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Abstract 

Background Recently, several novel RSV immunisation products that protect infants and older adults against RSV 
disease have been licensed in Europe. We estimated the effectiveness and efficiency of introducing these RSV immu‑
nisation strategies in Germany.

Methods We used a Bayesian framework to fit a deterministic age‑structured dynamic transmission model of RSV 
to sentinel surveillance and RSV‑specific hospitalisation data in Germany from 2015 to 2019. The calibrated model 
was used to evaluate different RSV intervention strategies over 5 years: long‑acting, single‑dose monoclonal antibod‑
ies (mAbs) in high‑risk infants aged 1–5 months; long‑acting mAbs in all infants aged 1–5 months; seasonal vaccina‑
tion of pregnant women and one‑time seasonal vaccination of older adults (75 + /65 + /55 + years). We performed 
sensitivity analysis on vaccine uptake, seasonal vs. year‑round maternal vaccination, and the effect of under‑ascertain‑
ment for older adults.

Results The model was able to match the various RSV datasets. Replacing the current short‑acting mAB for high‑risk 
infants with long‑acting mAbs prevented 1.1% of RSV‑specific hospitalisations in infants per year at the same uptake. 
Expanding the long‑acting mAB programme to all infants prevented 39.3% of infant hospitalisations per year. Mater‑
nal vaccination required a larger number to be immunised to prevent one additional hospitalisation than a long‑
acting mAB for the same uptake. Vaccination of adults older than 75 years at an uptake of 40% in addition to Nirse‑
vimab in all infants prevented an additional 4.5% of all RSV hospitalisations over 5 years, with substantial uncertainty 
in the correction for under‑ascertainment of the RSV burden.

Conclusions Immunisation has the potential to reduce the RSV disease burden in Germany.
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Background
Respiratory syncytial virus (RSV) infection is a major 
health problem globally and can cause severe disease in 
infants and older adults. Annually, an estimated 3.6 mil-
lion children globally are admitted to hospital for RSV-
associated lower respiratory tract infection and over 
100,000 die [1]. In high-income countries, almost half a 
million adults aged 60 years or older are estimated to be 
hospitalised each year due to RSV [2]. In Germany, the 
annual hospitalisation rate in < 2-year-olds is at least 28.6 
per 1000 population [3] (almost 46,000 infants per year). 
For older adults, the estimated hospitalisations are ~ 5400 
per year in 65–74-year-old and ~ 14,000 in 75 years and 
older [4], although these numbers may underestimate the 
true disease burden due to underdiagnosing of RSV in 
older adults.

For infants, the current strategy for RSV prevention 
relies on the monoclonal antibody Palivizumab, which 
is administered as a series of up to five injections in 
1-month intervals during RSV seasons. In Germany, Pal-
ivizumab has been indicated since 2002 for use in young 
infants with high risk of severe disease (born before 
gestational week 35, and younger than 6  months at the 
beginning of the season, and infants up to 2 years born 
with bronchopulmonary dysplasia (BPD) or congenial 
heart disease (CHD)) [5]. Until recently, no other product 
was available to protect infants or adults from RSV.

In 2023, a novel long-lasting monoclonal antibody, 
Nirsevimab (Beyfortus®), as well as a maternal vaccine, 
Abrysvo®, have been licensed in the EU for the preven-
tion of RSV. Nirsevimab is given as a single dose in early 
infancy and has been shown to prevent about 70–80% 
of RSV-associated hospital admissions in healthy young 
children, including those born prematurely, for the first 
150  days after immunisation [6–8]. Abrysvo® is admin-
istered during pregnancy and was found to have a 70% 
efficacy in preventing severe medically attended RSV-
associated lower respiratory tract diseases in term born 
infants in the first 180  days of life [9]. Abrysvo® is also 
licensed to immunise older adults, together with another 
vaccine, Arexvy®. Both showed vaccine efficacy (VE) of at 
least 66% against lower respiratory tract infection (LRTI) 
[10, 11] and a continued effect into the second season 
after administration [12, 13].

In this study, we used mathematical modelling to syn-
thesise evidence on the RSV-associated burden of dis-
ease in Germany. This modelling framework was then 
employed to estimate the potential impact of different 
RSV immunisation strategies, which use these newly 
available products to prevent RSV disease in young chil-
dren and older adults.

