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Impact of RSVpreF vaccination on reducing 
the burden of respiratory syncytial virus in 
infants and older adults
 

Zhanwei Du1,2,3,4,5,6,11, Abhishek Pandey4,11, Seyed M. Moghadas7,11, Yuan Bai1,3,4,11, 
Lin Wang    8, Laura Matrajt    9, Burton H. Singer10 & Alison P. Galvani    4 

Respiratory syncytial virus (RSV) causes a substantial health burden among 
infants and older adults. Prefusion F protein-based vaccines have shown 
high efficacy against RSV disease in clinical trials, offering promise for 
mitigating this burden through maternal and older adult immunization. 
Employing an individual-based model, we evaluated the impact of RSV 
vaccination on hospitalizations and deaths in 13 high-income countries, 
assuming that the vaccine does not prevent infection or transmission. Using 
country-specific vaccine uptake rates for seasonal influenza, we found that 
vaccination of older adults would prevent hospitalizations by a median of 
35–64% across the countries studied here. Vaccination of pregnant women 
could avert infant hospitalizations by 5–50%. Reductions in RSV-related 
mortality mirrored those estimated for hospitalizations. While substantial 
hospitalization costs could be averted, the impact of vaccination depends 
critically on uptake rates. Enhancing uptake and accessibility is crucial for 
maximizing the real-world impact of vaccination on reducing RSV burden 
among vulnerable populations.

Respiratory syncytial virus (RSV) remains a leading cause worldwide of 
acute lower respiratory tract illness (LRTI) among children under 5 years 
of age1,2, with the highest burden occurring within the first 6 months 
of life3. Up to 2% of young children in high-income countries are hos-
pitalized for the management of RSV-associated illnesses, including 
bronchiolitis, pneumonia, apnea and difficulty in feeding4,5. RSV can 
also cause serious illness in older adults, especially among those with 
comorbidities and risk factors6, often leading to severe outcomes and 
hospitalization. A meta-analysis of high-income countries reported a 
case-fatality rate of 7% in older adults admitted with RSV-associated 

LRTI7. The burden of RSV has been comparable to that of seasonal influ-
enza among older adults8, resulting in substantial short- and long-term 
healthcare costs and productivity losses9–12.

Despite continuous efforts to develop RSV vaccines since the 
1960s, no vaccine was sufficiently promising to enter phase 3 clinical tri-
als until recently. Historically, RSV prevention among infants has relied 
on palivizumab, an expensive, short-term monoclonal antibody admin-
istered in five monthly doses to high-risk infants each RSV season13.  
Leveraging advances in structure-based vaccinology, the most immu-
nogenic epitopes and conformations were identified to inform the 
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simulations to project the total number of hospitalizations and deaths 
in the absence of vaccination as the baseline scenario.

Without vaccination, the annual burden of RSV varied substan-
tially across the 13 countries studied, with hospitalizations ranging 
from a median of 27.9 (95% uncertainty range (UR): 27.0–28.7) per 
100,000 older adults in Israel to 214.0 (95% UR: 204.7–222.1) in the 
United States. Similarly, RSV-related mortality per 100,000 population 
of older adults varied from a median of 1.8 (95% UR: 1.7–1.8) in Israel to 
20.8 (95% UR: 19.9–21.7) in Canada.

Among the infant population, Ireland had the lowest estimated 
hospitalization rate, with a median of 520.7 (95% UR: 0–813.5) per 
100,000 infants, while the Netherlands exhibited the highest at 
3,373.0 (95% UR: 3,104.4–3,611.8). RSV-related mortality also varied 
substantially, ranging from a median of 0.14 (95% UR: 0.12–0.16) per 
100,000 infants in Australia to 3.6 (95% UR: 3.3–3.9) in Israel. Across 
the countries studied, estimated YLL exceeded 280.2 (95% UR: 268.8–
290.6) per 100,000 older adults and 311.5 (95% UR: 271.8–377.9) per 
100,000 infants.

Health outcomes with vaccination
We applied the calibrated model specific to each country and imple-
mented vaccination programs targeting older adults and pregnant 
women, mirroring the reported vaccine coverage of these popula-
tion groups for seasonal influenza preceding the COVID-19 pandemic 
(Supplementary Tables 7 and 8). Among older adults, averted hospi-
talizations attributed to RSV vaccination ranged from a median of 
15.0 (95% UR: 13.9–16.1) per 100,000 population in Israel to 135.0 (95% 
UR: 128.9– 142.4) in Canada (Table 1). The corresponding vaccina-
tion uptake rates were reported at 59.8% in Israel and 70.0% in Canada  
(Supplementary Table 8). The estimated numbers of RSV-related 
deaths averted by RSV vaccination varied, with the lowest at 1.0 
(95% UR: 0.9–1.0) and the highest at 11.2 (95% UR: 10.5–11.8) per 
100,000 population of older adults, in Israel and Canada, respectively. 
The reduction in deaths attributed to RSV vaccination varied from 
35.2% in Germany to 64.5% in the United Kingdom (Table 1). Based on 
averted deaths among older adults in each country, we estimated YLL 
prevented by RSV vaccination, which ranged from 21.5 (95% UR: 19.7–
23.2) per 100,000 population in Israel to 168.7 (95% UR: 158.6–177.9) 
in the United States (Table 1).

