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ABSTRACT

Background: Respiratory Syncytial Virus (RSV) is a major health concern, particularly for infants. In France, Nirsevimab, a
long-acting monoclonal antibody to prevent RSV-associated lower respiratory tract infections (LRTI) was available from September
2023. We described RSV-associated LRTI hospitalisations during the 2023-2024 season among infants younger than six months
born at the Hospices Civils de Lyon (HCL), and evaluated the effectiveness of Nirsevimab against RSV-LRTT hospitalisation.
Methods: This observational study included infants born and hospitalised at the HCL during the 2023-2024 season, along with
pre-COVID-19 and 2022-2023 seasons. Information on Nirsevimab immunisation status, clinical and perinatal variables were
collected through routine care. Infants' characteristics and incidence rate of hospitalisation per 100 births during 2023-2024
were compared with the historical periods overall and by delay between birth and the onset of the RSV season. Nirsevimab effec-
tiveness was computed by the screening method.

Results: During the 2023-2024 season, 83 infants younger than six months were hospitalised with an RSV-associated LRTI.
Compared with the historical periods (640 pre-COVID-19 and 123 in 2022-2023), these infants were older. Incidence rate for infants
born during the period when immunisation was available were lower than the previous seasons; incidence rate ratios were 0.45 (95%
confidence interval [CI]: 0.33; 0.62) in 2023-2024 compared with pre-COVID-19 period and 0.53 (95%CI: 0.36; 0.77) compared with
2022-2023 season. Nirsevimab effectiveness was 78.3% (95%CI: 55.9; 89.5) with a coverage of 79.3% in the two main HCL maternities.
Conclusions: High Nirsevimab coverage and effectiveness were estimated in a real-world setting. A change in the age distribu-
tion of RSV-associated LRTI hospitalisations in 2023-2024 was noted compared with historical seasons.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
© 2024 The Author(s). Influenza and Other Respiratory Viruses published by John Wiley & Sons Ltd.

Influenza and Other Respiratory Viruses, 2024; 18:€70054 1of 8
https://doi.org/10.1111/irv.70054


https://doi.org/10.1111/irv.70054
https://doi.org/10.1111/irv.70054
https://orcid.org/0000-0002-9668-7606
mailto:marta.nunes@chu-lyon.fr
https://orcid.org/0000-0003-3788-878X
mailto:marta.nunes@chu-lyon.fr
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Firv.70054&domain=pdf&date_stamp=2024-12-19

1 | Introduction

Respiratory Syncytial Virus (RSV) is a major health concern,
particularly for infants and young children. Epidemiological
studies reveal that about one-third of infants contract symp-
tomatic RSV infections in their first year of life [1, 2]. Although
many infections are mild and self-limiting, RSV is also a leading
cause of acute lower respiratory tract infections (LRTI) among
young children [3]. In Europe, it has been estimated that every
year an average of 10 children younger than five years per 1000
are hospitalised due to RSV disease [2]. The risk of hospitalisa-
tion due to RSV peaks in the first few months of life, decreasing
as children age.

Nirsevimab (Beyfortus, AstraZeneca and Sanofi), a long-acting
monoclonal antibody, has been developed to prevent RSV-
associated LRTI. It received marketing authorization from the
European Medicines Agency in October 2022, for use in new-
borns and children during their first RSV season [4]. Following
this, on 15 September 2023, France launched a national immu-
nisation campaign targeting newborns in maternity wards be-
fore discharge, becoming one of the first countries to implement
such a measure [5].

The RSV seasons in Northern Hemisphere countries, including
France, typically last from November to mid-February, peaking
around the end of December [6]. Between 2010 and 2018, France
averaged 50,878 hospitalisations coded as RSV-associated an-
nually among children [7]. Although the incidence of RSV
dropped significantly during the initial year of the COVID-19
pandemic, rates by the end of the 2021-2022 season returned to
pre-pandemic levels [8].

This study aimed to evaluate the effectiveness of Nirsevimab
in preventing RSV-associated LRTI hospitalisations within the
first six months of life in a real-world setting and to describe the
incidence rate of RSV-associated LRTI hospitalisations during
the 2023-2024 season among infants born at the Hospices Civils
de Lyon (HCL) maternities, making comparisons with histori-
cal data.

