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ATTAAAGGTTTATACCTTCCCAGGTAACAAACCAACCAACTTTCGATCTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTCACGCAGTATAATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGG
GAAAGGTAAGATGGAGAGCCTTGTCCCTGGTTTCAACGAGAAAACACACGTCCAACTCAGTTTGCCTGTTTTACAGGTTCGCGACGTGCTCGTACGTGGCTTTGGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCTTAGTAGAAGTTGAAAAAGGCGTTTTGCCTCAACTTGAACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCA
TCATGTTATGGTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAGTGGCTTACCGCAAGGTTCTTCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCATTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATGAAGATTTTCAAGAAAACTGGAACACTAAA
TGGTGTTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTATGTCGATAACAACTTCTGTGGCCCTGATGGCTACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTGTCCGAACAACTGGACTTTATTGACACTAAGAGGGGTGTATACTGCTGCCGTGAACATGAGCATGAAATTGCTTGGTACACGGAACGTTCTGAAAAGAGCTAT
GACACCTTTTGAAATTAAATTGGCAAAGAAATTTGACACCTTCAATGGGGAATGTCCAAATTTTGTATTTCCCTTAAATTCCATAATCAAGACTATTCAACCAAGGGTTGAAAAGAAAAAGCTTGATGGCTTTATGGGTAGAATTCGATCTGTCTATCCAGTTGCGTCACCAAATGAATGCAACCAAATGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCAGACGGGC
TAAAGCCACTTGCGAATTTTGTGGCACTGAGAATTTGACTAAAGAAGGTGCCACTACTTGTGGTTACTTACCCCAAAATGCTGTTGTTAAAATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCTGAGCATAGTCTTGCCGAATACCATAATGAATCTGGCTTGAAAACCATTCTTCGTAAGGGTGGTCGCACTATTGCCTTTGGAGGCTGTGTGTTCTCTTATGTTGGTTGCCATAACAAG
TTGGGTTCCACGTGCTAGCGCTAACATAGGTTGTAACCATACAGGTGTTGTTGGAGAAGGTTCCGAAGGTCTTAATGACAACCTTCTTGAAATACTCCAAAAAGAGAAAGTCAACATCAATATTGTTGGTGACTTTAAACTTAATGAAGAGATCGCCATTATTTTGGCATCTTTTTCTGCTTCCACAAGTGCTTTTGTGGAAACTGTGAAAGGTTTGGATTATAAAGCATTCAAACAAATTGTTGAA
TAATTTTAAAGTTACAAAAGGAAAAGCTAAAAAAGGTGCCTGGAATATTGGTGAACAGAAATCAATACTGAGTCCTCTTTATGCATTTGCATCAGAGGCTGCTCGTGTTGTACGATCAATTTTCTCCCGCACTCTTGAAACTGCTCAAAATTCTGTGCGTGTTTTACAGAAGGCCGCTATAACAATACTAGATGGAATTTCACAGTATTCACTGAGACTCATTGATGCTATGATGTTCACATCTGAT
TAACAATCTAGTTGTAATGGCCTACATTACAGGTGGTGTTGTTCAGTTGACTTCGCAGTGGCTAACTAACATCTTTGGCACTGTTTATGAAAAACTCAAACCCGTCCTTGATTGGCTTGAAGAGAAGTTTAAGGAAGGTGTAGAGTTTCTTAGAGACGGTTGGGAAATTGTTAAATTTATCTCAACCTGTGCTTGTGAAATTGTCGGTGGACAAATTGTCACCTGTGCAAAGGAAATTAAGGAGAGT