design of vaccines and long-acting monoclonal antibodies14. Notably, a 
protein-based vaccine (Abrysvo) is now available to immunize pregnant 
women between 32 and 36 weeks of gestational age to protect infants 
through the first 90 days of life after birth15. In addition, Prefusion 
F protein-based (RSVpreF) vaccines (Abrysvo and Arexvy) have become 
available for the prevention of RSV disease in older adults16,17. Alongside 
these vaccines, a long-acting monoclonal antibody (nirsevimab) is 
approved for infant immunization against RSV-related LRTI in several 
countries18,19. Although nirsevimab provides direct, nonactive protec-
tion for infants, the lower costs of RSVpreF vaccination20 may provide a 
more affordable strategy for reducing disease burden in older adults, 
pregnant women and infants.

With the availability of RSVpreF vaccines, quantification of health 
benefits is essential to inform vaccination strategies12,21. In this study, 
we developed an individual-based simulation model of RSV transmis-
sion dynamics with vaccination to estimate the number of RSV-related 
hospitalizations and deaths averted among infants and adults aged 
60 years or older in 13 high-income countries from different regions 
across the world, including the United States, Canada, United Kingdom,  
Germany, France, Italy, the Netherlands, Sweden, Spain, Ireland, 
Israel, Japan and Australia. We considered vaccine efficacy against 
severe outcomes (that is, preventing hospitalization), but assumed 
no vaccine-induced protection against infection or transmission. 
Incorporating country-specific demographics, age-dependent contact 
patterns and estimates of disease burden, we simulated the model 
with influenza-like vaccination uptake rates to provide a multinational 
perspective on the impact of RSVpreF vaccination programs in these 
countries. Using model estimates for each country, we further calcu-
lated the direct costs of RSV-related hospitalizations and the years of 
life lost (YLL) averted by vaccination.

Results
We estimated the effective reproduction number, Re (that is, the 
average number of secondary infections generated by an RSV case), 
using weekly positivity rates reported for the 2018–2019 RSV seasons 
across the countries studied here. Australia showed the lowest mean 
Re value at 1.29, while Germany exhibited the highest at 1.99 (Supple-
mentary Table 6). Calibrating the transmission dynamic model to 
country-specific Re values (Extended Data Fig. 1), we ran stochastic 

Table 1 | Projected hospitalizations, deaths, YLL and direct costs of hospitalizations averted per 100,000 older adults 
attributed to RSV vaccination, with country-specific influenza-like vaccination coverage among adults aged 60 years and 
above

Country Estimate (95% UR)

Hospitalization averted Death averted YLL averted Costs averted (×$US1,000) Percentage of death averted

United States 128.69 (121.15–135.69) 11.17 (10.52–11.78) 168.71 (158.63–177.88) 2,538 (2,385–2,676) 60.26 (57.54–62.61)

Germany 42.15 (39.91–44.57) 3.12 (2.95–3.33) 37.34 (35.16–39.36) 303 (285–320) 35.20 (33.55–37.11)

United Kingdom 98.31 (94.22–102.51) 7.24 (6.92–7.57) 91.64 (87.49–95.31) 81 (78–85) 64.49 (62.40–66.46)

France 56.39 (54.21–59.03) 3.72 (3.58–3.90) 57.48 (55.22–60.33) 202 (194–211) 46.68 (44.89–48.60)

Italy 55.18 (51.28–59.08) 4.18 (3.86–4.50) 54.54 (50.68–58.62) 349 (325–374) 47.62 (45.08–49.82)

Canada 135.03 (128.88–142.37) 13.03 (12.40–13.79) 161.91 (153.84–170.67) 1,584 (1,507–1678) 62.93 (60.65–65.23)

Australia 81.50 (74.69–87.65) 3.68 (3.37–3.97) 62.86 (57.77 – 67.85) 1,395 (1,279–1,501) 50.49 (47.67–53.32)

the Netherlands 48.00 (45.97–49.88) 3.43 (3.29–3.56) 49.26 (47.18–51.21) 164 (157–171) 48.68 (46.75–50.37)

Sweden 45.59 (43.02–48.32) 3.51 (3.30–3.72) 41.26 (38.85–43.84) 855 (807–906) 46.72 (44.49–49.12)

