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ABSTRACT

Introduction: Respiratory syncytial virus (RSV) 
burden in adults is underestimated mainly due 
to unspecific symptoms and limited standard‑ 
of‑care testing. We estimated the population‑ 
based incidence of hospitalization and mortal‑ 
ity attributable to RSV among adults with and  
without risk factors in Germany.

Methods: Weekly counts of hospitalizations and 
deaths for respiratory, cardiovascular, and cardi‑
orespiratory diseases were obtained (Statutory 
Health Insurance database, 2015–2019). A quasi‑
Poisson regression model was fitted to estimate 
the number of hospitalizations and deaths attrib‑
utable to RSV as a function of periodic and ape‑
riodic time trends, and viral activity while allow‑
ing for potential overdispersion. Weekly counts 
of RSV and influenza hospitalizations in chil‑
dren < 2 years and adults ≥ 60 years, respectively, 
were used as viral activity indicators. Models were 
stratified by age group and risk status (defined as 
presence of selected comorbidities).
Results: Population‑based RSV‑attributable 
hospitalization incidence rates were high among 
adults ≥ 60 years: respiratory hospitalizations 
(236–363 per 100,000 person‑years) and car‑
diorespiratory hospitalizations (584–912 per 
100,000 person‑years). RSV accounted for 2–3% 
of all cardiorespiratory hospitalizations in this 
age group. The increase in cardiorespiratory 
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hospitalization risk associated with underlying 
risk factors was greater in 18–44 year old persons 
(five to sixfold higher) than in ≥ 75 year old per‑
sons (two to threefold higher).
Conclusions: This is a first model‑based study to 
comprehensively assess adult RSV burden in Ger‑
many. Estimated cardiorespiratory RSV hospitali‑
zation rates increased with age and were substan‑
tially higher in people with risk factors compared 
to those without risk factors. Our study indicates 
that RSV, like other respiratory viruses, contrib‑
utes to both respiratory and cardiovascular hos‑
pitalizations. Effective prevention strategies are 
needed, especially among older adults ≥ 60 years 
and among adults with underlying risk factors.

Keywords: Modeling; Disease burden; Quasi‑
Poisson regression; Respiratory syncytial virus; 
Hospitalization; Mortality; Adults; Germany

Key Summary Points 

Why carry out the study?

Respiratory syncytial virus (RSV) causes a 
substantial disease burden among adults, 
however disease incidence is underestimated 
mainly due to nonspecific symptoms and 
limited standard‑of‑care testing.

We estimated RSV‑attributable 
hospitalizations and deaths, stratified by age 
and risk status, in Germany during 2015–
2019 using a quasi‑Poisson regression model.

What was learned from the study?

Estimated cardiorespiratory RSV 
hospitalization rates increased with age and 
were substantially higher in people with 
risk factors compared to those without risk 
factors, particularly among younger adults.

We found that RSV, like other respiratory 
viruses, contributes not only to respiratory but 
also cardiovascular hospitalizations and deaths.

Efficacious RSV vaccines could have a high 
public health impact in older adults and 
among those with underlying comorbidities.

INTRODUCTION

Respiratory syncytial virus (RSV) is one of 
the most widespread respiratory pathogens 
affecting all age groups, but specifically the 
youngest and oldest persons [1, 2]. In younger 
children, the clinical presentation ranges 
from a mild cold to severe lower respiratory 
tract infections (LRTIs), like bronchiolitis 
and bronchitis, as well as secondary bacterial 
infections causing pneumonia [1]. In adults, 
in addition to respiratory disease, RSV also 
can cause exacerbations of cardiorespiratory 
disease (e.g., congestive heart failure, arrythmia, 
ischemic heart disease, and chronic obstructive 
pulmonary disease [COPD]) [3–5]. Older adults 
(aged ≥ 60 years), potentially due to aging of the 
immune system (immunosenescence) and low 
level systemic inflammation (inflammaging) 
[6–9], and those with underlying comorbidities 
(e.g., immunocompromised and chronic 
cardiorespiratory diseases) are at higher risk 
of RSV‑related severe outcomes [10–13]. 
Globally, an estimated 787,000 RSV‑related 
hospitalizations are projected to occur annually 
in high‑income countries among adults 65 years 
and older [14].

