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Les maladies émergentes
exemple de la COVHDO




Les Coronavirus
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Les Coronavirus

Premier coronavirus découvert en 1931 chez le poulet (Infectious Bronchitis Virus),

puis chez la souris (1949) et les autres mammiféres (chauve-souris, chevalé )

1966 : premier coronavirus humain découvert : rhumes bénins

4 souches connues avec des symptoémes légers (HCoV-229E, HCoV-NL63, HCoV-OC43,

HCoV-HKU1)
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Les Coronavirus

A Epidémie de SARS-CoV-1: fin 2002 en Chine
A sSras (ou SARS) : syndrome respiratoire aigu sévere

A Premiers cas de pneumonies séveres: 16 novembre 2002 au sud de la Chine (Foshan,

province de Guangdong)

A Propagation rapide de I'épidémie sur tous les continents

AAIerte Il nternational e

A Epidémie terminée en juillet 2003

de | 6 OMS: mar s 2
8,096 cas
774 morts
29 pays
15 % de mortalité
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Les Coronavirus

A Epidémie de SARS-CoV-1: fin 2002 en Chine

A Origine zoonotique

A Marchés du sud de la Chine : promiscuité avec animaux sauvages (chauve-souris,

pangolin, civette, serpent, etc, € )
A Similarité génome du SARS-CoV avec des coronavirus retrouvés chez chauve-souris

A Origine : Chauve-souris avec passage probable par héte animal intermédiaire

civette palmiste masquée

Civette palmiste masquée

r

2002
SARS



Les Coronavirus

A Epidémie de MERS-CoV: 2012 en Arabie Saoudite

A MERS-CoV = Middle East Respiratory Syndrome CoronaVirus

Aprogression de | 6®pi d®mi e au Moyen Or

A a cas dont 2 morts en 2023 en Arabie Saoudite

SN Opinion
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Will MERS become a global threat?
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Les Coronavirus

A Epidémie de MERS-CoV: 2012 en Arabie Saoudite

A Zoonose
A Chauve-souris
A transmis ° |1 0humain par un htteCoV)nt er m®c
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La pandémie COVID-19

A Pandémie COVID-19 : virus SARS-CoV-2

A pneumonies sévéres en Chine en Déc 2019 (Wuhan)

AAlerte de 1 60MS | e 30 Janvier 2020 : 7800

5

WORLD'S NEWS

" GLOBAL PANDEMIC ALARM! | Gomtios G

. COVID-19 55§

— = T

When will

i
]

Dec30, 2019 Jan24, 2020
Cluster of cases of pneumonia 835 cases reported in China (549 from Hubei
of unknown origin reported to province, 286 from the other 31 provinces,
China National Health municipalities, or special administrative regions)

Commission

Jan7,2020 Jan13, 2020 Jan19, 2020

Novel coronavirus First case in First case in Korea
- 1 hailand d ed;

A La recherche se met en place tres rapidement - e

case in Guangdong

province reported

Jan 16, 2020
Jan11, 2020 First case in
First fatal Japan reported
case reported
Jan 20, 2020
Jan 12, 2020 Infection in

Jan1,2020 Named as 2019-nCoV; health-care workers
Huanan Seafood Wholesale whole genome sequence caring for 2019-nCoV
market closed sharedwith WHO patients

Figure: Timeline of early stages of 2019-nCoV outbreak

2019-nCoV=2019 novel coronavirus. Wang et al, The Lancet., 2020



La pandémie COVID-19

A Plus de 7 million morts dans le monde depuis décembre 2019

A Plus de 1 million morts aux USA
A Taux mortalité; environ 1,6%

Number of COVID-19 deaths reported to
WHO (cumulative total) 7,083,246

World +790

increase on previous 7 days

Reported COVID-19 deaths
World, 7 days to 5 January 2025
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La pandémie COVID-19

A Plus de 7 million morts dans le monde depuis décembre 2019

A En France: 168 000 morts

Number of COVID-19 deaths reported to
WHO (cumulative total) 7,083,246

World +790
increase on previuus 7 days

Reported COVID-19 deaths
World, 7 days to 5 January 2025
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La pandémie COVID-19

A Aujourddhui
- Environ 2900 morts dans le monde le mois de décembre 2024

- COVID long
Total COVID-19 deaths reported to WHO (weekly) Number of COVID-19 deaths
reported to WHO
World, January 2020 - present World, 28 days to 5 January 2025
100k
Country Deaths
- world 2o« [N
2'935 i::r7ease on previous 28 days d
60k United States
Reported COVID-19 deaths of America 22« [
World, 28 days to 5 January 2025
40k Russian
_ 192
Federation
20k \/\(Jl Sweden 164
Jan Jan Jan Jan Jan France 12
2021 2022 2023 2024 2025

