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Intended Learning Objectives

Specific aims of this session

• Learn about preventive strategies for RSV infection

• Learn about curative strategies for RSV infections

• Learn how to adapt surveillance to new therapeutics
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Outline

This session will consist of the following elements

1. Introduction to RSV replication and therapeutic targets

2. Description of prevention tools

3. Description of antivirals in development

4. Risk of viral escape : illustration of a viral surveillance study
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RSV highly prevalent
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PHIRST study: 81,430 samples from 1,116 participants in 
225 households (follow-up 90%). 

Cohen et al. Nat Commun. 2024 Jan 2;15(1):116. doi: 10.1038/s41467-023-44275-y.
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Target population for RSV infection treatment and prevention 
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Infants Elderly

Others ? 

Immunosuppressed

Chronic respiratory 
conditions

Medically attended

Severe



Respiratory syncytial virus
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Respiratory syncytial virus replication cycle

Entry

Synthesis

Late stages

G F

F

N
L

P

M

M2-1

N
F ?

?



Respiratory syncytial virus replication cycle

Entry

Synthesis

Late stages

Monoclonal Ab

Fusion inhibitors

Polymerase inhibitors

N inhibitors and other

+ Vaccine Target



Targeting attachment: RSV surface glycoproteins

Battles et al, 2019

Highly variable (50%< inter-group identity)

Glycoprotein G

Unknown structure:
• 2 highly glyxoxylated region
• Conserved cystein nose

Dispensable
• Attachment
• Immune escape

G

Battles MB, McLellan JS.Nat Rev Microbiol. 2019 Apr;17(4):233-245. 
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Targeting attachment: RSV surface glycoproteins

Battles et al, 2019

Highly variable (50%< inter-group identity)

Glycoprotein G

Unknown structure:
• 2 highly glyxoxylated region
• Conserved cystein nose

Dispensable
• Attachment
• Immune escape

Conserved (95% inter-group identity)

Fusion protein F

Two known structures:
• pre-fusion form

• post-fusion form

Not Dispensable
• Attachment

• Fusion

Battles MB, McLellan JS.Nat Rev Microbiol. 2019 Apr;17(4):233-245. Pre-fusion

Post-fusion

G F
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Please download and install the 
Slido app on all computers you use

Which protein is mandatory 
for RSV entry ?

ⓘ Start presenting to display the poll results on this slide.



The most potent antigenic sites are only on pre-fusion F

Ø

v

I

II

IV

III

PreF

PreF > PostF

PreF = PostF

PreF < PostF

Pre-fusion
Meta-stable

Post-fusion
Stable

S Graham B. Current Opinion in Virology (2017) ; Flynn JA, et al. PLOS ONE 11(10): e0164789 (2016); McLellan JS et al. Science. 2013 Nov 1;342(6158):592-8. 



Stabilised pre-fusion F: a new generation of vaccines

disulfide bridge

McLellan JS et al. Science. 2013 Nov 1;342(6158):592-8. 

Cav1

DS-Cav1
Vaccine Candidate



Vaccine technology Population target Efficacy (Phase III)

RSVpreF3 (GSK)
AREXVY

RSV A2
Recombinant
adjuvant vaccine

Adults aged >60
(AReSVi-006)

82.6% efficacy against LRTD1

94.1% effective in
protecting against severe LRTD2

RSVpreF (Pfizer)
ABRYSVO

Bivalent
Recombinant
vaccine

Adults aged >60 (RENOIR) 85.7% efficacy against LRTD3

Pregnant women (MATISSE) 81,8% efficacy against severe LRTD
within 3M after birth. Safety ??

mRNA-1345
(Moderna)
mRESVIA

mRNA Adults aged >60 83,7% efficacy against LRTD4

Papi A et al. N Engl J Med 2023; 388:595-608; Beate Kampmann et al. N Engl J Med 2023; 388:1451-1464; E.E. Walsh et al. N Engl J Med 2023;388:1465-77. Wilson E 7th ReSViNET
Conference (RSVVW 2023)

(1) ≥ 2 lower resp. symptoms or signs > 24h (2) ≥ 3 lower resp. symptoms (3) ≥ 3 signs or symptoms; (4) ≥2 symptoms

Limitations
• Efficacy not proven in severe forms due to lack of events
• Efficacy not proven in ≥ 80 years due to lack of events (only 5-8%)
• Immunosuppressed patients not included

Approved pre-fusion F vaccines



Severe RSV infection prevention in elderly

Vaccine EMA approved
Adults >60 years

EMA approved
Adults 50-59 years

RSVpreF3 (GSK) 
AREXVY YES YES

RSVpreF (Pfizer) 
ABRYSVO 

YES NO

mRNA-1345 (Moderna) 
mRESVIA YES NO



Real life data

Surie ACIP June 2024 



Duration of protection ???

