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Genomic surveillance

“Genomic surveillance is the process of constantly monitoring

pathogens and analyzing their genetic similarities and differences.”

WHO, 2022

A pivotal outcome of genomics surveillance is
the identification of pathogen genetic
clusters/lineages and their characterization in

terms of geotemporal spread or linkage to clinical

and demographic data

ONE HEALTH



Genomics surveillance — main typing workflows
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Genomics surveillance — main typing workflows

Multiple bioinformatics solutions, but similar steps and goals...
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Identification and characterization of genetic clusters

The example of Listeria monocytogenes...

Centre Tree

Show Tooltips

\ ST
@ 11244]

Drag Icon to Rotate: < O 1211[69]

©2[60]
Zoom: Q Q O 388 [60]
@ 8759
O 3138]
@735
O 6134]
@934
Onal33]
@ 217 (28]
0822
O 155[14]
(O 382[14]
@ 219[13]
O4113]
© 378 [11]
O14110]
@ 1619]
O 73616

Node Style v

Colour By:

[sT a}

Show Labels
ID [T
Font Size:

12 <

I Node Size (%) e
200 +
4 Kurtosis (%)
100 +

@25105]
@291[5]
@ 666 [5]
0504
@ 403[3]
©5413]
o173
O101[2]
@20(2]
@ 20012

Highlight Label

Show Pie Chart

The detection of genetic clusters with possible public health relevance is still

a challenging step that mostly relies on non-automated and difficult to reproduce approaches



The routine of genomic surveillance

There is a need for solutions that facilitate, automate and speed-up the

detection of genetic clusters and their linkage to clinical/epidemiological data

!

REPRODUCIBIBLITY IME-EFFICIENCY FLEXIBILITY



ReporTree

* Flexible solution to automatically identify genetic clusters at any (or all) distance

thresholds (e.g., high resolution thresholds used for outbreak detection)

* Generate surveillance-oriented reports based on the available metadata, such as

timespan, geography or vaccination/clinical status

 Allows maintaining cluster nomenclature between runs and generates

hierarchical codes for nomenclature

ReporTree: a surveillance-oriented tool to strengthen the
linkage between pathogen genetic clusters and
epidemiological data

O &

GitHub docker

https://github.com/insapathogenomics/ReporTree

Mixdo V, Pinto M, Sobral D, Pasquale AD, Gomes JP, Borges V

Author information »

Preprint from Research Square, 30 Sep 2022
DOI: 10.21203/rs.3.rs-1404655/v2  PPR: PPR552299



Genomics surveillance — main typing workflows
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Genomics surveillance — main typing workflows o)l
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Genomic surveillance of L. monocytogenes S0 s
REPRODUCIBILITY

Main outputs:
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[[Jcluster_38 [14] [ ]

[ cluster_52 [13] Tre e
[ eluster_2 [10]

Mo o * Metadata table updated with clusters at any/all
Bomrow resolution levels and nomenclature code

. cluster_1 [7]

e * Summary reports with the statistics/trends for
. the derived genetic clusters

B « Summary reports for the samples of interest
e (e.g., new samples)

[Jcluster_75 [5]

NSt [l cluster_115 4]
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[ cluster_29 [4]

[ cluster_43 (4]

W cluster_72 4]
Bo o Identification of potential
[ ] cluster:116 3]

— il listeriosis outbreaks

| |Others [643]

cluster_ samples source country first_seq_ last_seq_ timespan_
length date date days
MST-4x1.0 cluster_34 2 sample_0419,sample_0464 clinical (50.0%), food (50.0%) C (50.0%), B (50.0%) (n = 2) 20/06/11 12/03/12 266 87 (100.0%) (n = 2)
MST-7x1.0  cluster_106 33 sample_0017,sample_0037,sample_ clinical (63.6%), food (36.4%) C (42.4%), B (30.3%), A (27.3%) 30/03/04 14/07/21 6315 87 (100.0%) (n = 33)
MST-14x1.0 cluster_87 46 sample_0017,sample_0037,sample_ clinical (67.4%), food (32.6%) A (37.0%), C (34.8%), B (28.3%) 30/03/04 14/07/21 6315 87 (100.0%) (n = 46)

partition cluster ST




ReporTree validation and benchmarking

Using diverse datasets with >1,000 isolates of foodborne
bacterial pathogens, ReporTree identifies genetic clusters
at potential outbreak level and performs their

characterization in less than 1min
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IME-EFFICIENC

ReporTree validation and benchmarking

Core genome
(site inclusion 1.0)

* Using diverse datasets with >1,000 isolates of foodborne

bacterial pathogens, ReporTree identifies genetic clusters =
at potential outbreak level and performs their - . - -
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dataset with 1788 Mycobacterium tuberculosis isolates, RN
the running times is less than 6 min 5 3 5 3303 03 oso;
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Run (dataset size and threshold applied)

ReporTree can be smoothly implemented in routine surveillance, with negligible

l
|
|
computational and time costs, contributing to a sustainable and efficient public health
|
l

genomics-informed pathogen surveillance

________________________________________________________________________
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Designed for surveillance of multiple pathogens o e

METADATA

Clustering Input processing

Reporting

repor) ‘tree
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Partitions / Clusters

Monitoring cluster nomenclature and

generating nomenclature hierarchical code

Main reports Additional outputs

LEXIBILIT

Implemented in the routine surveillance of L.
monocytogenes at INSA and has already facilitated the

Quality Control Assessments of other foodborne pathogens

Being tested for application in the genomics surveillance of
other important bacterial pathogens, such as Neisseria

meningitidis and Mycobacterium spp.

- Updated metadata with clusters at
any/all threshold level(s)

- Summary reports for the derived
clusters or for any metadata field

- Nomenclature history (record of
changes in cluster composition and
code between runs)

- Reports for the samples of interest
- Count/frequency matrices for the

From input processing

- Filtered SNP/allele matrices
- Filtered and cleaned alignment”

From clustering:
- Cluster composition

- Minimum Spanning Tree/Dendrogram””

- Pairwise distance matrix™"
- Regions of cluster stability"™
- Samples of interest: zoom-in of clusters

derived clusters or for any metadata field and/or of the N closest related samples



Take-home message

(tree

ReporTree is an automated and flexible pipeline, applicable to multiple pathogens,

with a concept aligned with One Health

** ReporTree can be easily implemented in routine surveillance and outbreak investigation workflows, providing

solutions to:

v' Obtain genetic clusters at all possible thresholds using multiple clustering methods and maintaining cluster
nomenclature between different time-points

v' Apply a dynamic approach to increase the resolution power in clusters of interest

v' Obtain summary reports with the statistics/trends for the derived genetic clusters

Collaboration with: e

*.***:ne :***:ne *****ne
» Integration in the COHESIVE platform E{E,’.}k;‘;‘,E HFEIL\EL\I!" HE(IS\\I/'%H

% Integration in INSaFLU-TELEVIR platform (ongoing)
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