ATTCTTTAAGCTTGTAAATAAATTTTTGGCTTTGTGTGCTGACTCTATCATTATTGGTGGAGCTAAACTTAAAGCCTTGAATTTAGGTGAAACATTTGTCACGCACTCAAAGGGATTGTACAGAAAGTGTGTTAAATCCAGAGAAGAAACTGGCCTACTCATGCCTCTAAAAGCCCCAAAAGAAATTATCTTCTTAGAGGGAGAAACACTTCCCACAGAAGTGTTAACAGAGGAAGTTGTCTTGAAA
TTTACAACCATTAGAACAACCTACTAGTGAAGCTGTTGAAGCTCCATTGGTTGGTACACCAGTTTGTATTAACGGGCTTATGTTGCTCGAAATCAAAGACACAGAAAAGTACTGTGCCCTTGCACCTAATATGATGGTAACAAACAATACCTTCACACTCAAAGGCGGTGCACCAACAAAGGTTACTTTTGGTGATGACACTGTGATAGAAGTGCAAGGTTACAAGAGTGTGAATATCACTTTTGAA
AAGGATTGATAAAGTACTTAATGAGAAGTGCTCTGCCTATACAGTTGAACTCGGTACAGAAGTAAATGAGTTCGCCTGTGTTGTGGCAGATGCTGTCATAAAAACTTTGCAACCAGTATCTGAATTACTTACACCACTGGGCATTGATTTAGATGAGTGGAGTATGGCTACATACTACTTATTTGATGAGTCTGGTGAGTTTAAATTGGCTTCACATATGTATTGTTCTTTCTACCCTCCAGATGAG
AGAAGGTGATTGTGAAGAAGAAGAGTTTGAGCCATCAACTCAATATGAGTATGGTACTGAAGATGATTACCAAGGTAAACCTTTGGAATTTGGTGCCACTTCTGCTGCTCTTCAACCTGAAGAAGAGCAAGAAGAAGATTGGTTAGATGATGATAGTCAACAAACTGTTGGTCAACAAGACGGCAGTGAGGACAATCAGACAACTACTATTCAAACAATTGTTGAGGTTCAACCTCAATTAGAGATG
ACCAGTTGTTCAGACTATTGAAGTGAATAGTTTTAGTGGTTATTTAAAACTTACTGACAATGTATACATTAAAAATGCAGACATTGTGGAAGAAGCTAAAAAGGTAAAACCAACAGTGGTTGTTAATGCAGCCAATGTTTACCTTAAACATGGAGGAGGTGTTGCAGGAGCCTTAAATAAGGCTACTAACAATGCCATGCAAGTTGAATCTGATGATTACATAGCTACTAATGGACCACTTAAAGTG
TTGTGTTTTAAGCGGACACAATCTTGCTAAACACTGTCTTCATGTTGTCGGCCCAAATGTTAACAAAGGTGAAGACATTCAACTTCTTAAGAGTGCTTATGAAAATTTTAATCAGCACGAAGTTCTACTTGCACCATTATTATCAGCTGGTATTTTTGGTGCTGACCCTATACATTCTTTAAGAGTTTGTGTAGATACTGTTCGCACAAATGTCTACTTAGCTGTCTTTGATAAAAATCTCTATGAC
TTCAAGCTTTTTGGAAATGAAGAGTGAAAAGCAAGTTGAACAAAAGATCGLTGAGATTCCTAANGAGGAAGTTAAGCCATTTATAACTGAAAGTAAACCTTC GTTACAACAACTCTGGAAGAAACTAAGTTCCTCACAGAAAACTTGTTACTTTATATTGACATTAATGGCAATCTTCATCCAGATTCTGCCACT
TGACATTGAC L GTGG GTILITCAAGARGGIEITTTAAC I TACCT AAAL CCAACA ATTATATAACCACTTACCCGGGTCAGGGTTTAAATGGTTACACTGTAGAGGAGGCAAAGACAGTGCTTAAAAAGTGTAAAAGTGCCTTTTAC
ATCTATTAT AGAA CTRTTTCT GAAATRC 3 cle AAKCA A ATAA TAAAATACAAGAGGGTGTGGTTGATTATGGTGCTAGATTTTACTTTTACACCAGTAAAACAACTGTAGCGTCACTTATCAACACACTTAAC
TGAAACTC i ACRCATRGCTTAR AGAAGCTG(C TGAG AAG CTRC i CTTACTTC TAAAACACCTGAAGAACATTTTATTGAAACCATCTCACTTGCTGGTTCCTATAAAGATTGGTCCTATTCTGGACAATCTACACAACTAGGT