Ison et al.  ID Week 2023, Boston, USA

RSVpreF3 AREXVY(GSK)

V

R 1/1

P

Season 1
2021-22

Season 2
2022-23

Season 3
2023-24

R 1/1

V

P

V

P

P P
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La revaccination à M12 ne semble pas apporter de benefice additionnel dans la prévention des 
IRTI liées au VRS pour la population totale1

AReSVi-006 

Figure was independently created for GSK from the original data.
Modified exposed set. *Up to end of Season 1 in the Northern Hemisphere (April 2022 analysis). †From 15 days post-Dose 1 up to end of Season 2 in the Northern Hemisphere (March 2023 analysis). ‡The VE is estimated 
using a Poisson regression model adjusted using age, region and season2; §96.95% CI for VE Season 1, 97.5% CI for Season 1 + 2. CI, confidence interval; LRTD, lower respiratory tract disease; VE, vaccine efficacy
1. Ison MG, Papi A, Langley JM, et al. Efficacy of one dose of the respiratory syncytial virus (RSV) prefusion F protein vaccine (RSVPreF3 OA) in adults ≥ 60 years of age persists for 2 RSV seasons. Abstract presented at 
IDWeek; October 11-15, 2023; Boston, MA.

Season 1 + 2†Season 1*
Median follow-up

(months): 
6.7 months 18 months
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(48.2, 80.0)

67.1
(48.1, 80.0)

Single dose
over two seasons‡

Annual dosing
(2 doses, ~12 months apart)‡

RSV-LRTD

Single dose 
over one seasonNumber of events:

RSVPreF3 OA 7 / 12,466 30 / 12,469 30 / 12,469

Placebo 40 / 12,494 139 / 12,498 139 / 12,498

• A partir de quel seuil d’efficacité peut-on considérer qu’il serait intéressant d’envisager un schéma de vaccination tous les 3 ans ?
• Pensez-vous que cette option peut être envisagée par la CTV ?

Revaccination at 1 year of age does not 
appear to provide additional clinical benefit

Arexvy vaccine
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Approved vaccines for RSV

Please download and install the 
Slido app on all computers you use

ⓘ Start presenting to display the poll results on this slide.



Strategies to prevent severe RSV infection in children

Maternal vaccination

Kampmann et al. N Engl J Med 2023; 388:1451-1464 Pecenka et al.. 2024 Sep 21;404(10458):1157-1170



New vaccines  in development



Monoclonal antibodies targeting F

Palivizumab
Poor benefit
risk ratio

IIMotavizumab
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Monoclonal antibodies targeting F

Palivizumab
Poor benefit
risk ratio

MED8897 
Nirsevimab Beyfortus : Autorised

Ø

REGN2222 
(Suptavumab)
Failure in Phase 3, 
resistance

v

MK-1654 (Clesrovimab) 
Phase 3

IV

II

YTE mutation in Fc fragment to 
increase half life Oganesyan V, et al. 
Mol Immunol. 2009

Motavizumab

YTE mutation in Fc fragment to 
increase half life Oganesyan V, et 
al.Mol Immunol. 2009



29

Monoclonal antibodies targeting F

Palivizumab
Poor benefit
risk ratio

MED8897 
Nirsevimab Beyfortus : Autorised

Ø

REGN2222 
(Suptavumab)
Failure in Phase 3, 
resistance

v

MK-1654 (Clesrovimab) 
Phase 3

IV

II

YTE mutation in Fc fragment to 
increase half life Oganesyan V, et al. 
Mol Immunol. 2009

Motavizumab

RSM01
Gates
Phase 1

TNM001
Zhuhai Trinomab
Phase 2

Ø



Nirsevimab: Prevention of severe RSV infection in all 
newborn for their first RSV season