Ireland 66.86 (1.73–85.32) 4.71 (0.13–6.07) 67.02 (1.55–85.71) 263 (7–336) 60.53 (52.70–67.74)

Israel 15.01 (13.86–16.13) 0.96 (0.89–1.03) 21.48 (19.69–23.20) 45 (42 –49) 53.82 (50.12–57.15)

Spain 49.30 (44.17–54.86) 3.69 (3.26–4.11) 51.42 (46.33–57.18) 141 (127–157) 49.50 (46.10–53.22)

Japan 70.43 (66.67–74.38) 3.92 (3.71–4.14) 58.76 (55.81–62.14) 236 (223–249) 44.88 (43.10–46.77)

Baseline scenario is given in Supplementary Table 13.
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Among pregnant women, the highest vaccination uptake rates 
were observed in Australia (61%) and Ireland (61.7%) (Supplementary 
Table 7). Compared with the no-vaccine scenario, vaccination of preg-
nant women would avert a median of 1,060.9 (95% UR: 599.0–1,335.3) 
RSV-related hospitalizations per 100,000 infants in Australia, repre-
senting the most substantial reduction per capita among all countries 
studied here (Table 2). With a 47.4% vaccination coverage of pregnant 
women (Supplementary Table 7), Japan had the largest number of 
RSV-related mortalities averted, with a median of 1.3 (95% UR: 0.6–1.8) 
per 100,000 infants (Table 2). The reduction in deaths attributed to 
RSV vaccination varied from 4.8% in France to 49.7% in Ireland (Table 2).

Simulating vaccination scenarios, we calculated the relative reduc-
tion in hospitalizations for each country (Fig. 1). The reduction in 
hospitalization achieved by vaccination of older adults ranged from 
35.2% (95% UR: 33.5–37.1%) in Germany to 64.5% (95% UR: 62.4–66.5%) 
in the United Kingdom (Fig. 1a). In the case of vaccination of pregnant 
women, France showed the lowest reduction in RSV-related hospitaliza-
tions among infants, with a reduction of 4.8% (95% UR: 1.0–7.4%), while 
Ireland exhibited the highest reduction, of 49.7% (95% UR: 28.9–70.5%)  
(Fig. 1b), reflecting vaccination coverage of pregnant women  
(Supplementary Table 7).

Hospitalization costs averted by vaccination
Using country-specific costs of RSV-related hospitalization, we cal-
culated the direct costs averted by RSV vaccination (Methods). Costs 
averted by vaccination of older adults ranged from US$45,202 (95% UR: 
US$42,100–48,803) in Israel to US$2,540,408 (95% UR: US$2,375,525–
2,679,474) in the United States per 100,000 population of adults aged 
60 years or older (Fig. 2, red bars). Hospitalization costs averted per 
100,000 infants attributed to the vaccination of pregnant women were 
lowest in France, at US$498,163 (95% UR: US$117,922–940,689) and high-
est in Australia, at US$17,855,740 (95% UR: US$9,868,897–22,865,179) 
(Fig. 2, cyan bars).

Secondary analyses
To investigate the effect of vaccination coverage on reduction of RSV 
burden and associated hospitalization costs, we conducted additional 
scenario analyses by varying uptake rates in each country (Supplemen-
tary Tables 14–19). Setting the vaccination coverage to 73% for older 
adults and 62% for pregnant women in all countries (V1 scenario in 

Supplementary Table 13), the reduction in hospitalizations (compared 
with baseline) was similar across the countries studied, with overlap-
ping uncertainty ranges of 62–73% for older adults and 18–72% for 
infants (Extended Data Fig. 2). For the lowest coverages of 38% for older 
adults and 7% for pregnant women (V2 scenario in Supplementary 
Table 13), the reduction in hospitalizations was substantially lower but 
still consistent across countries, with overlapping uncertainty ranges 
of 28–41% for older adults and 0–19% for infants (Extended Data Fig. 3).

We further considered country-specific vaccination coverage of 
seasonal influenza (V3 scenario in Supplementary Table 13) reported 
during and after the COVID-19 pandemic (Supplementary Tables 7  
and 8). Simulating the model with the vaccination of older adults, 
we found trends in the reduction of hospitalizations similar to those 
derived in the baseline scenario with country-specific vaccina-
tion coverage before the COVID-19 pandemic. The median reduc-
tion in hospitalizations ranged from 39% in Germany to 70% in the  
United Kingdom (Extended Data Fig. 4). In regard to vaccination of 
pregnant women, median reduction in hospitalizations among infants 
varied from 10% in Germany to 44% in Spain (Extended Data Fig. 4).