2 RCTAGTAATCCTACCATETTCC G TCACETGACRATCT TAJPACACTT! AACAT CACACGCAAGTTGTGGACATGTCAATGACATATGGACAACAGTTTGGTCCAACTTATTTGGATGGAGCTGATGTTACTAAAATAAAACCT
ACATGAAGGTAAAACATTTTATGTTTTACCTAATGATGACACTCTACGTGTTGAGGCTTTTGAGTACTACCACACRACTGATCCTAGT I TCTGGGTAGGTACATGTCABTATTAAATCACACTAAAAAGTGGAAATACCCACAAGTTAATGGTTTAACTTCTATTAAATGGGCAGATAACAACTGTTATCTTGCCACTGCATTGTTAACACTCCAACAAATAGAGTTGAAGTTTAATCCACCTGCT

AGATG
TGCTTATTACAGAGCAAGGGCTGGTGAAGCTGCTAACTTTTGTGCACTTATCTTAGCCTACTGTAATAAGACAGTAGGTGAGTTAGGTGATGTTAGAGAAACAATGAGTTACTTGTTTCAACATGCCAATTTAGATTCTTGCAAAAGAGTCTTGAACGTGGTGTGTAAAACTTGTGGACAACAGCAGACAACCCTTAAGGGTGTAGAAGCTGTTATGTACATGGGCACACTTTCTTATGAACAATTT
TGTTCAGA C,TTGT“ZGTGTGGTAA!CAAGCECAMTATCTAGTACAAEAGGAGTCA TTTTGTTATGATGT!AGCACCACCTGCTCAGTATGAACTTAAGCATGGTACATTTACTTGT{AGMGTACACTGGTAATTACCA(H'GTGGTCACTATAAACAT AACTTCTAAAGAAACTTTGTATTGCATAGACGGTGCTTTACTTACAAAGTCCTCAGAATACAAAGGTCCTATTACG!

CTACAAAGARAAC Al A C GRATPC QT \ W 4 TTGG AGAA, L) Al ATTG AQA] Al TAATTTTAAGTTTGTATGTGATAATATCAAATTTGCTGATGATTTAAACCAGTTAACTGGTTATAAGAAA
AAGAGAGCTEAAA r G TGRTG(MT % TR % AAAG! TTQETACA GGOETT. GCAA| GCCRCOr ARAAARCA, ] TGTCTTTGGAGCACAAAACCAGTTGAAACATCAAATTCGTTTGATGTACTGAAGTCAGAGGACGCGCAG
TAATCTTG®ETGCG C CORG A TAGTGEAAMTECT ANEETA G ANENC GTGA, ACRGAMSTTGT. A ARTTARACERG ARAT

CAEARGACSTT ASAT

TGCTACTCATGGTTTAGCTG®IGTTAATAGTGTCCCTTGGGATACTATAGCTAATTATGCTAAGCCTTTT!

TAAATTTTGTCTAGAGGCTTCATTTAATTATTTGAAGTCACCTAATTTTTCTAAACTGATAAATATTATAATTTGGTTTTTACTATTAAGTGTTTGCCTAGGTTCTTTAATCTACTCAACCGCTGCTTTAGGTGTTTTAATGTCTAATTTAGGCATGCCTTCTTACTGTACTGGTTACAGAGAAGGCTATTTGAACTCTACTAATGTCACTATTGCAACCTACTGTACTGGTTCTATACCTTGTAGT
TAGTGGTTTAGATTCTTTAGACACCTATCCTTCTTTAGAAACTATACAAATTACCATTTCATCTTTTAAATGGGATTTAACTGCTTTTGGCTTAGTTGCAGAGTGGTTTTTGGCATATATTCTTTTCACTAGGTTTTTCTATGTACTTGGATTGGCTGCAATCATGCAATTGTTTTTCAGCTATTTTGCAGTACATTTTATTAGTAATTCTTGGCTTATGTGGTTAATAATTAATCTTGTACAAATG
TTCAGCTATGGTTAGAATGTACATCTTCTTTGCATCATTTTATTATGTATGGAAAAGTTATGTGCATGTTGTAGACGGTTGTAATTCATCAACTTGTATGATGTGTTACAAACGTAATAGAGCAACAAGAGT CGAATGTACAACTATTGTTAATGGTGTTAGAAGGTCCTTTTATGTCTATGCTAATGGAGGTAAAGGCTTTTGCAAACTACACAATTGGAATTGTGTTAATTGTGATACATTCTGT
TACATTTATTAGTGATGAAGTTGCGAGAGACTTGTCACTACAGTTTAAAAGACCAATAAATCCTACTGACCAGTCTTCTTACATCGTTGATAGTGTTACAGTGAAGAATGGTTCCATCCATCTTTACTTTGATAAAGCTGGTCAAAAGACTTATGAAAGACATTCTCTCTCTCATTTTGTTAACTTAGACAACCTGAGAGCTAATAACACTAAAGGTTCATTGCCTATTAATGTTATAGTTTTTGAT
AAAATGTGAAGAATCATCTGCAAAATCAGCGTCTGTTTACTACAGTCAGCTTATGTGTCAACCTATACTGTTACTAGATCAGGCATTAGTGTCTGATGTTGGTGATAGTGCGGAAGTTGCAGTTAAAATGTTTGATGCTTACGTTAATACGTTTTCATCAACTTTTAACGTACCAATGGAAAAACTCAAAACACTAGTTGCAACTGCAGAAGCTGAACTTGCAAAGAATGTGTCCTTAGACAATGTC
TTTTATTTCAGCAGCTCGGCAAGGGTTTGTTGATTCAGATGTAGAAACTAAAGATGTTGTTGAATGTCTTAAATTGTCACATCAATCTGACATAGAAGTTACTGGCGATAGTTGTAATAACTATATGCTCACCTATAACAAAGTTGAAAACATGACACCCCGTGACCTTGGTGCTTGTATTGACTGTAGTGCGCGTCATATTAATGCGCAGGTAGCAAAAAGTCACAACATTGCTTTGATATGGAAC
TTTCATGTCATTGTCTGAACAACTACGAAAACAAATACGTAGTGCTGCTAAAAAGAATAACTTACCTTTTAAGTTGACATGTGCAACTACTAGACAAGTTGTTAATGTTGTAACAACAAAGATAGCACTTAAGGGTGGTAAAATTGTTAATAATTGGTTGAAGCAGTTAATTAAAGTTACACTTGTGTTCCTTTTTGTTGCTGCTATTTTCTATTTAATAACACCTGTTCATGTCATGTCTAAACAT