Medically attended RSV-LTRI

RSV-Hospitalisations

70% 75%

78% 60% NS 83%

Griffin et al. N Engl J Med 2020;383:415-25 ; Hammitt et al. N Engl J Med 2022;386:837-46. Domachowske et al. N Engl J Med 2022; 386:892-894; Kieffer et al, J Infect Dis. 2022 Aug
15;226(Suppl 2):S282-S292; Dagan R et al, Journal of the Pediatric Infectious Diseases Society 2024;13(2):144–147

Phase 2b
Randomised 2:1
(≈1500 preterm)

MELODY (phase 3)
Randomised 2:1

(≈1500  > 35 GW)

HARMONIE (phase 3b)
open

(≈ 8000 infants)

No bouncing effect in the second year

EMA (oct 2022) and FDA (july 2023) approved for prevention of 
RSV severe infection in all infants

No safety signal



First year real life data

In France ENVIE 
Prospective observational 
multicenter case-control

RSV Hospitalisation: 83,0% 

PARI Network

Levy C et al. J Pediatric Infect Dis Soc. 2024 Jul 20;13(7):371-373. Assad et al, N Engl J Med 2024;391:144-54. Xu et al, medRxiv [Preprint]. 2024 Sep 12:2024.09.12.24313545.

Good safety profile 
(ANSM 30/09/24) Medically attended RSV-LTRI: 26-53%

Same data in other countries
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Nirsevimab (Beyfortus)

Please download and install the 
Slido app on all computers you use

ⓘ Start presenting to display the poll results on this slide.



Strategies to prevent severe RSV infection in children

Passive immunisation of newborn babies

Peadiatric vaccination to come ?

2024-2025 Season: maternal vaccine or nirsevimab ?

Pecenka et al.. 2024 Sep 21;404(10458):1157-1170



Respiratory syncytial virus replication cycle

G F

F



Targeting fusion: fusion inhibitors

Small molecules

Vue de coté en 
enlevant un bout 
pour voir au milieu 

Drug
Fusion 
peptide

Binding to pre-fusion F

Battles et al. Nat Chem Biol. 2016 Feb;12(2):87-93. Roymans et al. Nat Commun. 2017 Aug 1;8(1):167



Molecules tested in clinical trials

From clinical trials le 13-11-2024 

Phase IIIPhase IIPhase I

C = Childs
O = Older
A = Adults

Janssen Research & 
Development, LLC

C
Janssen Research & 
Development, LLC

JNJ53718678=Rilematovir

Pfizer

RV521 = Sisunatovir
Biota Pharmaceuticals, Inc.

BTA9881

MicroDose Therapeutx, Inc

MDT-637

Ark Biosciences Inc

AK0529 = Ziresovir

C

A C O

A

A

Ark Biosciences Inc

AK0529 = Ziresovir

A C O

Gilead Sciences

Presatovir

A O

Biota Pharmaceuticals

BTA-C585 =Enzaplatovir

A

A CO
Pfizer

RV521 = Sisunatovir

AO

JNJ53718678=Rilematovir



Promising results in experimental human 
infection model

Symptoms Viral Load

GS-5806 Presatovir

RV521 Sisunatovir

Mucus

DeVincenzo et al. N Engl J Med. 2014 Aug 21;371(8):711-22; DeVincenzo et al. Antimicrob Agents Chemother. 2020 Jan 27;64(2):e01884-19



but failure of clinical trials in the real world

Non significant effects

GS-5806 Presatovir
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Gottlieb et al. J Heart Lung Transplant. 2023 Jul;42(7):908-916; Marty et al. Clin Infect Dis. 2020 Dec 31;71(11):2787-2795; Chemaly et 
al. Clin Infect Dis. 2020 Dec 31;71(11):2777-2786; Nilsson et al. Clin Microbiol Infect. 2023 Oct;29(10):1320-1327

2 others trials with similar results
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Gottlieb et al. J Heart Lung Transplant. 2023 Jul;42(7):908-916; Marty et al. Clin Infect Dis. 2020 Dec 31;71(11):2787-2795; Chemaly et al. 
Clin Infect Dis. 2020 Dec 31;71(11):2777-2786; Nilsson et al. Clin Microbiol Infect. 2023 Oct;29(10):1320-1327

