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Background: Respiratory syncytial virus (RSV) causes
substantial morbidity in infants<1 year. In October
2023, Spain recommended the monoclonal antibody
nirsevimab to all children born since 1 April 2023,
at birth or as catch-up if born before October 2023.
Aim: We estimated nirsevimab effectiveness in pre-
venting RSV hospitalisations during the 2023/24
season. Methods: We conducted a nationwide pop-
ulation-based matched case-control study. Cases
were children hospitalised for lower respiratory tract
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infection who were RSV PCR-positive. For each case,
we selected four population density controls born in
the same province and date (+2 days). We defined at-
birth immunisation as receiving nirsevimab during the
first 2 weeks of life, and catch-up immunisation within
30 days from campaign onset. Causal intention-to-
treat (ITT) and per-protocol (PP) effectiveness was
estimated using inverse-probability-of-immunisation
weighted conditional logistic regression.
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KEY PUBLIC HEALTH MESSAGE

What have we learnt from this study?

What did you want to address in this study and why?

The administration of a long-acting monoclonal antibody, such as nirsevimab, in a population-wide
immunisation campaign has no precedent in public health practice. Assessing the effectiveness of this
preventive intervention against severe RSV infection in children in their first respiratory virus season is of
utmost importance to inform future recommendations.

The risk of hospitalisation for an RSV infection was reduced by around 80% in children under 6 months
who received nirsevimab immunisation. Effectiveness was similar for intensive care admission and need of
mechanical ventilation, as well as for different RSV subgroups, while effectiveness was slightly lower for
children born pre-term, with low birthweight, or from multiple pregnancy.

What are the implications of your findings for public health?

Our results support nirsevimab administration to all children born during or entering their first respiratory
virus season and show that the entire newborn population greatly benefited from this intervention, including
children with comorbidities or low birthweight and those born pre-term or from multiple pregnancy.

—

Results: We included 406 cases and 1,623 controls in
catch-up and 546 cases and 2,182 controls in at-birth
immunisation studies. Effectiveness in preventing RSV
hospitalisations for catch-up immunisation was 71%
(95% confidence interval (Cl): 65-76) by ITT and 80%
(95% Cl: 75-84) PP. Effectiveness for at-birth immu-
nisation was 78% (95% Cl: 73-82) by ITT and 83%
(95% Cl: 79-87) PP. Effectiveness was similar for ICU
admission, need of mechanical ventilation, and RSV
viral subgroups A and B. Children born pre-term or
with birthweight<2,500 g showed lower PP effective-
ness of 60-70%. Conclusions: Population-level nirse-
vimab immunoprophylaxis in children in their first RSV
season was very effective in preventing RSV hospitali-
sations, ICU admission and mechanical ventilation,
with reduced but still high effectiveness for pre-term
and low-birthweight children.

Introduction

Respiratory syncytial virus (RSV) is among the most
common causes of acute lower respiratory tract infec-
tion (LRTI) in young children and poses a great burden
on healthcare systems during the epidemic season [1].
It is estimated that 26% of healthy term-born infants
in Europe experience an RSV infection during their first
year of life, 14% seek medical attention, 1.8% are hos-
pitalised and 0.1% require intensive care [2]. Infants
younger than 2 months are most at risk of severe dis-
ease, with risk decreasing thereafter [3]. In the north-
ern hemisphere, the RSV epidemic season normally
extends between October and end of March.

Nirsevimab  (Beyfortus) is a monoclonal anti-
body approved by the European Medicines
Agency in October 2022 to prevent serious
LRTI caused by RSV in infants born during or

entering their first RSV season [4]. It targets the pre-
fusion conformation of the RSV fusion (F) protein at a
highly conserved antigen site, neutralising a diverse
panel of RSV A and B viral subgroups [5], and has an
extended half-life, with geometric mean neutralising
antibody concentrations being >140-fold higher and
>5o-fold higher than baseline maternal antibody lev-
els 31 and 151 days after nirsevimab administration,
respectively [6]. This allows infants to be protected
with a single dose throughout the respiratory virus
season.