For the first time, RSV vaccines were recently 
licensed to prevent lower respiratory tract 
disease caused by RSV in adults ≥ 60 years [12, 
15]. Yet, the incidence and clinical burden of 
RSV disease in adults are difficult to measure 
due to the lack of specific RSV symptomatology 
that could distinguish it from influenza and 
other respiratory viruses, limited standard‑
of‑care RSV testing among adults, reduced 
sensitivity of diagnostic testing among adults 
[16, 17], poor RSV diagnostic capacity in many 
healthcare facilities, and low public and medical 
community awareness of RSV in adults [18–21]. 
Furthermore, data on RSV burden in people with 
underlying conditions are sparse [4, 21, 22].

Model‑based approaches are used increas‑
ingly to assess RSV incidence [23–48] since 
these models can more accurately reflect the 
true disease burden in the population. For 
example, a recent US meta‑analysis found 
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RSV‑related incidence estimates based on RSV‑
specific International Classification of Dis‑
eases (ICD) codes only to be 1 to 5 per 100,000 
person‑years among persons aged 65  years 
and older, vastly underestimating results 
from model‑based and prospective studies, 
which were more comparable (236 and 282 
per 100,000 person‑years, respectively) [49]. 
Time series models aim to estimate the extent 
to which a specific pathogen affects larger out‑
come categories. Applied to RSV, time series 
models relate the temporal variability of an 
indicator of a pathogen (e.g., week‑to‑week 
RSV disease case counts) to the variability in 
the all‑cause outcome of which a portion are 
expected to be RSV‑related (e.g., respiratory‑
illness hospitalizations). In doing so, they 
estimate the number of RSV‑related events, 
including undiagnosed RSV‑related events, 
which explains why time series model results 
are higher than those based only on laboratory 
confirmed cases when RSV testing is incom‑
plete. In addition, other large seasonal contrib‑
utors for such outcomes, in this case influenza, 
are also accounted for in the model.

In Germany, the contribution of RSV to 
hospitalizations and deaths in adults is largely 
unknown as prospective observational studies 
that have assessed RSV incidence are scarce, 
and RSV became a nationwide notifiable disease 
only in July 2023 [50–54]. Two RSV vaccines 
(GSK’s RSV Arexvy vaccine and Pfizer’s RSV 
Abrysvo vaccine) for adults aged ≥ 60  years 
are available in Germany since 2023.In 2024, 
market authorization of the third RSV vaccine 
is expected.

The present study aimed to retrospectively 
estimate RSV‑attributable incidence of 
hospitalizations and mortality in adults in 
Germany by using a time series model‑based 
approach, to help inform potential RSV 
vaccine programs. To more accurately estimate 
the RSV burden, we used data on respiratory, 
cardiovascular and cardiorespiratory diseases, 
as a portion of such outcomes are associated 
with RSV [4, 5, 55, 56].

METHODS

Study Design

This was an observational retrospective database 
analysis to estimate the RSV‑attributable 
incidence rates based on hospitalizations and 
mortality data among adults in Germany using 
a quasi‑Poisson regression model.

Data Sources

Data on hospital izations and deaths 
(2015–2019) were obtained from the 
“Deutsche Analysedatenbank für Evaluation 
und Versorgungsforschung” database (DADB 
database), containing data from the Statutory 
Health Insurance (SHI) data on approximately 
3.5 million insured people. Included participants 
were females and males aged 18 years or older. 
The DADB database has been found to be fairly 
representative of the German population, with 
similar age‑gender and morbidity structure [57]. 
The study period of 2015–2019 was selected to 
avoid distortion of RSV epidemiology during 
pandemic of COVID‑19 [58, 59].