2 others trials with similar results

Associated with delay between onset of 
symptoms and treatment

Ttt < 3 days post-
symptoms onset

Ttt > 3 days post-
symptoms onset

JNJ-53718678 = Rilematovir



Resistance to fusion inhibitors

Cross-resistance
Mutations in the fusion peptide and HR2 helix

Common: from 1-1.5% in immunocompetent patients to 10-15% in immunocompromised patients

Heylen et al, Biochem Pharmacol 2017 Mar 1:127:1-12 ; Porter et al. Antimicrob Agents Chemother. 2020 Aug 20;64(9):e02312-19; Battles et al. Nat Rev Microbiol. 2019 Apr;17(4):233-245
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RSV Fusion inhibitors

Please download and install the 
Slido app on all computers you use

ⓘ Start presenting to display the poll results on this slide.



Respiratory syncytial virus replication cycle
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Replication
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RSV polymerase activities

RNA polymerase RNA-dependent

Capping of viral mRNAs

involving 3 enzymatic activities:
-Polyribonucleotidyl transferase

-G-N-7 methyltransferase

-2'-O-methyltransferase

Polyadenylation of viral mRNA

Encapsidation ???

L



RSV-polymerase structure
Cryo EM structures

CD

MT

Ca
p

RdRp

CTD

Cao et al. Viruses 2021 May 5;13(5):834. Gilman et al.Cell. 2019 Sep 19;179(1):193-204.e14. Liang et al. Cell. 2015 Jul 16;162(2):314-327

L



L:  multifunction – multiconformation protein

Elongation ?

VSV Rabies

RSV hMPV

Initiation ?

Liang B. J Virol. 2020 Oct 27;94(22):e00175-20. Abdella et al .Proc Natl Acad Sci U S A. 2020 Mar 3;117(9):4931-4941Liang et al. Cell. 2015 Jul 16;162(2):314-327



Targeting the polymerase… first molecules

CD

MT

Ca
p

RdRp

CTDJanssen Research & 
Development, LLC

JNJ-6447184

A
Phase 1 Alios Biopharma, Janssen

Lumicitabine = ALS-8176

A C OPhase 2

Pulmocide Ltd

PC786 (inhalé)

A O
Phase 2

Enanta Pharmaceuticals

EDP 323

A OPhase 1

Enanta Pharmaceuticals

EDP-938

A C OPhase 2

Arrow Thx

A-60444

A OPhase 2
Alnylam Ph

ALN-RSV01 (inhalé)

A OPhase 2

Pfizer

RV299

APhase 1

SiRNA N

From clinical trials;  13-11-2024 
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Good results in experimental human infection model, but….

49

Phase 2b trials discontinued july 2019

ALS-8176 Lumicitabine PC786  (inhaled)

Symptoms

Viral Load

DeVincenzo et al. N Engl J Med. 2015 Nov 19;373(21):2048-58; DeVincenzo et al. J Infect Dis. 2022 Jun 15;225(12):2087-2096
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Please download and install the 
Slido app on all computers you use

RSV polymerase 

ⓘ Start presenting to display the poll results on this slide.



In summary
Major advances in prevention thanks to prefusion F stabilisation

In relation to X:
…….
…..

In relation to Y: 
……

Specify indications
What about other at-risk populations ?

Viral escape ????

51



In summary
Major efforts to develop antivirals

More to come with recent structures…

Challenges to overcome

Early administration

Resistance, particularly in immunocompromised patients
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explanation for the decreased activity of L because of these
substitutions in P.