In autumn 2023, Spain became one of the few coun-
tries worldwide, along with Luxembourg, France, the
United States and one region in Italy, to recommend
systematic administration of nirsevimab to all infants
born or entering their first respiratory virus season.
For infants born during the RSV season, nirsevimab
was indicated as soon as possible after birth, prefer-
ably at hospital within the first 48 h of life or otherwise
at the first scheduled primary care visit. For children
born between 1 April 2023 and campaign onset, catch-
up immunisation was recommended [7]. The recom-
mended dose was 50 mg for those under 5 kg and 100
mg for those weighing>5 kg at the time of administra-
tion. Immunisation was free of charge and coverage
reached 92% for at-birth immunisation and 87% for
catch-up immunisation [8].

To inform future public health prevention programmes,
this study aimed to estimate the effectiveness of nir-
sevimab in preventing hospital admission due to RSV
infection, when indicated at birth or as catch-up immu-
nisation, overall and by newborn characteristics, dur-
ing the 2023/24 RSV season in Spain.
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FIGURE 1

Hospital admissions for respiratory syncytial virus
infection, by epidemic week, of children born

before (catch-up immunisation) and after (at-birth
immunisation) the start of nirsevimab immunisation
campaigns, Spain, 2023/24 season (n = 952)
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Methods

Study setting, design and eligibility criteria

We implemented a population-based matched case-
control study in the 19 autonomous regions of Spain.
Cases were children born from 1 April 2023 who were
admitted to public hospitals due to LRTI, apnoea or
sepsis from the onset of the nirsevimab immunisa-
tion campaign in each Spanish region (generally 1
October 2023, for the exact campaign dates by region
see Supplementary Table S1) to 31 March 2024, and
who tested positive for RSV by PCR 10 days before to
3 days after the admission date. Most regions partici-
pated with the whole public hospital network (the main
healthcare provider in Spain), while Aragon, Balearic
Islands, Catalonia and Extremadura participated only
with some public hospitals with better data accessi-
bility, and the Canary Islands included only the three
most populated islands. Most autonomous regions
recruited all cases fulfilling the case definition, except
Andalusia, which selected a convenience sample of all
cases until reaching the final sample size. The distribu-
tion of cases by region is available in Supplementary
Table Sa2.

Using density (risk-set) sampling, for each case we
selected four controls from children born in the same
regional hospital network and who had not moved out-
side the region, died or experienced RSV-associated
infection up to the hospitalisation date of the case
(matching date). To improve study efficiency and ensure
adequate simultaneous control of confounding by prov-
ince (52 territorial subdivisions of autonomous regions)
and date of birth, we additionally matched controls to
cases on province and date of birth (+2 days or excep-
tionally 4 days in small regions of Ceuta and Melilla).
Controls were identified from birth registries or from
registries of at-birth screening programmes for meta-
bolic diseases, depending on the region. Where time of
birth was available, we selected the two children born
immediately before and the two born immediately after
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the case; where it was not available, we selected con-
trols randomly.

Matched sets for cases born before and after the onset
of immunisation campaigns in each region were sepa-
rated into catch-up immunisation and at-birth immuni-
sation case—control studies, respectively. We excluded
the region of Navarre from the catch-up study because
they did not implement catch-up immunisation. We
additionally excluded four regions (Balearic Islands,
Basque Country, Extremadura, and Melilla) from the
catch-up study because their campaigns began in late
October or November, and nirsevimab catch-up admin-
istration overlapped substantially with the RSV epi-
demic in Spain, which started in the second week of
November 2023. Campaigns with a late onset will have
missed more prevention opportunities and will there-
fore have a lower estimated effectiveness.

Data were collected from clinical and immunisation
records into a study data collection form implemented
online using the RedCap software.

Statistical analysis

We performed a causal case—control analysis. A
detailed description and justification of the causal
case—control analysis is provided in the Supplementary
Methods. Briefly, this causal analysis was based on
first emulating a hypothetical target trial in the under-
lying newborn population through cloning and cen-
soring, and then performing an inverse probability of
censoring weighted analysis of nested case-control
data from this cloned and censored population [9].