Methods
RSV burden estimates
Sentinel surveillance data from primary care providers
We used data from the ‘Arbeitsgemeinschaft Influenza’ 
(AGI), which is a sentinel network for acute respiratory 
infections (ARI) in a primary care setting. This sentinel 
network of around 700 paediatricians and general prac-
titioners covers about 1% of the population of Germany. 
Participating physicians report the number of cases with 
ARI. A proportion of these cases are swabbed (nasal or 
nasopharyngeal) and tested through PCR for various 
respiratory viruses including RSV. For this study, we 
used only the weekly number of laboratory-confirmed 
RSV cases, which were originally stratified by broad age 
groups (< 1 year, 1–2 years, 2–4 years, 5–14 years, 15-–
34  years, 35–49  years, 50–59  years, 60 + years). Due to 
the small numbers in the individual age groups, we fit 
the model to the total of the weekly cases as well as to 
the proportional distribution of the different age groups 
(over all time points).

Hospitalisation data
We also used RSV-specific hospitalisation data from the 
largest health insurance company in Germany, the ‘Tech-
niker Krankenkasse’ (TK). The data comprise all insur-
ance claims submitted to TK between 2015 and 2019 
in an inpatient setting and with an RSV-specific ICD10 
code as the main or secondary diagnosis. The selected 
RSV-specific ICD-10 codes were J12.1, 20.5, J21.0, and 
B97.4. The data were stratified by 25 age groups to match 
the age structure in the model (see model structure). The 
hospitalisation case data were extrapolated to the total 
population of Germany adjusting for the different cover-
ages by TK in the different age groups. For the fitting, the 
final dataset was aggregated twofold. First, we summed 
the hospitalisations over all age groups and fitted it by 
quarter and year, and second, we summed the hospitali-
sations over time and fitted the proportional distribution 
of the age group.

Intensive care unit (ICU) and in‑hospital mortality data
To quantify ICU stays and in-hospital mortality, we 
sourced routinely collected hospitalisation data from the 
‘Institut fuer das Entgeltsystem im Krankenhaus’ (InEK). 
We used primary diagnosis codes of yearly RSV-specific 
admissions to all hospitals in Germany in 2019–2023 to 
estimate age-specific hospitalisation-ICU and hospitali-
sation-mortality ratios. These are used as scaling factors 
for a more refined quantification of disease burden from 
our dynamic transmission model (for details see Addi-
tional file 1).
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Seroconversion data
For a better calibration of the model in the infant age 
groups, we additionally used seroconversion data from a 
cross-sectional seroprevalence study in the Netherlands 
(named ‘Pienter’) [14]. These data were aggregated in 
monthly age groups for months 0–11, and the proportion 
of not-yet-seroconverted individuals was calculated.

Under‑ascertainment of RSV hospitalisations in older adults
RSV is strongly underdiagnosed in older adults [15]. We 
therefore assumed that the RSV-specific hospitalisations 
only represent a small fraction of the true burden. To 
account for under-ascertainment, we multiplied the RSV-
specific hospitalisations in older adults simulated in the 
vaccination strategies with a scaling factor to estimate the 
true burden (for details see Additional file 1). The scaling 
factor was estimated as the ratio of age-specific published 
RSV-related hospitalisations and our age-specific model-
derived hospitalisations.

Model structure
We defined a deterministic compartmental ordinary dif-
ferential equations (ODE) model stratified by age, num-
ber of past RSV infections (referred to as levels), and 
immunisation status (Fig.  1). For the full list of equa-
tions, see Additional file  1: Tables S2–S8. The 25 age 
groups include monthly age groups for up to 1  year, 
yearly age groups for up to 5 years, 5-year intervals for up 
to 15  years, and 10-year intervals for 15 + year-old. The 
epidemiological states in the model represent maternal 
immunity after birth (M), susceptibility (S), latent infec-
tion (E), symptomatic infectiousness (I), asymptomatic 
infectiousness (A), and temporary but full immunity (R). 
To allow for realistic durations of immunity, we split the 
maternal and immune/recovered compartments (M1, 
M2, R1, R2) and divided the corresponding rates by 2 
to allow for an Erlang distributed duration of immunity. 
Susceptible individuals become infected (S—> E) and 
symptomatically (E—> I) or asymptomatically (E—> A) 
infectious, and recover with temporary but full immunity 
(I or A—> R1—> R2). After waning of immunity, they can 
become susceptible again (R2—> S). Infants are born with 
maternal protection from infection (M1) if the mother 
was immune during the third trimester; otherwise, 
infants are born unprotected (S). Maternal immunity 
(M1, M2) is considered full protection against infection 
during a short time period. The model also comprises 
6 mutually exclusive immunisation status arms: non-
immunised/unvaccinated individuals (1), infants immu-
nised with mAbs (passive immunisation) (2), vaccinated 
individuals (active immunisation) (3), infants immunised 
through maternal vaccination (passive immunisation) (4), 

