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Outline

This session will cover the following elements
1. RSV disease burden

2. Immunoprophylactic strategies against RSV

3. Genetic variation and its impact on escape from monoclonal
antibodies
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RSV disease burden B
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Birth Infancy Young childhood  Childhood Adulthood Elderly adulthood
(< 18 months) (19 months—5 years)  (6—16 years) (17-70 years) (>70 years)

RSV bronchiolitis Postbronchiolitic wheeze
>2 : all infants had .
episod of RSV infection Exacerbation of asthma/COPD Clinical
features

Insidious respiratory illness

Colds due to infection or reinfection

Peter J.M. Openshaw et al. Annu. Rev. Immunol. 2017. 35:501-32; Recto C et al. JID 2024 _
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Birth EL T Young childhood  Childhood Adulthood Elderly adulthood
(< 18 months) (19 months—5 years)  (6—16 years) (17-70 years) (>70 years)

Partial protection from RSV reinfection
Transfer of maternal Ab
N . Immune
Immature Innate immunity Declining responses
Immature Th1immunity Declining
~ Th2/Th17 bias _

Peter J.M. Openshaw et al. Annu. Rev. Immunol. 2017. 35:501-32; Recto C et al. JID 2024 _
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RSV disease burden S

at high risk of severe disease

Population >60 years of age in 2019

Bacteria: 27% /‘ * g
Fungi and not otherwise specified: 5% . ) ‘j
ngh-lncome countries
» 5,1 millions RSV-ARI/y

peeser > 465 000 hospitalisations/y > 174 millions dans le monde
Severe respiratory infections (1m — 5 years) > 33,000 deaths/y > RSV second leading cause of
» >3 millions hospitalisations/year worldwide N .
> >100,000 deaths/y worldwide hospitalizations for COPD exacerbations
and acute heart failure.

Influenza Other Respir Viruses. 2023 Jan;17(1):e13031 ; PERCH study Lancet 2019 (http://perchresults.org/) ‘
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Due to the significant burden, the development of anti- &3,
RSV immunoprophylaxis tools is crucial S8

Let’s focus on a key F (fusion) w5g
viral protein: the fusion

(F) protein
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RSV classification & structure &

eCoC

Two major antigenic subgroups (co-circulate) : RSV-A & RSV-B “
with multiple lineages within each of them

Membrane

A N and ssRNA
p G protein
53 % seq inter-group
— L identity

NA1 AE098766 il
ON1-C_AEJ88011.1
s CB-A_AEJ88011.1
NA3_AGL98198.1

NA2_AHA57664.1
NA4_AGL98280.1
B GA3_AGC83796.1 HRSV-A

GA2_AFM95353.1
GA5_AFM55441.1
GA1_AEQ63563.1

GA4_AAC36324.1
GA7_AEQ63541.1

F protein
rotein 9194 seq inter-group
identity
M protein

Battles, M.B., McLellan, J.S. Nat Rev Microbiol 17, 233-245 (2019)
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F involvement in viral entry (Type | viral fusion protein)  ecoc

Prefusion

Host-cell membrane

Epitopes targeted by antibodies
with high neutralizing activity

Barney S. Graham, nejm 388;7 February 16, 2023
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F involvement in viral entry (Type | viral fusion protein) o0C

stable

Barney S. Graham, nejm 388;7 February 16, 2023
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Postfusion Prefusion

Host-cell membrane

Epitopes targeted by antibodies
with high neutraliz]i.ng activity

Rearrangement|

& <
b Membfane
> fusion
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Structure and antigenicity of the fusion (F) glycoprotein @ c

ELROPEAN CENTRE FOR
CISEASE PREVENTION
A CoNTIOL

Postfusion RSV F

Prefusion RSV F

Site @
Site |
Site Il
Site Il
Site IV
Site V

EEECEN

Metastable stable

McLellan JS et al. Science. 2013 Nov 1;342(6158):592-8. S Graham B. Current Opinion in Virology 2017 _
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Designing potent anti-RSV vaccine: stabilize the pre-fusion @ )
conformation to make transitioning to the post-fusion less .