The emulated target trial intervention was the adminis-
tration of nirsevimab in the first 30 days of campaign
for catch-up immunisation or in the first 14 days of life
for at-birth immunisation, which matched its real-life
implementation; the cumulative proportions of immu-
nised controls over time in the catch-up and at-birth
immunisation studies are displayed in Supplementary
Figure S1. This intervention grace period produces a
lack of alignment between the at-risk time (from cam-
paign onset or from birth) and the intervention time
(later during grace period), which results in immortal-
time bias (immunised children must remain free from
hospitalisation until nirsevimab administration) [10].
To correct this bias, we created two clones per chil-
dren, assigned each clone to either immunisation or
no immunisation, and censored their follow-up when
they deviated from the assigned immunisation group.
Clones assigned to immunisation were censored at
the end of the grace period if they reached that time
without receiving nirsevimab, whereas clones assigned
to no immunisation were censored at any time they
received nirsevimab during the grace period for inten-
tion-to-treat (ITT) analysis or during the entire follow-up
for per-protocol (PP) analysis; for a graphical represen-
tation of the censored follow-up of cloned children we
refer to Supplementary Figure S2.
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TABLE 1 A

Characteristics of cases and controls in the catch-up and at-birth nirsevimab immunisation studies, Spain, 2023/24 season
(n = 4,757)

Catch-up immunisation At-birth immunisation

Characteristic Cases Controls Cases Controls
% n n %

Number of participants 406 1,623 546 2,182
Month of birth
April 2023 33 8.1 131 8.1
May 2023 49 12.1 196 12.1
June 2023 46 11.3 184 11.3 NA
July 2023 77 19.0 308 19.0
August 2023 82 20.2 328 20.2
September 2023 113 27.8 452 27.8 5 0.9 20 0.9
October 2023 6 1.5 24 1.5 202 37.0 806 36.9
November 2023 206 37.7 824 37.8
December 2023 NA 104 19.0 416 19.1
January 2024 23 4.2 92 4.2
February 2024 6 1.1 24 1.1
fr\gﬁgién age at hospital admission in days (interquartile 140 (97-190) NA 43 (27-61) NA
Sex
Female 172 42.4 769 47.4 207 37.9 1,046 47.9
Male 234 57.6 854 52.6 339 62.1 1,136 52.1
Gestational age (weeks)
237 343 84.9 1,494 92.2 487 89.2 2,020 92.8
<37 61 15.1 127 7.8 59 10.8 157 7.2
Unknown 2 2 o 5
Birth weight (g)
22,500 349 86.4 1,504 92.7 498 91.2 2,003 92.0
<2,500 55 13.6 118 73 48 8.8 173 8.0
Unknown 2 1 o 6
Multiple pregnancy
No 387 95.6 1,597 98.6 526 96.3 2,125 97.8
Yes 18 4.4 22 1.4 20 3.7 47 2.2
Unknown 1 4 o] 10

ICU: intensive care unit; NA: not applicable; RSV: respiratory syncytial virus.

2 Bronchopulmonary dysplasia, congenital heart disease with significant hemodynamic alteration, congenital metabolic disorders, Down
syndrome, cystic fibrosis, neuromuscular diseases, pulmonary diseases or respiratory tract malformations that difficult expelling of
respiratory secretions, severe immunosuppression due to oncohaematological processes, primary immunodeficiency, HIV confirmed
infection or continuous treatment with immunosupressive drugs, and children receiving any type of palliative care.

® Not mutually exclusive categories.

