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Respiratory Syncytial Virus (RSV) is a leading cause of respiratory infections in infants and older adults. In Spain, surveillance is
supported by the SiVIRA system and the RELECOV genomic sequencing network. The 2023-2024 season marked the first
nationwide administration of nirsevimab, a monoclonal antibody for preventing severe RSV in infants.

This study analyzes the genomic evolution of RSV during this period, focusing on potential escape mutations in the F protein.
RSV-A showed high genetic diversity with eleven circulating lineages, while RSV-B was dominated by lineage B.D.E.1. Phylogenetic
analysis revealed three distinct B.D.4.1.1 groups, one sharing mutations with B.D.E.1 in the nirsevimab binding site.

Despite these changes, neutralization assays confirmed that nirsevimab and other monoclonal antibodies remained effective. No
significant antigenic drift compromising immunoprophylaxis was observed. These findings support the continued efficacy of nirsevimab
and highlight the importance of genomic surveillance for tracking RSV evolution and informing future immunization strategies.
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Respiratory Syncytial Virus (RSV) is a leading cause of respira-
tory infections in children, particularly in those under 2 years
of age, and adults over 60 years old [1, 2]. Given its impact, in-
ternational health organizations, including ECDC and WHO [3,
4], recommend RSV surveillance within respiratory infection
monitoring systems. Spain has implemented the Acute
Respiratory Infection Surveillance System (SiVIRA) since
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2020-2021, covering both primary (mild) and hospital care (se-
vere) [5]. This system allows integrated monitoring of respirato-
ry viruses like influenza, SARS-CoV-2, and RSV. The National
Network of Spanish Laboratories for Genomic Sequencing
(RELECOV), originally established for SARS-CoV-2 [6], was ex-
tended to include influenza and RSV [7].

In 2023, Spain approved nirsevimab to prevent severe RSV
infections in infants under six months and other high-risk in-
dividuals [8]. The introduction of this mAb and upcoming vac-
cines [9] underscores the need for strong surveillance,
including RSV genomic sequencing.

Data from a prospective study in Madrid confirm
nirsevimab’s effectiveness with ~92% coverage reducing
RSV-related hospitalizations by 93.6% and ICU admissions
by over 90% [10]. SiVIRA data showed 9364 to 9875 fewer
RSV hospitalizations in children under one year in 2023-2024
season, a ~75% reduction compared with 2022-2023 after ad-
justing for RSV circulation [11]. A nationwide study comparing
epidemic periods from 2018 to 2024 found a 79.3% reduction in
RSV-related hospitalizations in infants under three months
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after nirsevimab introduction [12]. Furthermore, nirsevimab
significantly reduced RSV-related hospitalizations and severe
lower respiratory tract infections (LRTI) needing respiratory
support [12].

RSV is classified into two antigenic groups, RSV-A and
RSV-B [13]. Traditionally, clades were defined by the highly
variable G protein [14, 15]. Ramaekers et al [16] and Chen
et al [17] emphasized classifying RSV's using whole genome se-
quences or at least considering the F protein. In 2024, Goya et al
[18] proposed a standardized RSV nomenclature using letters
to indicate subgroup and duplications, and numbers for mono-
phyletic clusters with >10 sequences and >5 amino acid chang-
es relative to the parental lineage.

RSV expresses two main surface glycoproteins: G and
F. Notably, the F protein, targeted by nirsevimab and new
vaccines, is key to understand how these measures influence
viral evolution. Six major antigenic sites (@ and I to V) have
been described on RSV F protein’s prefusion conformation.
Sites @, 11, IV, and V are crucial for immunoprophylactic
strategies. Site @, at the trimer’s membrane-distal apex, is
the main target of potent neutralizing antibodies like nirse-
vimab and RSMO1.