favorable

Postfusion Prefusion Vaccine

Host-cell membrane

Antigen sites

Stabilizing
Epitopes targeted by antibodies mutations

ith high neutralizing activity |
L-J L] 7

rrafeement . ¢ Sthbilization

Membrage Protein

engineering

C-terminus

Viral membrane

Barney S. Graham, nejm 388;7 February 16, 2023




RSV prophylaxis: two complementary revolutionary approaches

NV 4
monocionat

1.00+ _
0.90+ 100

0.80 —
0.98 Nirsevimab

797 06

0.604 |

0504 0.94-| Placebo
0.40- 092+

PreF stabilisation is the basis
for all vaccines that have
been developed

0.30- 0.90- Hazard ratio for RSV-associated LRTI,
0.23 (95% Cl, 0.12-0.47)

0209 0,00

. T T T T T T T T T T T T T T 1
0.10 0 10 20 30 40 50 60 70 80 90 100110120130140150
0.00

Proportion Free from Medically
Attended RSV-Associated LRTI

. _ _ 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
This approach is the basis for Days
three vaccines currently on T B ors 070 oce

Nirsevimab 994 984

the ma rket_ Placebo 496 488 479 467 465 464

Papi A et al. N Engl J Med 2023;388:595-608. Falsey AR et al. N Engl J Med 2023;388:609-20 ; Simoes et al . N Engl J Med 2022;386:1615-26; Hammitt LL et al. N Engl J Med
2022;386:837-46.



The EMA/FDA approved Pre-F Vaccines
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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)




Which elderly population may
not be protected by vaccines
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Real world effectiveness similar to clinical trial
efficacy results (although different endpoints)

endpoint Study

Vaccine efficacy /effectiveness % (95% CI)

GSK trial Z (AReSVi-006) (260 ans) 83 (58-94)
RSV_Iower O
respiratory  Moderna trial 2 (=60 y) 84 (66-92)
tract infection [ O
(LRTI) Pfizer trial 3 (RENOIR) (=60 y) 86 (32-99) -~ _
IVY network (20 US states) (=60 y) 75 (50-87)
VISION, immunocompetent =60 y* 80 (71-85)
— —
V h lts > 60 82 (69-89
RSV eterans US cohort, adults = 60 y ( )
hospitalisation pjalysis cohort (Medicare) >65 y 78 (45-91) .
VISION, immunocompromised =60 y* 73 (48-85)
Dialysis and other IC conditions > 65y 80 (31-94) -
1 1 1 1 1 1
(1) > 2 Jower resp. symptoms or signs > 24h (2 >2 symptoms () > 3 signs or syfptoms; 20 40 60 80 100

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), Payne et al. Lancet 2024;404(10462):1547-59-



Randomized clinical trial &
articipants = 60 years were assigned to receive COC
he R VpreF vaccine (the RSVpreF group) or no vaccine (the

control group) during the 2024—-2025 winter season.

INTERVENTION . -
1 H
@ 131 379 Participants randomized

131 276 Participants analyzed

65642 65634
RSVpreF Control
Single dose of RSVpreF with 60 pg No RSV vaccine

each of stabilized prefusion F antigen
from RSV subgroups A and B

M.C.H. Lassen et al. JAMA Network August 2025



Subgroup RSVpreF Vaccine Control Vaccine Effectiveness (95% Cl) £

no. of events/total no. of participants (hospitalisation) = mw"acm

Overall 3/65,642 18/65,634 : —8—  83.3 (42.91096.9)
Age :

60-74 yr 1/51,803 10/51,781 i #— 90.0 (29.7 t0 99.8)

=75yr 2/13,839 8/13,853 : o 75.0 (-25.0 to 97.4)
Presence of at least 1 chronic disease :