Discussion
The availability of RSVpreF vaccines provides an important public 
health measure to mitigate the burden of RSV disease among infants and 
older adults. Our analysis indicates that vaccination can substantially 
reduce RSV-related hospitalizations and deaths, averting inpatient 
costs. However, this impact varies across countries and is influenced 
by both uptake rates and local epidemiological characteristics of RSV 
seasons. For example, Germany has one of the highest burdens of RSV 
among European countries, with an annual average of 127 hospitaliza-
tions per 100,000 adults aged 65 years or older22, incurring substantial 
direct and indirect healthcare costs23. Given the low influenza vaccina-
tion coverage of 38.8% among older adults in Germany, the estimated 
reduction in RSV-related hospitalizations remains under 40% in this 
population. Similarly, in countries such as France, Germany and Italy, 
where maternal immunization uptake rates are low, the estimated 
reductions in infant hospitalizations remain under 20% (Fig. 1).

Our secondary analyses show that the outcomes of RSV vaccina-
tion may vary across populations, even under the assumption of similar 
uptake rates and transmissibility; for example, the United States, Canada,  
Ireland and Japan have similar reproduction numbers, between  

Table 2 | Projected hospitalizations, deaths, YLL and direct costs of hospitalizations averted per 100,000 infants attributed 
to RSV vaccination, with country-specific influenza-like vaccination coverage among pregnant women

Country Estimate (95% UR)

Hospitalization averted Death averted YLL averted Costs averted 
(×$US1,000)

Percentage of death 
averted

United States 932.12 (476.13–1,230.60) 0.93 (0.48–1.23) 73.54 (37.57–97.09) 9,521 (4,863–12,569) 38.41 (20.65– 6.90)

Germany 283.88 (93.12–407.71) 0.26 (0.08–0.37) 20.44 (6.70–29.35) 1,310 (430–1,881) 8.93 (2.88–13.04)

United Kingdom 809.32 (412.97–1,066.44) 0.73 (0.37–0.96) 58.96 (30.09–77.70) 1,131 (577–1,490) 28.89 (14.73–36.18)

France 156.38 (31.21–241.55) 0.14 (0.03–0.22) 11.57 (2.31–17.87) 683 (136–1,056) 4.82 (0.96–7.39)

Italy 228.13 (56.28–394.03) 0.21 (0.05–0.35) 17.04 (4.20–29.42) 1,444 (356–2,494) 10.82 (3.16–18.07)

Canada 698.84 (368.01–999.84) 0.70 (0.37–1.00) 57.28 (30.17–81.96) 5,922 (3,118–8,472) 32.08 (17.87–43.04)

Australia 1,060.90 (599.02–1,335.29) 0.06 (0.04–0.08) 5.30 (2.99–6.67) 18,163 (10,255–22,860) 45.44 (25.91–52.54)

the Netherlands 587.33 (241.23–784.54) 0.53 (0.22–0.71) 43.24 (17.76–57.75) 2,009 (825–2,684) 17.81 (7.39–23.51)

Sweden 583.23 (243.60–774.10) 0.52 (0.22–0.70) 43.25 (18.07–57.41) 10,939 (4,569–14,518) 20.83 (8.91–26.79)

Ireland 248.86 (0–437.25) 0.22 (0–0.39) 18.33 (0–32.21) 980 (0–1,721) 49.72 (28.88–70.46)

Israel 655.78 (325.50–826.48) 0.79 (0.39–0.99) 65.02 (32.27–81.94) 1,981 (983–2,497) 21.95 (10.92–26.93)

Spain 357.60 (159.77–589.54) 0.32 (0.14–0.53) 26.78 (11.97–44.15) 964 (431–1,589) 30.51 (15.22–48.10)

Japan 966.42 (461.99–1,261.15) 1.35 (0.65–1.77) 114.58 (54.78–149.53) 3,232 (1,545–4,217) 35.55 (16.80–43.89)

Baseline scenario is given in Supplementary Table 13.

http://www.nature.com/naturemedicine


Nature Medicine | Volume 31 | February 2025 | 647–652 650

Article https://doi.org/10.1038/s41591-024-03431-7

1.4 and 1.5. When the vaccination coverage was set to 73% for older 
adults and 62% for pregnant women across these countries, the pro-
jected hospitalizations averted per 100,000 population of older adults 
varied from 72.5 (95% UR: 1.7–93.0) in Ireland to 140.8 (95% UR: 133.7–
148.7) in Canada, indicating the impact of demographic characteristics 
on vaccination outcomes. However, the relative reductions in outcomes 
were similar, despite the varying burden of RSV among these countries.