2 | Methods
2.1 | Study Population

We conducted a retrospective observational study among
infants admitted to the HCL with an RSV-associated LRTI
and who were born at one of the three HCL maternities. The
HCL is the only public tertiary hospital serving the city of
Lyon (France) and surrounding urban area, corresponding
to a population of 1.4 million inhabitants in 2020 [9]. Infants
younger than six months, born at the HCL and hospitalised
during the 2023-2024 RSV season with a positive RSV-reverse
transcription polymerase chain reaction (RT-PCR) were au-
tomatically identified using the hospital's birth and virology
laboratory databases, constituting the main study population.
Secondary study populations included infants with the same
characteristics (born at the HCL and hospitalised at the HCL
with a positive RSV RT-PCR result during the first six months
of live) hospitalised in the previous seasons of 2015-2016 to

2022-2023, excluding the two COVID-19 pandemic seasons,
(i.e. 2020-2021 and 2021-2022 due to changes in RSV epide-
miology during the pandemic [10]). The selection methodol-
ogy has been previously reported [11, 12].

The Nirsevimab immunisation campaign at the HCL began on
15 September 2023, as across France, and infants were offered
immunisation at the maternity before being discharged after
birth. Each of the three hospital maternities kept individual logs
of the Nirsevimab doses administered. Weekly immunisation
coverage in two maternities, and overall coverage in the third
maternity from 15 September to 31 December 2023, were avail-
able. Neonates transferred to the neonatal intensive care unit
directly after birth were not included in the Nirsevimab cover-
age calculation since some of them were not discharged from
hospital during the epidemic season.

All electronic medical files of the RSV-associated hospitalisa-
tions were manually reviewed to collect clinical observations.
Information on vital measurements, clinical observations,
therapeutics and paediatric intensive care unit admission were
collected. Respiratory support, whether non-invasive or inva-
sive, was always performed at the intensive care unit. Feeding
support was either enteral nutrition or parenteral fluid admin-
istration. For infants hospitalised during the 2023-2024 sea-
son, Nirsevimab administration information, including date of
immunisation, was collected by i) inspecting all the electronic
birth records, where this information was recorded if immuni-
sation occurred before being discharged, and ii) reviewing the
electronic medical files of the RSV-associated hospitalisations
when parents were actively asked about the infants' immunisa-
tion status. Infants were considered immunised if they received
Nirsevimab more than seven days before hospital admission.

Infants without respiratory symptoms, with sudden infant death
syndrome, with nosocomial infection (for whom the respiratory
symptoms started after two days of hospitalisation), hospitalised
less than 24 h before transferred to another hospital (in case of
bed saturation for the less severe infants and those at a lower
risk), and infants whom parents refused the retrospective sur-
vey (see Ethics statement) were excluded.

2.2 | Statistical Analyses

Categorical variables were described by their counts and fre-
quencies and compared using Pearson's Chi-squared test.
Continuous variables were described by their median and inter-
quartile range (IQR) and compared by Wilcoxon rank-sum test.
All analyses were performed with the R statistical software, ver-
sion 4.3.0 [13].

RSV seasons in our setting ranged from October to March.
Infants hospitalised during the 2023-2024 season were com-
pared with infants hospitalised during two historical periods,
the (i) pre-COVID-19 seasons (2015-2020) and (ii) the 2022-
2023 season. Incidence rate of RSV-associated hospitalisa-
tions per 100 births for each of the three study periods and
incidence rate ratios (IRR) comparing the 2023-2024 season
with the two historical periods were calculated using the me-
dian unbiased estimation and exact 95% confidence intervals
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(CI) [14]. The start of each RSV season in the Auvergne-
Rhone-Alpes region was identified using the data available on
the Santé Publique France website [6]. Incidence rate and IRR
were stratified by delay in months between birth and the cor-
responding RSV season onset for each study period. For the
2023-2024 season, infants born more than two months before
season onset were born before the start of the Nirsevimab im-
munisation campaign, and thus were not eligible for immu-
nisation. Since the first day of the Nirsevimab immunisation
campaign was a Friday, infants born during this week (week
37, 2023) were removed from the hospitalisation incidence
analysis, as well as those born in the corresponding weeks in
relation to season onset for all other years.

Infants hospitalised with an RSV-associated LRTI during the
2023-2024 season and born after 15 September 2023 were
stratified in immunised (Nirsevimab administered) and non-
immunised (no Nirsevimab) groups. Disease characteristics (age
at admission, gender, being born preterm, need for supplemental
oxygen therapy or feeding support and intensive care unit ad-
mission) were compared between these two groups.