¢ Nirsevimab administration before the matching date. The recommended period was the first 30 days of campaign for catch-up immunisation
and the first 14 days of life for at-birth immunisation.
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TABLE 1 B

Characteristics of cases and controls in the catch-up and at-birth nirsevimab immunisation studies, Spain, 2023/24 season
(n = 4,757)

Catch-up immunisation At-birth immunisation

Characteristic Cases Controls Cases Controls
% n % n %

Only child
No 203 71.0 638 56.7 292 80.2 854 59.0
Yes 83 29.0 488 43.3 72 19.8 594 41.0
Unknown 120 497 182 734
Breastfeeding
Never 60 30.3 140 17.5 65 24.6 254 21.5
Ever 138 69.7 660 82.5 199 75.4 929 78.5
Unknown 208 823 282 999
Previous non-RSV hospitalisation
No 322 79.3 1,439 88.7 459 84.1 1,887 86.5
Yes 84 20.7 184 11.3 87 15.9 295 13.5
Previous comorbidities?
None 379 93.3 1,600 98.6 528 96.7 2,167 99.3
21 27 6.7 23 1.4 18 3.3 15 0.7
Case severity®
Co-detection of other virus 69 17.0 85 15.6
ICU admission 59 14.5 125 22.9
Mechanical ventilation 115 28.3 NA 181 33.2 NA
Deceased 1 0.2 1 0.2

RSV viral subgroup

A 36 735 38 56.7

B 13 26.5 NA 29 43.3 NA
Unknown 357 479

Nirsevimab administration®

As recommended 184 45.3 1,210 74.6 376 68.9 1,950 89.4
After recommendation 21 5.2 149 9.2 23 4.2 89 4.1
Not administered 201 49.5 264 16.3 147 26.9 143 6.6

ICU: intensive care unit; NA: not applicable; RSV: respiratory syncytial virus.

2 Bronchopulmonary dysplasia, congenital heart disease with significant hemodynamic alteration, congenital metabolic disorders, Down
syndrome, cystic fibrosis, neuromuscular diseases, pulmonary diseases or respiratory tract malformations that difficult expelling of
respiratory secretions, severe immunosuppression due to oncohaematological processes, primary immunodeficiency, HIV confirmed
infection or continuous treatment with immunosupressive drugs, and children receiving any type of palliative care.

® Not mutually exclusive categories.

¢ Nirsevimab administration before the matching date. The recommended period was the first 30 days of campaign for catch-up immunisation
and the first 14 days of life for at-birth immunisation.
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Causal estimates of ITT and PP effectiveness were
obtained from conditional logistic regression models
relating the assigned immunisation with RSV hospitali-
sation among cloned cases and controls who remained
uncensored at the matching date; the uncensored
clones of each case and its selected matched con-
trols are illustrated in Supplementary Figure S3. Since
censoring was likely to be informative (immunisation
in the original population was not at random; for the
main determinants of catch-up and at-birth immunisa-
tion see Supplementary Tables S3 and S4), the above
models were weighted by the inverse of the probabil-
ity of clones remaining uncensored up to the match-
ing date [11], given the assigned immunisation, sex
(female or male), gestational age (<or=37 weeks), birth
weight (<or=2,500 g), multiple pregnancy, previous
hospitalisation for non-RSV related disease, and previ-
ous comorbidities (none or=1 among those included in
nirsevimab recommendation) [7]. To estimate censor-
ing weights, we used a pooled logistic model among
controls, treating each child-day as an observation and
accounting for matching factors. Weights were stabi-
lised by including in the numerator the probability of
remaining uncensored given only baseline factors (at
campaign onset or at-birth). Therefore, the weighted
conditional logistic models to estimate nirsevimab
effectiveness were further adjusted for baseline fac-
tors. Conservative 95% confidence intervals (Cl) were
calculated using robust standard errors [11].

For comparison with other studies, we also obtained
pragmatic estimates of effectiveness by naively com-
paring cases and controls according to their actual
immunisation status at the matching date and adjust-
ing for risk factors up to that date.

Specific effectiveness in different population groups
was estimated by including interaction terms between
immunisation and baseline factors, including month
of birth, sex, gestational age, birth weight and multi-
ple pregnancy. To assess effectiveness against spe-
cific outcomes, we stratified matched sets according
to case characteristics, such as co-detection of other
virus, intensive care unit (ICU) admission, mechanical
ventilation (either invasive or non-invasive) and RSV
viral subgroup.