Our model, calibrated to country-specific reproduction numbers, 
produces hospitalization rates consistent with those published in the 
literature. For instance, one systematic analysis of global, regional and 
national disease burden reported an overall annual rate of 17.8 (95% UR: 
11.9–26.6) hospitalizations per 1,000 infants in high-income countries 
(using studies with quality scores >0.6)2. In the absence of vaccination, 
hospitalization rates estimated in our model per 1,000 infants range 
from 5.2 (95% UR: 0–8.1) in Ireland to 33.7 (95% UR: 31.0–36.1) in the 
Netherlands. Similarly, the model generates hospitalization rates per 
100,000 older adults ranging from 97.7 (95% UR: 94.5–100.6) in Sweden 
to 214.0 (95% UR: 204.7–222.1) in the United States, largely consistent 
with the unadjusted annual hospitalization rate of 157 (95% CI: 98–252) 
in industrialized countries7.

In alignment with previous studies24–27, our analysis demonstrates 
the potential for substantial health benefits from RSVpreF vaccines, 
assuming high vaccination uptake rates. However, uptake rates will 
depend on various factors such as vaccine acceptability, out-of-pocket 
costs for receiving RSV vaccines, the inclusion of eligible population 
groups in publicly funded programs and specific recommendations 
for program implementation in different countries, which are influ-
enced by cost-effectiveness evaluations of these vaccines12,21,28–30. 
Recommendations are likely to consider other RSV interventions, 
such as nirsevimab, which offers an alternative to maternal vaccina-
tion by providing passive immunity to infants. For instance, a recent 
cost-effectiveness analysis of RSV preventive measures in Canada 
found that a combined strategy of vaccinating pregnant women with 
RSVpreF vaccines and immunizing high-risk infants with nirsevimab 
during the RSV season was cost effective, while being comparable to an 
all-infant, nirsevimab-only program in reducing infant hospitalizations 
and mortality21. However, despite regulatory approvals for the use of 
nirsevimab in several countries studied here, program implementation 
for infant immunization remains challenging due to limited supply and 
high costs, even in high-income countries31–36. Recommendations may 
also vary across countries, influencing the uptake and prioritization of 
RSVpreF vaccines and nirsevimab. For example, in the United States, 
infants whose mothers have been immunized with RSVpreF vaccines 

may not receive nirsevimab (depending on risk factors and gestational 
age)37, making nirsevimab uptake uncertain and dependent on RSVpreF 
vaccine uptake in pregnant women. Given these uncertainties and vary-
ing recommendations, and considering additional factors including 
costs, our analysis did not include nirsevimab for infant immunization.

Our study has several limitations. First, we implemented uptake 
rates at the beginning of model simulations, corresponding to the 
start of the RSV season in each country. However, vaccination prob-
ably occurs throughout the season, and effective uptake rates at the 
onset of the RSV season may differ from those used in our analysis. 
In addition, we also used reported vaccine efficacy estimates from 
clinical trials. However, the real-world effectiveness of these vaccines 
remains unknown and would be influenced by the characteristics 
of eligible population, comorbidities and other RSV-associated risk 
factors. Second, we focused only on the direct benefits of vaccination 
against severe disease outcomes (hospitalization and death), and on 
the reduction of costs associated with RSV-related hospitalizations. 
Additional benefits of vaccination, such as reduced rates of medically 
attended symptomatic RSV for outpatient care, were not considered 
in this study12,21,28,38,39. Furthermore, while current evidence is limited, 
vaccination may reduce transmission and circulation of the virus due 
to potential herd immunity effects. Without accounting for these 
factors, our results regarding the health benefits of vaccination are 
probably conservative. However, in the absence of data on the indirect 
effects of vaccination against infection or transmission, our model 
assumptions relied on existing evidence that RSV infection does not 
confer durable immunity and that reinfection is common40. Third,  
we evaluated RSVpreF vaccination over a 1-year time horizon con-
sisting of a single RSV season. However, these vaccines have shown  
protective efficacy against severe RSV LRTI over two seasons41–43,  
which could affect uptake rates. Fourth, our estimates of reproduc-
tion numbers rely on reported RSV positivity rates in the countries  
studied. However, various factors can influence such rates, includ-
ing risks and care-seeking behavior, testing practices and seasonal  
forcing. Fifth, our analysis uses hospitalization costs from published 
estimates, which may be influenced by the population study as well 
as the utilization of critical care resources by inpatients. Sixth, we 
did not account for the costs of vaccination programs in our analysis, 
and thus net direct healthcare cost savings would differ from those 
estimated here. Costs of vaccination programs would include vaccine 
transportation, storage, administration, promotion and outreach, 
wastage and the price per dose of vaccines, which varies by country 
due to manufacturers’ negotiations. Finally, the cost effectiveness of 
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Fig. 1 | Estimated reduction in RSV-related hospitalizations among older adults and infants attributable to RSV vaccination. a,b, Estimated reduction in older 
adults (a) and infants (b). Error bars represent median values and 95% UR of 500 stochastic simulations with vaccination of older adults (a) and pregnant women (b).

http://www.nature.com/naturemedicine


Nature Medicine | Volume 31 | February 2025 | 647–652 651

Article https://doi.org/10.1038/s41591-024-03431-7

RSVpreF vaccines and the impact of nirsevimab alongside vaccination 
were not evaluated in our analysis. Such evaluations would require an 
extension of the model structure to include country-specific inputs, 
such as the outpatient burden of RSV and associated costs, recom-
mendations for use of these interventions (for example, risk factors 
and gestational age of infants) and estimates of productivity losses 
due to RSV-related illness12,21,26,28,44.

