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Using real-life data from Spain between October 2023 
and March 2024, the number needed to immunise 
(NNI) with nirsevimab and the cost to prevent one RSV 
hospitalisation were estimated at 90 infants (95% CI: 
77–108) and 19,700 EUR for catch-up immunisation, 
and 41 infants (95% CI: 35–50) and 9,000 EUR for at-
birth immunisation. By month of birth, NNI and cost 
were lowest in infants born shortly before the RSV 
epidemic peak, with impact decreasing gradually for 
earlier or later births.

In autumn 2023, Spain recommended immunisa-
tion against respiratory syncytial virus (RSV) with the 
monoclonal antibody nirsevimab to all infants born 
between 1 April 2023 and 31 March 2024. Uptake was 
very high, reaching 90% coverage [1]. Impact estimates 
are essential to inform decision-making on popula-
tion-level immunisation strategies. Here, we aimed to 
estimate the number needed to immunise (NNI) with 
nirsevimab to prevent one RSV hospitalisation and 
the cost per averted RSV hospitalisation using real-
life data from Spain between October 2023 and March 
2024, overall and by month of birth.

Baseline risk of RSV hospitalisation in non-
immunised children
We have previously estimated nirsevimab effective-
ness against hospitalisation for RSV infection in chil-
dren targeted for the 2023/24 nirsevimab immunisation 
campaign in Spain by applying target trial emulation 
methods to a density sample of cases and controls 
from the source newborn population [2]. Here, we col-
lected the total number of eligible births in this source 
population and, for one region that only selected a 
subset of all eligible cases, we also gathered the total 
number of RSV hospitalisations (Table). Per-protocol 
estimates of nirsevimab immunisation coverage among 
sampled cases and controls (Table) were obtained 

from the density case–control study [2]. Combining 
both sources of information, we estimated the risk of 
RSV hospitalisation among non-immunised children 
by applying one minus the per-protocol immunisation 
coverage in selected cases to total RSV hospitalisa-
tions in the numerator, and one minus the per-protocol 
immunisation coverage in controls to total births in the 
denominator.

Overall, the risk of RSV hospitalisation was 13.8 (95% 
confidence interval (CI): 12.2–15.7) cases per 1,000 
non-immunised children targeted for catch-up immuni-
sation and 29.4 (95% CI: 25.3–34.1) cases per 1,000 
non-immunised children targeted for at-birth immuni-
sation. By month of birth (Figuret1), the risk of RSV hos-
pitalisation among non-immunised infants increased 
progressively from 5 cases per 1,000 in infants born 
in April 2023 to 72 cases per 1,000 in those born in 
November 2023 and then decreased to 7 cases per 
1,000 in infants born in January or February 2024. The 
RSV epidemic peak in the 2023–24 season in Spain 
occurred in mid-December and, because the risk of 
severe RSV declines drastically in the first few months, 
this risk gradient by month of birth was expected and 
is consistent with findings from published cohort stud-
ies [3,4].

Number needed to immunise and cost per 
prevented RSV hospitalisation
Per-protocol effectiveness was obtained from the previ-
ous case-control study [2], estimated at 80% for catch-
up immunisation in infants entering their first RSV 
season and at 83% for at-birth immunisation in children 
born during the RSV season (Table), which were con-
sistent with efficacy estimates of 77% to 83% in clini-
cal trials [5-7]. The NNI was calculated as the inverse 
of the product of this per-protocol immunisation effec-
tiveness and the above estimated RSV hospitalisation 
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risk among non-immunised children in the source pop-
ulation [8,9]. The CI for NNI was derived using delta 
methods, which accounted for the uncertainty and cor-
relation in both estimates. Additional methodological 
details are provided in the Supplementary Materials.

The overall NNI was 90 (95% CI: 77–108) for catch-
up immunisation and 41 (95% CI: 35–50) for at-birth 
immunisation. Using a price per dose of 219.42 EUR, 
which included administration materials but not pro-
grammatic expenses, the cost per prevented RSV hos-
pitalisation (NNI multiplied by the cost of immunising 
one child) was 19,700 EUR (95% CI: 17,000–23,600) for 
catch-up immunisation and 9,000 EUR (95% CI: 7,600–
11,000) for at-birth immunisation. The NNI and costs 
varied largely by month of birth, mainly because of the 
observed variation in RSV hospitalisation risk in the 
non-immunised, as nirsevimab effectiveness remained 
fairly similar (Figure). The lowest NNI was 16 (95% CI: 
13–21) in children born in November 2023, increasing 
to 282 (95% CI: 165–980) and 161 (95% CI: 93–604) in 
those born in April 2023 and January/February 2024, 
respectively.

Discussion
The overall NNI to prevent one RSV hospitalisation 
has been estimated at 128 in a simulation study in the 
United States [10]. In the MELODY trial, for the second-
ary end point of hospitalisation for RSV-associated 
lower respiratory tract infection, 14.7 cases were 
averted for every 1,000 infants immunised [11], which 
would correspond to an NNI of 68. Discrepancies may 
be influenced by different baseline risk and/or age 
distribution among study participants, given the great 
variations in the NNI by month of birth found in our 
study.

To our knowledge, estimates of impact, such as NNI and 
cost per prevented hospitalisation, had not been previ-
ously reported by month of birth. One key question in 
the design of nirsevimab immunisation strategies is 
which birth cohorts to include, with practice being het-
erogeneous across and within countries [2,3,12]. Our 
results show that the impact of nirsevimab in prevent-
ing RSV hospitalisations decreases gradually for ear-
lier birth cohorts, but the impact remains substantial 
in children born up to 6 months before the start of the 
RSV season, granting consideration of catch-up immu-
nisation for these children.