All diagnoses were coded based on the Ger‑
man Modification (GM) of the ICD 10th revision 
(ICD‑10‑GM) [60]. Both primary and secondary 
diagnoses, reported in hospital discharge records, 
were considered. Three major disease outcomes 
were included: all respiratory diseases (any men‑
tion of ICD‑10‑GM codes: J00‑J99), all cardiovas‑
cular diseases (any mention of ICD‑10‑GM codes: 
I00‑I99), and all cardiorespiratory diseases (any 
mention of ICD‑10‑GM codes: I00‑I99, J00‑J99). 
We included cardiorespiratory diseases to ensure 
that a patient hospitalized for a respiratory dis‑
ease and a cardiovascular disease during the same 
hospitalization episode was counted as one case 
(instead of two).

Hospitalization was defined as an overnight 
stay in the hospital and started with the admis‑
sion date. Readmissions within 30 days are quite 
frequent after hospitalizations for heart failure, 
acute myocardial infarction, or pneumonia [61, 
62]. Thus, to avoid overcounting of cases due to 
readmissions, hospitalizations that occurred for 
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the same outcome within 30 days of discharge 
were collapsed with the index hospitalization; 
otherwise, they were considered independent 
hospitalizations. As no national mortality data 
nor clinical data for the cause of death during 
hospitalization are available, we modeled RSV’s 
contribution to mortality associated with car‑
diorespiratory hospitalizations (i.e., all‑cause 
deaths within 28 days of the most recent car‑
diorespiratory hospital admission date, which 
includes in‑hospital deaths). Other literature 
supports the selection of this mortality outcome 
because deaths within a month of an inpatient 
admission are frequently considered associated 
with the hospitalization [14, 63] and used as the 
numerator for case fatality rate.

Individuals were categorized into four age 
groups: 18–44, 45–59, 60–74, and ≥ 75 years. 
A cut‑off of 60 years and above was selected 
because RSV vaccinations are approved for 
adults ≥ 60  years. Data on risk factors for 
RSV, defined as the presence of at least one 
comorbidity reported within one year before 
hospitalization or death, were also collected. 
Chronic conditions including cardiac, 
respiratory, liver and kidney disease as well as 
immunosuppression, neurological disorders 
and diabetes mellitus were considered risk 
factors [13] (the complete list of comorbidities 
is provided in Supplementary Table 1). As the 
risk factor literature for RSV among adults [11] is 
limited, risk factors for severe influenza infection 
were also included [64].

RSV and influenza have similar seasonal 
patterns and both contribute to the outcomes 
of interest, thus were included in the model as 
covariates. The indicator for the circulation of RSV 
was defined as a weekly number of RSV‑related 
hospitalization counts (ICD‑10‑GM codes: B97.4, 
J21.0, J12.1, J20.5, J21.9) in children < 2 years. 
RSV circulation in children has been selected in 
multiple other model‑based studies [18, 28, 65] 
and is a common approach due to more frequent 
testing and hospitalization and higher sensitivity 
of diagnostic tests in children than in adults 
[20, 66]. We included J21.9 (acute bronchiolitis, 
unspecified) because RSV is the leading cause of 
bronchiolitis in this age group, accounting for the 
majority of bronchiolitis hospitalizations [67–69]. 
Additionally, it serves as an indicator marking 

the start of the RSV season [67–71] and tracks 
RSV activity independently of RSV testing levels 
which vary across the year. The indicator for the 
circulation of influenza was defined as a weekly 
number of influenza‑specific hospitalization 
counts (ICD‑10‑GM codes: J09, J10, J11) in 
adults ≥ 60 years [65].

Statistical Analysis

Time series data were aggregated by week and 
stratified by age and risk groups. For each 
stratum of interest (i.e., each age‑ and risk‑specific 
subgroup), we fitted a quasi‑Poisson regression 
model to associate the outcome with aperiodic 
and periodic time trends and circulation of 
RSV and influenza while allowing for potential 
overdispersion. The baseline aperiodic trend 
in the outcome of interest (i.e., respiratory, 
cardiovascular, or cardiorespiratory disease) was 
accounted for in the model through polynomial 
terms up to the fourth order, whereas the baseline 
periodic trend was accounted for by harmonic 
terms. In addition, circulation of RSV and 
influenza was represented in the model through 
respective viral indicators. Viral indicators were 
lagged to account for potential delays between 
the peak in viral indicator and the corresponding 
peak in occurrence of the outcomes of interest. 
The identity link function was used to reflect the 
most biologically plausible link between viral 
circulation and the outcomes of interest.