The effectiveness of Nirsevimab against RSV-associated LRTI
hospitalisations among infants born at the HCL between 15
September and 31 December 2023, was calculated using the
Farrington's screening method based on (i) the number of RSV-
associated hospitalisations, (ii) the number of infants immunised
among these hospitalisations, and (iii) the percent of newborns
in the birth cohort who were immunised [15]. During September
to December 2023, one of the three maternities had half the
number of births of the other two, and did not record weekly
Nirsevimab administration numbers. Thus, this maternity was

not included in the main effectiveness analysis. Nirsevimab ef-
fectiveness was calculated as 1 minus the odds of immunisation
among the RSV infants compared with the immunisation cov-
erage in the birth cohort, with adjustment for week of birth, as
Nirsevimab coverage varied by week. Three sensitivity analyses
were conducted: (i) using data from the two main maternities
with adjustment on week of birth, excluding the first two weeks
of Nirsevimab availability where coverage was below 70%, (ii)
using data from the two main maternities adjusting for mater-
nity only and (iii) using data from the three maternities adjust-
ing for maternity. Neonates transferred directly after birth to
neonatal intensive care unit were not included in the effective-
ness analyses.

The STROBE guidelines were followed to report the study [16].

3 | Results

Compared with the historical pre-COVID-19 seasons and the
2022-2023 season, the 2023-2024 RSV season at the HCL
recorded a lower total number of RSV-associated hospital-
isations among infants younger than six months from the
hospital birth cohort (Table 1). The 2023-2024 season was
narrower and with a shorter peak compared with the previ-
ous seasons (Figure 1). The first RSV case was detected in
the first week of October 2023, and the last detection was on
the second week of February 2024. During the 2023-2024
RSV season, 83 infants younger than six months, born at
one of the HCL maternities, were hospitalised with an RSV-
associated LRTI. Their median age at admission was 76 days
(IQR: 40, 110), they were significantly older than the infants

TABLE1 | Characteristics of infants younger than six months hospitalised with RSV-associated lower respiratory tract infections and born at the

Hospices Civils de Lyon.

2023-2024
Pre-COVID-19 RSV seasons? 2022-2023 RSV season RSV season
N=640 P N=123 4] N=83
Median age at admission in days (IQR) 53 (27, 84) <0.001 51 (29, 88) 0.003 76 (40, 110)
Age group, n (%) 0.002 0.019
0-30days 181(28) 31 (25) 15(18)
31-60days 177 (28) 42 (34) 19 (23)
61-90days 147 (23) 22 (18) 14 (17)
91-120days 58 (9.0) 14 (11) 18 (22)
121-150days 42 (6.6) 4(3.3) 11 (13)
151-183days 35(5.5) 10 (8.1) 6(7.2)
Male, n (%) 353 (55) 0.11 72 (59) 0.072 38 (46)
Pre-term 112 (18) 0.5 14 (11) 0.5 12 (14)
(<37weeks), n (%)
Very pre-term 24 (3.8) >0.9 5(4.1) >0.9 3(3.6)
(< 32weeks), n (%)
Note: p-Values compare the 2023-2024 season with the other two periods.
Abbreviation: IQR, interquartile range.
2N per pre-COVID-19 season: 141 (2015-2016), 103 (2016-2017), 119 (2017-2018), 140 (2018-2019), 137 (2019-2020).
30f8
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FIGURE1 | Epidemic curves of RSV-associated lower respiratory tract infection hospitalisations among infants younger than six months born at
the Hospices Civils de Lyon. Shaded area represents the RSV-associated hospitalisations during the 2023-2024 season.RSV-associated lower respira-
tory tract infection hospitalisations detected in the historical season: 2015-2016:141, 2016-2017:103, 2017-2018:119, 2018-2019:140, 2019-2020:137,

2022-2023:123.

admitted during the pre-COVID-19 seasons (median age of
53days, p-value<0.001) and the 2022-2023 season (median
age of 51days, p-value=0.003) (Table 1 and Supplementary
Figure S1). During the 2023-2024 season, 46% of the hospi-
talised infants were males and 14% were born preterm, this
was not statistically different to the findings from historical
seasons (Table 1).