Source: World Health Organization

https://data.who.int/dashboards/covid19/deaths



La pandémie COVID-19

A Diminution de la mortalité grace aux mesures ?
- Tests
- Port du masque/l avage mai
- Confinements
- Vaccination




La pandémie COVID-19

A Confinement(3 :
- MarsMai 2020¢ reduction 84% transmission (15% pour la fermeture des ecoles)

A Vaccination:a partir du 20/07/202Q;, réduction de 14 millions de mort

En France Dans le monde

2020 | 2021 | 2022 | 2023 2020 2021 2022 2023

Weekly Cases

Weekly Deaths

2k

Weekly Deaths

0
Vaccination

400M

o

Vaccination

Weekly Doses Administered
Weekly Doses Administere:

https://presse.inserm.fr/covid-19-etude-de-lefficacite-des-mesures-instaurees-contre-le-virus-en-france/68039/
https://coronavirus.jhu.edu/map.htm| [ -— | comomnumr

RESOURCE CENTER



La pandémie COVID-19

A virus SARS-CoV-2

A Origine du virus : laboratoire ou naturelle?

Hypothéses origine SARS-CoV-2

/RaTG13 from Rhinolophus Previous
/ affinis shares 96% whole- Y / laboratory leaks of
! genome sequence identity SARS-CoV-1
with SARS-CoV-2 ‘ '
g Bat viruses RmYN02, '
* RpYNO6, and PrC31, have
viral RNA genome similarity Designing of

&
. with that of SARS-CoV-2 ¢
(particularly ORF1ab)

chimeric of SARS
coronaviruses

from Bats

Seepage from a laboratory
incident

Pangolin-CoV-2019 "

isolated from pangolin

shares 97.5% sequence
homology with SARS-CoV-

2 spike gene. ‘

>

inter-species evolution leading to
h i PN

Omicron

e, \Vildlife and
domesticanimal -
k- . products **

Spillover from infected intermediate Emergence of Omicron SARS-
hosts/ animals/animal products CoV-2

Thakur et al., 2022, ] Med. Virol.



La pandémie COVID-19

A virus SARS-CoV-2

A Origine du virus : laboratoire ou naturelle?
A Origine naturelle trés probable : chauves-souris mais hote intermédiaire non identifié

CQV

.......

7 years

= 10 years = =
r— —

2002 2012 2019

SARS MERS COoVID-19

nature

Explore content ¥  About the journal ¥  Publish with us v Subscribe

\ \} cDar;nQIedary . »; P

nature > news > article

NEWS | 06 December 2024 | Correction 09 December 2024

Wuhan lab samples hold no close
relatives to virus behind COVID

Shi Zhengli, the virologist at centre of COVID lab-leak theory, reveals coronavirus
sequences from Wuhan institute.

(A) (
SARS-CoV-2 R
RaTG13 aiff

GD pangolin CoVs

GX pangolin CoVs

zxc2t aiff
zces auff

MEWS | 04 December 2024

Sick animals suggest COVID
pandemic started in Wuhan market

A preliminary analysis takes a closer look at genomic data collected at the market.



Le virus SARS-Cov-2

ﬁ CE:g\r/ZT(?F\)I;)rédae 3 )uY.u ,’— Spike ()

A Helice a)

A Génome ARN simple brin + : 30kb ’;‘.' Nucleocapsid (N)
A Classe IV Baltimore 2 —
A d125 nm o ~

O\
Envelope (E)

RNA viral genome

Octobre 202Q; structure SARE0V2 cryoET
https:// www.cell.condcell/ pdf/S00928674(20)31159.pdf



Le virus SARS-Cov-2

A Génome: 30kb i 30 protéines

7JX6 (@ Nucleocapsid Protein
6WY0, 6YUN
orf7b N
) 768 \ SARS-CoV-2
Membrane orf8 . Genome
5 3’ Organization
Envelope i
1 .