The P4 monomer, for which the largest number of residues
could be built, contacts a completely different set of L residues
than P1. Two residues on P4 (Ile181 and Leu198) form a hydro-
phobic cap above Phe452 on the b6 strand of L (Figure 4D).
Additionally, a region of P4 forms a b-hairpin that hydrogen-
bonds with b6 of L to form a small b sheet (Figure 4D). In P1

and P2, these same residues are within an a helix, and in P3,
they are disordered, indicating that the conformation of this re-
gion of P is particularly malleable. Furthermore, at the base of
the loop connecting the b strands of the P4 hairpin, Arg163 forms
a salt bridge with Glu765 of L, and the main chain of Gly165
forms a hydrogen bond with Tyr772 of L (Figure 4D). The C-ter-
minal region of P4 makes additional contacts with L, including
hydrogen bonds between Asn217 of P and Asn362 and Thr365
of L, as well as hydrophobic interactions between Leu223 of P
and surrounding hydrophobic residues on L (Figure 4E).
Leu223, along with Leu216 and Leu227, are three hydrophobic
residues on the C terminus of P shown previously to contribute
to L binding. Mutation of these residues disrupts polymerase
activity (Sourimant et al., 2015), demonstrating that these inter-
actions between L and P, which are critical for function of the
polymerase, can be explained by the structure presented here.

In addition to the contacts made between P and L, extensive
interactions between P monomers are also present. Contacts
within the oligomerization domain were expected (Castagné
et al., 2004; Llorente et al., 2006; Pereira et al., 2017), but the
structure reveals that interactions between P monomers also
occur outside of the oligomerization domain. The C-terminal a
helices of P2 and P3 rest on top of P1 to form a three-helix bundle
(Figure 4A). In this arrangement, Ala169, Ile173, and Ile178 of P1

are capped by hydrophobic residues on P2 and P3. To validate
the importance of these residues as well as of those described
above, we generated a panel of 37 variants of P in which one
or two residues were mutated to alanine and tested these vari-
ants in a minigenome replication assay. Variants with substitu-
tions of residues between position 131 and 189 as well as
position 205 showed less than 20% of the activity observed for

wild-type P (Figure S3). For the P variants with reduced activity,
16 of the substitutions mapped to regions involved in formation
of the coiled coil in the oligomerization domain, 8 were in regions
involved in the interaction between P and L, and 8 mapped to
residues involved in the interactions between P1, P2, and P3

that lie outside of the oligomerization domain. Collectively, these
results demonstrate that the multifaceted interactions of P iden-
tified here are critical for its function in viral replication.

Conserved Features of the RSV RdRp Domain
The RNA-dependent RNA polymerases of negative-sense RNA
viruses contain four subdomains—the palm, fingers, thumb, and
a subdomain thought to serve as a structural support (Fig-
ure 5A)—and six conserved sequence motifs (motifs A–F)
(Jácome et al., 2015; Poch et al., 1989). The majority of these mo-
tifs are found in the palm subdomain (Figure 5B), which is
composed of two a helices (a29 and a30) and a b sheet
comprising 5 strands (b9, b12, b13, b14, and b15). A conserved
glycine residue (Gly877) just after the motif E b sheet connects
the palm and thumb subdomains and may allow the palm domain
to exhibit small degrees of motion relative to the thumb, as
demonstrated for the enterovirus polymerase (Gong and Peersen,
2010; Figure 5B). Motif B forms one of two connections that are
present between the palm and fingers. This motif is composed
of a flexible loop that extends from the finger subdomain into
the a29 helix of the palm. The presence of a glycine just before
the a29 helix is known to be critical for catalysis in the RdRps of
hepatitis C and encephalomyocarditis viruses (Lohmann et al.,
1997; Sankar and Porter, 1992). RSV harbors two additional
glycine residues that form a GGxxG motif also found in the
RdRp domains of L proteins from hMPV, Ebola, VSV, and other
non-segmented negative-sense RNA viruses (Figure S4). Thus,
the palm subdomain is framed on either side by glycine residues
that likely aid in flexibility of this region to accommodate the tem-
plate RNA and incoming nucleoside triphosphates (NTPs) in the
catalytic site (Garriga et al., 2013).
The conserved catalytic motif (Gly810-Asp811-Asn812 [GDN])

of the RdRp is situated on the loop that connects b12 with b13 in
motif C (Figure 5C). Another catalytic residue, Asp700, is located

Figure 2. Structure of the RSVLCoreBound
to Tetrameric P
RSV L is shown in ribbons colored in cool colors,

and each monomer of tetrameric P is shown in

ribbons colored in a unique warm color. The

RNA-dependent RNA polymerase domain (RdRp)

is colored dark blue, and the poly-

ribonucleotidyltransferase (PRNTase) domain is

shown in light blue. The linear maps show the

portions of L (top) and P (bottom) that are resolved

in the structure as colored bars. The connector

domain (CD), methyltransferase domain (MTase)

and C-terminal domain (CTD) of L are not

observed in the structure. Arrows denote

conserved residues required for function. NTD,

N-terminal domain; OD, oligomerization domain.

