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Abstract 

Background: Respiratory syncytial virus (RSV) is a leading cause of hospitalization in 
early infancy, with the greatest burden occurring in the first months of life. Following the 
COVID-19 pandemic, many countries experienced intensified RSV circulation. 
Nirsevimab, a long-acting monoclonal antibody providing season-long protection after a 
single dose, was introduced in Italy for the 2024–2025 RSV season and recommended for 
infants born during the period of RSV circulation. We evaluated the population-level 
impact of this seasonal nirsevimab strategy on RSV-related hospitalizations among young 
infants. Methods: We conducted a population-based observational study using regional 
hospital discharge records from Emilia-Romagna, Northern Italy, spanning January 2017 
to April 2025. Analyses were restricted to RSV seasons (October–March) and infants aged 
≤180 days. RSV-related hospitalizations were identified using ICD-9-CM codes. 
Hospitalization rates were calculated per 100,000 person-days. Incidence rate ratios (IRRs) 
were estimated using negative binomial regression models adjusted for season, age 
group, and sex, with clustering at the hospital level. The post-nirsevimab season (2024–
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2025) was compared with the immediate pre-nirsevimab season (2023–2024) and a pre-
COVID reference season (2018–2019). Results: A total of 551 RSV hospitalizations occurred 
in the pre-COVID season, 753 in the pre-nirsevimab season, and 252 in the post-
nirsevimab season. The post-nirsevimab season was associated with a substantial 
reduction in RSV-related hospitalization rates compared with both the pre-COVID season 
(IRR 0.52; 95% CI 0.41–0.66) and the pre-nirsevimab season (IRR 0.36; 95% CI 0.29–0.44). 
Reductions were observed consistently across epidemic months and were most 
pronounced during the first three to four months of life. Conclusions: Seasonal 
administration of nirsevimab to infants born during the RSV circulation period was 
associated with a marked and sustained reduction in RSV-related hospitalizations in early 
infancy. These findings support the effectiveness of targeted, seasonally timed infant 
immunoprophylaxis as a population-level RSV prevention strategy. 

Keywords: respiratory syncytial virus; nirsevimab; monoclonal antibodies;  
immunoprophylaxis; RSV prevention; pediatric infectious diseases 
 

1. Introduction 
Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory tract 

infection in infants and young children worldwide and represents a major driver of 
paediatric hospitalizations during the winter season [1–3]. The burden of RSV disease is 
particularly high in the first months of life, when immunological immaturity, small airway 
caliber, and limited pre-existing immunity increase the risk of severe clinical 
manifestations such as bronchiolitis and pneumonia. Infants younger than six months 
account for a disproportionate share of RSV-related hospital admissions, healthcare 
utilization, and associated costs, even in high-income settings [4–6]. 

Until recently, options for RSV prevention in infancy were limited. Palivizumab, a 
monoclonal antibody requiring monthly administrations throughout the RSV season, has 
been restricted to a small subset of high-risk infants because of its cost and logistical 
constraints, leaving the majority of infants unprotected [7]. Consequently, RSV prevention 
at the population level remained an unmet public health need. This vulnerability became 
even more evident following the COVID-19 pandemic, which profoundly disrupted RSV 
epidemiology. Several countries reported atypical seasonal patterns and, once non-
pharmaceutical interventions were lifted, intensified RSV circulation with increased 
hospitalization rates among infants and young children [6]. 

Nirsevimab, a long-acting monoclonal antibody targeting the prefusion F protein of 
RSV, represents a major advance in RSV prevention [7–10]. A single intramuscular dose 
provides protection for an entire RSV season and is indicated for infants entering their 
first RSV season, regardless of underlying risk conditions. Randomized clinical trials and 
early real-world studies have demonstrated high efficacy and effectiveness of nirsevimab 
in preventing RSV-related lower respiratory tract infection and hospitalization when 
administered to infants before or during the RSV season [11–26]. However, despite its 
clinical promise, concerns regarding costs and implementation logistics have led some 
health systems to adopt targeted or seasonal administration strategies rather than 
universal year-round use. 

In Italy, nirsevimab was introduced into routine clinical practice for the 2024–2025 
RSV season, with regional variability in recommendations and implementation [27]. In 
the Emilia-Romagna Region, nirsevimab was recommended for all infants born between 
October 2024 and March 2025—corresponding to the period of RSV circulation—as well 
as for selected high-risk children in their second year of life [28]. Evaluating the real-world 
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impact of this seasonally targeted strategy is essential to inform public health decision-
making, particularly in the context of post-pandemic RSV resurgence and ongoing 
debates about universal versus selective prophylaxis. 

The aim of this population-based study was to assess the impact of nirsevimab 
introduction on RSV-related hospitalizations among infants aged 0–180 days in the 
Emilia-Romagna Region, Northern Italy. By comparing hospitalization rates across a pre-
pandemic season, the immediate pre-nirsevimab season, and the first post-nirsevimab 
season, and by exploring age-specific and birth cohort-based patterns, we sought to 
quantify changes in RSV hospitalization risk and to characterize the temporal persistence 
of protection during the first months of life. 

2. Methods 
2.1. Study Design and Population 

We conducted a population-based observational study using monthly RSV 
hospitalization data extracted from regional hospital discharge records covering the 
period from January 2017 to March 2025. Analyses were restricted to infants aged ≤180 
days (0–6 months), corresponding to the population eligible for nirsevimab 
administration during the RSV season in the 2024–2025 period (October 2024–March 
2025). 