Finally, to assess the overall impact of the nirsevimab
immunisation campaign, based on per-protocol esti-
mates of immunisation coverage and effectiveness,
we estimated the population prevented fraction as the
proportion of all cases of RSV hospitalisation that have
been prevented by nirsevimab immunisation [12].

Results

For the catch-up and the at-birth immunisation studies,
respectively, we included 406 cases and 1,623 controls
and 546 cases and 2,182 controls. Cases distributed in
an epidemic wave peaking in December 2023 (Figure 1).

In the catch-up study, 184 cases (45%) and 1,210 con-
trols (75%) received nirsevimab in the first 30 days of
the campaign, while 21 cases (5%) and 149 controls
(9%) received it later. In the at-birth study, 376 cases
(69%) and 1,950 controls (89%) received nirsevimab in
the first 2 weeks of life, while 23 cases (4%) and 89
controls (4%) received it later. Median time from nir-
sevimab receipt to matching was 72 days (interquartile
range (IQR): 49-94) and 63 days (IQR: 44—85) in catch-
up immunised cases and controls, respectively, and 43
days (IQR: 27-61) and 41 days (IQR: 25-59) in at-birth
immunised cases and controls.

Compared with controls, cases were more frequently
male, pre-term, with low birthweight, comorbidities
and previous non-RSV related hospitalisation, were
born from multiple pregnancy, not the mother’s first-
born, and with no breastfeeding (Table 1). The RSV
viral subgroup A was detected in 36 cases (74% of
those with known RSV subgroup) in the catch-up and
38 cases (57% of those with known RSV subgroup)
in the at-birth study. There were 69 cases (17%) in
the catch-up and 85 cases (16%) in the at-birth study
with co-detection of other respiratory virus. Admission
to an ICU occurred in 59 cases (15%) in the catch-up
immunisation vs 125 cases (23%) in the at-birth study.
Mechanical ventilation (either invasive or non-invasive)
was required by 115 cases (28%) vs 181 cases (33%).
The highest number of cases were children born in
October and November 2023, who were<2 months
of age at the epidemic peak; the number of cases
decreased with increasing age at the peak (i.e. with
earlier month of birth).

Matched sets for cases with information on gesta-
tional age, birth weight and multiple pregnancy were
used for estimations: 403 cases (99.3%) for the catch-
up and 546 (100%) for at-birth immunisation. Controls
with missing data were also excluded, leaving 1,606
(99.3%) and 2,151 controls (98.6%), respectively.
Maternal variables (first-born and breastfeeding) were
not considered given the high proportion of missing
values. Cloning resulted in 431 (+28) cases and 1,681
(+75) controls in the catch-up and 557 (+11) cases and
2,157 (+6) controls in the at-birth immunisation study.

Effectiveness of nirsevimab by ITT was 71% (95% Cl:
65-76) for catch-up and 78% (95% Cl: 73-82) for at-
birth immunisation (Table 2).

Per-protocol estimates were 80% (95% Cl: 75-84) for
catch-up and 83% (95% Cl: 79—87) for at-birth immuni-
sation. The pragmatic effectiveness was slightly higher,
at 88% (95% Cl: 83-91) for catch-up and 86% (95%
Cl: 81-89) for at-birth immunisation. Effectiveness PP
was high in all analysed sub-groups (Figure 2). Slightly
lower effectiveness was observed in male children (only
in at-birth immunisation), in pre-term children, or those
with low birthweight or born from multiple pregnancy.
Effectiveness was similar for more severe outcomes,
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TABLE 2

Effectiveness of catch-up and at-birth nirsevimab immunisation against hospitalisation for respiratory syncytial virus
infection in the first year of life, Spain, 2023/24 season (based on data from n = 4,706 children)

Cases Controls

% effectiveness (95% Cl)

Immunised Total Immunised Total

Catch-up immunisation

Pragmatic? 204 403 1,344 1,606 87.5 (83.1-90.8)
Intention to treat® 213 431 1,277 1,681 71.0 (64.6-76.2)
Per protocol® 213 412 1,277 1,539 80.3 (75.3-84.4)

At-birth immunisation

Pragmatic? 399 546 2,026 2,151 85.5 (80.5-89.2)
Intention to treat® 387 557 1,944 2,157 78.0 (72.7-82.3)
Per protocol® 387 534 1,944 2,069 83.1(78.5-86.8)

Cl: confidence intervals.