As a complement to the clinical and epidemiological stud-
ies already conducted [10-12], this study presents RSV geno-
mic and antigenic data from Spain’s 2023-2024 season, the
first after nationwide nirsevimab immunoprophylaxis cam-
paign. The study analyzes RSV evolution, potential F protein
escape mutations affecting nirsevimab efficacy, and implica-
tions for future immunoprophylaxis strategies based on
the mADb Clesrovimab [19] and RSMO01 [20], both in clinical
development.

METHODS

Source of the Sequences for Genomic Analysis

For the viral characterization study in this report, 1,164 com-
plete RSV consensus genome sequences from Spain were
used, covering the period between epidemiological weeks 40
of 2023 and 39 of 2024. The sequences were downloaded
from the database GISAID [21], including 150 which were ob-
tained at the Reference and Research Laboratory for
Respiratory Viruses, National Center for Microbiology
(CNM-ISCIII). The full list of GISAID accession numbers
for the sequences analyzed in this study is available at:
https://doi.org/10.5281/zenodo.17184379. Consensus sequenc-
es included had >80% genome coverage, good or moderate
quality by Nextclade v3.15.1 [22], and complete coverage of
both G and F proteins. CNM-ISCIII samples also met a min-
imum depth threshold of 10X. These sequences reflect viral
diversity across Spain, covering 13 of its 17 regions
(Supplementary Fig. 1)

Sequencing and Phylogenetic Analysis Methods

Sequences from CNM-ISCIII were obtained following a previ-
ously published protocol [23], which is available on the proto-
cols.io platform (dx.doi.org/10.17504/protocols.io.kqdg3xbzqg
25/v4). Sequences were analyzed for viral genome reconstruc-
tion using the viralrecon pipeline v2.6.0. (https:/github.com/
nf-core/viralrecon) [24] that comprised mapping and de
novo assembly.

Sequences from Galicia, Asturias and Canary Islands were
obtained following a previously published protocol [25].

The phylogenetic analysis of Spanish sequences included 554
RSV-A and 610 RSV-B whole genome sequences from Spain,
aligned with reference sequences of Orthopneumovirus sub-
type A and subtype B (NCBI GenBank, NC_038235.1 and
NC_001781.1, respectively). These references were also used
for characterization of genomic changes in the genomes.

Lineages were assigned from consensus sequences using
Nextclade v3.15.1 on March 7, 2025.

Multiple sequence alignment was performed using MAFFT
v.7 [26], and phylogenetic trees were constructed using
FastTreeMP v. 2.1.10, employing a GTR model with 1,000
bootstrap replicates [27]. A downloadable version of the full
tree files is available at https://doi.org/10.5281/zenodo.
17184379.

Cell Culture and Virus for Antigenic Analysis

The HEp-2 cell line (ATCC CCL-23) was maintained in
DMEM supplemented with 2.5% of Fetal Bovine Serum,
2mM L-glutamine, non-essential amino acids (Invitrogen,
Carlsbad, CA, USA), penicillin (100 IU/mL), streptomycin
(100 pg/mL), and 1 mM sodium pyruvate, and was kept at
37°C in a 5% CO: atmosphere. Circulating RSV-B strains
hRSV/B/Spain/MD-ISCIII-0688/2024  (GISAID  EpiRSV
EPI_ISL_19345755) and hRSV/B/Spain/MD-ISCIII-2484/
2023 (GISAID EpiRSV EPI_ISL_18927346) were isolated after
three passages in HEp-2 cells from two RSV PCR-positive na-
sopharyngeal aspirate samples collected in Spain during the
2023-2024 season. Viral stocks of these viral isolates, as well
as reference viruses RSV-A2 (ATCC VR-1540) and
RSV-CH18537 (ATCC VR-1580), were propagated following
three days of infection at 37°C. Viral titers were determined us-
ing a fluorescence foci-forming unit (FFFU) assay. The viral
stock sequences after passaging were analyzed confirming the
absence of selection adaptation mutations in G and F. The se-
quences are available in GISAID under the accession numbers
EPI_ISL_20055308 and EPI_ISL_20055309.

