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SARS-CoV-2

Virus enveloppé a ARN

Grande taille (30 000 nucléotides)

Erreurs dans la polymérase

Se lie au récepteur ACE-2




Manifestations cliniques et variants
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Patients characteristics at ICU admission

Omicron Gender women Age yeavs Vaccination - Doses, N Immunosuppression

" "

Obesity Hypertension Diabetes Chronic renal failure Chronic heart failure

Manifestations cliniques
Ty P, ™y

Les patients infectés par le COVID-19 présentent
majoritairement des symptomes respiratoires hauts. % ‘! A _
Chronic rers{zl-rftory failure Clinical ffallty scale WHO 10-point scale s({FA ;‘,m,re SAP.(;S ;I s»core

Les patients infectés/hospitalisés sont plus fragiles

(age, immunodépression, comorbidités) /-
La mortalité reste élevée en réanimation e

Pa02/F|02ratIo mmHg  Serum creatinine level, pM Blood platelets, G/L Blood lymphocytes, G/L  Arterial lactate level, mM

Management and outcomes during ICU stay

High
Invasive MV ECMO support Day -28 mortallty




Toujours un risque plus élevé chez les
immunodéprimés

COVID-19 Vaccine Effectiveness in Patients With
Hematologic Malignancies: A Nationwide Cohort Study

Quincy Hofsink,"#*2 Birgit I. Lissenberg-Witte,"** Sabine Haggenburg,"*** Abraham Goorhuis,>* Mette D. Hazenberg,"**® Caroline E. Rutten,'
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JAMA Internal Medicine | Original Investigation

Severity and Long-Term Mortality of COVID-19, Influenza,

and Respiratory Syncytial Virus

Kristina L. Bajema, MD; David P. Bui, PhD; Lei Yan, PhD; Yuli Li, M5; Mallakkandi Rajeevan, PhD;
Robert Vergun, PhD; Kristin Berry, PhD; Yuan Huang, PhD; Hung-Mo Lin, PhD;

Mihaela Aslan, PhD; George N. loannou, BMBCh

Cohorte rétrospective sur vétérans US pendant 2022-2023, 2023-2024

[A] 2022-2023 Season

76515 Enrolled VHA veterans concurrently tested
for all 3 viruses and alive on test-positive date

3143 Excluded because of no
VHA primary care encounters
in the preceding 18 mo

73372 Engaged in primary care at VHA

3318 Excluded
3298 Residents of a VHA

community living

center, domiciliary, or

spinal cord injury unit®
20 Missing or invalid

zip code

70054 Dwelling in the community with known

and valid residential address

1473 Excluded because of
hospitalization within 7 d
prior to the test-positive day

68581 Mot hospitalized

2023-2024 Season

82377 Enrolled VHA veterans concurrently tested
for all 3 viruses and alive on test-positive date

3654 Excluded because of no
VHA primary care encounters
in the preceding 18 mo

78723 Engaged in primary care

atVHA

3807 Excluded

3786 Residents of a VHA
community living
center, domiciliary, or
spinal cord injury unit®

21 Missing or invalid
Zip code

74916 Dwelling in the community with known
and valid residential address

1977 Excluded because of
hospitalization within 7 d
prior to the test-positive day

72939 Not hospitalized

6239 With RSV 16947 With 45395 With 9748 With RSV 19242 With 43949 With
influenza SARS-CoV-2 influenza SARS-CoV-2




JAMA Internal Medicine | Original Investigation

Severity and Long-Term Mortality of COVID-19, Influenza,
and Respiratory Syncytial Virus

Kristina L. Bajema, MD; David P. Bui, PhD; Lei Yan, PhD; Yuli Li, M5; Mallakkandi Rajeevan, PhD;
Robert Vergun, PhD; Kristin Berry, PhD; Yuan Huang, PhD; Hung-Mo Lin, PhD;
Mihaela Aslan, PhD; George N. loannou, BMBCh

Figure 3. Weighted Cumulative Incidence of Death Following Diagnosis of COVID-19, Influenza, and Respiratory Syncytial Virus (RSV)
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Analysis was performed after weighting. Cumulative inddence of death is August 1, 2022, through March 31, 2023, and the 2023 to 2024 season induded
shown for RSV, influenza, and COVID-19 for the 2022 to 2023 season (A) and testing from August 1, 2023, through March 31, 2024. The shaded areas indicate

the 2023 to 2024 season (B). The 2022 to 2023 season included testing from 95% Cls.
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Accélération du développement vaccinal

Traditional Paradigm —
Multiple Years

Manufacturing scale-up,
Small-scale clinical trial material commercial scale,
validation of process

