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Approche Amplicon
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Approche métagenomigue Shotgun (SMg)

 Metagenomique : étude de la totalité du contenu génétique d’un echantillon par
séguencage a haut débit

e Dans le cadre d’une infection chez 'homme :
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Approche métagenomigue Shotgun (SMg)

 Metagenomique : étude de la totalité du contenu génétique d’un echantillon par
séguencage a haut débit
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Résultats
Bactéries
Quantité faible

Streptococcus sp. oral taxon
431

Streptococcus sp. A12

Exemple sur la documentation par SMg

Haemophilus sp. oral taxon 036

Veillonella parvula

Neisseria meningitidis

Prevotella melaninogenica

Streptococcus
pseudopneumoniae

Quantité intermédiaire
Neisseria mucosa
Haemophilus parainfluenzae
Neisseria sicca
Streptococcus pneumoniae
Streptococcus mitis

Prevotella jejuni

Staphylococcus aureus

Haemophilus influenzae

0.00000354

0.00000461
0.00000481

0.00000493
0.00000797
0.00000933
0.00000975

0.00001054
0.00001373
0.00002096
0.00002158
0.00002703
0.00002841
0.00006137
0.00261808



Exemple sur la documentation par SMg

Résultats rendu :

Bactéries
Prédominance d’Haemophilus influenzae et
présence de S. aureus au sein d’une flore ORL

Virus
Absence

Champignons
Absence

Parasites
Absence




Qu’est ce que ca apporte de plus ?

Information qualitative : Information quantitative
Approche sans a priori (Shotgun) (Shotgun et amplicon)
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En maladies infectieuses ?

A
Ty
ﬁ Pandemic Qutbreak:
- No Intervention —————»
o
2
E Reduce number of overall
: cases and health effects
E Health Care Capacity
Pandemic Outbreak:
With Intervention
‘ Number of days since first case

Adapted from: CDC. Interim prespandemic planning guldance: commuenity strategy for pandemic influenza mitigation in the United States—early, targeted,
layered use of nonpharmaceutical interventions. Atlanta, GA: US Department of Health and Human Services, CDC; 2007, hetpsyistacks. cde. goviviewsiod o/ 11425,



En maladies infectieuses ?

Techniques Shotgun A

Surveillance
environnementale
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Pandemic Outbreak:
With Intervention

Number of days since first case

Adapted from: CDC. Interim prespandemic planning guldance: commuenity strategy for pandemic influenza mitigation in the United States—early, targeted,
layered use of nonpharmaceutical interventions. Atlanta, GA: US Department of Health and Human Services, CDC; 2007, hetpsyistacks. cde. goviviewsiod o/ 11425,
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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 Bazlum?, Anna Charlotte Schultz?, Lasse Bergmark?, Christina A. Svendsen?,
: Ole Lund*, Thomas Sicheritz-Pontén® & Frank M. Aarestrup?
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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

from 18 international
flights, which landed in
Copenhagen, Denmark.

This system can easily be

upscaled to cover the
entire globe.

o Inrecent yearsit

Tras 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

eia(h 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.

o The method

ollers & way ul having

known pathogens close
to real-time, In the future
itcan help itoring and
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 bactertal genomes and genomes
from the human gut, bootstrap values are Indicated In red and calculated using pvclust. Branch distance
in the tree 15 Wards minimum distance calculated using the Lance-Willlams formula. b. Heatmap showing
hterarchical dustering based on the normalized abundance of resistance gene classes. The abundance 1s

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

TN Petersen et al; Sci Rep 2015



Phase pré-pandéemique : 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,
Mycenella, 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/

" Shigella, Moraxella,

Propionibacterium

Fungi: Arthrocladiella

F San Francisco:

Culex pipiens

Viruses: Bunyaviridae, Narnavirus,
Rhabdoviridae

Bacteria: Bacillus, Escherichia/
Shigella, Moraxella, Wolbachia

Fungi: Cercosporella,

N v | Cladosporium complex, Claviceps,
» Malassezia, Saccharomyces

G San Mateo:
Culiseta incidens
Viruses: dsRNA viruses

Bacteria: Bacillus, Escherichia/
Shigella, Pseudomonas

Fungi: Eupenicillium, Tetracladium

TS

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

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

Dapartmant of Microbiology, California Academy of Sciancas, San Francisco, 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 pré-pandéemique : 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 NDV
- Maladie grave connue chez l'oiseau
Aucun cas humain d’infection du SNC répertorié

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 (P, F, HN)
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En maladies infectieuses ?

