo JaquinN

o
Acinetobacter Escherichia Pseudomonas Kiebsiella

s & Sequence type

o

1T Cluster 1
. . A. baumannii ST2 NDM-1*,0XA-23
: c
« Hand washing and cleaning 2 I i
I NDM-1
procedures § s At annii ST2 NDM—1,0XA-23 ! oS A2
= . I [ OXA-23, OXA-58
* Screening patients prior to symptoms Bl [ P ora nowh a2 : I
I i an sl x aal
50 T Cluster 4 \
R A. baumannii ST2 OXA-23,0XA-58" ,
'E i Sample type
g Cluster 5 1 Il Rectal swab

Genomic sequencing identified multiple | 28 kar0 now ERE ==
clusters circulating and a shift after ol e

P. aeruginosa ST 773 NDM-1*

outbreak response e x e amm pald

Other
cluster (n<10) or unclustered

Ward

Eicu

[ IMedical wards
[ Surgical wards
L_INICU

[_1Burns ward
[ Other (n<10)
[ JUnknown

No availablesequence

Clinical and epidemiological data reinforce | . — . :

-
o o

infection prevention and control measures seRRpggfesesg S8R AAgeTEc8 Eeroaniag paients
2022 2023 Carbapenemas Sample Ward at sample
*Gene not present in all isolates of this cluster Date Qf Sample CO“ectiOn gene(s) type collection

* Sequences types where n 51

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
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Integrated data

How do we do it?




1. What other data do | need?

30 seconds think to yourself:

What other information would help you understand your sequence data?

Sample Demographics Clinical Epidemiological

» Date of collection * Age ¢ Symptoms « Contact with others
* Sex . . .

« Sample type . Gender « Diagnosis « Travel history

« Sample location « Province, District - Date of onset  Potential exposures

» Reason for collection « Subdistrict/village « Outcome (food, past Tealt? )
* Ethnicity  Vaccination history care, animas contac
. Nationality . Comorbidities « Hospitalisation and

ward movements
* Antibiotic use

» Occupation

It is important to only

collect what you need SH (50 s s U 43 Doherty A
and will use uKaid W siitte | Ve

i



How do we access these data

30 seconds think to yourself:

\Who do | need to talk to for access to this additional data?

Other laboratories Hospitals: Public health Animal health

« Clinical laboratories * Nurses « Surveillance * Government

» Animal health - Doctors  Epidemiology ve.termanans.
laboratories * Infection prevention  + Data managers * Private practice

- Food and water and control veterinarians
laboratories practitioners

 Pharmacists

It is important to identify who are the data
custodians and access arrangements sy HM o DTU c Bty ‘@M

Institute
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2. Getting data access means
working with others

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

Sample referral form Case report form/survey

Kept at hospitals, ministries of
From: Clinicians From: Clinicians/public health health, food safety, ministries
To: Laboratory To: Public health of agriculture

Work together to establish:
« What can we share?
« Who can access different data sets?

* What can we report? 3 o hemmg Funa DTU I'v\ Doherty @' A

e« \What can we learn from each other>  UKal . nstitute



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

> S Fle‘em.ivng Fund w ; Doherty WAs1A

Confirm data access rights and protections ukaid = institute. *“PHIgasIA



3. Linking data: Choose your
key/s

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?

= ngm_ing Fund g r)Dohert 'f'""SIA

Ukaid Institute —



4. Show off your integrated
data with visualisations

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 | want to communicate? Aim to communicate Possible visualisation
*  This is the most important and first question Distribution of a variable Table, histogram, bar chart
Composition of a variable Stacked bar chart, maps
2 Whoam | communicating to? Comparison between categories | Bar chart
« What do they know about these data? Trends over time Table, line graph
* What do | want them to do with these data? Relationships / associations Line graph, scatterplot

3. What type of data do | have?
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Tables and line lists (they are
data visualisations too!)

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

Tables can provide simple data summarises

Table 1. MLST of Klebsiella pneumoniae isolates sequenced from

Hospita[ A Table 1: Summary of key results for sequenced isolates from Hospital A
Hospital A | Fiji CDC Date of Specimen Location | Species ST* | Reportable
Isolate ID | Isolate ID collection | type resistance
Characteristic Number (%) genes”
. 11l B260721-01 | 19/06/2025 | CSU ICU ﬁzif;‘;’:ae 17 | CTX-M-15
imen : -
Specimen type Blood Klebsiella
BC3333 B260721-02 | 19/06/2025 ICU _ 252 | CTX-M-15
Urine 5 (50‘7) Culture pneumoniae
° BC3356 | B260721-03 | 21/06/2025 | BLo% ICU Flenistia 252 | CTX-M-15
Culture pneumoniae
(o) .
Blood culture 2 (50%) U231 B260721-06 | 12/07/2025 | CSU ICU Kiebsiella 252 | CTX-M-15
pneumonme
MLST
17 1 (25%)
252 3 (75%)
ENPL 0s The £ \ i
Zahs (°{S) Fleming Fund ..DTU faag DOherty ERA
ukaid e — v Institute TSEe,




