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C’est quoi le NGS ?
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Approche Amplicon
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Approche metagenomique Shotgun (SMg)

 Meétagenomique : etude de |a totalité du contenu genetique d’un échantillon par

sequencage a haut débit

e Dans le cadre d’'une infection chez I'homme :
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Qu’est ce que ca apporte de plus ?
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En infectiologie ?
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En infectiologie ?
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Phase pré-pandéemique : Environnement

Meta-genomic analysis of toilet
waste from long distance flights;
a step towards global surveillance
of infectious diseases and
antimicrobial resistance

Thomas Nordahl Petersen®, Simon Rasmussen®, Henrik Hasman?, Christian Caree?,
Jacob Bzelum?, Anna Charlotte Schultz?, Lasse gl , Christina A. S d:
Ole Lund?, Thomas Sicheritz-Pontén® & Frank M. Aarestrup?

ONE SPOT GLOBAL RESISTANCE GENE
AND PATHOGEN SURVEILLANCE

Human waste from long-distance airplanes is an attractive

material for monitoring the occurrence, prevalence and

dissemination of antibiotic resistance genes and pathogens.

0 Samples were collected o

from 18 interational
flights, which landed in

Copenhagen, Denmark.
This system can easily be

upscaled to cover the
entire globe.

o Inrecent years it

Tas become teclmically

and economically feasible
to perform complete DNA
sequencing of large samples
aswell as analyse the data
computionally. 20 GB was

sequenced from each
sample, and analyzed.

ekﬁh airplane contains
roughly 400 litres of
human waste. Samples
were collected from the
storage tank and brought
to a research facility for
DNA extraction and
analysis.
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and resistance genes

o The method

vllers a way ul having

DNA-Sequencing
and computional
analysis known pathogens close
to real-time. In the future
itcan help ingand
preventing outbreaks and
dissemination of deadly
diseases.

global surveillance of all

Figure 1. Origin of the 18 long-distance flights with destination being the international airport in
Copenhagen, Denmark, as well as the analytic procedure applied. Figure created in Adobe Ilustrator.
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Figure 2. Geographical clustering of flight samples based on adjusted read abundance. a. Hierarchical
clustering of flight samples based on normalized abundance of complete bacterial genomes and genomes
from the human gut, bootstrap values are indicated in red and calculated using pvclust. Branch distance
In the tree 1s Ward’s minimum distance calculated using the Lance-Willlams formula. b. Heatmap showing
hierarchical clustering based on the normalized abundance of resistance gene classes. The abundance 1s

in log10 scale from white (low), yellow, orange (Intermediate), magenta, blue (high). MLS: macrolide,
lincosamide, streptogramin.

TN Petersen et al; Sci Rep 2015



Phase pré-pandemique : Vecteurs

A Pepperwood Preserve:
Ochlerotatus sierrensis
Viruses: dsRNA viruses,
Rhabdoviridae
Bacteria: Bacillus,
Corynbacterium,
Escherichia/Shigella

Fungi: Capnobotryella

B Bolinas:

Culex pipiens

Viruses: None

Bacteria: Actinobacillus, Bacillus,
Corynebacterium, Escherichia/
Shigella

Fungi: Chromocleista

C Stinson Beach:

Culex pipiens

Viruses: None

Bacteria: Bacillus, Escherichia/
Shigella, Wolbachia

Fungi: Aspergillus, Chromocleista,
Eurotium, Exobasidium,
Guehomyces, Multiclavula,
Moycenella, Poria

FIGURE 1. Collection locations and a summary of the microbial sequences

identified in each sample.