Protein
Papain-like Proteinase

6W9C, 2K87", 2IDY*
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Main Proteinase
Uridylate-specific 6LU7
Endoribonuclease
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La protéine Spike du SARS-Cov-2

A Protéine Spike=cl ® doéentr ®e dans |l es cell ul e
A Protéine trimérique glycosylée a la surface du virus
A S1: reconnaissance du récepteur cellulaire

A S2: fusion avec la membrane cellulaire (peptide de fusion) RBD
Domaine liaison

Membrane Protein

Envelope Protein

B Spike Protein

Lying-down
RBD's 2“ S1 forimmune

evasion
Fa®

) |s1 (attachment)
subunits

W8 =
b
* S2 (Fusion)
‘ subunits
E l l ™
(R

Nucleocapsid ProteintRNA

C S1: Receptor Binding $2: Membrane Fusion Sciencel3 Mar 2020

- —_— Vol. 367, Issue 6483
NTD RBD I-Inl HR1 ™| Ic DOI: 10.1126/science.abb2507

https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.725528/full
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Entrée du virus SARS-Cov-2

1- Liaison de la spike du SARS-Cov-2 au récepteur cellulaire ACE2

o Y % Nuckocaspid protein (V) ACEZ2 : Angiotensin-converting enzyme 2

Envelope protein (E)
TS

ACE2-mediated binding |

Receptor ACE2

Endosome \ : g
ACE-2 fixe la protéine Spike SARS-CoV-2

yirus

domaine RBD
(Receptor binding domain) de spike

Extracellular side
TM domain :
Cytosolic side



Entrée du virus SARS-Cov-2

1- Liaison de la protéine spike du SARS-Cov-2 au récepteur cellulaire ACE2

ACE-2 =recepteur Angiotensin-Converting Enzyme 2

Host Tissues Known to Express ACE2

Expression

Brain

[~ ARDS

Lungs
Epithelial cells
Type Il alveolar cells

Oesophagus

L Respiratory failure

— Myocardial infarction

Stomach
t— Heart failure
Gallbladder Heart
c -
Liver "~ Arrhythmia

Colon — Endothelial dysfunction

Small {— Vascular inflammation
intestines Vasculature

Endothelial cells
" Smooth muscle cells

160 A

| Micro/macrovascular
thrombosis

L Vasospasm

Created in BioRender.com bio
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.- Nasal Expression
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Bronchial Expression
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Respiratory Tract
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Hypertension * @ Airways
@
n’ Lower
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Science27 Mar 2020:
Vol. 367, Issue 6485
DOI: 10.1126/science.abb2762



Entrée du virus SARS-Cov-2

1- Liaison de la spike du SARS-Cov-2 au récepteur cellulaire

ACE-2 et dm@epteursée.s

__________ e
Bat SARS-like) | BV | PdCV |
SARS-CoV | e
SARS-CoV-2 |

ACE2 Neuropilin-1
AXL

KREMEN1
CD147



Entrée du virus SARS-Cov-2

2- Coupure de la spike du SARS-Cov-2 par protéase cellulaire TMPRSS2
A Entre S1 et S2 (site S1/S2)

A Changement de conformation de S2 et libération du peptide de fusion
A Fusion membranaire

Cleavage of
SARS-CoV-2
S protein
SARS Cov2 o, NH, = Spike (S) protein — COO
s ¥ ®
¥ 3 | | '
4 J & //
“y k b g =

N H S1 | H| s2
s2 S2' site ~n —

Bl R RBM
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51'[ ] —  site ? ]
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TMPRSS2
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Structure post-fusion
trimére Spike
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https://doi.org/10.1016/j.cell.2020.03.045



SARS-Cov-2 cycle de replication

3- Traduction précoce par les ribosomes cellulaires

A Deux polypeptides ppla et pplab

Spike protein (S)

A Clivés en 16 protéines (nsp) dont

Nucleocaspid protein (N)

ARN pOIymérase ARN dépendante NSP-12 Envelope protein (E) ~% 2 s Membrane glycoprotein (M)

A compartiments membranaires de replication ACE2-mediated binding |

Receptor ACE2

ppla [nsl
pplab sl

A

L pibosomal

frameshift

Viral RNA

Translation of polypeptides

Polypeptide chains __->>>

Proteolysis to release

1 . 2, e
active proteins

M,

- RMNA-dependent
RMNA polymerase




SARS-Cov-2 cycle de replication

4- Réplication du génome viral (ARN)
ARN polymérase ARN dépendante NSP-12

compartiments membranaires de replication

‘Ribosome

Viral RNA

Translation of polypeptides ‘

Polypeptide chains . >S50

RNA replication and
further translation

Proteolysis to release
active proteins

J:a’o:‘a
e,

- RNA-dependent
RNA polymerase

Genomic RNA
S
ORF3a
E
Subgenomic mRNAs M
ORF7a




SARS-Cov-2 cycle de replication

compartiments a double membrane de réplication

CORONAVIRUS

A molecular pore spans the double membrane
of the coronavirus replication organelle