In the Emilia-Romagna Region, RSV circulation has historically shown a consistent 
seasonal pattern, with the majority of laboratory-confirmed infections and RSV-related 
hospitalizations occurring between October and March. Regional surveillance data and 
hospital discharge trends indicate that, despite post-COVID-19 disruptions observed in 
some settings, RSV activity during the three study seasons considered (2018–2019, 2023–
2024, and 2024–2025) remained largely encompassed within this October–March 
timeframe. In particular, RSV-related hospitalizations during each season showed a 
progressive increase from late autumn, peaked during the winter months (December–
February), and declined by March, with minimal activity observed outside this interval. 
Therefore, restricting the analyses to October–March ensured comprehensive capture of 
the RSV epidemic period across all study seasons while maintaining consistency in 
seasonal comparisons and avoiding dilution of estimates by months with negligible RSV 
circulation. 

During the 2024–2025 RSV season, nirsevimab was implemented in the Emilia-
Romagna Region through a centrally coordinated regional program targeting all eligible 
infants born during the RSV circulation period. Regional monitoring data indicated high 
uptake, with coverage exceeding 85% among eligible newborns, and no relevant 
differences observed across hospitals or months of the season. Administration was 
routinely performed immediately after birth (age range, 1–7 days of life; median, 3), before 
hospital discharge, according to standardized regional protocols, minimizing delays and 
ensuring early protection during the highest-risk period of life. No major logistical or 
organizational challenges affecting rollout or access were reported. Individual-level data 
on nirsevimab administration were not available for linkage with hospitalization records. 
Although the maternal RSV prefusion F (RSVpreF) vaccine was approved and 
commercially available in Italy during the 2024–2025 season, it was not implemented as 
part of a regional maternal immunization program in Emilia-Romagna during the study 
period; therefore, maternal RSV vaccination uptake was negligible and was not expected 
to confound the study findings. 

Age at hospital admission was available in days and categorized into six predefined 
30-day age bands (0–29, 30–59, 60–89, 90–119, 120–149, and 150–180 days), allowing 
detailed age-specific analyses during early infancy. Hospitalizations occurring after 180 
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days of age were excluded, as they fell outside the target age window for RSV 
immunoprophylaxis and the study objective. 

The study included hospitalizations recorded at the following centers: Parma 
University Hospital, Piacenza Hospital, Reggio Emilia Hospital, Bologna Maggiore 
Hospital, Pavullo Hospital, Ferrara Hospital, Forlì Hospital, Cesena Hospital, Rimini 
Hospital, and Ravenna Hospital. Together, these institutions accounted for approximately 
50% of all hospitalizations among infants aged <6 months in the Emilia-Romagna Region, 
Northern Italy, ensuring substantial coverage and geographic representativeness of the 
regional pediatric population. 

2.2. Case Definition 

RSV-related hospitalizations were identified based on the presence of one or more 
relevant ICD-9-CM diagnosis codes recorded in any diagnostic position. These included 
bronchiolitis due to RSV (466.11), pneumonia due to RSV (480.1), RSV infection (079.6), 
bronchiolitis not otherwise specified (466.19), pneumonia not otherwise specified (485), 
and bronchopneumonia (486). 

This inclusive case definition was adopted to capture both laboratory-confirmed RSV 
infections and clinically compatible lower respiratory tract infections, reflecting routine 
diagnostic practices in early infancy where virological confirmation may not be 
systematically performed and to minimize potential bias related to temporal changes in 
RSV testing and diagnostic coding practices across seasons, particularly in the post-
pandemic period. Only hospitalizations meeting this case definition were included in the 
analyses. 

2.3. Data Aggregation and Study Periods 

Hospitalization counts were aggregated at the monthly level by age band, sex, and 
hospital center. To ensure compatibility with count-based regression models, strata with 
zero observed events were retained in the dataset. 

Analyses were restricted to the RSV season, defined as October through March, for 
each study year. Three RSV seasons were defined a priori. The primary comparison 
focused on the 2024–2025 season, corresponding to the first RSV season following the 
introduction of nirsevimab, and the 2023–2024 season, representing the immediate pre-
nirsevimab period. Additionally, the 2018–2019 RSV season was included as a pre-
pandemic reference, providing contextual comparison with a season unaffected by 
COVID-19–related disruptions in RSV circulation, healthcare-seeking behavior, or 
hospital admission practices. 

2.4. Hospitalization Rates and Person-Time Estimation 

Hospitalization rates were calculated as the number of RSV-related admissions 
divided by the estimated person-time at risk and expressed per 100,000 person-days. In 
the absence of monthly birth counts, person-time was approximated assuming a uniform 
distribution of births across the calendar year. 

For season-level analyses, cumulative person-time was assumed to increase 
progressively from October (corresponding approximately to 0–1 months of age) through 
March (corresponding to 0–6 months of age), reflecting the accumulation of infants 
entering the age window over the course of the RSV season. 

For regression analyses stratified by age band, person-time denominators were 
defined according to age in days rather than calendar time. Specifically, for each 30-day 
age band, the offset was calculated as the annual population aged 0 years divided by 
365.25 and multiplied by the width of the age band. This approach provided an 
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approximation of the number of person-days at risk within each age category and allowed 
consistent comparison across seasons. 

2.5. Statistical Analysis 

Incidence rate ratios (IRRs) were estimated using count regression models with a 
log(person-time) offset. For season-level analyses, negative binomial regression models 
were used to account for overdispersion in hospitalisation counts. For analyses based on 
birth cohorts, where no evidence of overdispersion was observed and sparse month-
specific cells were present, Poisson regression models with robust standard errors were 
used to obtain stable inference. Models included season, age at admission, and sex as 
covariates and robust standard errors were clustered at the hospital centre level to account 
for within-centre correlation. In analyses based on birth cohorts, age was modelled as 
months since birth and included as a continuous variable interacting with season to avoid 
model saturation due to sparse month-specific cells. This modelling approach yields 
relative effect estimates (IRRs) that are not directly comparable with crude age-specific 
rates, but rather quantify season-specific differences in risk conditional on age since birth. 