No 0/38,080 5/38,080 i -

Yes 3/27,562 13/27,554 : & 76.9 (16.0 to 95.8)
Chronic lung disease i

No 3/60,834 13/60,832 : = 76.9 (16.1 to 95.8)

Yes 0/4808 5/4802 i —
Cardiovascular disease i

No 1/51,265 11/51,349 : ——®— 90.9 (37.6t0 99.8)

Yes 2/14,377 7/14,285 ' = 71.6 (-51.1t0 97.1)
Cancer |

No 2/58,093 12/58,087 i ——8— 833 (25.2t098.2)

Yes 1/7549 6/7547 : m— 83.3 (-37.4 t0 99.6)
Chronic kidney disease :

No 1/58,982 12/58,930 i ——&— 91.7 (43.7 10 99.8)

Yes 2/6660 6/6704 - ; = 66.4 (-85.2 t0 96.7)
Immunosuppression i

No 1/63,023 13/63,054 ! —& 923 (48.81t099.3)

Yes 2/2619 5/2580 - - = 60.5 (-147.3 to 96.1)

M.C.H. Lassen et al. NEJM August 2025 ' ‘
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Reduction in all-cause cardiorespiratory ecoc

SR TREETON
conTROL

hospitalizations among vaccinated individuals

INTERVENTION FINDINGS
|| — = Cardiorespiratory hospitalization
131 379 Participants randomlzed RSVoreF
131 276 Participants analyzed / kb
SOS—— 26.3 events per 1000 participant-years
65 642 65 634
RSVpreF Control Control
Single dose of RSVpreF with 60 pg No RSV vaccine
each of stabilized prefusion F antigen 29_2 events per 1000 panicipant-years
from RSV subgroups A and B

Incidence was lower in the RSVpreF group:

Absolute rate reduction, 2.90
PRIMARY OUTCOME (95% Cl, 0.10-5.71) per 1000 participant-years

Incidence of hospitalization for any cardiorespiratory disease Vaccine effectiveness, 9.9%

(95% Cl, 0.3%-18.7%); P = .04 e

M.C.H. Lassen et al. JAMA Network August 2025




RSV prophylaxis: two complementary revolutionary approaches

NV 4
monocionat

1.00- —
ZE 0907 |4
oo 0.804
b 0.98 Nirsevimab
25 0707 0.96
E8 0604
E{ =] Placebo
g g oso 0%
T - - = Qs B
PreF stabilisation is the basis @ 040 092
- S g 0304 0.90- Hazard ratio for RSV-associated LRTI,
for all vaccines that have BT oo oo f 0BOWCL01R-04)
N T T T I T T T T T T T T T T 1
been dEVEIOpEd &% o010 0 10 20 30 40 50 60 70 80 90 100110120130140150
000 T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
This approach is the basis for Days
H No. at Risk
three vaccines currently on Nirsevimab 994 984 980 975 970 966
the m arket_ Placebo 496 488 479 467 465 464

Papi A et al. N Engl J Med 2023;388:595-608. Falsey AR et al. N Engl J Med 2023;388:609-20 ; Simoes et al . N Engl J Med 2022;386:1615-26; Hammitt LL et al. N Engl J Med
2022;386:837-46.



New generation of available
monoclonal antibodies targeting
RSV ...
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The key breakthrough of new monoclonal
antibodies is their long-acting activity

Nirsevimab

* Human IgG1l monoclonal
antibody

» Long-acting

« Binds antigenic site @

* In use since 2023 in multiple
countries for infant
prophylaxis

&

« N
DISEASE PREVENTON,
AN ConTIL

Clesrovimab

* Human IgG1 monoclonal antibody

» Long-acting

» Binds antigenic site IV

* Recently developed (EMA and FDA
approval in 2025)

. . . . . Site V
a single injection at birth or in

early infancy can protect infants NP LSS TR Site IV

against RSV bronchiolitis for an ek >

entire season, with an efficacy
around 80%.