Production and Purification of Mouse Antibodies

Mouse mAbs specific for RSV F and G glycoproteins (2F, 47F,
56F, 101F, 021/1G, 021/21G) [28] were generated from hybrid-
oma supernatants. Recombinant human mAbs nirsevimab,
palivizumab, clesrovimab, and ADI-15618 were produced by
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transient transfection of Freestyle 293-F cells. Expression plas-
mids were based on pcDNA 3.4 TOPO (GeneArt, Thermo
Fisher) and designed according to published sequences [19,
29, 30]. After 5 days, antibodies were purified using protein
A affinity chromatography (Cytiva).

Production and Purification of Stabilized Prefusion F Proteins (F DSCav-1)
Recombinant F DSCav-1 proteins, corresponding to RSV-A2
(UniProtKB/Swiss-Prot: P03420.1) modified with the naturally
occurring P102A, 1379 V, and M447 V changes to increase ex-
pression efficiency, RSV-B 9320 (GeneBank: AY353550.1), and
the MD-ISCIII-0688/24 (EPI_ISL_19345755) clinical isolate,
were produced by transient transfection of Freestyle 293-F cells
(Thermo Fisher Scientific). The expression plasmids pHa-F
DSCav-1 (RSV-A2 and RSV-B 9320) were generously provided
by Dr. Jason S. McLellan (University of Texas at Austin, USA),
while the pcDNA 3.4-TOPO plasmid encoding F DSCav-1 of
RSV-B isolate 240122 was purchased from GeneArt (Thermo
Fisher Scientific). Five days post-transfection, supernatants
were clarified and proteins purified using Ni2+ columns, fol-
lowed by gel filtration.

RSV Microneutralization Assays

Microneutralization assays were performed in 96-well plates
using 90% confluent HEp-2 cell monolayers. The cells were in-
fected with reference RSV strains or circulating RSV B isolates
at a multiplicity of infection (MOI) of 0.001, in the presence or
absence of serial dilutions of RSV-neutralizing antibodies.
After 36-48 hours of infection, the medium was removed,
and the cells were washed with 0.05% Tween-20 in PBS, then
fixed and permeabilized with methanol. RSV infectivity was as-
sessed by staining with a cocktail of mouse monoclonal anti-
bodies against the RSV F and G glycoproteins, followed by
detection with an Alexa Fluor 488-conjugated anti-mouse
IgG secondary antibody. Fluorescent foci were visualized and
Thunder
Microsystems). Antibody IC50 values, expressed in ng/ml,

quantified using a Imaging System (Leica
were calculated as the antibody concentration required to re-
duce the number of fluorescent foci-forming units (FFFU) by

50% compared to the untreated virus control.

Surface Plasmon Resonance (SPR) Analysis

SPR experiments were performed using a Biacore T200 system
in a single-cycle kinetic format. Anti-His tag antibodies
(Cytiva) were immobilized to 10,000 response units (RU).
Approximately 200 RU of purified F DSCav-1 proteins were
captured onto the sensor surface. Purified antibodies were in-
jected over the immobilized F DSCav-1 proteins at seven differ-
ent concentrations, at a flow rate of 50 uL/min. Association and
dissociation phases were set to 180 s and 300-900 s, respective-
ly, depending on the antibody. The sensor chip was regenerated
using 30 mM HCI, and the binding kinetics were analyzed

using a 1:1 Langmuir binding model. The equilibrium apparent

dissociation constant (KD,,,,) was calculated as the ratio of the

app
association (ka,p,) and dissociation (kd,p,) rate constants.