The primary parameter of interest was the adjusted IRR comparing the 2024–2025 
(post-nirsevimab) season with the 2023–2024 (pre-nirsevimab) season. Comparisons with 
the 2018–2019 RSV season were treated as secondary, contextual analyses aimed at 
assessing the robustness of findings relative to a pre-pandemic baseline. 

3. Results 
Table 1 summarizes the characteristics of RSV-related hospitalizations among infants 

aged 0–180 days across three consecutive seasons: the pre-COVID season (1 October 2018–
31 March 2019), the pre-nirsevimab season (1 October 2023–31 March 2024), and the post-
nirsevimab season (1 October 2024–31 March 2025). A total of 551 RSV hospitalizations 
were recorded in the pre-COVID season, increasing to 753 in the pre-nirsevimab season, 
and then markedly decreasing to 252 in the post-nirsevimab season. Across all seasons, 
hospitalizations were more frequent in males than females, with a stable sex distribution 
of approximately 58% males and 41% females. Regarding age distribution, 
hospitalizations were most common in the first two months of life in all periods, 
particularly among infants aged 30–59 days. In the post-nirsevimab season, a relative shift 
toward older age groups was observed, with higher proportions of hospitalizations 
among infants aged 120–149 days and 150–180 days compared with earlier seasons. The 
hospitalization rate showed substantial variation across seasons. It was 32.2 per 
population unit (95% CI: 29.6–35.0) in the pre-COVID season, increased to 48.2 (95% CI: 
44.8–51.8) in the pre-nirsevimab season, and then declined sharply to 16.7 (95% CI: 14.7–
18.9) in the post-nirsevimab season. Overall, the table highlights a pronounced reduction 
in RSV hospitalization burden following the introduction of nirsevimab, with consistent 
sex distribution and notable changes in age-specific patterns. 

Table 1. Characteristics of RSV hospitalisations (0–180 days) by season. 

 
Pre-COVID 

(1 October 2018– 
31 March 2019) 

Pre-Nirsevimab 
(1 October 2023– 
31 March 2024) 

Post-Nirsevimab 
(1 October 2024– 
31 March 2025) 

RSV hospitalizations N = 551 N = 753 N = 252 
Sex, n (%)    

Male 324 (58.8%) 437 (58.0%) 150 (59.5%) 
Female 227 (41.2%) 316 (42.0%) 102 (40.5%) 

Age group, n (%)    
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0–29 days 108 (19.6%) 127 (16.9%) 36 (14.3%) 
30–59 days 143 (26.0%) 203 (27.0%) 63 (25.0%) 
60–89 days 122 (22.1%) 159 (21.1%) 36 (14.3%) 
90–119 days 83 (15.1%) 110 (14.6%) 28 (11.1%) 

120–149 days 46 (8.3%) 101 (13.4%) 47 (18.7%) 
150–180 days 49 (8.9%) 53 (7.0%) 42 (16.7%) 

Hospitalization rate (95%CI) * 32.2 (29.6–35.0) 48.2 (44.8–51.8) 16.7 (14.7–18.9) 
* Rates expressed per 100,000 person-days. Confidence intervals were calculated assuming a Poisson 
distribution of the observed counts. 

In the monthly comparison within the RSV season (Figure 1), hospitalization rates 
among infants aged 0–180 days showed a marked seasonal increase during the pre-
nirsevimab seasons, with values rising progressively from the beginning of the season and 
peaking between January and February, followed by a decline in March. In contrast, 
during the post-nirsevimab season, rates are consistently lower across all months, with a 
substantial attenuation of the winter peak and a flatter temporal profile, characterized by 
limited variability and a gradual decrease toward the end of the season. 

 

Figure 1. Analysis of RSV hospitalization rates aggregated at the seasonal level, adjusted for sex and 
age. 

In the graph, each point represents the monthly RSV hospitalization rate among 
infants aged 0–180 days hospitalized in the specific month of the epidemic season shown 
on the x-axis. For each month and season, the numerator consists of the number of RSV 
hospitalizations observed in that month, while the denominator is the cumulative person-
time at risk, expressed in person-days, estimated from the resident population aged under 
one year and restricted to the 0–180-day age interval. 

In the multivariable model (Table 2), the post-nirsevimab season (2024–2025) was 
associated with a marked and statistically significant reduction in the RSV hospitalization 
rate among infants aged 0–180 days, both compared with the pre-COVID 2018–2019 
season (IRR 0.52; 95% CI 0.41–0.66) and, even more pronouncedly, with the season 
immediately preceding the introduction of nirsevimab (2023–2024; IRR 0.36; 95% CI 0.29–
0.44). In contrast, the 2023–2024 season showed a significant increase in risk compared 
with the pre-pandemic period (IRR 1.46; 95% CI 1.20–1.79), confirming intensified RSV 
circulation in the post-pandemic period in the absence of prophylaxis. With regard to age, 
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the risk of RSV hospitalization followed a non-monotonic pattern in the first months of 
life: compared with neonates aged 0–29 days, the risk was significantly higher in the 30–
59-day age group (IRR 1.490; 95% CI 1.27–1.75) and remained elevated, though to a lesser 
extent, in the 60–89-day age group (IRR 1.13; 95% CI 0.97–1.32), followed by a progressive 
and significant reduction in risk in the subsequent age groups (≥90 days). Finally, female 
sex was associated with a significantly lower risk of hospitalization compared with male 
sex (IRR 0.71; 95% CI 0.64–0.79). 

Table 2. Negative binomial regression of RSV hospitalisations (0–180 days). 

 IRR 95% CI p-Value 
Season    
Pre-Nirsevimab (2023–24) vs. Pre-COVID (2018–19) 1.46 1.20–1.79 <0.001 
Post-Nirsevimab (2024–25) vs. Pre-COVID (2018–19) 0.52 0.41–0.66 <0.001 
Post-Nirsevimab (2024–25) vs. Pre-Nirsevimab (2023–24) 0.36 0.29–0.44 <0.001 
Sex    
Male 1.00   
Female 0.71 0.64–0.79 <0.001 
Age group (days)    
0–29 1.00   
30–59 1.49 1.27–1.75 <0.001 
60–89 1.13 0.97–1.32 0.107 
90–119 0.79 0.76–0.82 <0.001 
120–149 0.76 0.65–0.89 <0.001 
150–180 0.57 0.51–0.64 <0.001 
IRR: Incidence Rate Ratios; 95%CI: 95% confidence interval. 