Given the recent introduction of RSV vaccines in 2023, there is 
limited real-world experience with vaccine program implementa-
tion. Although we used country-specific influenza vaccination cover-
age in our baseline analysis, recent estimates indicate a substantially 
lower uptake of RSVpreF vaccines during the 2023–2024 season45–48. 
Addressing vaccine hesitancy, awareness and accessibility should 
improve uptake rates, thereby enhancing the impact of RSV vaccina-
tion campaigns.

Within a few years, the landscape for the prevention of 
RSV-associated illness has significantly changed, and practical strate-
gies to protect infants and older adults have become available. Our 
analysis underscores the importance of these advancements, demon-
strating that the use of RSVpreF vaccines could substantially reduce 
the burden of RSV disease. As new data and evidence on the real-world 
effectiveness of these vaccines accumulate, additional studies can 
inform optimal vaccination scenarios in different populations.
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Methods
Ethics
Our study utilized publicly available data sources and published  
estimates and thus required no ethics approval.

Model structure
We developed an individual-based model of RSV transmission dynam-
ics, linking disease spread at the population level with temporal 
changes in viral load at the individual level. We parameterized the 
model with demographics of each country (Supplementary Tables 1–3) 
and calibrated it to the country-specific effective reproduction number 
estimated using epidemiological data from the 2018–2019 RSV season. 
We considered vaccination coverage of older adults and pregnant 
women similar to those reported for seasonal influenza in each country, 
and simulated additional scenarios with varying vaccination coverage 
to estimate the impact of RSV vaccines on reducing disease burden in 
terms of hospitalizations and deaths averted.

Individual-based network
The model simulates the spread of disease through an individual-based 
network. We considered the demographics and household structure of 
each country, scaled down to 10,000 individuals in the model. Follow-
ing previous work49,50, we constructed realistic, synthetic contact net-
works of individuals (Extended Data Fig. 5) employing the open-source, 
data-driven model of SynthPops, using households, workplaces, 
schools and other public settings and satisfying population demo-
graphics (that is, age distribution and household size (Extended Data 
Fig. 6)) informed by census and survey data for the countries studied 
(Supplementary Table 2). Briefly, SynthPops leverages census data and 
survey information to define characteristics including age, household 
size, school enrollment and employment rates. Age-specific contact 
matrices are utilized to model individuals and their expected inter-
actions with others within a multilayered network structure. Within 
each social layer, individuals are assigned daily contact numbers with 
others across age groups, drawn from a Poisson distribution whose 
mean is determined by age-specific contact matrices. For instance, the 
SynthPops algorithm assigns household size according to a prespeci-
fied distribution, and then selects an age for the reference individual 
in each household based on household size and age distribution. Other 
household members and their ages are determined from demographic 
distributions based on age-specific contact matrices relative to the age 
of the reference individual within the household49,50. We validated our 
model in reproducing the demographics of the countries studied here 
by comparison of the simulated contact patterns with census and sur-
vey data in population settings of households, schools and workplaces 
(Extended Data Fig. 5). The similarity of contact matrices was evaluated 
using the Frobenius norm, averaging >500 independent realizations 
(Supplementary Table 3). We also compared simulated and data-driven 
distribution of household sizes for each country (Extended Data Fig. 6).

Epidemiological states
Individuals in the model were classified as either infants under 1 year 
of age, pregnant women (who are eligible for RSV maternal immuniza-
tion), adults aged 60 years or older (who are eligible to receive the RSV 
vaccine) or other individuals (Extended Data Fig. 7). We considered 
age-specific rates of developing symptomatic RSV disease following 
infection (Supplementary Table 4). Conservatively, we assumed that 
RSV vaccination did not affect susceptibility to infection, but reduced 
the risk of severe disease and hospitalization21,39,43,51,52. Assuming that 
maternal protection conferred by vaccination of pregnant women did 
not affect rates of RSV infection, we classified infected infants as either 
asymptomatic or symptomatic and who may be hospitalized based 
on estimated rates for each country (Supplementary Table 5), while 
accounting for the efficacy of maternal protection against RSV LRTI. 
Infection among other individuals in the model was also classified as 

either asymptomatic or symptomatic with the associated hospitaliza-
tion rates (Supplementary Tables 4 and 5).

