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Summary

Background Respiratory syncytial virus (RSV) is the leading cause of lower-respiratory-tract infection in children.
Nirsevimab, a monoclonal antibody against RSV, was implemented in a few countries in September 2023.
However, its post-license effectiveness in ambulatory care settings is unknown. We aimed to assess the
effectiveness of nirsevimab against RSV-bronchiolitis in outpatients aged <12 months.

Methods We conducted a test-negative case—control study based on a national ambulatory surveillance system. We
included all infants aged <12 months who had bronchiolitis and results of an RSV rapid antigen test performed,
visiting a network of 107 ambulatory paediatricians from September 15, 2023, to February 1, 2024. Case patients
were infants with bronchiolitis and a rapid antigen test positive for RSV. Control patients were infants with
bronchiolitis and a rapid antigen test negative for RSV. Effectiveness was assessed by a logistic regression model
adjusted for potential confounders. A range of sensitivity analyses were conducted to assess the robustness of the
findings.

Findings We included 883 outpatients who had bronchiolitis and results of an RSV rapid antigen test (453 were case
patients, and 430 were control patients). Overall, 62/453 (13.7%) case patients and 177/430 (41.2%) control patients
had been previously immunised for nirsevimab. The adjusted effectiveness of nirsevimab against RSV-bronchiolitis
was 79.7% (95% CI 67.7-87.3). Sensitivity analyses gave similar results.

Interpretation This post-license study indicates that nirsevimab was effective in preventing RSV-bronchiolitis in
ambulatory care settings.

Funding The study was supported by Association Clinique et Thérapeutique Infantile du Val de Marne (ACTIV),
French Pediatrician Ambulatory Association (AFPA) and unrestricted grants from GSK, MSD, Pfizer and Sanofi.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

We searched PubMed, supplemented with internet searches
(Google), for studies evaluating the real-world effectiveness of
nirsevimab up to March 10, 2024. We used the terms
“effectiveness” or “effect” or “impact” or “efficacy” or
“association” AND “nirsevimab” AND “RSV bronchiolitis”. We
found several post-license studies evaluating the real-world
effectiveness of nirsevimab against respiratory syncytial virus
(RSV)-bronchiolitis, in the United States, Spain and France.
These studies found an effectiveness ranging from 70% to
90%. However, these studies were limited to hospitalised
patients. The effectiveness of nirsevimab in ambulatory care
settings remains to be assessed.

Added value of this study
We conducted a test-negative case-control study based on a
national ambulatory surveillance system to assess the

Introduction
Bronchiolitis is the most common lower-respiratory-
tract infection in children.' Respiratory syncytial virus
(RSV) is the main pathogen involved in bronchiolitis,
responsible for approximately 33 million cases, with
3.2 million hospitalizations and up to 200,000 deaths
each year globally.? Overall, 20% of infants <2 years old
are affected by RSV-bronchiolitis, and 80%-90% of
cases are managed in ambulatory care settings.>*
Palivizumab has been the only preventive treatment
for RSV, indicated only for premature or high-risk in-
fants.” Recently, nirsevimab, an extended half-life re-
combinant monoclonal antibody binding the RSV
prefusion protein and neutralising viral entry into host
cells has been developed.® Results from randomized,
double-blind, placebo-controlled phase 3 trials showed
its efficacy against RSV-associated lower-respiratory-
tract infections.'* Thereafter, nirsevimab was approved
by the US Food and Drug Administration and the Eu-
ropean Medicines Agency in 2023." Nirsevimab was
implemented in September 2023 in a few countries.'*"
However, the effectiveness of nirsevimab against RSV-
bronchiolitis in ambulatory care settings is unknown.
The aim of our study was to assess the real-world
effectiveness of nirsevimab against RSV-bronchiolitis
in paediatric ambulatory care in infants aged <12
months over an epidemic season.

Methods

Study design

We conducted a national-based test-negative case-
control study from September 15, 2023, to February

effectiveness of nirsevimab against RSV-bronchiolitis in
paediatric ambulatory care among children aged <12 months.
We performed the study over the 2023-2024 RSV season.
This study highlights a strong effectiveness of nirsevimab in
preventing RSV-bronchiolitis in ambulatory care settings,
close to that found in inpatient settings. We suggest that the
benefit of nirsevimab also extends to ambulatory forms of
RSV bronchiolitis, which are by far the most frequent forms of
RSV infections.