Metadata and trees A

—— T Sex
— : . Female
;I Male

. : L. ., =

Limited room for information in tree B

« Tip labels (annotations) o E I

« Tip colour/shape B

o = B

« Clade highlights = g

 Branch colour _ Eg L

Lineage 1 :
Lineage 2 {!
Lineage 3 ﬂ E-
Lineage 4 :
@ rae | —
We can add heatmaps for metadata Referencs ] |
. . . . . ESBL baseline

Colours to distinguish categories in the  sanuary -iay 2019
. ESBL study period
metadata variables June 2019 onwards

=
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Graphs

B @ D E F
-
Count T pallidum sublineage Orientation HIV positive Age group (years)
ey 1 @5 @ 01 @14 B MSw B Yes [116-24
Variation of the heatmap m Eis =1 GBS =l E25-34
. . . . 25 50 13 B 16 1 wsm 1 Unknown = 35-44
visualisation of metadata, D6 Dlsingeton [ Munknown s

1 = Unknown AkREwIR
but here for each variable Unk = unk

/38
each row is composed of a A"W _m b —— b —
proportional bar chart. N - . T v e e s BN
2- o L —5 2 it 2 2 - il 2

Allows easy comparison of
the metadata proportions in
different sublineages

T pallidum sublineage
oo o
1
1
w1 N
]
(=]
N
N
=
o
o
N
w
] ] ]

Caution again regarding 15 e 2 1 :
proportional graphs 16 . s : s ;
« Compare graph C to Singeton | 14 — R T
graph F 20I12 2(;14 20'16 20I18 0 1CI)O 2(I)O (I) 0-I25 O~ISO O-'75 1~(|)0 0 O-IZS O-ISO 0-175 1-(I)O 0 O-|25 O~I50 O-I75 1-60
Sample year Sample count Orientation HIV positive Age group

Beale MA et al Lancet Microbe, 2023



Cluster diagrams

Unclustered cases

Pr— Travel only clusters -
888 (B.1.1.7)
57 (B.1.517)

Easier to interpret than trees and show 602
many sequences 0]

E (B.1.1.136)4
D (B.1.338)

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

« Colour
e Size
« Shape

e Y-axis

Genomic cluster or transmission network (lineage)

Period 1

Period 2 : Period 3

c g:.'

Mode of acquisition

Travel overseas
Case contact
¢ Unknown source

Number of cases

1
10
20
50
100
200

0 20,20 00

20 20 (90 (90 90 90 90 90 o0 90 90 90 100 190 90 o0 90 0 20 20 90
ol 55‘\\0 ?e,?zp.‘ ?ebg W"zg e 3) N"Q’Q ppt Amﬁj\gw A 3"““\5 3\-‘“29 W3 ‘\“\?’1 “\SX() P*‘J%’A P\U‘o-"; ‘3@?2:\ oeP g 00\9 05\2\‘\016\*\0‘.130\'\0‘1‘ A0

Date of COVID-19 diagnosis
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Tools for linking
enhanced
metadata




Ways we can link metadata

While doing data cleaning/analysis

Linking datasets together prior to

visualisation

Generally requires knowledge of
programming and/or statistical software

Manually
(not
advised)

While doing data visualisation

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

« Generally more user friendly (drag and
drop)
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FigTree
http:/ /tree.bio.ed.ac.uk/software/figtree/

Find Selection Mode Prev/Next

. - @ 4 Node Clade Taxa PUTES
« Basic but very useful can_cot

viewer for exploring trees & % 4

- Can add text-based e _‘_P

information to the tip |
I.a be I.S Align Tip Labels :

« Can colour tips, branches =
and highlight clades

« Can not add heatmaps . il —
with metadata

Background: Default @&

« Can export trees, but they
look pretty basic e

Tip Labels

Tip Shapes
Node Labels

v

Node Shapes

Node Bars

Branch Labels
¥4 Scale Bar

3383333332

WiV VIVIViIY

Does require a download



ITOL
https://itol.embl.de/

« 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

Troriee O Treeoflife & Upload =2 Datasharing @ Help ~

TREE OF LIFE

Colored dots on the branches are defined using a Branch symbols
dataset

» There are several Colored ranges specified
« Outside the tree, there are two Shape plots, one using squares, and

the other triangles

» Various Colored clades
« Outside the tree are 4 datasets: Binary dataset (check marks)

followed by two Simple bar charts and finally a Text labels dataset.