2 Pragmatic estimates of effectiveness (95% Cl) were obtained from conditional logistic models based on the actual immunisation status at
the matching date and adjusting for sex, gestational age, birth weight, multiple pregnancy, previous non-RSV hospitalisation, and previous
comorbidities up to that date. Analyses were based on cases and controls with complete covariate information.

® Causal estimates of intention-to-treat effectiveness (95% Cl) were obtained from inverse-probability-of-censoring weighted conditional
logistic models based on the assigned immunisation among uncensored clones at the end of the intervention period (the first 30 days
of campaign for catch-up immunisation and the first 14 days of life for at-birth immunisation). The increase in the number of cases and
controls (28 and 75 for catch-up immunisation and 11 and six for at-birth immunisation, respectively) corresponded to clones who remained
uncensored in both arms.

¢ Causal estimates of per-protocol effectiveness (95% Cl) were obtained from inverse-probability-of-censoring weighted conditional logistic

models based on the assigned immunisation among uncensored clones up to the matching date. The decrease in the number of cases and
controls (19 and 142 for catch-up immunisation and 23 and 88 for at-birth immunisation, respectively) corresponded to clones assigned to

no immunisation who received out-of-protocol nirsevimab after the intervention period.

such as ICU admission and need of mechanical ventila-
tion, as well as for RSV viral subgroups A and B.

Regarding the overall impact of the nirsevimab immu-
nisation campaign, accounting for immunisation
coverage and effectiveness, catch-up immunisation
prevented 67.8% (95% Cl: 62.8—72.2) of hospitalisa-
tions for RSV infection among all Spanish children born
between 1 April 2023 and the onset of the campaign.
Likewise, immunisation with nirsevimab in the first 2
weeks of life prevented 78.1% (95% Cl: 73.3-82.0) of
hospitalisations for RSV infection among all Spanish
children born during the immunisation campaign.

Discussion

Using a nationwide population-based matched case-
control study, analysed with target trial emulation
methods, we have estimated that the per-protocol
effectiveness of nirsevimab in preventing RSV hospital-
isations was 80% (95% Cl: 75—-84) when administered
within the first 30 days of a catch-up immunisation
campaign at the season onset and 83% (95% Cl:
79—87) when administered in the first 2 weeks of life to
children born during the RSV season. Our results also
confirm equal effectiveness for RSV viral subgroups
A and B and for more severe outcomes, such as ICU
admission and need of mechanical ventilation [13].

This observational study also assessed nirsevimab
by subgroups, showing generally high effectiveness.
Effectiveness seemed lower in pre-term and low-
birthweight children, although it was still at around
60-70%. Children born from multiple pregnancy also
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showed lower, albeit very imprecise, estimates of
effectiveness. This could represent a true biological
difference in effectiveness if, for example, a higher risk
of RSV complications in these children may result in
RSV hospitalisation even when immunised. However,
it could also reflect some degree of bias, as it is very
plausible that medical doctors tend to preferably hos-
pitalise children known to be vulnerable, a hypothesis
we could not test in our study. There was also a slightly
lower effectiveness in male compared with female
children, when immunised at birth. Male children do
experience higher RSV hospitalisation and sex differ-
ences have been described in the immune response to
respiratory viruses and vaccines [14-17]; however, a dif-
ferential effect of monoclonal antibodies against res-
piratory viruses has not been documented previously.
Moreover, since we did not find a similar sex difference
in effectiveness for catch-up immunisation, this finding
should be interpreted with caution.