RESULTS

Lineage Distribution in Subgroups A and B

Significant lineage variability was observed for each RSV sub-
type based on Spanish sequences deposited in GISAID data-
base. In RSV-A, a total of eleven distinct lineages were
identified: A.D.1, A.D.14, AD.1.5, AD.1.7, AD.1.§, AD.J3,
ADJ3.1, AD4, ADS51, AD5.2, and A.D.5.3, with A.D.1.5
(30%), A.D.3 (21%), and A.D.1 (15%) being the most prevalent
throughout the 2023-2024 season (Figure 1A). Regarding the
temporal distribution of these lineages (Figure 1B), an in-
creased variability was noted toward the end of 2023, with sev-
eral lineages co-circulating. Some lineages, such as A.D.5.3,
AD.4, and A.D.1.4, were no longer present at the start of
2024, while others, including A.D.5.2 and A.D.1.8, began to
emerge early in the year. The three dominant lineages were pre-
sented throughout the whole season, with a notable increase in
the prevalence of A.D.1 and A.D.3 towards the end. For RSV-B,
two primary lineages were identified: B.D.4.1.1 and B.D.E.I,
with B.D.E.1 predominating, accounting for 88% of the se-
quences (Figure 1C). In terms of temporal distribution,
B.D.4.1.1, the parental lineage of B.D.E.1, showed a slight in-
crease in prevalence in early 2024 (Figure 1D). According to
geographic representation, most RSV-A and -B lineages were
present across all regions performing sequencing, except for
A.D.1.7 and A.D.4, which showed more limited representation
both temporally and geographically.

Phylogeny and Genomic Context

To contextualize the Spanish RSV sequences, phylogenetic
trees of the different RSV subgroups were constructed using
complete sequences collected between epidemiological week
40 of 2023 and week 39 of 2024, as outlined in the Materials
and Methods section.

RSV-A exhibited greater lineage diversity than RSV-B, pre-
viously described in the text, divided into two major groups:
one cluster consisting of lineages A.D.1 and A.D.3, and the oth-
er containing lineages A.D.4 and A.D.5 along with their sub-
groups (Figure 2). Within lineage A.D.5.1, two distinct
subgroups were identified despite sharing the same taxonomic
classification. Across the entire genome, group A.D.5.1 (1) dif-
fered from group A.D.5.1 (2) by only three substitutions in the
G protein (S100I, S275N, and a serine at position 284 in the
72-nt duplication, which occurs in the second hypervariable re-
gion of the G gene. This duplication, first reported in 2011, is
now dominant among RSV-A strains [15]. Additionally, two
substitutions were observed in the F protein (M115V,
V127A). These two groups do not show sufficient differences

RSV Genomics During Nirsevimab Use « JID 2026:233 (15 February) « e411

9202 Jequieidag g0 uo 3snB AQ |L£6/828/6019/2/CEZ/SI0IE/PIl/LO00"dNO"OILSPEDE WO} POPEOjUMOQ



B 100%
A.D.1 90%
15%
L™ spas O
S 60%
o
£50%
gao%
330%
Q
£20%
AD.3 ¥ 10%
21%

A.D.5.3

A.D.52 8%,
A.D.5.1 6%

7%
A.D.4

3%
A.D.3.1_

4%

0%

LA.D.1.7 41 43 45 47 49 51 1

2%

1%

~B.D.4.1.1
100%

80%
60%

40%

% clades frequency

20%

0%

3 5 7 9 111315 17 19 20
Epidemiological week

EAD.1.5 mAD.3 mA.D.1 WA.D.5.3

nA.D.5.1 mADS5.2 mAD.3.1 mADA4

mAD.1.4 AD.1.8 A.D.1.7

40 42 44 46 48 50 52 2 4 6 8 10 12 14 16 18 20 22

Epidemiological week
mB.D.E.1 mB.D.4.1.1

Figure 1. Percentage of different lineages described for RSV-A (A) and RSV-B (C) sequences published in GISAID database from the 2023-2024 season. Temporal distri-
bution of RSV-A (B) and RSV-B (D) lineages throughout the epidemiological weeks of the 2023-2024 season.

to be considered new lineages but allowed us to monitoring fu-
ture changes that could define them.

For RSV-B, noteworthy patterns were identified that are be-
yond simple lineage classifications. In Spain, lineage B.D.4.1.1
was represented by three distinct groups, each with unique mu-
tations in the G and F proteins (Figure 3A). To highlight the key
differences between these groups, a heatmap shows the genetic
changes in the F protein relative to the RSV-B reference se-
quence (NCBI GenBank NC_001781.1) (Figure 3B).