unvaccinated pregnant women in the third trimester (5), 
vaccinated pregnant women in the third trimester (active 
immunisation) (6). The immunisation status arms also 
have a W compartment to allow for waning of immunity 
after vaccination or mAbs. Individuals move between 
age groups, states, levels, and arms at rates specified in 
Additional file  1: Tables S9–S12 [2, 4, 7, 9–11, 16–30]. 
The levels refer to the number of RSV infection in an 
individual. Levels 0 and 1 both refer to the first infection 
in high-risk (0) and low-risk (1) infants. Level 2 refers to 
the second infection, level 3 to the third, and level 4 to 
the fourth and to subsequent infections over the lifetime 
of an individual. For a detailed description of the struc-
ture, see Additional file 1. All analyses were performed in 
the programming languages Julia version 1.7.3 and R ver-
sion 4.4.0. All code is available in a public GitHub reposi-
tory (https:// github. com/ fkrau er/ RSV- VACC- DE). The 
GitHub repository also contains files specifying the ver-
sion numbers of the used R (renv) and Julia (.toml files) 
libraries.

Model assumptions

– Individuals have 4 levels (1–4) of infection with 
decreasing susceptibility (i.e. increasing immune 
memory) after each re-infection. The number of lev-
els of infection was chosen to match prior RSV mod-
els [31, 32]. Further reinfections are possible in the 
model but do not lead to additional immunity.

– A proportion of all infants are considered high risk 
(≤ 35 weeks gestational age, BPD, CHD) and are born 
into an extra level 0 (high risk, first infection), the 
rest are born into level 1 (low risk, first infection). 
The distinction of high and low-risk infants in the 
model exists only for the first infection.

– High-risk infants have maternal immunity when 
born to mothers who were recently infected, but the 
duration of maternal protection is reduced by 50% 
compared to low-risk infants [20].

– High-risk infants also have a 3 times higher risk of 
hospitalisation in the first year of life than low-risk 
infants [19, 22, 33, 34] and do not experience asymp-
tomatic infection. After the first infection, high-risk 
infants progress to the regular, second level of rein-
fection.

– The immunisation products do not prevent infection 
but reduce the risk of symptomatic disease and hos-
pitalisation with efficacy estimates based on clinical 
trials.

– After the protection from an immunisation product 
wanes, individuals move back to the unvaccinated 
arms to either the same level of infection (for passive 
immunisation, i.e. no gain of immunity) or the next 

https://github.com/fkrauer/RSV-VACC-DE
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level of infection (for active immunisation, i.e. gain of 
immunity).

– Passive immunisation through maternal vaccina-
tion is assumed to initially lead to full protection 
against infection with the same duration as immu-

nity from maternal infection, followed by a period 
of reduced probability of hospitalisation. In pre-
term infants, maternal immunisation is assumed to 
have no additional effect besides the 50% reduced 
immunity of high-risk infants.