Implications of all the available evidence

Most countries are currently considering adding nirsevimab to
national immunisation programs. In this context, this real-
world effectiveness study may guide policymakers when
assessing the potential benefit of nirsevimab in preventing
RSV-bronchiolitis.

1, 2024, of outpatients aged <12 months with a diag-
nosis of bronchiolitis. The test-negative design has
been increasingly used to estimate the effectiveness of
immunisation programs.'*'® As compared with clas-
sical case—control studies, it reduces bias due to
differences in healthcare-seeking behaviour or access
to testing.'*”°

Settings and data collection

This study was based on the national Paediatric and
Ambulatory Research in Infectious diseases (PARI)
network. PARI is a French surveillance system dedi-
cated to ambulatory-care paediatric infectious dis-
eases, involving 107 ambulatory paediatricians across
the French territory who are specifically trained in
infectious diseases, with harmonized practices in
accordance with international infectious disease
guidelines.”’ All infectious diseases diagnosed by
any paediatrician are automatically collected and
included in this surveillance system. Diagnoses are
recorded according to the International Classification
of Diseases and Related Health Problems, Tenth
Revision (ICD-10). Clinical and demographic data
were collected for each patient, along with the results
of RSV rapid antigen tests”** and immunisation sta-
tus. All collected data were anonymous. Details of the
PARI network are available in the Supplementary
Appendix. The study was approved by the French
National Commission on Informatics and Liberty (no.
1921226) and by an ethics committee (CHI Creteil
Hospital, France) and was registered at ClinicalTrials.
gov (NCT04471493).
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Nirsevimab immunisation campaign in France
France was one of the first countries to implement a
national immunisation campaign for nirsevimab in
winter 2023-2024. French health authorities recom-
mended a single dose of nirsevimab administered to all
infants born after February 6, 2023.“ During the
2023-2024 epidemic, more than 230,000 doses were
administered in France,” which had 678,000 births each
year.”* The national immunisation campaign began on
September 15, 2023, before the start of the RSV
epidemic (Figure S1, Supplementary Appendix).”
Because of a similar efficacy and safety profile as pal-
ivizumab but a simpler administration regimen,
immunisation with nirsevimab was also recommended
for all infants aged <12 months who were eligible for
palivizumab.”® Due to national shortage, priority was
given to allocate doses to newborns and children with
risk factors for severe bronchiolitis.

Inclusion and exclusion criteria

We included all outpatients aged <12 months who had
a diagnosis of bronchiolitis (ICD-10 code: J21, J21.0,
J21.8, J21.9) according to the international defini-
tion,”*° who were visiting one of the participating
ambulatory paediatricians between September 15, 2023
and February 1, 2024 and for whom an RSV rapid
antigen test was performed (COVID-VIRO ALL-IN
TRIPLEX, AAZ-LMB, Boulogne-Billancourt, France).
Case patients were defined as infants with bronchiolitis
and a rapid antigen test positive for RSV. Control pa-
tients were defined as infants with bronchiolitis and a
rapid antigen test negative for RSV. We excluded in-
fants included in the HARMONIE study, which took
place in winter 2022-2023. We also excluded infants

with previous immunisation with palivizumab or
maternal vaccination against RSV. The maternal
immunisation program against RSV has not been
implemented in France.

Outcomes

The primary outcome was RSV-positive bronchiolitis in
infants aged <12 months. The exposure was nirsevimab
immunisation status among case and control patients
(occurring at any time before the diagnosis). We per-
formed subgroup analyses by age group (<3 months,
3-6 months, >6 months) and premature birth (defined
as gestational age <37 weeks).

Sample size calculation

On the basis of an expected nirsevimab coverage of
25% for the general population of infants aged <12
months in France, the study sample size was calculated
to detect a 50% reduction in the odds of nirsevimab
immunisation among case patients versus control pa-
tients. Assuming a two-sided o of 0.05 and a power of
0.90, we needed 268 patients in each group (i.e., 536
patients in total).