Target |ID, development partner

selection, and preclinical trial ol e b
A A A
Go or no-go First trial Efficacy trial Evaluation trial
decision to invest in humans in humans in humans

in candidate

Lurie, NEJM, 2020



Accélération du développement vaccinal

: Manufacturing scale-up,
Traditional Paradigm — Small-scale clinical trial material commercial scale,
Multiple Years validation of process

Target ID, development partner

selection, and preclinical trial St S e

A A A
Go or no-go First trial Efficacy trial Evaluation trial
decision to invest in humans in humans in humans
in candidate

Outbreak Paradigm — Target D, develop-
Overlapping Phases ment partner
Shorten Development Time selection, and

preclinical trial

Go or no-go Clinical development
decision to invest

in candidate Safety/dose selection Safety/efficacy

A A A
First in humans Efficacy trial Regulatory pathway for
(safety) emergency authorization
Manufacturing development, scale-up,
clinical trial material, commercial

scale, validation of process Lurie, NEJM, 2020



Les plateformes vaccinales

TECHNOLOGIES
Produits biologiques (bioréacteurs) Nécessite la séquence génomique
o Cultures du pathogéene o Vaccinologie inverse
o Synthese protéique o Intelligence artificielle
Présentation d’antigene(s) Synthese d’antigene( s)
Production spécifique, longue et colteuse Production versatile, rapide et versatile

o Différentes voies d’administrations



VIRAL-VECTOR VACCINES

Replicating viral vector
(such as weakened measles)

The newly approved Ebola vaccine
is an example of a viral-vector
vaccine that replicates within
cells. Such vaccines tend to be
safe and provoke a strong immune
response. Existing immunity to the
vector could blunt the vaccine’s
effectiveness, however.
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Virus replicates

Coronavirus
-\T%—spike gene

or
~.¥—Viral genes

Non-replicating viral vector
(such as adenovirus)

No licensed vaccines use this
method, but they have a long
history in gene therapy.

Booster shots can be needed to
induce long-lasting immunity.
US-based drug giant Johnson &
Johnson is working on this
approach.
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NUCLEIC-ACID VACCINES

DNA vaccine

RNA vaccine

Electroporation Coronavirus
spike gene

DNA

A process called
electroporation
creates pores in
membranes to
increase uptake of
DNA into a cell

Callaway, Nature 2020 @nature
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RNA- and DNA-based
vaccines are safe and
easy to develop: to
produce them involves
making genetic material
only, not the virus. But
they are unproven: no
licensed vaccines use
this technology.




The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 DECEMBER 31, 2020 VOL. 383 NO. 27

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine

Fernando P. Polack, M.D., Stephen J. Thomas, M.D., Nicholas Kitchin, M.D., Judith Absalon, M.D.,
Alejandra Gurtman, M.D., Stephen Lockhart, D.M., John L. Perez, M.D., Gonzalo Pérez Marc, M.D.,
Edson D. Moreira, M.D., Cristiano Zerbini, M.D., Ruth Bailey, B.Sc., Kena A. Swanson, Ph.D.,

Satrajit Roychoudhury, Ph.D., Kenneth Koury, Ph.D., Ping Li, Ph.D., Warren V. Kalina, Ph.D., David Cooper, Ph.D.,

Robert W. Frenck, Jr.,, M.D., Laura L. Hammitt, M.D., Ozlem Tiireci, M.D., Haylene Nell, M.D., Axel Schaefer, M.D.,

Serhat Unal, M.D., Dina B. Tresnan, D.V.M., Ph.D., Susan Mather, M.D., Philip R. Dormitzer, M.D., Ph.D.,
Ugur Sahin, M.D., Kathrin U. Jansen, Ph.D., and William C. Gruber, M.D., for the C4591001 Clinical Trial Group*
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Efficacy End-Point Subgroup

Covid-19 occurrence
After dose 1
After dose 1 to before dose 2
Dose 2 to 7 days after dose 2
=7 Days after dose 2

28 35 42 49 56 63 70 77
Days after Dose 1

BNT162b2, 30 ug (N=21,669)
No. of participants ~ Surveillance time

person-yr (no. at risk)

No. of participants

50 4.015 (21,314) 275
39 82
2 21
9 172

T
84 91 98

Placebo (N=21,686)

T T 1
105 112 119

VE (95% Cl)

Surveillance time

person-yr (no. at risk)

3.982 (21,258)

percent

82.0 (75.6-86.9)
52.4 (29.5-68.4)
90.5 (61.0-98.9)
94.8 (89.8-97.6)




Vaccins COVID-19 de « premiere génération »:
données des essais de phase 3

Efficacité précoce (souche originale, formes symptomatiques)
> 90% pour les vaccins ARNm apres 2 doses :

o 95% (vaccin Pfizer BioNtech)
o 94,1% (vaccin Moderna )

70% pour les vaccins vectorisés adénovirus
o 74% (vaccin Astra Zeneca)
o 67% (vaccin Janssen, 1 dose)

50% a 79% pour les vaccins inactives



La réponse a 'émergence

DIAGRAM 1 | The 100 Days Mission

100
DAYS
MISSION

to respond to future pandemic threats

Accurate and
approved rapid
diagnostic tests

v

An initial regimen
of therapeutics

v

Vaccines ready
to be produced
at scale
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Pourquoi mesurer |'efficacité vaccinale
en vie réelle ?