Fig. 1 Model structure of RSV transmission and disease progression and mechanisms of immunisation
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Model fitting
The fitted model represents RSV epidemiology in Ger-
many during the RSV seasons 2015–2019, when Pal-
ivizumab was given seasonally to high-risk infants in 
months 1–5 of their life and with up to 5 monthly doses. 
For computational reasons, we assumed exponential 
waning of the protective effect of Palivizumab in the 
short interval between doses. The model was fitted to five 
datasets:

– Weekly incident outpatient cases, unstratified (‘AGI’)
– Proportional distribution of the age groups among 

the incident outpatient cases (‘AGI’)
– Quarterly hospitalisations, unstratified (‘TK’)
– Proportional distribution of the age groups among 

the hospitalisations (‘TK’)
– Proportion of not-yet-seroconverted (‘Pienter’)

The weekly and quarterly time series data were fitted 
assuming a negative-binomial likelihood, the age distri-
butions were fitted assuming a multinomial likelihood, 
and the seroconversion data was fitted assuming a bino-
mial likelihood. The total likelihood was calculated as the 
product of the individual likelihoods (see Additional file 1 
for more details). The model was fitted using a No-U-
Turn Sampler (NUTS) implemented in the Julia package 
AdvancedHMC [35] with 4 chains with a burn-in of 500 
samples and 1000 accepted samples per chain. The final 
number of posterior samples was thus 4000. Simulated 
model outputs (such as numbers of hospitalisations) are 
summarised by median and 2.5th and 97.5th percentile 
of the prediction interval (PI) (for details see Additional 
file 1). The marginal posterior estimates are summarised 
as median and 95% credible intervals (CrI). The prior dis-
tributions of the fitted parameters are given in Additional 
file 1: Tables S10 and S11.

Immunisation strategies
In consultation with the working group of RSV at the 
German National Immunization Technical Advisory 
Group (‘STIKO’), we modelled different RSV immu-
nisation strategies (see Table  1). We considered two 
monoclonal antibodies (Palivizumab and Nirsevimab) 
for infants as well as a maternal and an elderly protein-
based vaccine. We used the published estimates for VE 
and duration of protection for all immunisation prod-
ucts from clinical trials and adjusted them for use in 
our model (see Additional file 1: Table S12). The adjust-
ment ensured that the average VE observed in the 
trial time period matched the average VE in the model 
resulting from an Erlang-2 distributed waning of pro-
tection. All strategies were modelled over a time hori-
zon of 5 years. It was not possible to model a sequential 
roll-out of vaccination; instead, we assumed that all eli-
gible individuals could be immunised at the beginning 
of the season or as soon as they age into the eligible age 
group during the immunisation period.

Infant RSV immunisation: monoclonal antibodies 
and maternal vaccination
Infants are immunised seasonally from November 
to March with mAbs (both short and long-acting) in 
months 1–5 of their life (but not in the first 30 days of 
life) to reflect the current situation with Palivizumab 
where the median age at first injection is at 3.2 months 
(25th percentile 1.8  months, 75th percentile 5.5) [36]. 
The maternal vaccine is modelled to be given season-
ally from November to March to a proportion of preg-
nant people in the third trimester (25- to 45-year-old 
women). The infant strategies were compared to the 
current base strategy (0).

Table 1 Overview of strategies of potential RSV immunisation strategies investigated for Germany

a Similar to rotavirus/MenC vaccination in children in Germany
b Similar to pertussis vaccination in pregnant women or Influenza vaccination in older adults in Germany

Strategy vs. 
comparator

Immunisation strategy RSV intervention and eligible population Assumed uptake

0 (current) Short‑acting mAbs in high‑risk infants Palivizumab; high‑risk infants aged 1–5 months; seasonal 90%

1 vs. 0 Long‑acting mAbs in high‑risk infants Nirsevimab, high‑risk infants aged 1–5 months; seasonal 90%

2 vs. 0 Long‑acting mAbs in all infants Nirsevimab, infants aged 1–5  monthsb; seasonal 70%a

3 vs. 0 Maternal vaccination and Palivizumab in high‑risk infants Vaccine, pregnant women aged 25–45 years; seasonal 40%b

4 vs. 2 Older adult vaccination and Nirsevimab in all infants Vaccine, single dose, adults aged 75 + years, administered 
during the season

40%b

5 vs. 2 Older adult vaccination and Nirsevimab in all infants Vaccine, single dose, adults aged 65 + years, administered 
during the season

40%b

6 vs. 2 Older adult vaccination and Nirsevimab in all infants Vaccine, single dose, adults aged 55 + years, administered 
during the season