The quasi‑Poisson regression model fitted to 
the weekly data is given by:

where �t represents the expected number of 
events in week t with t = 1, 2, 3, . . . ,Tw repre‑
senting the running week index, Tw the total 
number of weeks in the study period, and θ the 
overdispersion parameter. Parameter β0 is the 

Nr_eventst ∼ Poisson(�t , θ)with

�t = β0 +

4
∑

k=1

βk · t
k
+ β5 · sin

(

2π .t

52.143

)

+ β6 · cos

(

2π .t

52.143

)

+ β7 · sin

(

4π .t

52.143

)

+ β8 · cos

(

4π .t

52.143

)

+

L
∑

l=1

β(8+l) · VPl(t−ml)
,
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coefficient associated with the baseline num‑
ber of events, β1 to β4 are coefficients associated 
with the aperiodic time trend, β5 to β8 are coef‑
ficients associated with the periodic time trend, 
and β(8+l) are coefficients associated with appro‑
priately lagged activity of pathogen l ( VPl(t−ml)

 ) 
with l = 1, . . . ,L where L = 2 (RSV and influ‑
enza), and ml = 0, 1, . . . ,M the pathogen‑specific 
time lag where M = 4.

Each final model was built in a step‑by‑step 
manner. In the first step, a model containing 
only the periodic and aperiodic trends was 
fitted. When possible, the polynomial order was 
reduced (significance level 0.05). Next, the viral 
indicators were added to the model. All possible 
lags of the viral indicators not yet included in 
the model were considered for inclusion (one at 
a time). The lagged indicator with the highest 
test statistic was selected for inclusion in the 
model. This approach was chosen because it is 
biologically implausible for the viral pathogens 
(RSV and influenza) to protect against the 
outcomes of interest [37, 72]. This viral indicator 
selection procedure was repeated until all viral 
indicators were included in the final model.

The weekly number of events that were 
attributable to RSV was calculated as the 
difference between the total model‑estimated 
number of events (using the final model) and 
the model‑estimated number of events under 
the hypothetical absence of RSV circulation (by 
setting the parameter associated with the RSV 
indicator to zero). The yearly subgroup‑specific 
number of RSV‑attributable events was obtained 
by summing over the included weeks.

RSV‑attributable proportions of each outcome 
(percentages of cases attributable to RSV) were 
calculated by dividing the yearly model‑based 
age‑ and risk‑specific number of RSV‑attributable 
events by the age‑ and the risk‑specific 
annual number of respective observed events 
(hospitalizations or deaths).

The yearly incidence rates of RSV‑attributable 
events for each subgroup (age‑ and risk‑specific) 
were obtained by dividing the annual model‑
based number of RSV‑attributable events by 
the corresponding subgroup population at risk, 
which is expressed as the number of events 
per 100,000 person‑years. The age‑ and risk‑
specific populations (used as denominators in 

calculating the incidence rates) were obtained 
from the DADB database. To extrapolate the 
incidence rates to the national level, correction 
factors were used to adjust for slightly younger 
population in DADB database than in overall 
German population. Residual bootstrapping was 
used to obtain confidence intervals. Age‑specific 
incidence rates of RSV‑attributable events are 
obtained after summing both numerator and 
denominator over the risk groups.

Data management and statistical analysis 
were performed in R with version 4.0.4. The 
detailed study protocol can be found at [73].

Ethical Considerations

This study used aggregated and anonymized 
data, therefore not requiring approval 
from Institutional Review Boards or Ethical 
Committees or informed consents from patients. 
The study was conducted in accordance with 
legal and regulatory requirements and research 
practices described in the Good Epidemiological 
Practice guidelines issued by the International 
Epidemiological Association [74].

RESULTS

Study Population

Between 2015 and 2019, there were a total of 
1.16 million cardiorespiratory hospitalizations, 
1.05 million cardiovascular, 0.4 million respira‑
tory hospitalizations and 49,997 deaths occur‑
ring within 28 days of a cardiorespiratory hos‑
pital admission in adults aged 18 or above in 
the German DADB database (data not shown). 
People aged ≥ 60 years accounted for nearly 70% 
of hospitalizations and 90% of deaths.