Transmission dynamics
We simulated the model by introducing an infected individual in the 
state of symptomatic infection, linking the transmission dynamics 
between individuals to temporal changes in viral load in infected  
individuals. The logarithm of viral load has been shown to correlate 
with the transmissibility of RSV53,54. Specifically, the transmission  
rate, denoted by βj, varies over time for individual j who is infected at 
time T. At any time t, βj can be estimated by

βj(t) = ϕ log(V j(t − T )),

where ϕ is the adjusting factor for baseline transmission rate, estimated 
from the effective reproduction number, and Vj(t − T) is viral load 
(Extended Data Fig. 8) during primary or subsequent infections of 
individual j at time t ≥ T (ref. 54). We considered this functional form 
to account for temporal changes in RSV transmission due to differences 
in viral load during symptomatic and asymptomatic states of infec-
tion54. Susceptible individuals become infected (and move to the 
asymptomatic or symptomatic state) at rate λ, given by

λ = ∑
j
βj(t)/N,

where N is the total number of individuals and βj(t) is the transmission 
rate of the jth infectious individual at time t. We assumed that  
βj(t) is the product of a population-wide scaling factor ϕ matched  
to the effective reproduction number and viral load of the infected 
individual at time t when the contact occurs. Conservatively, we 
assumed no reduction of transmission for individuals who were 
infected despite vaccination. Hospitalized cases were assumed to be 
isolated and did not contribute to infection transmission.

Initializing the model, we assumed that the infant population  
(Sinfant) is immunologically naive to RSV infection, while other indivi
duals are susceptible (S) but have previously experienced RSV infection. 
The risk of infection and disease may differ among Individuals due to 
their social activities and age-specific contact patterns in different 
settings (Extended Data Fig. 5). The susceptibility of individuals older 
than 1 year of age was assumed to be 0.89 (95% credible interval (CrI): 
0.85–0.93) for a secondary infection compared with a primary infec-
tion in immunologically naive infants, 0.81 (95% CrI: 0.74–0.85) for a 
tertiary infection compared to a secondary infection and 0.33 (95% 
CrI: 0.31–0.37) for a subsequent infection compared with tertiary 
infection26,55. The susceptibility level was sampled for each individual 
independently from the corresponding beta-distributions (Supple-
mentary Table 4)26,55. We assumed that, except for factors that affect 
the risk of infection (that is, susceptibility of individuals or viral load of 
the infected individuals at the time of contact), transmission dynam-
ics are independent of the social setting within which contacts occur.

Effective reproduction number
For each country, we collected weekly positivity rates of RSV for the 
2018–2019 season and detected season periods using the moving 
epidemic method (Extended Data Fig. 1)56. We then estimated expo-
nential growth rate, Λw, between the second week following the start 
of the season with weekly increments up the week before the peak of 
the RSV season. For each additional week from the onset of the RSV 
season, the effective reproduction number (Re) was calculated  
by Re = 1 + (7√Λw + 1 − 1)D  (ref. 57), where D is the average infectious 
period, set to 7.72 days58. For calculation of Re in a single simulation, we 
derived the average number of secondary cases produced by one initial 
infection introduced at the start of the simulation59. We computed 
mean Re over 500 independent stochastic outbreak simulations 
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(Supplementary Table 6). Model performance in simulating RSV preva-
lence was consistent with the observed trends in RSV positivity rates 
in each country (Extended Data Fig. 1).

Vaccination scenarios
In the main analysis, vaccination uptake rates for pregnant women and 
older adults against RSV were set to those reported for 2018–2019 sea-
sonal influenza in the countries studied here (Supplementary Tables 7 
and 8). We performed additional analyses by varying vaccination cover-
age among these population groups with estimates available for influ-
enza vaccination coverage during and after the COVID-19 pandemic 
(Supplementary Table 8). We considered two scenarios: vaccination 
of pregnant women (S1) and older adults (S2). These scenarios were 
compared with the baseline scenario in the absence of vaccination, 
reflecting the 2018–2019 RSV season. Because vaccination was assumed 
(conservatively) to provide no protection against RSV infection, vac-
cination of both older adults and pregnant women results in cumulative 
outcomes as estimated in scenarios S1 and S2.

Vaccine efficacy
The efficacy of Abrysvo against severe LRTI was used to para
meterize the model for protection of vaccinated individuals against 
hospitalization39,43,51,52. We assumed no vaccine-induced protection 
against infection or transmission, and thus transmission dynamics were 
not affected by vaccination. For infants whose mothers were vaccinated 
during the last trimester before birth, the risk of hospitalization was 
reduced by an average of 67.7% for the first 90 days of life compared 
with infants lacking maternal immunization21,39. This protection effi-
cacy further decreased to an average of 33.9% starting at month 4 
after birth and continuing to 10 months of age21. For older adults and 
pregnant women who were vaccinated with Abrysvo, the protection 
efficacy against severe LRTI (hospitalization) is estimated at an average 
of 88.9% throughout the first RSV season postvaccination43,51. Using 
these mean values of vaccine efficacy and the corresponding 95% 
confidence intervals, we derived beta-distributions by minimizing 
mean squared errors. Vaccine efficacy was then sampled individually 
for infants, older adults and pregnant women from the associated 
distributions (Supplementary Table 9).