D San Rafael:

Culex pipiens

Viruses: Bunyaviridae, Narnavirus,
Rhabdoviridae

Bacteria: Bacillus, Escherichia/
Shigella, Wolbachia
Fungi: Cladosporium complex

E Mill Valley:
Culiseta incidens
Viruses: dsRNA viruses

| Bacteria: Bacillus, Escherichia/
o Shigella, Moraxella,
8| Propionibacterium

2\ Fungi: Arthrocladiella

= F San Francisco:

Culex pipiens
Viruses: Bunyaviridae, Narnavirus,
Rhabdoviridae

Bacteria: Bacillus, Escherichia/
Shigella, Moraxella, Wolbachia

Fungi: Cercosporella,

‘.';\‘ Cladosporium complex, Claviceps,
& | Malassezia, Saccharomyces

G San Mateo:
Culiseta incidens

Viruses: dsRNA viruses

Bacteria: Bacillus, Escherichia/
Shigella, Pseudomonas

W Fungi: Eupenicillium, Tetracladium

L

RNA shotgun metagenomic
sequencing of northern California
(USA) mosquitoes uncovers viruses,
bacteria, and fungi

James Angus Chandler*', Rachel M. Liu™ and Shannon N. Benneft *

Departmant of Microbiology, Califormia Academy of Sciences, San Franaisco, CA, USA

« Sequences related to single stranded RNA viruses of

the Bunyaviridae and Rhabdoviridae were uncovered,
along with an unclassified genus of double-stranded RNA
viruses. Phylogenetic analysis finds that in all three cases,
the closest relatives of the identified viral sequences are
other mosquito-associated viruses, suggesting widespread
host-group specificity among disparate viral taxa. »

JA Chandler, Frontiers in Microbiology 2015



Phase pre-pandémique : Hommes

Patiente de 5 ans avec déficit immunitaire congénital, transplantée
de moelle osseuse, développant une encéphalite grave puis un coma
inexpliqué au retour d’un voyage familial au Moyen-Orient

Diagnostic d’infection par Avulavirus

- Maladie grave connue chez l'oiseau

- Un seul cas mortel humain répertorié, pas de
caractérisation du virus

Séquence du génome complet et analyse phylogénique ont montré que la souche virale
circule au moyen-orient et qu’elle comporte de nombreux facteurs de virulence

('1902M010210', 'depth’)
10000

— o
-II-M-“ —T_| BN SN B s S _L—;‘e‘pﬁ
1000 Hypervariable region 7 r iy ;] [ 'L 5 ik
\ 1 | L ﬂ ||ﬂ|ﬂ i [‘i.r——|r‘]‘1f7lrjﬂ
7 ﬂ &
100 _:I_| IJ'l'l‘

S Winter, acta neuropathologica 2021



Phase pré-pandemique : Hommes

* Documentation des infections complexes non diagnostiquées (N=201)

NGS contribution according to infections type

1
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Moyenne : 32%
(+11% par rapport a 'ensemble des
techniques diagnostigues réunies)
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En infectiologie ?
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Phase d’Expansion pandémique

* LAMP-Seq

, Neutralization, LAMP Library preparation, . .
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=> From 40 000 to up to 1 million samples in the same run

=> From 3€ to <1€/sample




Techniques Amplicons

En infectiologie ?

Surveillance/diagnostic

évolution du virus
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Phase pandémique : Emergence de variants
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Phase pandemique : Emergence de variants

* Emergence de nouveaux variants, surveillance des cas graves

Tree scale: 0.001 ——————

201/501Y.V1
(« UK variant »)

20J/501Y.V3
(« Bresilian variant ») 20B/D

20A

20A (EU1)

20C

20A (EU2)

RCoV-19 France FR-HVN-21022180538 2021
L hcovo France Fr i 21022150843 2021
RCoV-19 France ARA-0026043 2021
hCoV-19 France ARA-0021076 2021
RCoV-19 France ARA-0028071 2021
RCoV-19 France ARA-0027021 2021
RCoV-19 France ARA-0028055 2021
RCoV-19 France IDF-0015100 2021
{ hoov1o France oF-oo16022 2021
RCoV-19 France IDF-0015099 2021
hCoV-19 France ARA-0028026 2021
RCoV-19 France FR-HMN-21022180542 2021
hCoV-19 France ARA-0019006 2021
RCoV-19 France ARA-0019013 2021
RCoV-19 France NAQ-0023004 2021
RCOV-19 France NAQ-0033090 2021
RCoV-19 France NAQ-0023008 2021
L—  hCoV-19 France NAQ-0023005 2021

hCoV-19 France ARA-0025030 2021
hCoV-19 France ARA-0033097 2021

hCoV-19 France FR-HMN-210122102;
hCoV-19 France FR-HMN-210221
hCoV-19 France FR-HMN-21022230288 2021

hCoV-19 France FR-HMN-21022180551 2021
hCoV-19 France FR-HMN-21022150436 2021

hCoV-19 France FR-HMN-210221
hCoV-19 France FR-HMN-2102223

20H/501Y.V2
(« South African » variant)