The B.D.4.1.1 (1) group contains the lineage-defining muta-
tions and serves as the parental lineage for both other B.D.4.1.1
groups and the predominant lineage B.D.E.1. The B.D.4.1.1 (2)
group exhibits several unique mutations in the G and F pro-
teins, including R8H, R98 M, and V99A in G, as well as a pre-
mature stop codon occurring three amino acids earlier than in
the B.D.4.1.1 (1) group. This mutation pattern is also present in
the B.D.4.1.1 (3) group and in lineage B.D.E.1. In the F protein,
the characteristic mutations include K65Q, located within anti-
genic site @, and T529 V (Figure 3B).

The B.D.4.1.1 (3) group shows additional changes in the G
protein, such as R98 K, P150S, and T245], along with mutations

shared with lineage B.D.E.1, including R32 K, S100G, P216S,
and T233L. This group is particularly relevant for its incorpora-
tion of F protein mutations that are also found in lineage
B.D.E.1, such as SI90N, Q209R, S2I1IN and S389P
(Figure 3B). These mutations, which began to emerge globally
in B.D.4.1.1 in 2023, were already present in lineage B.D.E.1
in previous seasons. The widespread occurrence of these muta-
tions in RSV-B may suggest evolutionary selection, potentially
contributing to the global persistence of lineage B.D.E.1.

F Protein Analysis and Key Mutations
Comparing the Spanish sequences to previously described refer-
ence sequences revealed a common pattern across both sub-
groups being a high number of unique mutations or
mutations occurring at very low frequencies, mostly reported
by a single submitter. In RSV-A, a total of 90 mutations were
identified, 51 of which had a frequency below 0.5%. In RSV-B,
70 mutations were detected, with 50 of these showing a frequen-
cy under 0.5%.

Regarding site @, the membrane-distal apex of the F protein
targeted by nirsevimab and ADI-15618 antibodies, only two
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Figure 2. Phylogenetic tree constructed based on the analysis of the complete RSV-A genome sequences available in GISAID database for Spain during the 2023-2024
season (n = 554). The tree was generated using a GTR model with a bootstrap analysis of 1,000 replicates. The different clades are collapsed and labeled according to their
respective annotations, with color coding used to indicate bootstrap support values, which reflect the robustness of the phylogenetic relationships. The specific sequences
used from each lineage are: A.D.1(87), A.D.1.4(17), AD.1.5(162), AD.1.7 (7), AD.1.8 (11), AD.3(114), AD.3.1 (20), A.D.4 (18), A.D.5.1 (39), A.D.5.2 (35) and A.D.5.3 (44).

mutations were identified in RSV-A, N63S (3% frequency) and
K65R (3.6% frequency). In RSV-B, four amino acid changes
(K65Q, 1206 M, Q209R, and S211N) were found at site @
(Figure 3B and Figure 4). The 1206 M substitution was found
in the parental B.D.4.1.1 group 1 and 3 but absent in group 2,
while K65Q was restricted to B.D.4.1.1 group 2. A triple muta-
tion 1206M:Q209R:S211N, formed by the acquisition of Q209R
and S211N onto the preexisting 1206 M variant, was present in
both the B.D.E.1 lineage and B.D.4.1.1 group 3. This triple mu-
tation represents the most prevalent polymorphism at site @ in
circulating RSV-B viruses in Spain (Figure 3B).

Considering antigenic sites II and IV, targeted by palivizu-
mab and clesrovimab, respectively, no mutations with signifi-
cant frequency were detected either in Spain (Figure 4).

Antigenic Analysis of the F Protein

The predominant polymorphism (I206M:Q209R:S211N) at site
© which has been previously detected in earlier seasons, and it
has become the most prevalent variant among circulating
RSV-B strains during the 2023-2024 season. Given its wide-
spread presence, its potential antigenic impact is particularly
relevant with respect to antibody effectiveness. A panel of

four neutralizing antibodies was selected for the analysis: nirse-
vimab (site @), palivizumab (site II), clesrovimab (site IV) and
ADI-15618 (site @), the parental antibody of RSMOI.