40%b
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RSV vaccination of older adults
The vaccine in older adults is modelled to be given sea-
sonally from October to February to individuals aged 
75 + , 65 + , or 55 + year olds. Since there is currently no 
evidence of the effectiveness of booster doses, we mod-
elled this strategy as a one-time single dose (rather than 
seasonally repeated like the influenza vaccine for exam-
ple). In the first simulated year, all available individuals 
in the targeted age group are vaccinated simultaneously 
at the beginning of the year; after that, only individuals 
ageing into the eligible age groups are vaccinated. RSV-
specific hospitalisations in older adults were scaled up to 
account for under-ascertainment (see Additional file  1). 
In addition to vaccinating older adults, we assumed that 
all infants aged months 1–5 were given Nirsevimab. The 
older adult strategies were thus compared to the infant 
strategy 2 (only Nirsevimab for all infants).

Sensitivity analysis
We performed multiple additional sensitivity analyses 
to investigate the effect of central assumptions and cer-
tain specifications regarding the different immunisation 
strategies. First, we investigated the effect of varying the 
uptake for Nirsevimab in all infants and for the maternal 
vaccination. Second, we compared the effects of a sea-
sonal maternal vaccination programme to a year-round 
strategy. For the older adult vaccination, we investigated 
different ages of eligibility and the under-ascertainment 
scaling factor, which we varied from 1 to 15.

Results
Model calibration
The model was able to fit the different datasets (Fig. 2): 
it replicated the seasonal pattern both in hospitalisations 
(Fig.  2A) and outpatient numbers (Fig.  2C). The model 
fitted the peak of the reported RSV hospitalisations well 
for the last of the four seasons but overestimated peak 
hospitalisations for the first three seasons. The lower hos-
pitalisations in the first three seasons are likely due lower 
testing rates for RSV among hospitalised compared to the 
last available season. Similarly, during 2016–2019, there 
was an apparent biennial pattern in the number of outpa-
tient RSV cases reported which was not replicated by the 
model (Fig. 2C); however, the model matched the average 
seasonal pattern well. The symptomatic outpatient vis-
its and the hospitalisation incidences by age group were 
not directly fitted (only indirectly through the propor-
tion of cases in the individual age groups), but the model 
was still able to match these time series (Additional file 1: 
Fig. S8). Model diagnostics confirmed that all chains 
converged (Additional file 1: Fig. S9). The Rhat estimates 
were < 1.01 for all parameters. The marginal posterior 
estimates are given in Additional file 1: Table S13.

Current disease burden
We find that with the current RSV prevention strategy 
(Palivizumab for high-risk infants), on average 12.5 mil-
lion symptomatic cases, at least 35,800 RSV-specific 
hospitalisations, 2600 intensive care (ICU) cases, and 
213 RSV-specific deaths occur in Germany each year in 
all age groups together (not accounting for under-ascer-
tainment) (for age-specific estimates see Additional file 1: 
Table  S14). 10.0–11.4% of all hospitalisations in infants 
occur in high-risk individuals. The probability of hospi-
talisation in high-risk infants was estimated as 100% in 
the first 3 months of life but decreasing to 15% at month 
11 (Additional file 1: Fig. S10).

Under‑ascertainment in older adults
The comparison of published hospitalisation rates with 
our model derived estimates suggests that the RSV-
specific ICD-10 codes underestimate the true burden in 
older adults of 55 + years by a factor 8–14 (Additional 
file 1: Fig. S11). For older adults, we thus scaled the hos-
pitalisations and ICU admissions by a factor of 8 (strate-
gies 1–3) or 8 and 14, respectively (strategies 4–6).

Immunisation strategies to protect infants
Our results indicate that switching from Palivizumab to 
Nirsevimab for high-risk infants aged 1–5 months (strat-
egy 1) would prevent only median 288 (95% PI 275–301) 
RSV-specific hospitalisations annually in all age groups 
(Fig.  3A), corresponding to 0.79% of all RSV-specific 
hospitalisations (Fig. 3B) and 1.1% of all hospitalisations 
in < 1  year old under the current strategy. This strat-
egy prevents also 20 (95% PI 19–21) ICU cases (1.1% of 
infants in the ICU).