» Inverted circular display mode with various Colored clades

+ Two clades are collapsed (triangles)

¢ Internal tree scale is displayed

* A Connections dataset is displayed, with CENTER_CURVES option

selected

=+ Signin

-t Register




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

Keeley Hospital

Zefi Hos

oReference
SRR5931374
SRR5931376
SRR5931375
SRR5931390
SRR5931363
SRR3931417
SRR5931416

95RR5931382

Past hospital admissions

. No
. Yes

Tree scale: 0.000001 ——

SRR5931381
SRR5931379
SRR5931354
SRR58931356
SRR5931347
SRR5931348
SRR5931350
SRR5831419
SRR5931364
SRR5931401
SRR5931368
SRR5931399
SRR5931397
SRR5931389 [
SRR5931420
SRR5931426
SRR5931415
SRR5931422
SRR5931421
SRR5931423
SRR5931391

pital

pital
Mun_Hos)
. Overseas _medical_care

Thinley_Hospital

-
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Preloaded Dataset:

H AIVIZ (Select to load one) Permana et al. 2023.
https:/ /haiviz.fordelab.com/ Phylogenetictree  + 5 © X Colour + 58 x
_ o
o
Web-based application to build - Mo
interactive dashboards =
Built for hospital acquired infections, but [
can be used for any integration of Network + 58 X

genomic and epidemiological data

Basic trees, however does enable other
types of data visualisation

0.26




HAIlviz

Preloaded Dataset:

https:/ /haiviz.fordelab.com/

Epidemic Curve + @ X
G ® O Selected date: 22 April 2016 - 22 August 2016
Basic functionality but simple to use o

drag and drop format

5.0
45
4.0
35+
3.0
25+
20

0
2016-04 201505 201605 2016-05 201605 201605 2016-06 201606 2016-06 2016-06 201607 2016-07 2016-07 201607 201607 201608 201608 2016-08

Metadata can be displayed by colour:
« Column graphs (epidemic curve)

. . . Map + o @ X + o & X
* Gantt chart (transmission chain)
@ . K. pneumoniae

ICU and burns wards layout

o =] [~
@ Sauln

« Treemap
« Maps

1]

H

o
o
[roas
(o
eic

Panels are interactive and linked
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Microreact
https://microreact.org/

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 heeded.

= ‘.{‘ Microreact SHOWCASE UPLOAD DOCUMENTATION MY ACCOUNT

Open data visualization and sharing for genomic epidemiology

4 Typhi Haplotypes

IN PARTNERSHIP WITH

UK Health
Security

Tracing the spread of carbapenem-resistant
Klebsiella pneumoniae

& REPUBLIC
3 OF THE

@ .D ‘ CONG?3

) Ban Iu - ®
y/ ® 2 6'3"
Mangai . ®
L N



https://microreact.org/

® .
= ‘.{' Microreact SHOWCASE UPLOAD DOCUMENTATION MY ACCOUNT

Cladel-MPXV genomic diversity from 2018-2024 Tracing the spread of carbapenem-resistant

M i C ro reaCt (DRC) Klebsiella pneumoniae

https://microreact.org/ oy R A + i
e '""""“//‘. B P 29 ¢ e s
- ? e 0@ @ conco : o e ) @ ] - e o 'o’ ’ o

There are many projects to explore:
*  Mpox

« Carbapenem-resistant Klebsiella
pheumoniae

« Streptococcus pneumoniae

« West African Ebola epidemic

L ]
Zika virus in the Americas {7

* Y-chromosome human R~

e

 Zika virus in the Americas

» Vibrio cholerae o

« Staphylococcus aureus ST239
- Yersinia enterocolitica AT

Attantie ) seen

« Salmonella Typhi



https://microreact.org/

Microreact
https://microreact.org/

Panels are interactive and linked

Try clicking on:
« Asample in the map
* Aninternal node in the tree

« A column of samples on a date

We will also use Microreact in our
practical session

"
c
akar
.

i

Bissa!.l./y Fe

Senegal

- Guinea-

\

/
/
'@

2
Yo,

4 1
‘ @ JBobo Diow [
Guinea @ { - / m - s
é&n . -t . .
L A e | - -
.

1°N -
@ e <
@ ?
4" Korhoga
9@ o
{ Iy
3 Leo.ﬁ’vw.m i
e & by
‘ ’ r‘i\ 4 Ivory Coast
g ﬂﬂ\z‘ o clr\c Man
Y

f!‘/
' @ |
‘] R " Yamolissoukro /]
Li ber.{n\_“ 3
{ [

5 L
B 5 Koutiala A -y
Y «1] 8 —— b .
. ™ g -
Ky - i
vy —ay

= West African Ebola epidemic (2013-2... H IN ALL COLUMNS 1610 of 1610 =

Nara =l= ] Nodes & Labels ~ Metadata blocks ~ [ 1% e =

o
Mop " —"g..:':“.h‘-

Ségau .o -
H
San I
Kita / 1
Bamako " |
.

TEVENR w

smalp | AloasiH | uonoeles | puabaq

S e i %t .o
: —

™
°
@ O Al

@ : San Rédiol

N
|20ukm -
(©lmapbox o _ 02 L X

I ietacata | £ 16/03/2014 ) 83weeks 25/10/2016 O ¥ Type - Unit~ Speed- 14 <« B » ¥ @ =
80+
704
April nay June July August October N o] 2015 FeDruary  march April May June July AUGUST  Sepi october
- —F-.-—.—---—.-.-..--.I...-l..-——.———--.---.---l.----.—————.—— ———— !
April June August October December February April June August October



https://microreact.org/
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Take home
messages




Take home message

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



Practical session this Friday

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.//itolembl.de/

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

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


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

In-person training check in

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