Site Il

Site |

Adapted from Flynn et al, 2016




Summary of Real-World Effectiveness and Reduction &,
of RSV-Hospitalisation Estimates 2023/2024 SR

v
(_Seattle, WA { pittsburgh, PA ) g s Luxembourg
| i et 69%°5
‘ } (__Nashville, TN - Spain ST, Cov:Ba% W
b, | [ (Navarre) = s, 4 ‘
44 Eff:88.7%>5 ~ ; ‘
‘ ) (95% CI: 69.5-95.8) /= v >
USA Spqlp Cov:81-93% \ .
Eff: 90%! | ‘ (Galicia) 5 <_ France -
(95% CI: 75-96) | Eff: 82% SR e
Cov: 4-12%/site & (95% CI: 65.6-90.2)23 "N (93% CI: 73.4-89.2) &
Reduction of 3 A
N hospitalization: P s i /\/\
\ R 89% - - “ :
(Heolistons: \ . \ Cov: 85-93% /- ] ~
b ol S . 8% N \
. ' /p
< ; Spain /
Legend Spain (Catalonia) ~
Effectiveness (Case Controlled) (Murcia, Valencia, (\,Ialiadolld) Eff: 87.6%?8
RSV-Hospitalization Reduction Eoff: 8.4-4 /o (95% — 82:1:91-4)
(compared to previous year[s]) (95% CI: 76.8-90.0) Cov:87%

Cov:80-00%

Cov, coverage; Eff, effectiveness; RSV, respiratory syncytial virus.

References: 1. Moline HL, et al. MMWR Morb Mortal Wkly Rep. 2024;73:209-214. 2. NIRSE-GAL research team. Results of implementation of nirsevimab in Galicia. Accessed 23 April 2024.
https://www.nirsegal.es/en 3. Martinon-Torres et al. ESWI Respiratory Virus Summit 2024 | ESWI, 5 March 2024. https://eswi.org/cnt/activity/eswi-summit-2024 2 activity-programme 4. Lopez-Lacort M, et
al. Euro Surveill. 2024;29(6):pli=2400046. 5. Ezpeleta G, et al. Vaccines. 2024;12:383 6. Emst C, et al. Euro Surveill. 2024;29(4):pii=2400033 7. Haute Autorité de santé. Recommandation vaccinale contre
les infections & VRS chez les femmes enceintes. Accessed 27 March 2024. https://www.has-sante.fr/upload/docs/application/pdf/2024-
03/re<'ommandarlon_vacmnale_contre_les_infediQns_a_vrs_chez_les_le'mmes_enceintes_-_ve_rsion_provisoire.pdf 8. Coma E, et al. Preprints with The Lancet. Accessed 23 April 2024,
https://ssr.com/abstract=4749763 Symposium RSV prevention offered to all infants: from theory to practice. ECCMID 2024




What immunoprophylaxis strategy in
infants is used in your country for the
prevention of RSV?

© { The Slido app must be installed on every computer you're presenting
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Resistance to Long-acting monoclonal antibodies?

Nirsevimab

« In use since 2023 in multiple
countries for infant
prophylaxis

Clesrovimab

 resistance data only from in vitro
and clinical trials; no real-world
data available

-> Real-world surveillance
genomic is becoming available

Site Il
Suptavumab .
. ite V
« Humanized monoclonal >
antibody £ % «— Site IV

 Binds antigenic site V

« NOT USED / failure
because of natural
emergence of resistance

Site Il

Site |

Adapted from Flynn et al, 2016



What do we mean by resistance to RSV monoclonal antibodies?
EC(SC
e.g. N208D T

Nirsevimab
Clesrovimab e.g. G446E
In case of breakthrough after mAb exposure
What is “resistance”?
RSV-B . .
L172Q/S173L * Amino acid
substitutions in the
monoclonal antibody—
targeted epitope (RAS
Suptavumab geted epitope (RAS)

» Reduced antibody
binding and/or
neutralization activity

Adapted from Terstappen et al. 2024
Before mAb exposure After mAb exposure _ _




How can we identify resistance-associated substitutions?