Table
Number of RSV hospitalisations (n = 1,131) and births (n = 200,666) in the source population and nirsevimab 
immunisation coverage and effectiveness in the density case–control study by month of birth, Spain, October 2023–March 
2024

Month of birth

Source populationa Density case–control study [2]b

RSV hospitalisations 
 

(n)

Births 
 

(n)

Immunisation 
coverage in cases 

 
(%)

Immunisation 
coverage in controls 

 
(%)

Immunisation 
effectiveness

% 95% CI

Catch-up immunisation 504 103,372 51.7 83.0 80.3 75.3–84.4
April 2023 46 16,260 54.3 76.2 65.3 31.6–82.4
May 2023 62 16,771 45.1 77.3 78.4 59.9–88.4
June 2023 60 17,204 50.0 86.7 85.3 71.0–92.5
July 2023 93 18,057 47.4 83.9 85.6 73.9–92.1
August 2023 99 18,470 51.2 85.1 83.5 72.1–90.2
September 2023 144 16,610 57.5 83.8 76.4 63.5–84.7
At-birth immunisation 627 97,294 72.5 94.0 83.1 78.5–86.8
October 2023 231 20,317 75.4 93.5 79.7 69.3–86.6
November 2023 242 19,363 68.4 94.5 87.7 81.0–92.0
December 2023 117 20,038 75.2 93.1 78.3 64.9–86.6
January/February 2024 37 37,576 71.9 96.3 83.9 62.3–93.1

CI: confidence interval; RSV: respiratory syncytial virus.
a The source population consisted of all eligible births from 1 April 2023 to the onset of immunisation campaigns (primarily between 25 

September and 6 October 2023) for catch-up immunisation and from campaign onset to 29 February 2024 for at-birth immunisation in 
the whole public hospital network of 14 Spanish regions (Andalusia, Asturias, Basque Country, Cantabria, Castile and Leon, Castilla-La 
Mancha, Ceuta, Galicia, La Rioja, Madrid, Melilla, Murcia, Navarre and Valencia) and in selected major public hospitals of the remaining 
five regions (Aragon, Balearic Islands, Canary Islands, Catalonia and Extremadura). Five regions were excluded from catch-up immunisation 
because their campaigns began in late October or November (Balearic Islands, Basque Country, Extremadura and Melilla) or were not 
implemented (Navarre).

b Results from the density case–control study have been previously published [2]. Briefly, this study included all RSV hospitalisations in 
the source population for all Spanish regions except Andalusia (which selected a subset of all cases) and four density (risk-set sampled) 
controls per case matched on province and birthdate (± 2 days). Causal per-protocol estimates of immunisation coverage and effectiveness 
were obtained by creating two clones per selected case/control children, assigning each clone to either immunisation or no immunisation 
with nirsevimab (in the first 30 days of campaign for catch-up immunisation or in the first 14 days of life for at-birth immunisation), and 
censoring clones who deviated from their assigned immunisation. Effectiveness was estimated as one minus the causal rate ratios obtained 
from inverse-probability-of-censoring weighted conditional logistic regression models.
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Limitations of the case–control study have been pre-
viously discussed [2]. In addition, imprecise ascertain-
ment of the total number of cases and/or births may 
have biased the estimated baseline risk in the source 
population. We included only cases with RSV infec-
tion confirmed by PCR, while cases diagnosed by rapid 
antigenic testing were excluded, which may result in an 
under-ascertainment of RSV hospitalisations, albeit of 
small magnitude, since PCR use is widespread.

Generalisability of our findings may depend on the epi-
demiological context and the programmatic implemen-
tation of the nirsevimab immunisation, particularly the 
cost per dose, which can vary greatly between coun-
tries [13]. For example, simulation studies in the United 
States used 445 USD/dose, estimating 19,909 USD per 
RSV hospitalisation averted after deducting savings of 
not using palivizumab, another monoclonal antibody 
previously used in high-risk children [10]. Importantly, 
we have only estimated the cost for the immunisation 
programme to prevent one RSV hospitalisation, but we 
did not account for any other costs or savings, in par-
ticular, the cost of an RSV hospitalisation. Moreover, 
we did not attempt to provide more comparable cost-
effectiveness parameters, such as quality-adjusted life 
years, as found elsewhere in the literature [10,14,15]. 
Full-scale cost-effectiveness studies are needed that 
consider all relevant costs and include the full spec-
trum of RSV disease, from mild bronchiolitis to inten-
sive care admissions, death and, ideally, sequelae of 
RSV infections. Our results may be used to refine such 
estimates, which should consider incorporating sepa-
rate analyses by month of birth.

Conclusion
Our results show a very high impact of the population-
level immunisation campaign with nirsevimab, with 
one RSV hospitalisation averted for every 90 and 41 
immunised infants in the catch-up and at-birth immuni-
sation target groups, respectively. Impact was greatest 
with the immunisation of children born shortly before 
the epidemic peak. This provides key information to 
guide the implementation of future campaigns.
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Figure 
Number of children needed to immunise with nirsevimab to prevent one hospitalisation for respiratory syncytial virus 
infection and cost per prevented hospitalisation by month of birth, Spain, October 2023–March 2024
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RSV: respiratory syncytial virus.

The area of each square is inversely proportional to the variance. Horizontal lines represent 95% confidence intervals. Nirsevimab 
immunisation effectiveness as estimated in causal per-protocol analysis in Núñez et al. [2].
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