Expanding the eligibility for Nirsevimab to all infants 
aged 1–5 months with an assumed uptake of 70% (strat-
egy 2) prevents a median of 10,090 (95% PI 9556–10,561) 
RSV-specific hospitalisations annually as well as 702 (95% 
PI 663–738) ICU cases compared to the current stand-
ard of care (Fig. 3A). This corresponds overall to a rela-
tive reduction of median 17.3% (95% PI 17.1–17.5) of all 
hospitalisations and ICU admissions and 39.3% (95% 
PI 39.1–39.5%) of hospitalisations and ICU admissions 
in infants < 1  year. Under this strategy, 42 (95% 41–48) 
infants would need to be immunised in addition to how 
many are immunised in the current strategy to prevent 
one hospitalisation (number needed to vaccinate, NNV) 
and 609 (95% PI 579–645) to prevent one ICU case 
(Fig. 3C).

Seasonal vaccination of pregnant women with an 
assumed uptake of 40% (strategy 3) was estimated to 
prevent on average 3259 (95% PI 3075–3489) hospitali-
sations per year and 227 (95% PI 215–245) ICU cases 
(Fig. 3A), with a NNV of 63 (95% PI 58–66) per prevented 
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hospitalisation and 895 (832–948) per ICU case. Overall, 
this corresponds to a relative reduction of 5.6% of all hos-
pitalisations (95% PI 5.3–5.9) and to a relative reduction 
of 12.9% (95% PI 12.2–13.7%) of hospitalisations and ICU 
cases in < 1-year olds.

For all infant immunisation strategies, the reduction 
in disease burden resulted mostly from direct protec-
tion among immunised individuals with small indirect 
effects because of the reduced number of symptomatic 
infected in the population. Furthermore, the effect of 

Fig. 2 Fitting results of the dynamic transmission model to the data using Bayesian inference. The plots show the median model prediction 
and the 95% posterior prediction intervals (PPI) (red ribbon or error bar) compared to data (black points). The model was fitted to German 
RSV‑specific hospitalisation data (TK, A, B), German sentinel outpatient RSV cases (AGI, C, D), and seroconversion data from the Netherlands 
in < 1‑year‑olds (E)
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the infant immunisation was stable over the 5-year sim-
ulation period for any strategy (Additional file  1: Fig. 
S16). The prevented number of cases by age group and 
strategy over the 5 years are shown in Additional file 1: 
Figs. S12-S15.

Our sensitivity analyses showed that the impact of 
an immunisation strategy changes proportionally with 
immunisation uptake because of the limited indirect 
effects (Additional file  1: Fig. S17). We also observed 
that the seasonal Nirsevimab strategy for all infants 
aged 1–5  months prevents substantially more cases 
than the seasonal maternal vaccination for the same 
uptake. This is due to the circumstance that infants 
born before the start of the RSV season and who are 
within the target age band during the season are still 
being immunised with mAbs, while these same infants 
could not be passively immunised with a maternal vac-
cine during the season (because they are already born 
before the season). Hence, seasonal immunisation with 
mAbs always has the advantage of a larger reach than 
seasonal maternal vaccination for any uptake level. We 
also found that year-round maternal vaccination could 
prevent additional RSV burden but that it has a reduced 
efficiency (i.e. a higher NNV) compared to a seasonal 
programme (Additional file 1: Fig. S18).

Immunisation strategies to protect older adults
Depending on the assumed under-ascertainment of RSV-
related hospital admissions, vaccinating older adults 
aged 75 + years at 40% uptake in addition to immunis-
ing all infants with Nirsevimab at 70% uptake (strategy 
5) was estimated to prevent between an annual mean of 
2002 and 3492 RSV hospitalisations and 319–557 ICU 
cases additionally in the first 5  years after introducing 
the vaccination (Fig.  4A). This corresponds to 259–452 
additional immunisations needed to prevent one RSV-
associated additional hospitalisation and 1625–2840 to 
prevent one additional ICU case (Fig.  4B). Vaccinating 
all individuals aged 65 + once in the first season followed 
by vaccinating all individuals turning 65 in the following 
seasons (in addition to Nirsevimab for all infants, strat-
egy 4) prevented slightly more cases (2802–4864) but 
also requires a larger NNV to prevent one additional hos-
pitalisation (339–589). Overall, we found that the impact 
and efficiency of the RSV immunisation programme 
decreases substantially in these age groups (Fig.  4A/B) 
due to a roughly 4 times higher burden of disease in 
75 + compared to 55–64-year-old. The absolute reduction 
in disease burden through vaccination in older adults is 
largely explained through direct protection in the immu-
nised individuals although there is also a small reduction 