® " = o
. | . < 60
] = — . | : @ %
; p \ | , i
. ‘ ) 20
Transfection - e -
O F plasmid
+
Nirsevimab
N208D O
A K65E O
P205S @ A
s N208D 4
‘ ‘

. . . - P205S
In vitro selection experiments '

Clinical validation



How frequent are resistant variants before nirsevimab introduction ?

Comprehensive analysis of >5000 RSV A and RSV B sequences collected from three surveillance studies (2015-

2021).

C RSVA entropy (INFORM, OUTSMART, and South African pilot)
Site@ [Sitell X Non-extracellular

1-0 —

0-8
0-6

04

0-2
OL T ™ T e '| fu T L ™ o

D RSV Bentropy (INFORM, OUTSMART, and South African pilot)
10 — —

Shannon entropy

0-8- 209
191 206

0-6

0-4

Shannon entropy

T T T T
1 50 100 150 200 250 300 350 400 450 500 550
Amino-acid position

Wilkins et al. Lancet Inf Dis 2022

Oa‘l"—“r-"-—-—#“ L "-'—y—'—‘—rJ-—lr-"-—~

Across both RSV-A and RSV-B, <1%

of sequences harboured any
resistance-associated substitution

(RAS)

genetic stability of nirsevimab-
binding site



How frequent are resistant variants after nirsevimab introduction ? @

QC(§C

POLYRES study : Prospective observational study since 2023 (>30 hospitals) e

Nirsevimab exposed

~<.».;>h\\ ’ |
-
< 1lyear of age RSV circulation

o gHg

Y RSV Breakthrough infections

=

Non-exposed

ER For each “viral breakthrough” case, one non-exposed
REPUBLIQUE ,-l p] po o~ case was enrolled in each participating center.
FRANGAISE ~
Liberté C b ' l S

MALADIES Ilé;E

Egalité
Fraternit

ECTIEUSES
nité RGENTES !nserm

Fourati S et al. Lancet Inf Dis 2025; Fourati S et al. http://dx.doi.org/10.2139/ssrn.5427106



https://dx.doi.org/10.2139/ssrn.5427106

: Methods @

eunorean comeron
| sy

high-quality sequences

RSV full-length genome > 90% of the viral RSV Lineages*
sequencing genome Phylogenetic analysis (1Q-TREE)
v4 > 90% of the F protein | ldentification of F- site @ amino acid substitutions
:
W N
I
]
. sample inoculated onto Hep-2 Assess the susceptibility of isolates to nirsevimab by PRNTs

L cells (37°C, 5% CO2)

% Nb PFU untreated

Nirsevimab ng/ml

* According to Goya S, Ruis C, Neher RA, et al. The unified proposal for classification of human respiratory syncytial virus below the subgroup level. l



RSV-A sequences during 2023-24 and 2024-25 seasons

AD3 N 6 3 S
AD.4A
AD.3.1 ’ <
A‘Dy/// AD.4
AD221 %p - = ADS
AD22.5 5 -
AD.21 X o \s » 2
D, o Bo e ADA7
O§AD2 D
5 & s K209R =
ALY e o g & . % 9° ADS52 A3.1
5

@ Breakthrough group AN \ A_D.}s

O Untreated group R AD32
2023/24 season 2024/25 season
N (breakthrough)= 236 (no resistance) N (breakthrough)= 195 (2 resistant variants)



RSV-B viruses during 2023- ...

h ey

2024 and 2024-2025 it
seasons By \i e8l 1
3 = K68E/N 1

R ] L204S 2

= . y . NS P205S 2

3 N208D 6

3 N208K 2

1 1

35 N208| 1

1

| 1

1

., | Ke8l-1204S 1

83\ | 164T-N201T-1204S | 1

"I N208K-P2055 | 1

YN
4

BDE.1.1 I

@ Breakthrough group
O Untreated group

2023/24 season 2024/25 season
N(breakthrough)= 24 (2 resistant variants) N (breakthrough)= 184 (23 resistant variants)