Microneutralization assays demonstrated that circulating
RSV-B isolates carrying the three changes, hRSV/B/Spain/
MD-ISCIII-0688/2024 (GISAID EpiRSV EPI_ISL_19345755)
lineage B.D.4.1.1 group 3 and hRSV/B/Spain/MD-ISCIII-
2484/2023 (GISAID EpiRSV EPI_ISL_18927346) lineage
B.D.E.1, remain susceptible to neutralization by antibodies
targeting site @. Nirsevimab maintained full neutralization ac-
tivity against both RSV-B strains, while ADI-15618 showed a
modest reduction in efficiency against strain hRSV/B/Spain/
MD-ISCIII-2484/2023, exhibiting a 17.1-fold decrease in neu-
tralization. A comparable reduction was observed for the refer-
ence RSV-B strain CH18537 (5.3-fold), in line with previous
reports working with RSMO01 antibody (Table 1) [20].

RSV-B strains were efficiently neutralized by clesrovimab
(targeting site IV) and palivizumab (targeting site II), showing
little to no reduction in efficacy compared to the A2 virus. As
expected, palivizumab demonstrated lower neutralization
potency compared to site @-targeting antibodies and clesrovi-
mab (Table 1) [20].
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Figure 3. (A) Phylogenetic tree constructed based on the analysis of the complete RSV-A genome sequences available in GISAID database for Spain during the 2023-2024
season (n = 610). The tree was generated using a GTR model with a bootstrap analysis of 1,000 replicates. The different clades are collapsed and labeled according to their
respective annotations, with colour coding used to indicate the bootstrap support values, which reflect the robustness of the phylogenetic relationships. Triangle size is not
indicative of the number of sequences. The specific sequences used from each lineage are: 13 for lineage B.D.4.1.1 (1), 6 for lineage B.D.4.1.1(2), 71 for B.D.4.1.1 (3), and 464
for B.D.E.1. (B) Heatmap of mutations detected in the F protein of lineages B.D.4.1.1 and B.D.E.1.

The binding affinity of site @ of both nirsevimab and
ADI-15618 exhibited strong affinity for the prefusion-
stabilized F protein ectodomain derived from B.D.4.1.1 group
3. The dissociation constants (KD) for nirsevimab and
ADI-15618 binding to F DSCav-1 240122 were in the picomo-
lar (pM) range, comparable to those for F DSCav-1 proteins de-
rived from reference RSV strains (A2 and B 9320) (Table 2). In
contrast, palivizumab displayed a significantly weaker binding
affinity, with KD values in the nanomolar (nM) range for all the
three proteins assessed.

Overall, these findings indicate that the I206M:Q209R:
S211N polymorphism has limited impact on RSV-B antige-
nicity, as neutralizing antibodies targeting site @ remain
highly effective against circulating RSV-B strains. Moreover,
nirsevimab consistently exhibited greater neutralizing poten-
cy compared to palivizumab, reinforcing its superior capacity
to neutralize RSV.

DISCUSSION

The study provides an analysis of the genetic and antigenic
landscape of RSV in Spain during the 2023-2024 season, show-
ing lineage diversity and ongoing viral evolution. For RSV-B,
lineage B.D.E.1 emerged as the predominant, whereas RSV-A
exhibited considerable variability, circulating across eleven dif-
ferent lineages. This contrast, also observed in studies from

other countries [31, 32], suggests divergent evolutionary strat-
egies between the subtypes, RSV-A sustained co-circulation
with a broad lineage diversity, while RSV-B underwent greater
homogenization. Notably, this homogenization coincided with
the widespread emergence of the 1206M:Q209R:S211N poly-
morphism at site @. According to data from the Emerging
Variants section on the GISAID platform [21], these polymor-
phisms rose from undetectable levels at the beginning of 2023
to near ubiquity in RSV-B sequences by the end of the study.
Previous research on temporal dynamics suggested that new
lineages of both RSV-A and RSV-B periodically emerge and be-
come the dominant circulating strains [33].