Fig. 3 Forward‑simulation results for the infant RSV immunisation strategies in Germany over five years compared to the base strategy (Palivizumab 
for high‑risk infants). The panels show the overall average number of cases prevented (A), the percentage of cases prevented (B), and the number 
needed to vaccinate (NNV) (C). The numbers represent the prediction medians, the horizontal lines the 95% prediction interval
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in disease burden in other non-immunised age groups 
when a large share of the older adult population is pro-
tected from symptomatic disease during the first simu-
lated years (Additional file 1: Figs. S19-S22). The overall 
reduction of disease burden from the simulated one-time 
vaccination strategy is mostly driven by effects in the first 
simulation year when the largest share in the older adult 
population is protected. It drops substantially in simula-
tion years 3–5 when only individuals who newly age into 
the target age group are vaccinated (Additional file 1: Fig. 
S16). A repeated seasonal vaccination after a specified 
time would lead to a larger decrease in the burden, but 
this was not modelled here since there is no safety or effi-
cacy data on booster vaccination.

Discussion
This study estimated the potential impact of the recently-
licensed RSV immunisation products on the RSV dis-
ease burden in Germany. We found that changing the 
current programme for high-risk infants from a short-
acting, multi-dose mAB (Palivizumab) to a long-acting, 

single-dose mAB (Nirsevimab) would reduce the burden 
of disease in addition to the logistical benefits of adminis-
tering only a single dose. Expanding eligibility for Nirse-
vimab to all infants aged 1–5 months prevented a further 
18% of RSV-related hospitalisations annually, despite 
limited indirect effects of immunisation. However, com-
pared to other childhood vaccines, the number needed to 
immunise to prevent a single death was high due to the 
relatively low mortality of RSV in this age group. Mater-
nal vaccination would need to achieve a much larger 
uptake than Nirsevimab to have an impact compara-
ble to Nirsevimab for all infants. We also found that in 
older adults, vaccination in addition to Nirsevimab for 
all infants could prevent an additional substantial dis-
ease burden, although the precise extent of that burden 
in Germany is not well defined due to under-ascertain-
ment. One of the main drivers of the differences in the 
projected impact of the strategies for RSV prevention in 
infants was the assumption that administration of Nir-
sevimab to all infants would achieve substantially higher 
coverage than maternal vaccination. Recent experience 

Fig. 4 Forward‑simulation results for the single dose vaccination of older adults over 5 years in addition to Nirsevimab for all infants, compared 
to a base strategy of no adult vaccination (only Nirsevimab for all infants). The panels represent the annual average number of prevented 
symptomatic cases (A), the percentages prevented (B), and the corresponding numbers needed to vaccinate (C). The numbers represent 
the prediction medians, the horizontal lines represent the 95% prediction intervals. Under‑ascertainment of adult RSV hospitalisations 
was accounted for by scaling the RSV‑specific hospitalisations with two different scaling factors: 8 and 14 (purple/green)
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in Spain has shown an average uptake of 72% [37], 
which suggests our assumption may have been realistic. 
Higher coverage of maternal vaccination for RSV may be 
achieved that could substantially reduce the difference in 
impact compared to mAbs.

The passive protection provided to infants largely 
disappears within 6–8  months, requiring administra-
tion just before the RSV season to optimise the impact. 
This is particularly challenging for a maternal vaccina-
tion programme as the anticipated duration of immu-
nity is shorter than with Nirsevimab. In the UK, seasonal 
administration was deemed too challenging logistically; 
for Germany, there are no preferences yet. As observed 
during the COVID-19 pandemic, RSV seasonality can 
also be disturbed by external factors [38, 39], which 
potentially pose additional challenges for a seasonal RSV 
programme.