A total of 40 (48.2%) infants hospitalised with an RSV-associated
LRTI in 2023-2024 were born between 18 September and 31
December 2023. Correspondingly, the incidence rate of RSV-
associated LRTI for the infants born during this period was 1.65
per 100 births (95%CI: 1.18, 2.25), which was approximately
half of the incidence during the pre-COVID-19 seasons (IRR:
0.45 [95%CI: 0.33, 0.62]) and the 2023-2024 season (IRR: 0.53
[95%CTI: 0.36, 0.77]), (Figure 2A, Figure 2B and Supplementary
Table S1). When stratifying by month of birth, significant re-
ductions in 2023-2024 incidence rate compared with the his-
torical seasons were noted for infants born from one month
prior to one month after the RSV season onset (Figure 2C,
Figure 2D and Supplementary Table S1). Conversely, infants
born before the start of the Nirsevimab campaign in 2023
(i.e. three and four months before the RSV season onset) had
higher incidences of hospitalisation compared with the histor-
ical seasons (Figure 2D and Supplementary Table S1). During
the 2023-2024 season, two infants hospitalised with an RSV-
associated LRTI were born after 1 January 2024 (i.e. more than
2months after the onset of the epidemic) and due to the low
number were excluded from the incidence analysis.

Table 2 shows the demographics and clinical characteristics of
the immunised and non-immunised infants hospitalised with
an RSV-associated LRTI during the 2023-2024 season. Among
the infants born at the HCL while Nirsevimab was being offered

and who were hospitalised for an RSV-associated LRTI during
their first six months of life, 51.2% (21/41) had been immunised.
The immunisation status was missing for one infant. All im-
munisations had occurred between 23 days and 89 days before
hospital admission. Only age at hospitalisation was found to be
significantly different, with older (median age of 46 days com-
pared with 28 days) infants in the immunised group.

Between 15 September and 31 December 2023 (week 38 to week
52), the coverage of Nirsevimab immunisation was 80.1% at the
three HCL maternities, and 79.3% among the two main materni-
ties (Table 3). Including only the births at the two main mater-
nities, Nirsevimab effectiveness against RSV-associated LRTI
hospitalisation was 78.3% (95%CI: 55.9, 89.5). During the first
two weeks of Nirsevimab availability, immunisation coverage
was below 70% in the two main maternities, increasing there-
after to 81.5%. A sensitivity analysis excluding these two weeks
produced an effectiveness point-estimate of 84.1% (95%CI: 66.6,
92.7) (Table 3).

4 | Discussion

During the initial season of 2023-2024 of Nirsevimab imple-
mentation in France, a high coverage of 80.1% was achieved
among the HCL birth cohort. A difference in RSV hospitalisa-
tions compared with historical seasons was detected, notably an
overall lower number of RSV-associated hospitalisations were
recorded, with an increase in older infants. A temporal associ-
ation between Nirsevimab introduction and a decrease in the
incidence rate of hospitalisation by at least 40% was specially
recorded for infants born from one month prior to the RSV sea-
son onset, coinciding with one month after Nirsevimab started
to be offered at birth in the maternity wards. A higher incidence
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FIGURE 2 | Incidence of RSV-associated lower respiratory tract infection hospitalisations during the first six months of life among the Hospices
Civils de Lyon birth cohort for pre-COVID-19, 2022-2023 and 2023-2024 seasons. *For 2023-2024 season, overall includes all infants born from 18
September to 31 December 2023 (-2 to 2months). In panels B and D, the dotted vertical line corresponds to the first administration of Nirsevimab.

TABLE 2 | Characteristics of infants hospitalised with an RSV-associated lower respiratory tract infection born during Nirsevimab availability
according to immunisation status.

Immunisation No immunisation
N=21 N=20 p
Median age at admission in days (IQR) 46 (39, 68) 28 (17, 44) 0.003
Preterm (< 37 gestational weeks), n (%) 3(14) 1(5) 0.6
Male, n (%) 8 (38) 9 (45) 0.7
Supplemental oxygen therapy, n (%) 10 (48) 7 (50) 0.4
Paediatric intensive care unit admission?, n (%) 5(24) 7 (35) 0.4
Feeding support®, n (%) 16 (76) 16 (80) >0.9

Abbreviation: IQR, interquartile range.
In our hospital paediatric intensive care unit admission is performed when respiratory support is required, whether invasive or non-invasive.
YFeeding support is either enteral nutrition or parenteral fluid administration.

was, however, detected among infants born before Nirsevimab
availability, infants who were 3-4months old at season onset,
compared with the historical seasons. We are tempted to spec-
ulate that the prevention of a notable number of hospitalisa-
tions for RSV among very young infants during the 2023-2024
RSV season contributed to paediatric hospital resources not
being overwhelmed, and as such older infants who would be
discharged from the emergency room in prior seasons were

admitted because bed availability [17]. Although not directly
assessed by the study, this increase certainly indirectly contrib-
uted to improve the general care provided in the paediatric hos-
pital. Future seasons will allow to confirm the reproducibility of
our result. If confirmed, and whatever mechanisms explain this
change (e.g., bed availability through hospitalisation reduction,
changes in epidemics transmission dynamic), these patients are
to be accounted for both preventive measures implementation
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TABLE 3 | Nirsevimab effectiveness against RSV-associated lower respiratory tract infection hospitalisations among infants younger than six

months born at the Hospices Civils de Lyon.