De nombreuses questions de recherche en post-AMM :
o Persistance de l'efficacité
Raffiner la mesure de |'efficacité vaccinale (EV) (formes graves)
Efficacité en fonction de I'épidémiologie (variants, sous-types, sérotypes)

(@]

(@]

(@]

Efficacité sur la transmission, immunité de groupe

(¢]

Populations particulieres : risque de moindre immunogénicité, et de formes graves (agées,
obéses, immunodéprimées)

(¢]

Les données de pharmacovigilance
Adapter les schémas vaccinaux

Renforcer la confiance



Données vie réelle

ORIGINAL ARTICLE

Factor Reduction in Confirmed Infection Rate
=
1

Protection of BNT162b2 Vaccine Booster i
. . . 24
against Covid-19 in Israel 5
1 2 3 4 5 6 7 8% 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Yinon M. Bar-On, M.Sc., Yair Goldberg, Ph.D., Micha Mandel, Ph.D., Days since Booster Vaccination
D onn é es d ere g i St re Figure 2. Reduction in Rate of Confirmed Infection in Booster Group as Compared with Nonbooster Group.

Personnes > 60 ans vaccinées avec 2 doses de vaccin

Table 2. Primary Outcomes of Confirmed Infection and Severe Ilness.*
Pfizer au moins 5 mois plus tot uteome Nonbooster Group o Grogg i e
Comparaison des cas de COVID chez les vacccings 32 | oo s ol 113 (104-123)
dose et chez ceux n’ayant pas eu de rappel ot o R 195 (125-295)
Des le 11¢ jour apres |la dose de rappel e ot sy st 20536

- diminution par 11 du taux d’infection

- Par 19 d’infection sévere



Données de tolérance

VACCINS A ARN VACCINS A VECTEURS VIRAUX

Toxicité cardiagque : myocardite et Syndromes thrombotiques & thrombocytémiques
pericardite (TTS)

> 2,13 cas pour 100 000 > 1/100 000 a 1/1 000 000 (Janssen) a 1/100 000 (AZ)

o Dans les 10 premiers jours (2¢ dose) > Dans les 30 premiers jours (1" dose)

> FDR: Moderna, hommes (x10), 18-25 ans > FDR: Femmes, <60 ans

(homme jeunes: >1 /10 000) > Physiopathologie analogue a TIH

Adenopathies Toxicité neuromusculaire (Guillain barré)
Witberg et al, NEJM, 2021 Greinacher et al, NEJM, 2021
Mevorach et al., NEJM, 2021 EMA, ACIP
ACIP



Les déterminants de I’hésitation vaccinale

Facteurs individuels : perception du risque (Chen, 1999)

Facteurs culturels

Facteurs socio-politique

Association avec:

Le sexe féminin

L'age

Niveau socio-économique
« Littératie en santé »

Governmental parties (Macron Fillon, Hamon)

Far Right (Le Pen, Dupont-Aignan, Asselineau, Lassale)

Far Left (Melenchon, Arthaud, Poutou) 2%

35%

Abstention, not registed on electoral rolls

Blank or null vote

Figure: The French public’s intention to refuse vaccination against COVID-19 according to their vote at the
first round of the 2017 presidential election, March 27-29, COCONEL Survey (n=1012)



Les effets de |la coercition...

100% Health pass
implemented @'

90%
Health pass
announced

|

80%

70%

60% - ‘Some’ or ‘a lot’ of doubts or reticence at the time of vaccination
- Agreed with the statement: “| am relieved since | have been vaccinated”
— Agreed with the statement: “| regret having been vaccinated”

~ Agreed with the statement “l am angry to have had to be vaccinated"

50%

40%

30%

20%

10%

December  February March April May June July August September
and January

0%

Ward, ID now, 2022
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Quels variants cette année?
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Recommandations vaccinales francaises
Covid-19

* A partir de 6 mois apres la derniere injection ou infection au SARS-CoV-2 (3 mois chez les personnes de 80
et plus et les ID ou a trés haut risque)

Les personnes agées de 65 ans ou plus (vaccination conjointe grippe)

les patients immunodéprimés

les femmes enceintes

les professionnels de santé en contacts réguliers avec des personnes immunodéprimées ou vulnérables
les résidents des EHPAD et des USLD

toute personne souhaitant se faire vacciner peut recevoir une dose de vaccin COVID-19