Statistical analysis

The effectiveness of nirsevimab against RSV-
bronchiolitis was estimated by multivariate logistic
regression adjusted for potential confounders
comparing the likelihood of nirsevimab immunisation
among case and control patients. The multivariate
regression model was adjusted for age, sex, birth term,
birth weight, previous bronchiolitis, number of children
per household, month of diagnosis, childcare settings,
and region. We performed multiple imputation by a

1798 outpatients aged < 12 months with a diagnosis of
bronchiolitis from September 15,2023 to January 31, 2024

768 without RSV rapid antigen test

| 1030 outpatients with RSV rapid antigen test |

l

l

524 case patients with rapid antigen
test positive for RSV

506 control patients with rapid antigen
test negative for RSV

71 had a nirsevimab
immunisation status unknown

75 had a nirsevimab immunisation status unknown

1 was previously included in the HARMONIE clinical trial

453 case patients included in
the final analysis

430 control patients included in

the final analysis

Fig. 1: Flow chart of participants in the study. Abbreviation: RSV, respiratory syncytial virus.
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Characteristic

Cases (N = 453)

Controls (N = 430)

Age at diagnosis, median (IQR), months

Age group (%)
<3 months
3 to 6 months
>6 months
Sex (%)
Male

Female

Birth term, median (IQR), weeks’ gestational age

Preterm birth (%)”

Late preterm 34-36 weeks
Moderate preterm 32-33 weeks
Very preterm 28-31 weeks
Extremely preterm < 28 weeks
Birth weight, median (IQR), kg

History of bronchiolitis (%)

None

1 episode

>2 episodes
Month of diagnosis (%)

September, 2023

October, 2023

November, 2023

December, 2023

January, 2024
Childcare setting (%)

Home

Childminder

Day care centre/School

Children per household (%)

1

v N

3

Case patients were outpatients aged <12 months with bronchiolitis and a rapid antigen test positive for RSV.
Control patients were outpatients aged <12 months with bronchiolitis and a rapid antigen test negative for RSV.

7.2 (4.6-9.8)

53/453 (11.7)
126/453 (27.8)
274/453 (60.5)

269/453 (59.4)
184/453 (40.6)

39 (38-40)
(NA = 95)

32/358 (8.9)
25/32 (78.1)
4/32 (12.5)
2/32 (6.2)
1/32 3.1)

332 (3.03-3.66)
(NA = 302)

410/453 (90.5)
37/453 (8.2)
6/453 (1.3)

14/453 (3.1)
65/453 (14.3)
227/453 (50.1)
132/453 (29.1)
15/453 (33)

141/322 (43.8)
62/322 (19.2)
119/322 (37)

111/307 (36.1)
136/307 (44.3)
60/307 (19.5)

63 (4.7-8.2)

35/430 (8.2)
164/430 (38.1)
231/430 (53.7)

279/430 (64.9)
151/430 (35.1)

39 (38-40)
(NA = 78)

33/352 (9.4)
21/33 (63.6)
5/33 (15.1)
7/33 (21.2)
7/33 (21.2)

3.22 (2.95-3.61)
(NA = 262)

367/430 (85.3)
56/430"
7/430 (1.6)

31/430 (7.2)

107/430 (24.9)
113/430 (26.3)
111/430 (25.8)
68/430 (15.8)

143/309 (46.3)
61/309 (19.7)
105/309 (34)

100/288 (34.7)
140/288 (48.6)
48/288 (16.6)

Abbreviations: NA, not available; IQR, interquartile range; RSV, respiratory syncytial virus. *Preterm birth was

defined as birth before 37 weeks of gestation.

Table 1: Characteristics of cases and controls (N = 883).

chained equation generating 20 replicates to include
missing data for the main and subgroup analyses. The
effectiveness of nirsevimab was estimated with the
following equation: 100% x (1- adjusted odds ratio).
We performed the following sensitivity analyses to
assess the robustness of the study findings. First, we
conducted an analysis adjusted for paediatrician in-
vestigators using a mixed effect logistic regression
model, with investigator treated as a random effect to
account for a potential centre effect. Second, we per-
formed a multivariate model excluding patients with
previous bronchiolitis to account for potential misdiag-
nosis between bronchiolitis and recurrent wheezing or
another respiratory disease. Third, we conducted a

complete case analysis to handle missing data. Fourth,
to account for a potential remaining indication bias of
nirsevimab administration, we conducted a propensity
score analysis, using the inverse probability of weighting
method. Each observation was weighted by the inverse
of the propensity to be immunised (if the patient
received nirsevimab) or non-immunised (if the patient
did not receive nirsevimab). All covariates included in
the main analysis were used to build the propensity
score. Fifth, we performed an additional analysis by
converting continuous variables into categorial variables.
Sixth, a matched case—control analysis based on the
diagnosis date was conducted, with a 1:1 ratio. Seventh,
the multivariate analysis was adjusted for the week of
diagnosis (instead of the month) to better account for
the rapidly increasing national coverage of nirsevimab
over the study period. Eight, we conducted a multivar-
iate analysis adjusted for the month of birth to account
for the higher likelihood of a severe RSV infection for
infants born closer to the onset of the RSV season.
Ninth, we performed a multivariate analysis excluding
patients with bronchiolitis diagnosed within 7 days of
nirsevimab injection to account for the length of incu-
bation of RSV. All sensitivity analyses are detailed in the
Supplementary Appendix (Table S1 and Figure S2).