Across all seasons, the risk of hospitalization was highest in the first two months of 
life and decreased progressively with increasing age (Figure 2). In the post-nirsevimab 
season (2024–2025), hospitalization rates were consistently lower than in previous seasons 
in each month of follow-up. However, differences between seasons attenuated with 
increasing age. In particular, at four months of age, hospitalization rates in the post-
nirsevimab and pre-COVID seasons appeared similar, and by five months of age the rates 
were nearly overlapping across all three seasons, indicating convergence of absolute risks 
at older ages. 

Each point in the graph represents the RSV hospitalization rate, expressed per 
100,000 person-days, observed in a specific birth cohort (month of birth ≈ month of 
nirsevimab administration, from November to March) at a given number of months since 
birth (x-axis). For each value of t (months since birth), the analysis includes only 
hospitalizations observed among children belonging to the birth cohort under 
consideration who had reached that age at the time of the event. Person-time 
denominators are therefore cohort- and follow-up-specific, excluding periods that were 
not observable or that occurred before the birth of the cohort. 
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Figure 2. Secondary analysis based on birth cohorts (as a proxy for month of nirsevimab 
administration), aimed at exploring trends in hospitalization rates in the months following birth 
and comparison with the pre-nirsevimab seasons. 

Table 3 presents adjusted incidence rate ratios derived from a birth cohort-based 
Poisson regression model, comparing RSV hospitalization risk in the post-nirsevimab 
season, with previous seasons at specific months since birth. Compared with the pre-
COVID season (2018–2019), the post-nirsevimab season (2024–2025) was associated with 
a significantly lower risk of hospitalization during the first four months of life, whereas 
by the fifth month the difference was no longer statistically significant. In contrast, when 
compared with the immediate pre-nirsevimab season (2023–2024), a significantly lower 
risk persisted across all months of follow-up, including the fifth month. 

Table 3. Incidence rate ratios (IRRs) of RSV hospitalisation by month since birth, estimated using 
Poisson regression: contrasts between post-nirsevimab (2024–2025) and pre-nirsevimab (2023–2024) 
and pre-COVID (2018–2019) seasons. 

 Post vs. Pre-COVID (2018–19) Post vs. Pre-Nirsevimab (2023–24) 
Months 

Since Birth IRR (95% CI) p-Value IRR (95% CI) p-Value 

1 0.68 (0.57–0.80) <0.001 0.57 (0.49–0.66) <0.001 
2 0.69 (0.60–0.79) <0.001 0.56 (0.49–0.63) <0.001 
3 0.70 (0.58–0.84) <0.001 0.54 (0.47–0.63) <0.001 
4 0.71 (0.54–0.93) 0.014 0.53 (0.43–0.65) <0.001 
5 0.72 (0.50–1.05) 0.087 0.52 (0.39–0.69) <0.001 

IRR: Incidence Rate Ratios; 95% CI: 95% confidence interval. 

4. Discussion 
In this population-based study, the introduction of nirsevimab administered to 

infants born during the RSV circulation season was associated with a marked and 
statistically significant reduction in RSV-related hospitalizations among infants aged 0–
180 days. By comparing the first post-nirsevimab season (2024–2025) with both the 
immediately preceding season and a pre-pandemic reference season, our analysis 
provides robust real-world evidence supporting the effectiveness of nirsevimab when 
implemented at scale in routine clinical practice under a seasonally targeted strategy. 
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The magnitude of the reduction observed in our setting is substantial. Compared 
with the 2023–2024 season, which immediately preceded nirsevimab introduction, RSV 
hospitalization rates declined by approximately 64%, while a reduction of nearly 50% was 
observed relative to the pre-COVID 2018–2019 season. These population-level estimates 
are remarkably consistent with results from pivotal randomized controlled trials. In the 
MELODY and HARMONIE studies, nirsevimab demonstrated efficacy ranging from 74% 
to over 80% against RSV-related lower respiratory tract infection requiring medical 
attention, with reductions of approximately 75% in hospitalization risk [29,30]. Although 
direct comparisons between trial efficacy and real-world effectiveness should be 
interpreted with caution, the close convergence of these estimates strengthens confidence 
in the robustness, generalizability, and external validity of the observed effect. The slightly 
lower magnitude of effectiveness observed in our study compared with estimates from 
randomized trials and some laboratory-confirmed real-world studies may, at least in part, 
be explained by the case definition adopted. RSV-related hospitalizations were identified 
using a broad set of ICD-9-CM codes encompassing both RSV-specific diagnoses and 
clinically compatible lower respiratory tract infections, reflecting routine clinical practice 
in early infancy, where systematic viral testing is not uniformly performed. Consequently, 
some hospitalizations included in our outcome definition may have been caused by 
respiratory pathogens other than RSV, leading to a non-differential misclassification of 
the outcome. This type of misclassification would be expected to bias effect estimates 
toward the null, thereby underestimating the true preventive effect of nirsevimab. 
Importantly, the same case definition was applied consistently across all study seasons, 
ensuring internal validity of relative comparisons. From a public health perspective, this 
pragmatic approach captures the real-world burden of severe bronchiolitis requiring 
hospitalization and provides conservative, policy-relevant estimates of impact under 
routine care conditions. 