Georg Wolff', Ronald W. A. L. Limpens', Jessika C. Zevenhoven-Dobbe?, Ulrike Laugks®,
Shawn Zheng®, Anja W. M. de Jong', Roman I. Koning!, David A. Agard®, Kay Griinewald>®,
Abraham J. Koster', Eric J. Snijder?, Montserrat Barcena'*

DMV outer membrane
DMV inner membrane
ER MERGIC

B DMV luminal filaments
M virus particle envelope
M spike protein

ERNP M ribosomes
W molecular pore

Wolff et al., Science 369, 1395-1398 (2020) 11 September 2020



SARS-Cov-2 cycle de replication

5- Traduction tardive des protéines Spike (S), M et E

Traduction dans | e RE, transfert ~ | 6appar

g i
(]
[+]
Ribosome =
‘ | Viral RNA release
Viral RNA

| Translation of polypeptides J

Polypeptide chains .S

RNA replication and
further translation

Proteolysis to release

2, 0=
A . (} -
active proteins L

M1,

- RNA-dependent
RNA polymerase

Genomic RNA 1
S
ORF3a
E
Subgenomic mRNAs M
ORF7a




SARS-Cov-2 cycle de replication

6-Assembl age des nouvelles particules vi

sortie par exocytose
Maturation du virus et sortie : Exocytose et coupure par la Furine

S protein is cleaved
into S1 and S2 by furin
in Golgi apparatus

Nucleus ™ ‘ |
'\ ‘:‘ AP - ey |
Iif\, a ER ;

/\ ERGIC
&

3%

R
Replication T et LSecretory

organelle viral structural pathway

proteins and

% genomic RNA

d O s |

] o :

. N Viral genome (positive-sense,
Golgi apparatus %ég% ! single-stranded RNA) [

Cytoplasm m

|
Plasma membrane g*%

Jackson et al., NaRev Mol.Cell Biol.., 2022



SARS-Cov-2 cycle de replication

https:// www.youtube.comwatch?w=XI10i2hVGtgO0




SARS-Cov-2 dissémination

Transmission de cellule a cellule

Syncytium Nanotubes (TNT)

Host-cell
| & receptor

Uninfected

cell
" Recipientcell

Virus-infected cell

Exocyst
complex

— Activation
— Upregulation
— Interaction
——| Inhibition
Phosphorylation
Dephosphorylation

Vésicules extracellulaires (EV)

/Virus (eg. SARS-CoV-2)

O o

Receptor Binding

Dilution CoV-2-EV " Phagocytosis
107 10° 10° 10+ 10° i
— > o3 — — - Fusion /

®
EVs Internalization

Infected cell 0 ® ®

e o)
© pS
_ ©0g0 © (@) ° e © 5
@ . 00 © |l ©
O’O © ©
| ¥ | Infection
Enhancement
Contents of EVs
R N Immune Evasion

Viral RNA/miRNA
Viral proteins
Host proteins

\Host membrane proteins |

M-~

Jackson et al., NaRev Mol.Cell Biol.., 2022



Les symptomes de la COVID-19

Age as major risk factor

A 20-40% asymptomatiques

A Infections des voies respiratoires -
' ~ <10 years <50 years >60 years >68 years
A Fiévre, toux, perte du godt et odorat ]

. s . . P Likel ike ike
A Majorité des infections sont légéres — [ ‘ ‘

COVID-19 cases (percentage of all cases)

Asymptomatic... and mild disease (81%) Critical and deceased (5%)

* ARDS
* Acute cardiac injury
* Multi-organ failure

* Fever, fatigue and dry cough
* Ground-glass opacities
* Pneumonia

Incubation period * Dyspnea
¢ Coexisting illness

¢ ICU needed

e 3 aay
0 :
A 5/0 maladle grave ; . Cg;:g;lg Healthy alveolus Injured alveolus
A Inflammation systémique it g [ s
A Syndrome Respiratoire Aigu e i b N\ o
A Complications thromboemboliques o/ Pt \K\\ o R
A Affections Cardiaques VR oo
\ ,

S ’ Proteases
(%éf § C_ Fibrin

o & ROS 3
/ deposition
i ctvmed iarati (S Activated
" Neutrophil Migrating 3

platelets

Mort

layer Cellular ‘

CD8+ T cell Gap formation

https:// www.nature.confarticles/s41579020-004597
https://doi.org/10.1016/j.jhep.2020.09.031



https://doi.org/10.1016/j.jhep.2020.09.031

Les symptomes de la COVID-19

COVID-19 et le systeme immunitaire

a. Depletion and exhaustion of Iymphocytes b. Increase of neutrophils

@
T, 'LGT igl’ \(iou Tcelll@@@

Spike lL 10
protein (S) Virus infection

O Lachc acnd )
o o % $ ﬁ Microbial infectionT

Receptors
‘ Spleen Ly;ndph

°o
T cell depletion | || ymphopenia| |T cell impaired Activation and recruitment
and exhaustion YmPHop and dysfunction of neutrophils

?