AATA GGCTGCTTATGTAGACAATTCTAGTCTTACTATTAAGAAACCTAATGAATTATCTAGAGTATTAGGTTTG

ACCTAAAGAGACGTGTAGTCTTTAATGGTGTTTCCTTTAGTACTTTTGAAGAAGCTGCGCTGTGCACCTTTTTGTTAAATAAAGAAATGTATCTAAAGTTGCGTAGTGATGTGCTATTACCTCTTACGCAATATAATAGATACTTAGCTCTTTATAATAAGTACAAGTATTTTAGTGGAGCAATGGATACAACT
CAGTAACTCAGGTTCTGATGTTCTTTACCAACCACCACAAACCTCTATCACCTCAGCTGTTTTGCAGAGTGGTTTTAGAAAAATGGCATTCCCATCTGGTAAAGTTGAGGGTTGTATGGTACAAGTAACTTGTGGTACAACTACACTTAACGGTCTTTGGCTTGATGACGTAGTTTACTGTCCAAGACATGTGATCTGCACCTCT

CACTATTAAGGGTTCATTCCTTAATGGTTCATGTGGTAGTGTTGGTTTTAACATAGATTATGACTGTGTCTCTTTTTGTTACATGCACCATATGGAATTACCAACTGGAGTTCATGCTGGCACAGACTTAGAAGGTAACTTTTATGGACCTTTTGTTGACAGGCAAACAGCACAAGCAGCTGGTACGGACACAACTATTACAGTTAATGTTTTAGCTTGGTTGTACGCTGCTGTTATAAATGGAGAC
TCTCAATCGATTTACCACAACTCTTAATGACTTTAACCTTGTGGCTATGAAGTACAATTATGAACCTCTAACACAAGACCATGTTGACATACTAGGACCTCTTTCTGCTCAAACTGGAATTGCCGTTTTAGATATGTGTGCTTCATTAAAAGAATTACTGCAAAATGGTATGAATGGACGTACCATATTGGGTAGTGCTTTATTAGAAGATGAATTTACACCTTTTGATGTTGTTAGACAATGCTCA
TTTCCAAAGTGCAGTGAAAAGAACAATCAAGGGTACACACCACTGGTTGTTACTCACAATTTTGACTTCACTTTTAGTTTTAGTCCAGAGTACTCAATGGTCTTTGTTCTTTTTTTTGTATGAAAATGCCTTTTTACCTTTTGCTATGGGTATTATTGCTATGTCTGCTTTTGCAATGATGTTTGTCAAACATAAGCATGCATTTCTCTGTTTGTTTTTGTTACCTTCTCTTGCCACTGTAGCTTAT]
GGTCTATATGCCTGCTAGTTGGGTGATGCGTATTATGACATGGTTGGATATGGTTGATACTAGTTTGTCTGGTTTTAAGCTAAAAGACTGTGTTATGTATGCATCAGCTGTAGTGTTACTAATCCTTATGACAGCAAGAACTGTGTATGATGATGGTGCTAGGAGAGTGTGGACACTTATGAATGTCTTGACACTCGTTTATAAAGTTTATTATGGTAATGCTTTAGATCAAGCCATTTCCATGTGG
AATCTCTGTTACTTCTAACTACTCAGGTGTAGTTACAACTGTCATGTTTTTGGCCAGAGGTATTGTTTTTATGTGTGTTGAGTATTGCCCTATTTTCTTCATAACTGGTAATACACTTCAGTGTATAATGCTAGTTTATTGTTTCTTAGGCTATTTTTGTACTTGTTACTTTGGCCTCTTTTGTTTACTCAACCGCTACTTTAGACTGACTCTTGGTGTTTATGATTACTTAGTTTCTACACAGGAG