Our findings are also consistent with emerging real-world evidence from early-
adopting countries and from Italian regions that implemented universal nirsevimab 
administration strategies [12–26]. Surveillance data from France and Spain, where 
nirsevimab was broadly deployed during the 2023–2024 season, have reported sharp 
declines in RSV-associated hospitalizations among infants compared with previous years, 
particularly during peak winter months. These reports suggest a substantial blunting of 
the RSV epidemic curve following widespread immunoprophylaxis. The pronounced 
attenuation of the seasonal peak observed in our monthly analyses closely mirrors these 
experiences and underscores the potential of nirsevimab not only to reduce individual-
level risk but also to mitigate seasonal healthcare system burden and epidemic intensity, 
even when implemented in a targeted, seasonal manner. 

Although the observed reduction in RSV-related hospitalizations following 
nirsevimab implementation is substantial and consistent across analytical approaches, the 
observational design of this study precludes definitive causal inference. Accordingly, our 
findings should be interpreted as demonstrating a strong temporal and population-level 
association between nirsevimab introduction and reduced RSV hospitalization burden, 
rather than establishing causality in the strict experimental sense. Nevertheless, the 
magnitude, consistency, and biological plausibility of the observed associations—together 
with their alignment with randomized trial efficacy and early real-world effectiveness 
data—support the interpretation that nirsevimab contributed meaningfully to the decline 
in hospitalizations under routine care conditions. Importantly, our estimates reflect real-
world effectiveness in a pragmatic setting, integrating implementation factors such as 
high but not universal coverage, routine clinical case definitions, and population 
heterogeneity, and therefore provide complementary evidence to efficacy estimates 
derived from controlled trial environments. 
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The age-specific patterns observed in our study further support the biological 
plausibility of the findings. Across all seasons, RSV hospitalization risk was highest 
during the first two months of life, consistent with extensive literature documenting the 
particular vulnerability of neonates and young infants to severe RSV disease [4–6,31]. 
Importantly, during the post-nirsevimab season, hospitalization rates were consistently 
lower across all months of follow-up, with statistically significant reductions persisting 
through the third and fourth months of life. This temporal pattern closely reflects the 
pharmacokinetic profile of nirsevimab, which maintains protective antibody 
concentrations for at least five months following a single dose. The gradual attenuation of 
protection beyond the fourth month is also consistent with trial data demonstrating 
declining, yet still clinically meaningful, efficacy toward the end of the RSV season [32,33]. 

The secondary birth-cohort analysis provides additional methodological strength 
and complements the season-level comparisons. By aligning follow-up time with age 
since birth and approximating the timing of nirsevimab administration, this approach 
reduces confounding related to calendar time, epidemic phase, and RSV circulation 
intensity. The consistency of results across multiple analytical strategies supports a causal 
interpretation and reduces the likelihood that the observed reductions were driven by 
secular trends, changes in admission thresholds, or shifts in healthcare-seeking behavior. 

The increased RSV hospitalization risk observed during the 2023–2024 season 
compared with the pre-pandemic period deserves particular attention. This finding 
corroborates reports from multiple countries describing intensified RSV epidemics 
following the COVID-19 pandemic [6]. Proposed explanations include immunity debt due 
to reduced viral exposure during lockdowns, altered maternal antibody transfer, and 
changes in social mixing patterns. Against this backdrop of heightened baseline risk, the 
sharp and sustained decline observed after nirsevimab introduction is especially 
compelling and suggests that infant immunoprophylaxis effectively counteracted the 
post-pandemic resurgence of RSV. 

Sex-related differences in hospitalization risk, with females consistently exhibiting a 
lower risk than males, align with prior epidemiological evidence and are likely 
attributable to sex-based differences in lung development, immune responses, and 
susceptibility to severe respiratory infections [34]. The persistence of this association 
across seasons further supports the internal consistency and validity of our findings. 

This study has several strengths, including large population coverage, inclusion of 
multiple RSV seasons spanning pre-pandemic and post-pandemic periods, and the use of 
robust statistical methods accounting for overdispersion and clustering at the hospital 
level. Nonetheless, some limitations should be acknowledged. RSV case identification 
relied on administrative diagnostic codes rather than systematic laboratory confirmation; 
although this approach is widely used in large-scale surveillance studies and was applied 
consistently across seasons, it may have resulted in non-differential outcome 
misclassification and conservative effect estimates. The use of a broad case definition was 
intentionally chosen to ensure comparability across seasons and avoid sparse data, 
particularly in month-specific birth cohort analyses; restricting analyses to RSV-specific 
ICD-9-CM codes could also have introduced differential ascertainment given changes in 
RSV testing practices over time, especially in the post-pandemic period. Individual-level 
data on nirsevimab administration were not available, precluding direct estimation of 
effectiveness and limiting inference to population-level impact. In addition, although 
models were adjusted for age, sex, and season, adjustment for other potentially relevant 
confounders—including gestational age—was not feasible due to the absence of 
individual-level perinatal data in the hospitalization records. Consequently, residual 
confounding related to prematurity and other perinatal factors cannot be excluded. 
Further potential sources of residual confounding include post-pandemic changes in 
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healthcare-seeking behavior, evolving hospital admission thresholds, co-circulation of 
other respiratory viruses, and temporal variability in RSV testing practices. Assumptions 
regarding uniform birth distribution may also have introduced minor imprecision in 
person-time estimation, although such bias is unlikely to account for the magnitude or 
consistency of the observed reductions. Finally, the relative shift toward older age at 
hospitalization observed in the post-nirsevimab season warrants further investigation. 
This pattern may reflect sustained protection during the first months of life with gradual 
attenuation over time, consistent with the known pharmacokinetic profile of nirsevimab 
and observations from other European settings; however, our study was not designed to 
formally assess waning protection or age-specific differences in disease severity, and such 
data were not available. 