While we found that RSV vaccination in older adults 
could be effective, there is much uncertainty in the under-
lying disease burden. RSV-associated hospitalisations 
were estimated based on ICD10 codes with RSV-specific 
case definitions and then adjusted for under-reporting 
based on the assumption that in older adults only one in 
8 to 14 RSV cases was diagnosed as such during the time 
period of the empirical data that were used. Moreover, 
there is residual uncertainty with regards to the dura-
tion of protection from the vaccines in this age group. 
Recent evidence suggests that a substantial amount of 
the protection is carried over into the second season [40], 
which could make vaccine administration less time sensi-
tive. However, the number of doses needed has not been 
determined yet.

The modelling framework allowed us to synthesise 
diverse pieces of evidence on the epidemiology of RSV 
in Germany and reflect its uncertainty while quantify-
ing the likely impact of different immunisation strate-
gies. The project was conceived with sufficient lead time 
to allow for regular stakeholder input into model design 
and parameterisation. In 2024, the model has been used 
as part of the evidence-gathering process for the STIKO 
deliberations on RSV immunisation strategies.

In our analyses, we focused solely on the benefits of 
vaccination without considering potential risks. While 
all products assessed here have been licensed and thus 
deemed by regulatory authorities safe and effective to 
use, an increase in premature delivery has been reported 
from a phase III trial after maternal vaccination. The 
increase was observed only in low- and middle-income 
countries (i.e. not in high-income countries), and there 
was no observed increase in mortality. Nevertheless, this 
may support a more cautious approach e.g. by restricting 
its use to later in the pregnancy, as recommended in the 

USA [41]. Additional studies will be required to assess the 
validity of the safety signal and to quantify the risk. Our 
estimates of the benefits can be considered conservative 
as we did not take into account secondary benefits that 
may arise from an infant RSV immunisation programme, 
e.g. through the preservation of scarce bed capacity in 
paediatric intensive care units [42] or the prevention of 
secondary bacterial pneumonia or antibiotic prescrib-
ing [43]. Early post-marketing results on RSV vaccina-
tion in older adults suggest that cases of Guillain-Barré 
syndrome (GBS) after administration of the vaccine were 
more common than expected but still rare events (1.8–
4.4 reports per million doses administered) [44]. Since 
these events are tragic but also rare, and causality has not 
been established yet, we did not consider increased mor-
bidity or mortality due to adverse vaccine effects in our 
model. The balance of the benefits and potential risks is 
a larger question that requires consideration of other fac-
tors beyond modelling, such as normative values. Moreo-
ver, for technical reasons, we assumed that vaccination 
occurred instantly as soon as individuals age into the eli-
gible age group and that there was no delay in building 
immunity after vaccination. Omitting roll-out delays and 
immunity maturation may have led to a slight overesti-
mation of the beneficial effects of vaccination that is dif-
ficult to quantify but likely marginal in its impact on the 
results. We also did not consider immunisation of infants 
in the first 30 days of life due to the current late immuni-
sation with Palivizumab. Including immunisation imme-
diately after birth will likely have an even larger impact on 
the prevention of cases. The model did also not account 
explicitly for older individuals in high-risk groups or 
residents in long-term care facilities, who could also be 
considered a specific target group for vaccination to vac-
cination against other respiratory pathogens [45]. High-
risk older adults have a higher risk of RSV morbidity and 
mortality than healthy older adults, which may result in 
a more beneficial impact (lower NNV) compared to the 
modelled strategy of targeting all older adults assum-
ing vaccine efficacy in high-risk older adults is equally 
high as in low-risk older adults. Lastly, we assessed the 
likely impact of RSV immunisation in Germany with the 
underlying assumption that as of 2024 RSV epidemiology 
will have largely reverted to pre-pandemic dynamics. As 
in many other countries, RSV epidemiology in Germany 
has been heavily perturbed by the COVID-19 pandemic. 
In addition, RSV became notifiable only as of July 2023, 
making it difficult to interpret post-pandemic changes 
in RSV incidence due to the enhanced sensitivity of sur-
veillance. However, a number of countries have reported 
return to pre-pandemic RSV epidemiology in the last 
year, which supports our modelling assumption of regu-
lar RSV dynamics [46].
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Conclusions
We find that all three newly available immunisation 
products against RSV disease have substantial scope to 
improve health in Germany. The relative merits of the 
products will depend on yet uncertain factors, including 
achievable uptake, the ability to overcome logistical chal-
lenges in seasonal administration, the exact burden of 
disease, and the cost of the products.
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