The tests were two-sided, with level of significance
p < 0.05. Analyses were performed with R v4.3.2.

Role of the funding source

The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Between September 15, 2023, and February 1, 2024, 1798
outpatients aged <12 months had a diagnosis of bron-
chiolitis within the PARI network (Figure S3,
Supplementary Appendix). Among them, 1030 infants
had an RSV rapid antigen test, and 883 patients were
included in the final analysis: 453 case patients and 430
control patients (Fig. 1). Characteristics of included and
excluded patients were similar, especially infants with
and without RSV rapid antigen test results (Table S2,
Supplementary Appendix). The proportion of patients
immunised with nirsevimab over the study period are
available in Figures S4 and S5, Supplementary Appendix.
Clinical characteristics are detailed in Table 1. The
median age for case patients and control patients was 7.2
months (IQR 4.6-9.8) and 6.3 months (IQR 4.7-8.2). The
proportion of preterm births was similar between case
patients and control patients (32/358, 8.9% and 3/352,
9.4%).

Primary outcome

Overall, 62/453 (13.7%) case patients were immunised
with nirsevimab versus 177/430 (41.2%) control
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patients. The adjusted effectiveness of nirsevimab
against RSV-bronchiolitis was 79.7% (95% confidence
interval [CI], 67.7-87.3). All sensitivity analyses gave
similar results (Fig. 2).

Subgroup analysis

The effectiveness of nirsevimab for infants aged <3
months, 3-6 months and >6 months was 65.5% (95%
CI, —0.8 to 94.0), 87.8% (95% CI, 66.9-95.5), and
82.0% (95% CI, 62.2-91.5), respectively (Fig. 2). Its
effectiveness for infants born preterm was 56.6% (95%
CI, -1.2 to 92.5) versus 77.7% (95% CI, 62.5-86.8) for
full term-born infants.

Discussion
This real-world study assessed the effectiveness of nir-
sevimab against RSV-bronchiolitis in infants aged <12
months in ambulatory care settings, highlighting an
overall effectiveness of 79.7% (95% CI, 67.7-87.3).
Few post-license studies have been published on the
effectiveness of nirsevimab, all of them focusing on
hospitalised patients. In France, a case-control study of
1035 hospitalized infants <12 months found a 83.0%
(95% CI 73.4-89.2) effectiveness of nirsevimab against
RSV-bronchiolitis.”” In the United States, a test-negative
case—control study of 699 infants aged <8 months who
were hospitalised for acute respiratory infection between
October 2023 and February 2024 showed 90% effec-
tiveness of nirsevimab against RSV-associated hospital-
isations.” In Spain, a fisrt study of 166 patients with a

Main analysis Effectiveness, % (95% CI)

Multivariate logistic regression model with multiple imputation of missing data* 79.7(67.7,87.3)

Sensitivity analyses

Mixed effect model + 79.3[70.3, 85.5]

Multivariate model excluding patients with a history of bronchiolitis 77.2[62.9, 86.0]

Complete case analysis 89.2(74.6, 95.8]

Propensity score analysis £ 71.2(57.8,80.3]

Transformation of continuous variables into categorical variables § 78.4(65.8, 86.4]

Matched case-control analysis based on the diagnosis date with a 1:1 ratio 77.4(63.4,86.0]

Multivariate model adjusted for week of diagnosis 78.0 (65.6, 86.0]

Multivariate model adjusted for month of birth 82.9[70.0, 90.2]

Multivariate model excluding patients with bronchiolitis
within the 7 days following nirsevimab injection

Subgroup analyses

79.5(67.3, 87.1]
Children aged <3 months 65.5[-0.8, 94.0]
Children aged 2 3 to 6 months. 87.866.9, 95.5]
Children aged > 6 months 82.0[62.2,91.5]
Preterm birth (gestational age < 37 weeks) 56.6[1.2,92.5]

Full term birth (gestational age = 37 weeks) 77.7[62.5, 86.8]

similar design estimated the nirsevimab effectiveness at
70%-84%, with disparities between centres, notably
because of different case definitions.”” Another Spanish
study, NIRSE-GAL study, performed in hospital settings
showed an effectiveness of 82.0% (95% CI 65.6-90.2)
against RSV bronchiolitis hospitalisations, 86.9% (95%
CI 69.1-94.2) against severe RSV bronchiolitis requiring
oxygen support and 69.2% (55.9-78.0) against all-cause
of low respiratory tract infections hospitalisations.** All
these studies involved patients hospitalised for RSV
severe respiratory diseases. The present study, focusing
on outpatients only, found a similar effectiveness, which
suggests that the benefit of nirsevimab also extends to
ambulatory forms of RSV-bronchiolitis, which are by far
the most frequent forms of RSV infections.