The generalizability of our findings should be considered in light of contextual 
differences across settings. Emilia-Romagna is characterized by a universal, publicly 
funded healthcare system with high hospital accessibility, standardized neonatal care 
pathways, and centralized coordination of immunoprophylaxis programs, which likely 
facilitated the high and homogeneous uptake of nirsevimab observed in this study. 
Regions with fragmented healthcare systems, lower access to perinatal care, or delayed 
postnatal follow-up may experience different levels of coverage and timing of 
administration, potentially attenuating population-level impact. Moreover, RSV 
seasonality in Emilia-Romagna remains relatively well defined and largely confined to the 
winter months; in settings with prolonged, irregular, or year-round RSV circulation, the 
effectiveness of a seasonally targeted strategy may differ and require alternative timing or 
broader implementation. Nevertheless, the consistency of our findings with early post-
implementation data from other European regions suggests that substantial reductions in 
RSV-related hospitalizations are achievable across diverse contexts when high coverage 
and timely administration are ensured. 

5. Conclusions 
Our findings add to the growing body of evidence demonstrating that nirsevimab, 

even when administered exclusively to infants born during the RSV circulation season, 
substantially reduces RSV-related hospitalizations in early infancy under real-world 
conditions. The consistency of our results with evidence from settings that adopted 
universal nirsevimab strategies supports infant immunoprophylaxis as a cornerstone of 
RSV prevention. Ongoing surveillance will be essential to assess the long-term impact of 
seasonal strategies, durability of protection, potential shifts in RSV epidemiology, and 
interactions with emerging maternal RSV vaccination programs. 

Author Contributions: S.E. designed the study, supervised the project, and wrote the first draft of 
the manuscript; M.P. and G.M. performed the statistical analysis; A.D.F., C.G., G.B., F.M., M.O.A., 
G.V., M.S., B.G., A.S., F.A., E.F., M.E.C., E.V., A.M., C.M. and V.F. enrolled study patients; B.R.C. 
managed study coordination; C.C. supervised the project, revised the manuscript, and gave a 
substantial scientific contribution; Emilia-Romagna Paediatric COVID-19 Network provided a 
substantial scientific contribution. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research was supported by the Pediatric Unit, University of Parma, Parma, Italy 
(PED-2026-01). 

Institutional Review Board Statement: The study was conducted in accordance with the 
Declaration of Helsinki, and approved by the Ethics Committee of Emilia-Romagna Nord (AVEN 
881/2021/OSS/AOUPR, 19 October 2021). 

Informed Consent Statement: Not needed according to the Italian low on retrospective studies. 



Vaccines 2026, 14, 182 12 of 14 
 

https://doi.org/10.3390/vaccines14020182 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author due to due to privacy restrictions. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Li, Y.; Wang, X.; Blau, D.M.; Caballero, M.T.; Feikin, D.R.; Gill, C.J.; Madhi, S.A.; Omer, S.B.; Simões, E.A.F.; Campbell, H.; et al. 

Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial virus 
in children younger than 5 years in 2019: A systematic analysis. Lancet 2022, 399, 2047–2064. 

2. Wang, X.; Li, Y.; Shi, T.; Bont, L.J.; Chu, H.Y.; Zar, H.J.; Wahi-Singh, B.; Ma, Y.; Cong, B.; Sharland, E.; et al. Global disease 
burden of and risk factors for acute lower respiratory infections caused by respiratory syncytial virus in preterm infants and 
young children in 2019: A systematic review and meta-analysis of aggregated and individual participant data. Lancet 2024, 
10433, 1241–1253. 

3. Wildenbeest, J.G.; Billard, M.N.; Zuurbier, R.P.; Korsten, K.; Langedijk, A.C.; van de Ven, P.M.; Snape, M.D.; Drysdale, S.B.; 
Pollard, A.J.; Robinson, H.; et al. The burden of respiratory syncytial virus in healthy term-born infants in Europe: A prospective 
birth cohort study. Lancet Respir Med. 2023, 11, 341–353. 

4. Srisingh, K.; Khongthongprasert, S.; Jaturabundit, T.; Soponwaree, N.; Klangsombat, K.; Sriwad, C.; Oilmungmool, N.; 
Phuaksaman, C.; Lawanaskol, S. Risk factors for respiratory syncytial virus (RSV) infection in children under 5 years old with 
acute lower respiratory tract infection. J. Thorac. Dis. 2025, 17, 4565–4575. 

5. Bianchini, S.; Silvestri, E.; Argentiero, A.; Fainardi, V.; Pisi, G.; Esposito, S. Role of Respiratory Syncytial Virus in Pediatric 
Pneumonia. Microorganisms 2020, 8, 2048. 

6. Lastrucci, V.; Pacifici, M.; Puglia, M.; Alderotti, G.; Berti, E.; Bonaccorsi, G.; Moriondo, M.; Resti, M.; Peroni, D.; Martini, M.; et 
al. Recent trends in hospitalizations for respiratory syncytial virus after the COVID-19 pandemic and before routine 
immunization: Seasonality and severity updates from the 2023/2024 season in Tuscany, Italy. Int. J. Infect. Dis. 2025, 154, 107879. 

7. Principi, N.; Perrone, S.; Esposito, S. Challenges and Limitations of Current RSV Prevention Strategies in Infants and Young 
Children: A Narrative Review. Vaccines 2025, 13, 717. 

8. Bizot, E.; Portet Sulla, V.; Vauloup-Fellous, C.; Rameix-Welti, M.A.; Gajdos, V.; Seddiki, N. Prophylactic monoclonal antibodies 
against respiratory syncytial virus in early life: An in-depth review of mechanisms of action, failure factors, and future 
perspectives. Pediatr. Allergy Immunol. 2025, 36, e70257. https://doi.org/10.1111/pai.70257. 

9. Esposito, S.; Principi, N. Past, present and future of respiratory syncytial infection prevention in infants and young children. 
Expert Opin Pharmacother. 2025, 26, 783–786. 