Effectiveness by month of birth was largely similar to
the overall estimate. However, the proportion of cases
in our study increased as children were born closer to
the RSV epidemic peak; thus, we expect the impact of
nirsevimab on the absolute number of RSV hospitalisa-
tions averted to have been greatest in children born in
October and November 2023. Regarding the RSV viral
subgroup, there was a difference in point estimates
for RSV A and B in the catch-up immunisation study.
However, this was based on only 12% of all cases
with known viral subgroup, with high imprecision and
potential for selection bias, as the reasons for missing
subgroup information were not known. Moreover, this
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FIGURE 2

Per-protocol effectiveness of catch-up and at-birth nirsevimab immunisation against hospitalisation for respiratory syncytial
virus infection by population groups and case characteristics, Spain, 2023/24 season (n = 4,554 clones)

Catch-up immunisation

At-birth immunisation

Effectiveness % (95% Cl) p value Effectiveness % (95% Cl) p value

Month of birth ; 0.35 ; 0.28
April 2023 —e 65.3 (31.6 to 82.4) !

May 2023 — 78.4 (59.9 to 88.4) !
June 2023 —:—-— 85.3 (71.0to 92.5) :
July 2023 ——=—  856(73.9t092.1) !
August 2023 —— 83.5(72.11090.2) !
September 2023 — = 76.4 (63.5 to 84.7) :
October 2023 \ — = 79.7 (69.3 to 86.6)
November 2023 : —#  87.7(81.01t092.0)
December 2023 X — 78.3 (64.9 to 86.6)
Jan/Feb 2024 X —k—  83.9(62.31093.1)

Sex ! 0.96 ! 0.05
Female — 80.2 (72.9 to 85.6) i®-  869(8141t0907)

Male — 80.4 (73.7 to 85.4) —- 79.2 (71.6 to 84.8)

Gestational age (weeks) : 0.02 : 0.07
<37 —— 81.8 (76.8 10 85.7) - - 84.3 (79.6 to 88.0)
<37 : 61.5 (28.6 to 79.3) ' 68.8 ( 37.8 to 84.3)

Birth weight (g) | 0.08 | 0.07
<2,500 - 81.4 (76.3 to 85.3) 4= 84.4 (79.7 to 88.0)
<2,500 ; 66.9 (38.1 to 82.3) ; 65.8 (25.0 to 84.4)

Multiple pregnancy X 0.14 X 0.46
No . 3 80.6 (75.5 t0 84.7) . N 83.3 (78.6 t0 87.0)

Yes — 52.8 (-51.1 to 85.3) : 72.8 ( 3.9 t0 92.3)

Co-detection of other virus : 0.20 : 0.74
No - 81.6 (76.3 to 85.8) 5 3 82.9 (77.8 to 86.8)

Yes — = 72.9 (53.7 to 84.1) ——m—  84.8(70.7t092.1)

ICU admission : 0.35 : 0.27
No e 79.4 (73.7 t0 83.9) = 84.4 (79.2 t0 88.4)

Yes — =  852(71.61092.3) — = 79.1 (67.4 to 86.6)

Mechanical ventilation X 0.96 X 0.23
No — 80.4 (74.4 to 85.0) = 85.1 (79.4 to 89.2)

Yes —— 80.1 (68.9 to 87.3) —= 79.8 (70.7 t0 86.1)

RSV subgroup : 0.13 : 0.89
A : 70.2 (40.3 t0 85.1) : 85.2 (56.1 t0 95.0)

B —+—=— 91.9(62.31098.3) —=— 837(59.0t0935)

Overall ? 80.3 (75.3 to 84.4) ‘ 83.1(78.5 10 86.8)

[ T 1 I T T 1

40 60 80 100

Cl: confidence intervals; ICU: intensive care unit; RSV: respiratory syncytial virus.

Vertical dotted lines represent the point estimate of the overall effectiveness estimation.

difference was not seen in the at-birth immunisation
study. Therefore, we consider that there is not suffi-
cient evidence in our results to suggest differences in
effectiveness by RSV viral subgroup.