The linear schematics for L and P are not drawn to

scale. See also Figures S1, S2, and S4.

4 Cell 179, 1–12, September 19, 2019

Please cite this article in press as: Gilman et al., Structure of the Respiratory Syncytial Virus Polymerase Complex, Cell (2019), https://doi.org/
10.1016/j.cell.2019.08.014



Viral escape to vaccines and monoclonal antibodies ?

RNA virus with 7.10-4 sub/site/year

F protein

G protein

>90% seq inter-group identity

<50 % seq inter-group identity



Response to F vaccine and F variability

Broad efficacy of vaccine : GSK vaccine only (A2 strain)

Maryam Mukhamedova at al, 2021;Immunity https://doi.org/10.1016/j.immuni.2021.03.004

Diverse pre- and post-vaccination repertoire
Vaccine increases neutralising antibodies and 
“Public" antibodies

Andreano et al,  2021 doi.org/10.15252/emmm.202114035

F response is polyclonal

Sera from vaccinated patients still neutralise escape 
monoclonal variants



Nirsevimab escape ?

55

Of concern because
- RNA virus (7.10-4 sub/site/year) 
- Single mutation sufficient (monoclonal)
- Mass administration

Natural escape ? 
e.g. emergence of escape variants 
independent of selection pressure

INFORM 2017-2018
Large-scale sequencing study of 
410 G-F RSVs from 8 countries 
on different continents

Emergence 2014: Escape to 
Suptavumab

Emergence in 2015-2019: no impact 
on nirsevimab susceptibility

Tabor DE, et al, 2021. J Clin Microbiol 59:e01828-20. Wilkins et al, Lancet Infect Dis. 2023 Jul;23(7):856-866. Ahani et al, Nat Commun. 2023 Jul 19;14(1):4347

Nirsevimab

Palivizumab

Suptavumab
MK1654

Uncommon (<1%) 
5600 sequences from 2015-2021



Nirsevimab escape ?

Of concern because
- RNA virus (7.10-4 sub/site/year) 
- Single mutation sufficient (monoclonal)
- Mass administration

Selection in treated patients ? 
e.g. emergence of escape variants 
under selection pressure

Phase 2b and MELODY
0/24 RSV-A
2/24 RSV-B

Uncommon ? but very few data
Tabor DE, et al, 2021. J Clin Microbiol 59:e01828-20. Wilkins et al, Lancet Infect Dis. 2023 Jul;23(7):856-866. Ahani et al, Nat Commun. 2023 Jul 19;14(1):4347
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Large clinical virologist network  (ANRS)

RSV National Genomic Observatory

Untreated

Nirsevimab breakthrough

RSV circulation RSV+ characterization

Multicentric observational study season 2023-2024 in the clinical virologist network of ANRS 
(national health research agency )

< 1year of age

(n=346)

(n=349)

For each “viral breakthrough” case, a non-exposed
case was enrolled in every participating center.

Fourati et al. Lancet Infect Dis. 2024 Oct 14:S1473-3099(24)00570-X.



Respiratory samples and analysis

RSV full-length genome
sequencing

Viral isolation on HEp-2 cells

Lineages

Mutations in F epitop Ø

Neutralisation assay on HEp-2 cells

Assessment of the effect of 
unknown mutations

Fusion inhibition assay

Fourati et al. Lancet Infect Dis. 2024 Oct 14:S1473-3099(24)00570-X.
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695 samples
RSV-A
RSV-B

Untyped

=> 545 high quality sequences

Naive

3

119

4470

17
10
39

2
45

Breakthrough

5

120

4764

22
13
11
3

62
Other A
A.D.1*

A Not typed
A.D.5*
A.D.3*

B.D.4.1 & 1.1
B.D.E.1
B Not typed
RSV

RSV-A

RSV-B

Proportions of breakthrough identical in all lineages except for B.D.E.1

Untreated

Nirsevimab

Virological data: Breakthrough infections observed with all 
lineages in similar proportions  (?) 