Fusion inhibition assay to assess impact of identified substitutions

293T GFP1.10 v 293T GFP11

ﬁ@%{“yﬁﬁ%

W

NG, s

F plasmid &%ﬁ Y - m y
O N\ /

-OR




GFP area (% mock)

substitutions
® & 4 4 P ‘A
100 Spepit—g—o4 42 ¢ |
I . 1A
\— -
10 1 == WT J\v\
-o— KG68I ) \
K68N \I
1 4 -+ P205S
—— 1204S - l
Q210L
014 T T T T T T 1
0062 025 1 4 16 64 256 1024

Fusion inhibition assay to assess impact of identified

Nirsevimab (ng/mL)

GFP area (% mock)

—

o

o
1

—
o
L

—
1

- WT
—— N208K
—-— N208S
N208I
N208Y

0.1

0062025 1 4

1I6 6I4 25IG 10I24
Nirsevimab (ng/mL)

GFP area (% mock)

100+

10 1

0.1

0062025 1 4

- 641/65K(WT)
64V/65K
64M/65K

1 - 641/65E

64V/65E i
~e- 64M/65E

16 64 266 1024
Nirsevimab (ng/mL)



Prevalence of RSV-A and RSV-B Nirsevimab &
Resistant variants among breakthrough cases ™

50%
45%
40%

35%
30% ﬂ
25% N =3/24
20% N=2/24 '
15%
10%
5% P - 0/21 8 sy

0%

N= 23[1.4'
RSV-B

P =2/19° LV

Phase II/III POLYRES 23/24 POLYRES 24/25
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Prevalence of RSV-A and RSV-B Resistant variants

among unexposed cases in areas where Nirsevimab was delivered e%éc
0,2
0,15
01
. N=o/24  N=o/40 . N=0/247 RSV-B
0,05
" - 0/51 4 P - 0,23 4 P v -0/19248 RSV-A
0
Phase II/III POLYRES 23/24 POLYRES 24/25



Resistance to clesrovimab

« The amino acid region of site IV (defining the
clesrovimab binding site) is highly conserved
(>99%)

 In vitro selection experiments identified several
substitutions within the clesrovimab epitope (site
IV)

« Some of these substitutions also identified during
pivotal phase IIb/III and III clinical trials in patients
failing clesrovimab (substitutions G446E/R/W).

» Prospective post-licensure molecular surveillance
will be essential to establish resistance frequencies
under real-world selective pressure




Are resistant variants transmitted to the community ?

Resistant with minimal Major impact on fitness?
fitness cost ? -> reversion to WT?

Fithess constraints shape
which resistant variants
can persist or spread ->
clinical and
epidemiological impact

Adapted from Terstappen et al.

laYala |



In summary @c

EUROPEAN CENTE FON
DISEASE PREVENTON,
5 Conmaol

The emergence of resistant RSV variants to prophylactic long-acting

mADs is rare so far; no widespread emer?ence of resistance despite
the universal use of nirsevimab in several countries

« -> Resistance does not currently compromise their clinical or
public health impact.

For Nirsevimab : Resistance profiles have been identified among
RSV-B breakthrough infections

For Clesrovimab, resistance data are currently limited to clinical
trials with no real-world data yet available.



What do we need for the future ? @ﬁ’c

Continued integrated molecular and phenotypic surveillance, alongside
global data sharing

 long-term persistence and evolutionary potential of resistance
remain not documented:

 clinical longitudinal follow-up of breakthrough infections should be
implemented to determine whether RASs persist within hosts

« experimental fitness studies are needed to quantify the relative replication
efficiency of resistant versus non-resistant contemporary RSV variants.
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