TATGAATTCACAGGGACTACTCCCACCCAAGAATAGCATAGATGCCTTCAAACTCAACATTAAATTGTTGGGTGTTGGTGGCAAACCTTGTATCAAAGTAGCCACTGTACAGTCTAAAATGTCAGATGTAAAGTGCACATCAGTAGTCTTACTCTCAGTTTTGCAACAACTCAGAGTAGAATCATCATCTAAATTGTGGGCTCAATGTGTCCAGTTACACAATGACATTCTCTTAGCTAAAGATACT
CTTTGAAAAAATGGTTTCACTACTTTCTGTTTTGCTTTCCATGCAGGGTGCTGTAGACATAAACAAGCTTTGTGAAGAAATGCTGGACAACAGGGCAACCTTACAAGCTATAGCCTCAGAGTTTAGTTCCCTTCCATCATATGCAGCTTTTGCTACTGCTCAAGAAGCTTATGAGCAGGCTGTTGCTAATGGTGATTCTGAAGTTGTTCTTAAAAAGTTGAAGAAGTCTTTGAATGTGGCTAAATCT
CCGTGATGCAGCCATGCAACGTAAGTTGGAAAAGATGGCTGATCAAGCTATGACCCAAATGTATAAACAGGCTAGATCTGAGGACAAGAGGGCAAAAGTTACTAGTGCTATGCAGACAATGCTTTTCACTATGCTTAGAAAGTTGGATAATGATGCACTCAACAACATTATCAACAATGCAAGAGATGGTTGTGTTCCCTTGAACATAATACCTCTTACAACAGCAGCCAAACTAATGGTTGTCATA|
TAACACATATAAAAATACGTGTGATGGTACAACATTTACTTATGCATCAGCATTGTGGGAAATCCAACAGGTTGTAGATGCAGATAGTAAAATTGTTCAACTTAGTGAAATTAGTATGGACAATTCACCTAATTTAGCATGGCCTCTTATTGTAACAGCTTTAAGGGCCAATTCTGCTGTCAAATTACAGAATAATGAGCTTAGTCCTGTTGCACTACGACAGATGTCTTGTGCTGCCGGTACTACA
TTGCACTGATGACAATGCGTTAGCTTACTACAACACAACAAAGGGAGGTAGGTTTGTACTTGCACTGTTATCCGATTTACAGGATTTGAAATGGGCTAGATTCCCTAAGAGTGATGGAACTGGTACTATCTATACAGAACTGGAACCACCTTGTAGGTTTGTTACAGACACACCTAAAGGTCCTAAAGTGAAGTATTTATACTTTATTAAAGGATTAAACAACCTAAATAGAGGTATGGTACTTGGT
TGCCACAGTACGTCTACAAGCTGGTAATGCAACAGAAGTGCCTGCCAATTCAACTGTATTATCTTTCTGTGCTTTTGCTGTAGATGCTGCTAAAGCTTACAAAGATTATCTAGCTAGTGGGGGACAACCAATCACTAATTGTGTTAAGATGTTGTGTACACACACTGGTACTGGTCAGGCAATAACAGTTACACCGGAAGCCAATATGGATCAAGAATCCTTTGGTGGTGCATCGTGTTGTCTGTAC
CCACATAGATCATCCAAATCCTAAAGGATTTTGTGACTTAAAAGGTAAGTATGTACAAATACCTACAACTTGTGCTAATGACCCTGTGGGTTTTACACTTAAAAACACAGTCTGTACCGTCTGCGGTATGTGGAAAGGTTATGGCTGTAGTTGTGATCAACTCCGCGAACCCATGCTTCAGTCAGCTGATGCACAATCGTTTTTAAACGGGTTTGCGGTGTAAGTGCAGCCCGTCTTACACCGTGCG
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HISTORY OF PANDEMICS