Estimating outcomes
To estimate the health benefits of RSV vaccination, we conducted 
pairwise experiments in which stochastic simulations were repeatedly 
run for baseline and vaccination scenarios for a 1-year time horizon 
from the start of the season in each country. For each pair of simula-
tions, we recorded the difference in total hospitalizations and deaths 
between baseline and vaccination scenarios and estimated the impact 
of vaccination in reducing these outcomes and averting YLL, based on 
the remaining life expectancy at the age of death due to RSV infection 
(Supplementary Table 10).

For a given vaccination scenario (τ, corresponding to S1 or S2), the 
total numbers of hospitalizations (Hτ,α) and deaths (Dτ,α) at age a were 
calculated in each simulation using

Hτ,α = painfect,hospIτ,a

Dτ,α = pahosp,deathHτ,a,

where painfect,hosp is the proportion of total infected individuals (Ia) of  
age a who were hospitalized, and pahosp,death is the proportion of hospi
talized individuals of age a who died (Supplementary Table 11).

Estimating direct cost of hospitalization averted
We estimated the costs of RSV-related hospitalizations averted in  
vaccination scenario τ  using

Cτ = ∑
a
cH,α (Hτ,α − H0,α) ,

where cH,α  is the average cost of hospitalization per patient in age  
group a (Supplementary Table 12), and H0,α  represents the total  
number of hospitalized cases of age a in the baseline scenario  
without vaccination. All costs were converted and inflated to 2023  
US dollars.

Statistical analyses
We used the outcomes of 500 stochastic simulations to estimate 
median and 95% UR for reductions in RSV-related hospitalizations, 
deaths, YLL and direct healthcare costs attributed to vaccination in 
each country. All analyses were conducted using MATLAB 2023a.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
All data used in this study were derived from publicly available sources.

Code availability
All codes used in this study can be accessed through GitHub (https://
github.com/ZhanweiDU/RSV_Github).
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Extended Data Fig. 1 | Performance of the model with estimated reproduction 
numbers compared with observed weekly positivity rates of RSV in countries 
studied. For each country, weekly RSV positivity rates were collected for the 
2018–2019 season56, with the estimates of the effective reproduction number 

(Supplementary Table 6). We normalized both the positivity rates (blue curves) 
and the median (and 95% CrI) estimates of average weekly prevalence (red curves 
and shaded areas) based on 500 independent stochastic simulations in the 
model.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-024-03431-7

Extended Data Fig. 2 | Estimated reduction of RSV-related hospitalizations among older adults (A) and infants (B) attributable to RSV vaccination in Scenario V1. 
Error bars represent median values and 95% uncertainty ranges of the 500 stochastic simulations with vaccination of older adults (A, red) and pregnant women  
(B, cyan).
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Extended Data Fig. 3 | Estimated reduction of RSV-related hospitalizations among older adults (A) and infants (B) attributable to RSV vaccination in Scenario V2. 
Error bars represent median values and 95% uncertainty ranges of the 500 stochastic simulations with vaccination of older adults (A, red) and pregnant women  
(B, cyan).
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Extended Data Fig. 4 | Estimated reduction of RSV-related hospitalizations among older adults (A) and infants (B) attributable to RSV vaccination in Scenario V3. 
Error bars represent median values and 95% uncertainty ranges of the 500 stochastic simulations with vaccination of older adults (A, red) and pregnant women  
(B, cyan).
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Extended Data Fig. 5 | Age-specific contact patterns. Contact patterns 
generated for 5-year age groups across settings of households, schools, 
and workplaces using (A) survey 60, (B) the median values of 500 simulated 
demographics from the model, and (C) the difference between (A) and (B).  

The color in each cell denotes the proportion of daily contacts for individuals in 
an age group (horizontal) with another age group (vertical). Similarity of contact 
matrices was evaluated using the Frobenius norm, reported in Supplementary 
Table 3.
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Extended Data Fig. 6 | Household size distribution. We compared the distribution of household sizes from census data (Supplementary Table 2, red bar) with those 
of simulated demographics for each country. Each individual in the household is completely interconnected with one another. The median value of 500 simulated 
demographics from the model are shown with blue bars.
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Extended Data Fig. 7 | Model description. Schematic diagram of the model for transmission dynamics of RSV and vaccination.
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Extended Data Fig. 8 | Viral load dynamics. Viral load (log[PRU/mL]) during the primary and subsequent RSV infections54.
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