10. Riccò, M.; Abu-Raya, B.; Icardi, G.; Spoulou, V.; Greenberg, D.; Pecurariu, O.F.; Hung, I.F.; Osterhaus, A.; Sambri, V.; Esposito, 
S. Respiratory Syncytial Virus: A WAidid Consensus Document on New Preventive Options. Vaccines 2024, 12, 1317. 

11. Ares-Gómez, S.; Mallah, N.; Santiago-Pérez, M.I.; Pardo-Seco, J.; Pérez-Martínez, O.; Otero-Barrós, M.T.; Suárez-Gaiche, N.; 
Kramer, R.; Jin, J.; Platero-Alonso, L.; et al. NIRSE-GAL study group. Effectiveness and impact of universal prophylaxis with 
nirsevimab in infants against hospitalisation for respiratory syncytial virus in Galicia, Spain: Initial results of a population-
based longitudinal study. Lancet Infect. Dis. 202, 24, 817–828. 

12. Blyth, C.C.; Wadia, U.; Britton, P.N.; Carr, J.; Clark, J.E.; Crawford, N.W.; Hung, T.Y.; Macartney, K.K.; Marshall, H.S.; Wood, 
N.J.; et al. FluCAN-PAEDS network. Respiratory syncytial virus epidemiology and effectiveness of infant nirsevimab: 2024 
results from the Australian Sentinel Hospital Network (FluCAN-PAEDS). Euro Surveill. 2026, 31, 2500275. 

13. Villa, S.; Scarioni, S.; Pigozzi, E.; Maffeo, M.; Maistrello, M.; Bagarella, G.; Scovenna, F.; Morani, F.; Romano, M.; Zuccotti, G.; et 
al. Regional Immunization Council. Reduced Emergency Department Visits and Hospitalizations in Infants after Universal 
Respiratory Syncytial Virus Immunization, Italy, 2024–2025. Emerg Infect. Dis. 2026, 32, 45. 

14. Costantino, C.; Amodio, E.; Asciutto, R.; Affranchi, C.; Belbruno, F.; Bonaccorso, N.; Cilia, S.; Contarino, F.M.; Di Gaetano, V.; 
Di Gregorio, F.; et al. Impact of a Universal Nirsevimab Prevention Program Against Respiratory Syncytial Virus Bronchiolitis 
in Infants in Sicily (Italy) During the 2024–2025 Epidemic Season: A Retrospective Cohort Study. Vaccines 2025, 13, 1219. 

15. Consolati, A.; Farinelli, M.; Serravalle, P.; Rollandin, C.; Apprato, L.; Esposito, S.; Bongiorno, S. Safety and Efficacy of 
Nirsevimab in a Universal Prevention Program of Respiratory Syncytial Virus Bronchiolitis in Newborns and Infants in the 
First Year of Life in the Valle d’Aosta Region, Italy, in the 2023–2024 Epidemic Season. Vaccines 2024, 12, 549. 

  



Vaccines 2026, 14, 182 13 of 14 
 

https://doi.org/10.3390/vaccines14020182 

16. Savulescu, C.; Ganser, I.; Nicolay, N.; Lajot, A.; Campos, S.; Martínez-Baz, I.; Rodrigues, A.P.; Vandromme, M.; Cara-Rodríguez, 
M.; Echeverría, A.; et al. VEBIS hospital network RSV IE group. Effectiveness of long-acting monoclonal antibodies against 
laboratory-confirmed RSV in children aged < 24 months and hospitalised for severe acute respiratory infection, European pilot 
study, 2024 to 2025. Euro Surveill. 2025, 30, 2500816. 

17. Furgier, A.; Brehin, C.; Levy, C.; Basmaci, R.; Launay, E.; Jung, C.; Assad, Z.; Lenglart, L.; Naudin, J.; Mary, A.L.; et al. French 
Paediatric OVNI Network. Effectiveness of nirsevimab against hospitalisation for RSV-bronchiolitis during high RSV-B 
circulation in the second year of nationwide implementation in France: A test-negative case-control study. Lancet Reg Health 
Eur. 2025, 58, 101443. 

18. Moline, H.L.; Tannis, A.; Goldstein, L.; Englund, J.A.; Staat, M.A.; Boom, J.A.; Selvarangan, R.; Michaels, M.G.; Weinberg, G.A.; 
Halasa, N.B.; et al. New Vaccine Surveillance Network Collaborators. Effectiveness and Impact of Maternal RSV Immunization 
and Nirsevimab on Medically Attended RSV in US Children. JAMA Pediatr. 2025, 22, e255778. 

19. Creus-Costa, A.; Andrés, C.; Vila, J.; González-Sánchez, A.; López, N.; Ortigosa-Gómez, S.; Caballero-Rabasco, M.A.; González-
Gómez de Agüero, I.; Velázquez Cerdà, M.; Lobato-Salinas, Z.; et al. Col·laboració Pediàtrica de Catalunya (COPEDICAT) 
network. Decline in pediatric respiratory syncytial virus hospitalizations following nirsevimab implementation: A multicenter, 
three-season observational study. Int. J. Infect. Dis. 2025, 161, 108170. 

20. Hammitt, L.L.; Espinoza, J.S.; Keck, J.W.; Hartman, R.M.; Alvarez-Colon, G.; Burrage, A.; Campbell, A.P.; Cardona, F.; Chappell, 
J.; Christensen, L.; et al. Nirsevimab is Effective Against Respiratory Syncytial Virus-Associated Hospitalization Among 
American Indian and Alaska Native Children in Their First and Second RSV Seasons in Alaska and the Southwest United States, 
2023–2024. Pediatr Infect. Dis J. 2025, 44, e464–e467. 

21. Trusinska, D.; Lee, B.; Ferdous, S.; Kwok, H.H.Y.; Gordon, B.; Gao, J.; Ma, L.; Xiong, H.; Sheikh, S.A.; Schwarze, J.; et al. Real-
world uptake of nirsevimab, RSV maternal vaccine, and RSV vaccines for older adults: A systematic review and meta-analysis. 
EClinicalMedicine 2025, 84, 103281. 