Une dose supplémentaire de vaccin est recommandée au printemps pour les personnes agées de 80
ans et plus, les personnes immunodéprimées quel que soit leur age, les résidents d’'EHPAD et d’USLD,
ainsi que toute personne a tres haut risque, selon chaque situation médicale individuelle et dans le
cadre d'une décision médicale partagée avec les équipes soignantes



Une circulation plutot estivale

ILI/ARI virological surveillance in primary care — weekly test positivity -

@ Figure _ Table

Pooled country data Median country values IQR

Influenza === Influenza Influenza
—RSV e RSV RSV
—— SARS-CoV-2 ~ ==e-- SARS-CoV-2 SARS-CoV-2

Positivity (%)




Bilan de la saison 2025-2026

* Circulation estivale

* Données des services de réanimation sentinelles
Grippe CcoviD-19 Infection a VRS o
N=1382 (76%) N =194 (11%) N =250 (14%)
N % N % N % 10%
Sexe
Femme 570 M% 68 35% 133 53% on

Laboratoires de biologie médicale en ville

Homme 801 58% 125 64% 116 47% 20202023 20252026
Indéterminé 10 1% 1 1% 0 0% AR SN B NS R maine de prélevement o o
Non renseigné 1 0 1 T OB T Grppe YRS

Classes d'age (années) Source : réseau RELAB, CNR-VIR
<2 47 3% 2 1% 0 0% _
217 76 6% 4 2% 0 0% Haépital

18-64 482  35% 59 30% 90 36%

65 et plus 775 56% 129 66% 160 64%
Non renseigné 2 0 0 .
Mortalité 198 14,3% 45 23,1% 29 11,6%

2024-2025 2025-2025

36 40 44 48 52 4 8 12 16 20 24 28 32 36 40 44 48 52 4 8 12 16 20 24 28 32
Semaine de prélévement

== SARS-CoV.2 == Grippe = Rhinovirus == VRS

Source : réseau RENAL, CNR-VIR




Données preliminaires d’efficacité
vaccinale

B Effectiveness of 2025-2026 mRNA-1283 and BNT162b2 COVID-19 Vaccines Against COVID-19
. Pre Post Related Hospitalizations and Medically-Attended COVID-19 Among Adults Aged 2 65 years in the
“ United States
) ° p=0-0007
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EV globale sur hospitalisation :
10° T T T o T e T T T T T T T T
B1 BA1 N1 P81 NB181 XFG BA322 B1 BA1 JN1 P81 NB.1.81 XFG BA322
il R R &3 1EEE L L >65 ans : 48,3% (32,4 % ; 60,5%)
Mean change (vsLP.8.1) +97 +12.8 +2-8 5 -13 -6-4 17 17 +37 414 . 13 35 67 14 V4 7 V4
C
% ; 2. . (o) o/ . (o)
oy i >75 ans : 45,9% (26,0 % ; 60,4%)
p<0-0001 peCoo p<0-0001 ’ ’ ’ ’
i | —
E o] e % = pe00001
= 3 £ Qo
% 104 [ o oo 2y
§- 1074
é 10°+
10" == 3 - T T T T T - T T
Pre Post Pre Post Pre Post Pre Post Pre Post
Response rate 100% 100% 100% 100% 100% 100% 95%  100% 100% 100% 81%  100% 100%  100%
GMT 1657 2553 2182 5067 469 1945 70 1378 133 1086 27 399 00 205
Fold change - +15 - +23 - +41 - +81 - +82 - +15.0 - 421

Happle et al., 2025, LID




Données Européennes

COVID-19 vaccine effectiveness (VE) 2025/26
100
= &0
> E - 33%
Among those aged 260 years (top) E s, s '
No evidence of waning E ©
g o
-100 44177 27T 19177
h 1 By B s
Any TSV 14-59 days 60-175 days
- Aged 260
Stratified by age group (lower graph) .
Similar VE across age groups overall gl o m 1 ““*
Cha”englng results bv TSV for 60_79 yrs é _n .............................................................................................................................. ' .........
random variation from small sample sizes E—m
Decrease in VE for 280 yrs at 60-168 days .
Update results with end-of season data U e B iR eSe R
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Dans les autres pays
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Conclusion

La vaccination COVID-19 a été globalement une réussite due
* Une technologie mature + cible antigénique identifiée

* Un vaccin sQr
* Une volonté politique

Les derniers variants tendent a étre moins grave
* Mutations ?
* Immunité hybride

La vaccination reste recommandée
* Nécessité d’évaluer le bénéfice/risque de facon continue
* Enjeux de la couverture vaccinale
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