Results are in the range of efficacy observed in clini-
cal trials, from 77% to 83% against RSV hospitalisation
and from 76% to 86% against very severe RSV requir-
ing oxygen supplementation [13,18-20]. In our study,
intention-to-treat effectiveness was slightly reduced
compared with per-protocol effectiveness. This was
expected in our target trial emulated with real-world

data, since children receiving nirsevimab after the
grace period were kept as non-immunised in the ITT
analysis. In contrast, a pragmatic estimation merely
based on immunisation status at the time of matching,
as is most often done in case—control studies, overes-
timated effectiveness.

Observational studies in different Spanish regions
have estimated a crude effectiveness of nirsevimab
against RSV hospitalisation of 88% for catch-up immu-
nisation [21] and 70% and 89% for at-birth immuni-
sation [22,23]. A cohort study pooling catch-up and

www.eurosurveillance.org

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2025.30.5.2400596&domain=pdf&date_stamp=2025-02-06

at-birth immunisation estimated 82% effectiveness
after adjusting for immunisation group, sex and resi-
dential area [24], although time-invariant immunisa-
tion status assignment and different calendar time
distribution between immunised and non-immunised
children could have resulted in certain bias [25,26]. A
test-negative case—control study in the United States,
where nirsevimab was prioritised for infants younger
than 6 months and showed 6% uptake, estimated
effectiveness of 90% after adjusting for age at enrol-
ment, month of illness and high-risk medical condi-
tions [27]. In France, a hospital-based case—control
study, with 28% nirsevimab uptake among control
children who visited the emergency department for
non-respiratory diseases, showed 83% effectiveness
against hospitalisation for RSV-associated bronchioli-
tis [28]. Effectiveness against ICU admission has been
estimated at between 70% and 90% [21,22,27-29].
While all available estimates are in a compatible range,
differences in nirsevimab uptake, population charac-
teristics, relevant confounders adjustment, and study
design and analysis may explain variability across
studies.

Our study has some limitations. Firstly, it could be
affected by residual confounding if common causes
of nirsevimab administration and RSV hospitalisation
were not accounted for. We collected data ad hoc from
hospital records to increase completeness and quality,
but the high proportion of missing information on first-
born status and breastfeeding prevented accounting
for these factors in the models. Moreover, some rele-
vant risk factors related to pregnancy and family socio-
economic conditions could not be collected. Secondly,
for feasibility, we used a case—control rather than a
cohort design. However, our density (risk-set) sampling
of controls allows to obtain unbiased estimates of the
hospitalisation rate ratios in the underlying population
and the close case—control matching on province and
birthdate minimised the potential for selection bias
related to the immunisation status [30]. Thirdly, a con-
venience sample of all available cases was selected in
one of the 19 Spanish regions. Nevertheless, we found
no systematic differences between cases included and
not included in the study among the full set of potential
cases from the centralised databases of that region,
and hence we assess no substantial impact of the
sample selection process on the study validity and rep-
resentativeness. Finally, we were only able to assess
effectiveness of catch-up immunisation in regions that
started the campaign at the onset of the RSV season in
late September or early October 2023 and in which the
campaign hardly overlapped with the epidemic wave.
Our results can only be extrapolated to other settings
with similar implementation. In regions that started
later (Balearic Islands, Basque Country, Extremadura
and Melilla), the 30-day grace period defined in our
target trial emulation for catch-up immunisation
greatly overlapped with the RSV epidemic and, since
most cases had occurred before the intervention, the
immunisation effectiveness would have been very low
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by design. When the immunisation campaign starts
close to the RSV epidemic, a quicker intervention (i.e.
immunising all children eligible for catch-up immunisa-
tion within 10—15 days) would need to be defined and
implemented to achieve good effectiveness.

Conclusion

Population-level nirsevimab administration in children
born or entering their first RSV season was very effec-
tive in preventing RSV hospitalisations, ICU admissions
and need of mechanical ventilation. Effectiveness was
high, around 80%, for all analysed population groups,
although a reduced but still high effectiveness of
between 60 and 70% was found for pre-term and low-
birthweight children. The effectiveness of nirsevimab,
together with its high coverage in Spain, have resulted
in a substantial impact of the nirsevimab recommenda-
tion, supporting the implementation of similar immuni-
sation campaigns in the upcoming seasons
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