22. Cocchi, E.; Bloise, S.; Lorefice, A.; Zannoni, S.; Pellegrini, B.; Morlupo, F.S.; Scarpellini, B.; Aricò, M.O.; Accomando, F.; Ancora, 
G.; et al. Nirsevimab Prophylaxis and Respiratory Syncytial Virus Hospitalizations Among Infants. JAMA Netw Open. 2025, 8, 
e2544679. 

23. Fortunato, F.; Prato, R.; Acquafredda, A.; Campanozzi, A.; Carri, V.D.; Francavilla, R.; Iannelli, G.; Liberatore, P.; Maffei, G.; 
Mariano, M.; et al. Real-World Effectiveness of Nirsevimab in Preventing RSV Hospitalizations: Evidence of Protection in 
Southern Italian Infants, 2024–2025. J. Med. Virol. 2025, 97, e70662. 

24. Lastrucci, V.; Pacifici, M.; Alderotti, G.; Puglia, M.; Berti, E.; Barbati, F.; Lodi, L.; Boscia, S.; Nieddu, F.; Indolfi, G.; et al. The 
impact of nirsevimab prophylaxis on RSV hospitalizations: A real-world cost-benefit analysis in Tuscany, Italy. Front. Public 
Health 2025, 13, 1604331. 

25. Zambrano, L.D.; Simeone, R.M.; Newhams, M.M.; Payne, A.B.; Halasa, N.B.; Orzel-Lockwood, A.O.; Calixte, J.M.; Kamidani, 
S.; Crandall, H.; Cameron, M.A.; et al. Overcoming RSV Investigators. Nirsevimab Effectiveness Against Intensive Care Unit 
Admission for Respiratory Syncytial Virus in Infants–24 States, December 2024–April 2025. MMWR Morb. Mortal. Wkly. Rep. 
2025, 74, 580–588. 

26. Gaio, V.; Henriques, C.; Lança, M.; Marques, R.; Marques, R.; Rodrigues, M.; Almeida, S.; Sousa, B.; Freitas, M.; Amaral, D.; et 
al. VigiRSV Group. Nirsevimab Effectiveness Against RSV-Related Hospitalisations in Children Under 24 Months: A Test-
Negative Case-Control Study in Portugal, 2024–2025. Influenza Other Respir Viruses 2025, 19, e70186. 

27. Aricò, M.O.; Accomando, F.; Trotta, D.; Marozzi, G.; Mariani, A.; Rossini, C.; Cafagno, C.; Lorusso, L.; Fornaro, M.; Valletta, E.; 
et al. Uneven Implementation of Nirsevimab Prophylaxis Resulted in Non-Uniform Reductions in RSV-Related 
Hospitalizations in Italy. Infect. Dis Rep. 2025, 17, 115. 

28. Emilia-Romagna. Available online: https://salute.regione.emilia-romagna.it/notizie/regione/2025/ottobre/immunizzazione-dei-
neonati-contro-il-virus-respiratorio-sinciziale-la-regione-la-estende-anche-ai-nati-da-aprile-2025 (accessed on 11 February 
2026). 

29. Arbetter, D.; Gopalakrishnan, V.; Aksyuk, A.A.; Ahani, B.; Chang, Y.; Dagan, R.; Esser, M.T.; Hammitt, L.L.; Mankad, V.S.; Saez-
Llorens, X.; et al. Lower Respiratory Tract Infections Following Respiratory Syncytial Virus Monoclonal Antibody Nirsevimab 
Immunization Versus Placebo: Analysis From a Phase 3 Randomized Clinical Trial (MELODY). Clin. Infect. Dis. 2025, 81, 634–
644. 

30. Simões, E.A.F.; Madhi, S.A.; Muller, W.J.; Atanasova, V.; Bosheva, M.; Cabañas, F.; Baca Cots, M.; Domachowske, J.B.; Garcia-
Garcia, M.L.; Grantina, I.; et al. Efficacy of nirsevimab against respiratory syncytial virus lower respiratory tract infections in 



Vaccines 2026, 14, 182 14 of 14 
 

https://doi.org/10.3390/vaccines14020182 

preterm and term infants, and pharmacokinetic extrapolation to infants with congenital heart disease and chronic lung disease: 
A pooled analysis of randomised controlled trials. Lancet Child Adolesc Health 2023, 7, 180–189. 

31. Munro, A.P.S.; Martinón-Torres, F.; Drysdale, S.B.; Faust, S.N. The disease burden of respiratory syncytial virus in Infants. Curr 
Opin Infect. Dis. 2023, 36, 379–384. 

32. Kitano, T.; Tsuzuki, S.; Fukuda, H.; Yoshida, S. Long-term impact of nirsevimab on prevention of respiratory syncytial virus 
infection using a real-world global database. J. Infect. 2025, 91, 106652. 

33. Razzini, J.L.; Giné-Vázquez, I.; Jin, J.; Santiago-Pérez, M.I.; Pérez-Martínez, O.; Otero-Barrós, M.T.; Suárez-Gaiche, N.; Kramer, 
R.; Platero-Alonso, L.; Álvarez-Gil, R.M.; et al. Impact of universal nirsevimab prophylaxis in infants on hospital and primary 
care outcomes across two respiratory syncytial virus seasons in Galicia, Spain (NIRSE-GAL): A population-based prospective 
observational study. Lancet Infect. Dis. 2026, 12. https://doi.org/10.1016/S1473-3099(25)00742-X. 

34. Niekler, P.; Goettler, D.; Liese, J.; Streng, A. Risk factors for ICD-10-coded Respiratory Syncytial Virus-associated deaths in 
hospitalized patients in Germany before the COVID-19 pandemic (nationwide in-patient data, 2010–2019). Infection 2025, 54, 
515–519. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content. 