S. Fourati et al.; Emerg Inf Dis 2021

hCoV-19 France FR-HMN-21012220289 2021*

hCoV-19 France FR-HMN-21012220498 2021+

hCoV-19 France FR-HMN-21022120468 2021+
hCoV-19 France FR-HMN-21022150491 2021
hCoV-19 France FR-HMN-21022190457 2021**

ORFla: P286L, D2980G, N3651S
ORF1b: P1000L

ORF3a: V50A, M260N, E261L,
262-276del

ORF8: 184S, 119-120del

S: L18F, L452R, N501Y, A653V,
H655Y, D796Y, G1219V

N:S202N

Amino acid substitutions, compared to the

reference sequence NC_045512.2

501YV2 variantsin the current outbreak
amino acid substitutions/deletions

E:P71L

N:T2051
ORF1a:T265,V649FK1655N,K3353R,P314L,
$3675-, G3676-, F3677-
ORF1b:Q813H,P1664S

ORF3a:Q57H,5171L

ORF8:1121L

S:L18FD80A,D215G,1242-, A243-, 1 244-,
K417N,E484K,N501Y,D614G,A701V

S.Fourati et al.; CID 2021



Phase pandémique : recherche de résistance
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Et demain ?
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Distinction inflammation / infection
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Evaluation du pronostic
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Et demain ?
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PCA mapping (55.6%)
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» Recherche de profil transcriptomique
prédictif du type d’infection

* 'analyse en composante principale
montre des signatures moléculaires <7
distinctes entre infection Gram+ et Gram-
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Maria Cernada et al, Nature.2020



Evaluation du pronostic

e 113 patients positifs au SARS-CoV-2, 3 =, 1 =
groupes (ambu, mal inf, réa)

e Caractériser la génomique, - ol gl 7l
métagénomique et transcriptomique de \ -
I"hote .

CXCR2

* Plus forte expression de cytokines pro- %
inflammatoires chez les patients en o
réanimation B

 Aucun marqueur viral associé a la gravité O

C Rodriguez et al, PLOS Pathogens.2021



Evaluation du pronostic

 Panel de transcrits prédictifs basé sur les

données de transcriptomique

e AUCdes ICU patients : 0,86
* AUC des Outpatients : 0,90
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C Rodriguez et al, PLOS Pathogens.2021



Le NGS demain ?

Evolution des performances du systeme MetagenomlIA

Signatu re Train_loss valid_loss error_rate
moléculaire
normale

Infection de Infection de
I'immunodéprimé I'immunocompétent

Signature : Signature
; . Infection ; .
moléculaire moléculaire
immunologique microbiologique
anormale anormale 10 11 12 13 14 15 16 17 18 19

These d’exercice Dr Amandine Caillault Mémoire de DES Dr Pierre-Edouard Saint Antonin



Conclusion

* Le NGS apporte des solutions a chaque étape des epidémies pour :
— Detecter precocement des emergences (pathogene, virulence, résistance...)
— Apporter du diagnostic massif lorsque

— Surveiller 'évolution des microorganisme (nouveaux variants, résistance, mutation
d’échappement immunitaire...) a I’échelon global et individuel dans le cadre du diagnostic

 l'integration de l'ensemble des données en un seul diagnostic est un pas
important vers une médecine personnalisée, adaptée a la reponse spécifique
de I’'hOte a une infection par un pathogene spécifique

e Dans le futur, les signatures moléculaires globales pourront peut-étre
permettre une analyse complete du set de données ais sa complexité
nécessitera surement la mise en place d’'une |A dont les résultats sont déja
prometteurs.
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