The lineage-specific analysis presented in this study is partic-
ularly valuable for characterizing the circulating viruses across
Spain. Unlike previous studies that primarily focused on RSV
subtypes in restricted geographic regions [34, 35], or faced lim-
itations due to insufficient sequence diversity [25], this study
provides a broader overview of the viral ecosystem. This
achievement was made possible by the technological advance-
ments in genomic surveillance developed through the
RELECOV sequencing network established during the
COVID-19 pandemic [36].

Our genomic and phylogenetic analyses identified key muta-
tions in surface proteins, particularly the F protein, which is
critical for immunoprophylaxis and vaccine efficacy [1]. The
observation that more than half of the detected mutations in
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Figure 4.

Location of amino acid changes in RSV-B viruses mapped onto the 3D structure of the prefusion F protein and their association with neutralizing antibody binding

sites. (A) Structure of the RSV prefusion F protein with antibody binding sites highlighted in color on one protomer. (B) Ribbon representation of the F protein showing antibody
binding sites in color and the positions of amino acid changes detected in RSV-B viruses indicated as green alpha-carbon spheres. (C) List of amino acid residues that define

each antibody binding site examined in this study.

both RSV subgroups were minor underscores the importance
of rigorous sequence validation, particularly in regions crucial
for mAD targeting.

Phylogenetic analyses revealed the evolutionary trajectory of
RSV-B, highlighting the transition from the parental lineage
B.D.4.1.1 to the predominant B.D.E.1. Additionally, as was pre-
viously mentioned, we identified the emergence of the 1206 M:
Q209R:S211N polymorphism at site @, accompanied by the
S190N and S389P mutations within the parental lineage, likely
driven by adaptive pressures.

Despite viral evolution, 2023-2024 RSV-B strains remained
susceptible to neutralizing antibodies, suggesting the 1206M:
Q209R:S211N polymorphism at site @ has limited impact on
current monoclonal immunoprophylaxis. This is consistent
with previous studies using recombinant RSV variants, which
showed that this triple mutation, identified in the MELODY
clinical study, did not confer resistance to nirsevimab [37].
Moreover, the combination 1206 M/Q209R, identified both in
the phase 2b and MELODY studies, was even associated with

enhanced susceptibility to nirsevimab [37]. These observations
are further supported by seven clinical isolates from a recent
real-world study reported during the preparation of this
work, all of which carried the same triple mutation (I206M:
Q209R:S211N) and showed no reduced susceptibility to nirse-
vimab [32]. Altogether, these findings confirm our results and
reinforce the effectiveness of the recently approved nirsevimab-
based immunoprophylaxis in preventing severe RSV infections
in newborns, despite ongoing viral genetic variability.

Furthermore, our findings also support the clinical develop-
ment of RSMO1 [20], derived from the ADI-15618 antibody, as
a cost-effective alternative, alongside Clesrovimab [19], as po-
tential future immunoprophylaxis options against currently
circulating RSV-B strains. Although a partial reduction in
ADI-15618 effectiveness was observed in vitro against one
RSV-B virus, no resistance-associated substitutions compro-
mising its activity, or that of its derivative RSMO01, have been
identified to date. Further studies are needed to assess its
significance.
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Table 1.

Susceptibility of Circulating RSV-B and Reference Viruses to Neutralizing Antibodies

Nirsevimab ADI-15618 Clesrovimab Palivizumab
Fold Change Fold Change Fold Change Fold Change
Lineage Virus IC50 (ng/ml)  to A2 Virus  IC50 (ng/ml)  to A2 Virus  IC50 (ng/ml)  to A2 Virus  IC50 (ng/ml)  to A2 Virus
A A2 1.4 — 0.9 — 1.1 — 187.1 —
B CH18537 34 30.9 4.8 5.3 34 3.1 176.2 1.1
B.D.4.1.1 group3 MD-ISCIII-0688/24° 1.3 0.9 2.6 3.0 4.7 4.3 354.4 1.9
B.D.E.1 MD-ISCIII-2484/23* 2.7 1.9 15.4 171 3.7 3.4 453.9 2.4

Both circulating B viruses harbor the three site @ mutations (1206 M, Q209R, S211N) along with all other lineage-defining substitutions.