Analysis of mutations in site Ø

RSV-A N63S E66G K209R S211R

Breakthrough infection n=236 4 1 1

Untreated n=236 3 1

Previously described YES no effect NO NO NO  

RSV-B N63D 5% I64M K65E 5% I64V N208D

Breakthrough infection n=24 1 5 1

Untreated n=49 1 3

Previously described NO NO NO YES R  

Fourati et al. Lancet Infect Dis. 2024 Oct 14:S1473-3099(24)00570-X.



Phenotypic assay
44 isolates tested

Plaque reduction assay to assess susceptibility
to nirsevimab (1 to 4 replicates)

N63S: 2,73±0,96

K209R: 1,54±0,42

E66G: 0,71±0,28

IC50 Fold Change

I64V: 1,56±0,47

No differences between « breakthrough » and « naive » viruses



Effects of mutations in site Ø

?

?

RSV-A N63S E66G K209R S211R

Breakthrough infection n=236 4 1 1

Untreated n=236 3 1

Previously described YES no effect NO NO NO  

IC50 FC Ctrl  (mean, sd) 2,73±0,96 0,71±0,28 1,54±0,42 NA

RSV-B N63D 5% I64M K65E 5% I64V N208D

Breakthrough infection n=24 1 5 1

Untreated n=49 1 3

Previously described NO NO NO YES R  

IC50 FC Ctrl  (mean, sd) NA NA 1,56±0,47 NA

Fourati et al. Lancet Infect Dis. 2024 Oct 14:S1473-3099(24)00570-X.



Fusion assay to assess impact of unknown mutations

RSV-A N63S E66G K209R S211R

Breakthrough infection 4 1 1

Untreated 3 1

Previously described YES no effect NO NO NO  

IC50 FC Ctrl  (mean, sd) 2,73±0,96 0,71±0,28 1,54±0,42 NA

Fusion inhibition FC (mean, 
sd) 

1,05±0,53 0,62±0,21 1,32±0,60 0,98±0,87

RSV-B N63D 5% I64M K65E 5% I64V N208D

Breakthrough infection 1 5 1

Untreated 1 3

Previously described NO NO NO YES R  

IC50 FC Ctrl  (mean, sd) NA NA 1,56±0,47 NA

Fusion inhibition FC (mean, sd) 0,81±0, 35 >500 NA >500



• RSV-A: 100% (236 from breakthrough) of RSV-A viruses tested are susceptible 

• RSV-B: 2 RSV-B resistance profiles identified in breakthrough patients. None in 
naïve patients

2/24 breakthrough with escape mutations (+ 2/24 in trials)

=>Need for close monitoring of nirsevimab susceptibility in the future

• Unanswered questions

Fitness of RSV with resistance mutations

Selective pressure

Conclusion
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Please download and install the 
Slido app on all computers you use

What is true about RSV 
resistance to nirsevimab?

ⓘ Start presenting to display the poll results on this slide.



Thanks for your attention
Questions ?



68

Surveillance of bronchiolitis and RSV infections

Surveillance of bronchiolitis (< 2 years) – weekly data

Surveillance of RSV infection in adults

Virological surveillance 



69

Surveillance of bronchiolitis (< 2 years) – weekly data

Community

Adapted from a presentation by Sophie VAUX Spf

SOS Med

Consultations of outpatients for bronchiolitis

https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-
national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-11-decembre-2024

Hospital

ICU

Réseau OSCOUR®

PICURe

Consultation in an emergency department for bronchiolitis
Hospitalisation for bronchiolitis

Hospitalisation for bronchiolitis in PICU

Surveillance of cases of bronchiolitis hospitalized in PICU (< 2 
years)
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Surveillance of bronchiolitis (< 2 years) – weekly data

Community

Adapted from a presentation by Sophie VAUX Spf

Consultations of outpatients Regional warning levels, 
W49-2024

https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-
national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-11-decembre-2024

https://www.sentiweb.fr/document/6453

SOS Med

Estimated incidence
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Surveillance of bronchiolitis (< 2 years) – weekly data

Adapted from a presentation by Sophie VAUX Spf
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/grippe/documents/bulletin-
national/infections-respiratoires-aigues-grippe-bronchiolite-covid-19-.-bulletin-du-11-decembre-2024