00

=G

1
Potential mechanisms of SARS-CoV-2-induced immunopathology

CD14*CD16 Monocyte  Neutrophil Macrophage
09
Fo :
° T 01090 9 OFg Disease progress
-2 IL-1, IL-6, etc. T Poor outcome

c. Cytokine storm d. Antibody-dependent enhancement (ADE)



Les symptomes de la COVID-19

Emballement du systeme immunitaire
Tempéte cytokinique (IL-6 )

Unintected individual

Dama
Pulmonary spnhehum epithelial cell
U \

Moderate COVID-19

‘SA:S-CO.V-Z @ ° @

Severe COVID-19

LK TN

& @ &
Vo o Lt o

.'.TNF-u o L6 L L1
{ Cytokine leveis
CcD4*  CD8* IFN-—expressing
Teell Tcell CD4* T cell

Circulation

No symptoms

Fever, cough, fatigue, myalgia Fever, cough, fatigue, myalgia, dyspnea,

ARDS, respiratory failure

tiL-e L6
4 LDH, D-dimer, procalcitonin, CRP, ferritin
soluble IL-2R, IL-10, TNF-a

{ Lymphocytes, CD4* T cells, CD8* T celis
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Les symptomes de la COVID-19

Covid long : 10 a 30 % des personnes ayant eu la COVID dont des enfants
800 000 cas au moins

[ Acute COVID-19 | Post-acute COVID-19 |
| Subacute/ongoing COVID-19 | chronic/post-COVID-19 |
Detection unlikely PCR positive I PCR negative |

Fatigue
Decline in quality of life
Muscular weakness

Joint pain

Nasopharyngeal Dé/gﬁg'e‘a
Persistent oxygen requirement

Viral isolation from

TR Anxiety/depression

-{i'l J ) Sleep disturbances
° respiratory tract )
B Cognitive disturbances (brain fog)
= Headaches
[
£
Palpitations
Chest pain
SARS-CoV-2

Thromboembolism
exposure

Chronic kidney disease

Hair loss

Week —2 Week —1 Week1 | Week2 | Week3 | Week4 | | Week12 | | 6months |

Before symptom onset After symptom onset



Les symptomes de la COVID-19

Covid long : 1/20 personnes dont des enfants

«Covid long »
Les symptomes possibles
Généraux Psychologiques
Fatigue extréme et Manifestations d’anxiété,
fatigabilité, fievres, d'irritabilité et une humeur
douleurs, malaises dépressive
Neurologiques —m Respiratoires
ou neurosensoriels +— Essouflement, toux
Maux de tétes, :
troubles du sommeil Pulmonaires
et de la concentration, Complications
vertiges, troubles Cardio-vasculaires

Rénaux ’ oppression
Complications thoracique,

alpitations
Digestifs‘—l LaiR

Anorexie, douleurs

abdominales,
diarrhées
Ariculaires — Troubles cutanées
; Prurit urticaire
et musculaires

Douleurs,
courbatures, etc.

8 novembre 2023 - Source : ministére de la santé. le PdriSi(’n



Les symptomes neuronaux de la COVID-19

Le SARS-Cov-2 infecte les neurones

A Perte Odorat i -19's ‘brain fog'?
A Brouillard mental é

Inflammation du cerveau
Barriere hémato-encéphalique plus perméable
Transmission neurone a neurone

axon

« Light sheet microscopy »
E. Lung F. Brain

5/ AU DSRT) SOURPRI Q| X

sagittal 5

https:// www.science.orfgontent/article/could-fusedneuronsexplaincovid-19-s-brainfog



Le microbiote intestinal et la COVID-19

Infection SARS-Cov-2 et microbiote intestinal ——

Front. Cell. Infect. Microbiol., 11 March 2021 | https://doi.org/10.3389/fcimb.2021 590874

SARS-CoV-2-Indigenous Microbiota

Nexus: Does Gut Microbiota Contribute to
Inflammation and Disease Severity in COVID-
19?
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SARS-Cov-2 variants

Emergence des variants du SARS-Cov-2

Taux de mutation faible: 1 nucléotide muté sur 108 nucléotides par cycle de réplication
VIH: 1 nucléotide muté sur 5000-7000 nucléotides (donc 1 par cycle)
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SARS-Cov-2 variants

Emergence des variants du SARS-Cov-2
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