Techniques Amplicons A

Dépistage/diagnostic

massif

Pandemic Qutbreak:
Intervention

Reduce number of overall
cases and health effects

Daily number of cases

Health Care Capacity

Pandemic Outbreak:
With Intervention

‘ Number of days since first case

Adapted from: CDC. Interim prespandemic planning guldance: commuenity strategy for pandemic influenza mitigation in the United States—early, targeted,
layered use of nonpharmaceutical interventions. Atlanta, GA: US Department of Health and Human Services, CDC; 2007, hetpsyistacks. cde. goviviewsiod o/ 11425,



Phase d’Expansion pandémique

* LAMP-Seq
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= 40 000 samples in one run

= <24h

= 3€/sample

= quickly adaptable to any pathogen




Techniques Amplicons

En maladies infectieuses ?

Surveillance/diagnostic

evolution du virus

A
Ty
ﬁ Pandemic Qutbreak:
- No Intervention
o
2
E Reduce number of overall
: cases and health effects
E Health Care Capacity
Pandemic Outbreak:
With Intervention
‘ Number of days since first case >

Adapted from: CDC. Interim prespandemic planning guldance: commuenity strategy for pandemic influenza mitigation in the United States—early, targeted,
layered use of nonpharmaceutical interventions. Atlanta, GA: US Department of Health and Human Services, CDC; 2007, hetpsyistacks. cde. goviviewsiod o/ 11425,



Phase pandéemique : Emergence de variants

* COVID : Emergen
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Phase pandéemique : recherche de résistance

YVELA
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Target list includes NS3, NS5A and NS5B genes




Et demain ?

DNA : . DNA :
Human genomic . . .
\ microbial genomic
Distinction inflammation / infection
Distinction type (bactérie/virus)
Evaluation du pronostic
Développement d’anti-infectieux
RNA : . . RNA :
Human transcriptomic . .
metatranscriptomic




Et demain ?

DNA :

Human genomic \

DNA :
microbial genomic

Distinction inflammation / infection
Distinction type (bactérie/virus)
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Développement d’anti-infectieux

RNA :
Human transcriptomic

RNA :
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PCA mapping (55.6%)
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* Recherche de profil transcriptomique
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Maria Cernada et al, Nature.2020



Evaluation du pronostic

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

3 W -
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e Caractériser la génomique, o ol e o T3
meétagénomique et transcriptomique de \ :
I"hote -

CXCR2 .

* Plus forte expression de cytokines pro- %
inflammatoires chez les patients en &
réanimation g

 Aucun marqueur viral associé a la gravité =

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
Signature Telles s e
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

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



Conclusion ()

 Le NGS apporte des solutions a chaque étape des épidemies pour :

— Détecter préecocement des émergences (pathogene, virulence, résistance...)
* Réservoirs humains
e Réservoirs animaux
* Réservoirs environnementaux

— Réaliser du diagnostic massif en attendant la disponibilité des tests

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

Number of days since first case




Conclusion (1)

U'intégration de I'ensemble des données en un seul diagnostic est un pas important
vers une médecine simplifiée, personnalisée aux spécificités de I’"hote vis-a-vis de son
infection

Dans le futur, les signatures moléculaires globales analysées par |A permettront
d’aller plus loin sur le diagnostic (maladies auto-immunes, cancers, inflammatoires,
infectieuses...), la surveillance (émergences et reémergences), sur la prévision
d’efficacité des traitements antiinfectieux, sur la prise en charge des patients
(prévision de sévérité...) |

_____
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