Hospital

Réseau OSCOUR® Hospitalisation for 
bronchiolitis after ER visit

Intensity level (Hospitalisation for 
bronchiolitis after an emergency visit)

Moving Epidemic Method (MEM)
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Surveillance of bronchiolitis and RSV infections

Surveillance of bronchiolitis (< 2 years) – weekly data

Surveillance of RSV infection in adults

Virological surveillance 

Surveillance of cases of RSV infections hospitalized in PICU 



Overview of the French National Reference Center for respiratory 
viruses

Surveillance of Influenza, SARS-CoV-2 and RSV and other respiratory viruses
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PARIS
Institut Pasteur

LYON
Hospices Civils 

de Lyon

REUNION
GUYANE
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French virological surveillance
Networks providing information and/or samples to the CNR

RELAB

RENAL

Virological data

SOS Med

Hospital

Respiratory SamplesCommunity

RELAB
RENAL

Positive
samples

2023-24 numbers



Good geographical coverage, 
although there are some regional differences
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Number of samples tested (for SARS-CoV-2) per region in the 2023-24 season

RELAB RENAL



French virological surveillance
Reporting

Ø Weekly publication of the NRC report (open access)

Ø Weekly reporting to 

Ø Biennial report on influenza to WHO and virus 
transmission to WHO Collaborating Centre

Covinet ?
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French virological surveillance: Weekly report

RT-PCR by NRC

https://www.sentiweb.fr/document/6453
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf

RENAL
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French virological surveillance: Weekly report

RENAL
Historical data from RENAL
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf

RENAL

% RSV positive samples

48/2024

Regional circulation
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf

RENAL

2024-25 season
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French virological surveillance: Weekly report

https://www.pasteur.fr/sites/default/files/rubrique_pro_sante_publique/les_cnr/virus_des_infections_respiratoires_dont_grippe/bnhvir_france_2024_s48.pdf

RENAL
RENAL
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Please download and install the 
Slido app on all computers you use

French virological 
surveillance:

ⓘ Start presenting to display the poll results on this slide.



RSV genomic surveillance in France

Objectives:  

• Description of circulating variants

• Detection of new lineages

• Detection of lineages circulating in specific population (age, hospital, region)

• Detection of nirsevimab escape mutations

ü Whole genome sequencing using in-house amplicon method

ü Lineage assignment

ü Analysis of lineages in specific populations

ü Screening for mutation in site O



RSV genomic surveillance in France



Escape mutations to nirsevimab

Description of mutations in the literature

ANRS (French National Agency for Health Research)
Website with list of mutations

Systematic analysis with in-house pipeline of AA substitutions at the FØ site

https://virusfrenchresistance.org/



RSV phenotypic surveillance in France

Objectives:  

• Susceptibility to nirsevimab

• Specific phenotypic traits

• To come: escape to vaccinated sera ?

ü RSV isolation and amplification

ü Nirsevimab susceptibility assay



Isolation of RSV

Respiratory sample

Inoculation onto HEp-2 
confluent cells in P12 wells

Viral growth 6 days max

Check for cytopathic 
effect every 72h

Harvest virus 
Sequencing

Titration

NGS metagenomic

Still difficult : Isolation success around 20-25%



Isolation efficiency decreases with Ct, but it is difficult to establish a threshold.

No differences in isolation success between A/B

Does RT-PCR Ct value predicts isolation success ?

NEG POS

RSV-A
NEG POS

RSV-B



Limited effect of freezing ?
Bias for +4°C preservation

Conservation ?

NEG POS

RSV-A
NEG POS

RSV-B

Still under investigation



Serial dilutions of nirsevimab

Nirsevimab neutralisation Assay

+

RSV

Incubation 
60 min 37°C

Infection HEp-2
+ overlay

Incubation 6 days
CO2 37°C

EC50 calculation
+ Revelation

Challenges: 
Ø Long and tedious
Ø Unstable titers
Ø Need for internal standard



94

Please download and install the 
Slido app on all computers you use

The following statements 
apply to RSV

ⓘ Start presenting to display the poll results on this slide.



RSV surveillance

Sequencing still challenging

Isolation difficult, 
neutralisation assay to 
improve



Thanks for your attention
Questions ?