Weeks Maternities Effectiveness (%) [95% CI] Global coverage (%)
Main analysis 38-52 2 main maternities 78.3[55.9;89.5]2 79.3
Sensitivity analyses 38-52 2 main maternities 78.2 [55.6;89.4]° 79.3
40-52 2 main maternities 84.1 [66.6;92.7]2 81.5
38-52 All 3 maternities 75.6 [52.6;87.4]° 80.1

2Adjustment on the birth week.
bAdjustment on the maternity.

and a larger part of the Nirsevimab-era RSV hospital burden
from now on. Extending the immunisation to infants born before
15 September 2023 could have prevented additional RSV-related
hospitalisations in these older infants. Notably, in clinical trials,
Nirsevimab remained efficacious against RSV-associated LRTI
in infants through 150days after immunisation [18]. A study
from Luxembourg also described a decrease of 69% in the num-
ber of RSV-associated hospitalisations among infants younger
than six months after Nirsevimab implementation, compared
with the 2022-2023 RSV season 2022-2023 RSV season [19].

Among the HCL birth cohort, Nirsevimab reduced the risk of
RSV-associated LRTI hospitalisations by 78.3%. This estimate is
similar to the Nirsevimab efficacy against RSV-associated LRTI
hospitalisations reported in a Phase 3 clinical trial in healthy late-
preterm and term infants of 76.8%, and a pragmatic randomised
controlled trial, which estimated an efficacy of 83.2% [20, 21]. Post-
implementation studies from Spain also reported that Nirsevimab
substantially reduced infant RSV-associated hospitalisations in-
cluding more severe episodes [19, 22]. In France, Nirsevimab effec-
tiveness was estimated at 75.9% for RSV bronchiolitis hospitalised
in paediatric intensive care units [23]. When excluding from our
analysis the first two weeks of the immunisation campaign (during
which the maternity teams were adjusting to integrate Nirsevimab
in routine patient care), the weekly coverage was higher than 80%
and the Nirsevimab effectiveness increased to 84.1%. These re-
sults confirm that the risk of RSV-associated hospitalisation can
be minimized with good Nirsevimab implementation. The high
immunisation coverage reported in the different studies assess-
ing post-implementation impact [19, 22, 24], is encouraging of the
widespread acceptability of this intervention, the ability to be im-
plemented and its effectiveness.

The Nirsevimab impact we described in this report is limited to
the prevention of RSV-associated hospitalisation. While an effect
of the Nirsevimab campaign has also been reflected in the number
of ambulatory all-cause bronchiolitis cases in France [25], the ben-
efit of Nirsevimab needs to be assessed for other RSV-associated
outcomes, such as emergency room and primary healthcare con-
sultations. We expect that the overall impact of Nirsevimab will be
greater than that reported in the current literature and our study.

Our study used high-quality data from RSV-associated hospital-
isationsin a hospital where RSV infection was routinely tested for
in all infants admitted with respiratory symptoms. Nonetheless,
we identified three main limitations. First, infants born at the
HCL could have been hospitalised with RSV-associated LRTT at
other facilities, even if the most severe cases were admitted to

the HCL because it is the only hospital in the Lyon area with
paediatric intensive care unit. However, this limitation applies
to each season, not particularly the 2023-2024 season, so the
comparison of incident hospitalisations over the time periods
should not been affected. Another limitation was that for in-
fants not immunised at birth, immunisation was declared by
the parents with the help of the child health record booklet and
this could had been underreported. We found no difference in
characteristics and therapeutics between immunised and non-
immunised infants, except for age, with hospitalised infants
who received Nirsevimab being older. However, infants could
have had other risk factors that were not measured in our study.

While the Nirsevimab effectiveness estimated in our study was
similar to those achieved in clinical trial settings, our work was
based on real-world evidence using only data collected through
routine care.
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