Because of the very recent implementation of nirse-
vimab, our study evaluated the short-term effectiveness
of this immunisation program. The long-term benefit
needs to be further explored. Nevertheless, our study
was able to cover the entire 2023-2024 RSV season and
stopped when the RSV circulation was very low.” Thus,
it allowed for estimating the benefit of an immunisation
program aiming to cover an entire RSV season.

This study has several limitations. First, the obser-
vational design did not allow for causative conclusions.
Nevertheless, the use of a test-negative design allowed
for reducing the risk of selection biases of standard
case—control studies.'”'”*° Because case patients and
control patients consulted for similar symptoms, the
risk of bias related to health-seeking behaviours may be
limited.”*

Nirsevimab immunisation, n (%)

Case patients Control patients

621453 (13.7) 1771430 (41.2)
621453 (13.7) 1771430 (41.2)
59/410 (14.4) 150/367 (40.9)
621344 (18.0) 1771308 (57.5)
62/453 (13.7) 1771430 (41.2)
621453 (13.7) 1771430 (41.2)
50369 (13.5) 144/369 (39.0)
62/453 (13.7) 1771430 (41.2)
62/453 (13.7) 177/430 (41.2)

62/453 (13.7) 176/429 (41.0)

17/53 (32.1) 18/35 (51.4)

24126 (19.0) 83/164 (50.6)

211274 (1.7) 76231 (32.9)

7132 (21.9) 13133 (39.4)

—a— 46/326 (14.1) 137/319 (42.9)

T T T T 1
2 50 100
Effectiveness, % (95% Cl)

Fig. 2: Effectiveness of nirsevimab against RSV-bronchiolitis in paediatric ambulatory care. Case patients were outpatients aged <12 months
with bronchiolitis who had a rapid antigen test positive for RSV. Control patients were outpatients aged <12 months with bronchiolitis who had a
rapid antigen test negative for RSV. Effectiveness was calculated as 100% x (1 - adjusted odds ratio). All sensibility analyses involved using multiple
imputation, except for the complete case analysis, and is detailed in Table S1, Supplementary Appendix. * Multivariate logistic regression model

adjusted for age, sex, birth term, birth weight, history of bronchiolitis, number of children per household, region, childcare settings, and month of

diagnosis. T Mixed effect model with multiple imputation. Investigator was treated as a random effect. £ All covariates of the main analysis were
included in the propensity score (Figure S2, Supplementary Appendix). § Birth weight was classified into quartiles and birth term was dichotomised
as birth < or >37 weeks' gestational age. Abbreviations: RSV, respiratory syncytial virus; Cl, confidence interval.
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Second, some outpatients screened for the study
were excluded because they were not tested for RSV,
which could have introduced selection bias. However,
patient characteristics were similar between included
and excluded patients, especially patients tested and not
tested for RSV. Notably, the proportion of nirsevimab
immunisation among infants tested and not tested for
RSV was similar.

Third, because RSV detection was based on a rapid
antigen test, we cannot exclude false-negative or false-
positive cases. However previous studies showed that
the sensitivity and specificity of the RSV rapid antigen
test is 79.1% and 100%, respectively, thereby limiting the
risk of misclassification.”** Furthermore, rapid antigen
tests have the benefit of providing results during the visit.

Fourth, data regarding congenital heart defects were
not available. However, the frequency of this condition
in the general paediatric population is close to 1%.*

Fifth, due to the study design, clinical evolution of
patients was not assessed, especially the rate of patients
requiring hospitalisations.

Conclusion

This postlicense study found that nirsevimab was
effective against RSV-bronchiolitis in infants aged <12
months during their first RSV season in ambulatory
paediatric care. These findings support the large-scale
implementation of nirsevimab in the general paediat-
ric population. Further medico-economic studies are
required to assess the cost benefit of nirsevimab
immunoprophylaxis.
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