PAN-DEM:-IC (of a disease) prevalent over
a whole country or the world.

THROUGHOUT HISTORY, as humans
spread across the world, infectious
diseases have been a constant
companion. Even in this modern
era, outbreaks are nearly constant.

Death toll

Antonine Plague 165-180 &M
Plague of Justinian 541.542 30-50M —

Japanese Smallpox Epidemic 735-737 1M — @

Black Death (Bubonic Plague) 200M _ 1100 Here are some of history's most
1347-1351 deadly pandemics, from the

Antonine Plague to COVID-19.

Throughout the 17th and 18th

centuries, a series of 0
g 14
*Great Plagues® routinely Smallpox 56M o £
1520 1450
ravaged cities across Europe.
1500
3 1550
17th Century Great Plagues =M
1600 1600
1650
18th Century Great Plagues 600K & 1700
1700

Cholera 6 outbreak 1M
1817.1923

The Third Plague 12
1855

5
Yellow Fever 100-150K — ?;ﬂagn:?::'u 40-50M
LATE 1800s S -
Russian Flu 1M
1889-1890
1900
1925
HIV/AIDS 25-35M -
bl gty Asian Flu 14M .
1957-1958 1950
Hong Kong Flu 1M
1968-1970
1975

2000
Sﬁ)%sz.zag x Swine Flu 200K
MERS 850 2009-2010
2012-present ¢ Ebola 11.3K

7 COVID-19 6.0M*
2019-8:00aM PT, Mar 01, 2022 [ONGOING]

2014-2016

42025
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Figure 1: Number of EID events per
decade.
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RO (basic reproduction number) of diseases
A measure of how many people each sick person will infect on average
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Approches épidemiologiques

Texts in Applied Mathematics 69

Ex. IAHP H5N8 en France, 2016-17
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Génomes des pathogenes: information sur la transmission

Timescale of host-to-host transmission
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Timescale at which novel genomic variation is observed

Biek et al. 2015 Trends Ecology and Evolution
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Qu’est ce que la phylodynamie ?

We call the melding of immunodynamics,
epidemiology, and evolutionary biology required to
achieve this synthesis pathogen

“phylodynamics.”

Phylodynamics focuses on the estimation of population dynamic
parameters from genetic sequences and molecular phylogenies, such as
epidemic growth rates, generation times and reproductive numbers.
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Falling fast

In the first few years after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore’s law, which predicts exponential
declines in computing costs. After 2007, sequencing costs dropped precipitously.

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

2012 2013

GENOME EXPLOSION

Scientists have shared about six million SARS-CoV-2 genome sequences
on the GISAID data-sharing platform since January 2020, many of them
in just the past eight months. Those deposited from Africa recently
proved invaluable in sounding the alarm on the Omicron variant.

B e Global

~ Europe

~ North America

Number of sequences (million)
w

< EO R — < S . [ — Asia

—South America
~Africa

oY a = == Oceania

Jan Apr Jul Oct Jan Apr Jul Oct
2020» 2021»

e January 2020:
o December 2020: Alpha and Beta variants named
© January 2021:
O April2021:

e November 2021: Omicron variant named

First genome of the SARS-CoV-2 coronavirus reported

Gamma variant named

Delta variant named

© Nature 10



Séquencage dans l'espace
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Des géenomes aux parametres epidémiologiques

Arbre de Echantillonnage Production des Reconstruction de Inferenc\c-':-[ des
transmission d’une fraction des seéquences larbre , _ggra_mle res
complet infections génétiques du phylogénétique epidemiologiques
pathogene
[ ] X ) ® P
O_L'_x ._\_'_x ATGTTATAG
° ? x © " ® ? ! ®  —> ATGTCAT- —> @ >
o—x o—eo - GTCATAG o
time time time Re
<€ R >
Phylogénie Phylodynamie

Adapté de Guinat et al. 2021 Trends in Ecology and Evolution 12



A guelles guestions peut-on répondre ?