#Additionally carries the minority substitutions L13 and A103 V, whereas * lacks the minority change R42 K. Fold changes for each antibody were calculated by dividing the IC50 values
obtained for clinical isolates or CH18537 by the corresponding IC50 value for the A2 virus. Data represent the means of two or three independent experiments.

Table 2. The binding Kinetics of Neutralizing Antibodies to Capture
Prefusion F DSCav-1 Proteins

Kaapp

F DSCav-1 Antibody KDapp (MTs™) Kdapp (s71)
A2 Nirsevimab <11pM  8.96x10° <1.00x107°
ADI-15618 <25pM  4.65%x10° < 1.00x107°
Palivizumab  4.55nM  1.66x 10° 7.53%x107*
B 9320 Nirsevimab <28pM  356x10° < 1.00x107°
ADI-15618  180pM 2.51x%10° 458%x107°
Palivizumab  3.97nM 3.75%x 10° 1.49% 1073
MD-ISCIII-0688/ Nirsevimab ~ 120pM 9.90 x 10° 1.22x107*
24° ADI-15618  840pM  4.29x 10° 3.59% 107
Palivizumab  3.30nM  3.54x 10° 1.17 %1072

aF DSCav-1 protein containing the three site @ mutations (1206 M, Q209R, S211N), all other
B.D.4.1 group 3 defining substitutions, and the minority substitutions L13l and A103 V.

Although our study was limited by assessing only two RSV-B
isolates phenotypically and by not including any RSV-A strains,
the identification of the K65Q mutation in the B.D.4.1.1 group
2 lineage, detected in a small number of sequences and previ-
ously linked to partial reductions in nirsevimab neutralization
[30], suggests that viral adaptation may have occurred within
the study population in Spain. This observation is consistent
with data from clinical trials and real-world studies, where
such variants have appeared predominantly in RSV-B and in
only a small fraction of cases following nirsevimab use [32,
37]. It would be of interest to determine whether this trend con-
tinues in future nirsevimab immunization campaigns.

The absence of frequent mutations at site @ in RSV-A, along
with evidence that the most common RSV-B mutations did not
compromise the activity of site @-targeting antibodies, indi-
cates that even when occasional escape mutations arise, they
do not become dominant. As a result, RSV has not undergone
significant antigenic changes to evade monoclonal antibody
recognition, despite the extensive administration of nirsevimab
to newborns, representing about 1% of the total population.

Moreover, the global emergence of similar mutations and
parallel genomic evolution in other geographic regions [31]
further supports this conclusion. These findings suggest that
mutation selection was likely influenced by factors beyond

immunoprophylaxis-driven pressure, such as the structural
and functional constraints of the F protein or immune respons-
es from seasonal natural infections.

Based on these findings, it is important to highlight the suc-
cess of the 2023-2024 nirsevimab immunization campaign in
Spain, which effectively reduced hospitalizations without driv-
ing the selection of predominant antibody escape mutations.
This outcome further validates the current administration
schedule for the targeted population.

Finally, this study highlights the critical role of robust geno-
mic surveillance systems, such as Spanish RELECOV network
and the integration in the surveillance system SiVIRA for mon-
itoring RSV evolution. These systems provide an essential
framework for assessing the impact of emerging RSV variants,
particularly in the context of immunoprophylaxis programs
and vaccine implementation. Comprehensive monitoring is
crucial for ensuring the continued efficacy of preventive mea-
sures and adapting strategies in response to the evolving viral
landscape.
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