» Quelle est I'origine spatio-temporelle de I'épidémie ?
» Quel est I'nbte réservoir ?

» Combien de foyers ont €té non reportés ?

» Qui sont les super-spreaders ?

» Qui a infecté qui ?

» A combien estle RO ?

> Quelles sont les déterminants de la transmission ?

13



Confirmer/infirmer le cas index

Ex. VIH aux Etats-Unis dans les 80’s

] San Francisco, 1978

L
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v (%) New York
5 New York City, 1979 0 .3
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Origine spatio-temporelle

Ex. IAHP H5NS8, 2013-15

02-Jul-2013

® Dom-ans
© Dom-gal
® Wild-Long
® Wild-Short
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Quel est I'n6te réservoir?

Ex. MERS-CoV dans la péninsule arabique, 2013-15

r
[=}

R
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Dudas et al. 2017 eLife 16



Foyers non reportes

Ex. IAHP H5N8 en Europe, 2016-17

Poultry farms in Czech Republic

Poultry farms in Germany

Poultry farms in Hungary

Inferred cumulative number of infections

Guinat et al. Under review
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Ex. VIH en Lettonie, 1990-2010

ldentifier les super-spreaders

p17 gene
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Kuhnert et al. 2016 MBE




Qui a infecte qui?

Ex. Fievre aphteuse au Royaume-Uni, 2007

= WOKING

Pirbright &
*
2a
1b, @

. e O®
2b * GUILDFORD
ALDERSHOT

GODALMING

® 91c

Cottam et al

IP6b 0.00

&}
1P3c 0.00

IP1b 0.53

. 2008 Plos Pathogens, De Maio et al. 2016 Plos Computational Biology
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Estimer le RO

Ex. HIN1 au Mexique, 2009

Données épidémiologiques

O

0.16 -
0.12 A
0.08 -
0.04 -

Posterior density

1 126 15 178 2
Basic reproduction number R,

o
o
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c
-
(&)

Posterior Density
o
o o
n -—

Données génétiques

1

1.25 1.5 1.75 2
Basic reproduction number R,

Fraser et al. 2009 Science
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Déterminants de la transmission

Ex. Peste des Petits Ruminants en Afrique et Asie

Vaccination campaign Spring Festival
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Avantages de |la phylodynamie

» Mieux comprendre le passe ! (mais pas le futur)

» Complementarité avec les approches épidémiologiques:

- Information précédant les premiers foyers officiellement reportés
- Estimation du nombre de foyers non reportés

- Quantification de la transmission au sein d'une méme population vs. nouvelles
introductions d’'une autre population

» Collaboration entre acteurs de terrain, épidéemiologistes, virologistes, généticiens...
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Défis de la phylodynamie

» Techniques:

- Vitesse et cout du sequencage

- Vitesse des analyses

» Biais d’échantillonnage des séquences

» Caracteres evolutifs des pathogenes (diversité intra-hote,
recombinaison, etc.)

» Lien entre données de séquences et épidémiologiques

» Partage de données
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Perspectives de la phylodynamie

» Domaine en pleine expansion et développement
» Un nombre d’applications en santé animale
» Avantages en santé animale:

- Données plus accessibles et complétes qu’en santé humaine (localisation des
fermes, collection des données, etc.)

- Possibilité d’intégrer les données génétiques avec plus de données
éepidémiologiques (mouvements des animaux entre fermes, types de fermes, etc.)
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Intéressés ? Par ou commencer :

» Workshop Taming the BEAST » Plateformes de données de séquencage

» Documentations et sites web:

Bayesian Evolutionary Analysis with BEAST 2 (Drummond & Bouckaert, 2014)
BEAST 2: http://www.beast2.org/

BEAST 1: http://beast.bio.ed.ac.uk
Groupe de discussion BEAST-users: http://groups.qgoogle.com/group/beast-users

> Et surtout contacter et collaborer avec les acteurs de terrain et les laboratoires !
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http://www.beast2.org/book/
http://www.beast2.org/
http://beast.community/
http://groups.google.com/group/beast-users

ETH:zurich

Merci pour votre attention !
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