Estimated RSV‑Attributable Hospitalizations

Estimated age‑ and risk‑stratified annual RSV‑
attributable incidence rates of respiratory, cardi‑
ovascular, and cardiorespiratory hospitalizations 
are presented in Table 1. Parameter estimates for 
the final quasi‑ Poisson regression models for 
respiratory hospitalizations in patients without 
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and with risk factors, can be consulted in Sup‑
plementary Table 2 and Supplementary Table 3, 
respectively. Parameter estimates for the remain‑
ing models can be obtained from the authors 
upon request.

Incidence rates varied across years, with the 
highest rates observed in 2017. In all age groups, 
the overall RSV‑attributable incidence rates were 
highest for cardiorespiratory diseases, followed 
by cardiovascular and respiratory diseases alone 
(Table 1). The RSV‑attributable hospitalization 
incidence rates increased with age, with the 
high rates observed among people ≥ 60 years 
(respiratory diseases: 236–363 per 100,000 
person‑years; cardiovascular diseases: 558–885 
per 100,000 person‑years; and cardiorespiratory 
diseases: 584–912 per 100,000 person‑years). The 
overall rates of RSV‑attributable cardiorespiratory 
hospitalizations in those ≥ 75  years were on 
average approximately 30‑fold, eightfold, and 
twofold higher compared to estimated rates 
in the younger age groups 18–44, 45–59, and 
60–74 years, respectively. Adults with underlying 
risk factors had substantially higher incidence 
rates than those without (Table  1), but the 
increase in cardiorespiratory hospitalization 
risk associated with risk factors decreased with 
age [five to sixfold increase (18–44 years) versus 
two to threefold increase (≥ 75 years)] (Table 2). 
Incidence rates in overall older adults and in 
older adults with risk factors were very similar.

The contribution of RSV to cardiorespiratory 
and cardiovascular hospitalizations was similar 
between people with and without risk factors and 
accounted for 2–4% of those hospitalizations. 
However, the relative contribution of RSV for 
respiratory hospitalizations was considerably 
higher in the oldest adults (≥ 75 years) without 
risk factors (6–9%) compared to people with risk 
factors (3–4%), but the incidence rates remained 
higher in people with risk factors.

A seasonal  pattern of  respi ratory 
hospitalizations and good model fit were 
observed for all age groups and were particularly 
strong among oldest age groups with risk 
factors (Supplementary Fig. 1). The seasonal 
pattern was also observed for cardiovascular 
and cardiorespiratory hospitalizations; however 
it was not as pronounced as in respiratory 
hospitalizations (Supplementary Figs. 2, 3).Ta
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Estimated Post‑hospitalization 
RSV‑Attributable Deaths

After plotting the weekly mortality data in 
inpatients, seasonality was not observed 
for adults without risk factors regardless of 
the age group; hence, it was not modeled. 
Among adults with risk factors, data on the 
two youngest age groups were also unsuitable 
for modeling due to lack of seasonality. The 
seasonality and good model fit were observed 
only for two older age groups with risk factors 
(Supplementary Fig.  4). The estimated age‑
specific annual RSV‑attributable mortality rates 
in those age groups are presented in Table 3.

As expected, the highest mortality rates of 
RSV‑attributable deaths within 28 days of car‑
diorespiratory hospitalizations were observed 
in the oldest age group (≥ 75 years). The rates 
ranged from 154 to 219 deaths per 100,000 per‑
son‑years (3–4% of all cardiorespiratory deaths). 
These rates were up to 20‑fold higher com‑
pared to the mortality rates in the age group of 
60–74 years, where post‑hospitalization mor‑
tality rates were also substantial ranging from 
8.3 to 12.8 deaths per 100,000 person‑years and 
accounted for 0.9% to 1.3% of all cardiorespira‑
tory deaths (Table 3).

DISCUSSION

We report the first model‑based estimates of 
RSV‑related incidence rate for Germany in 
adults and indicate that RSV hospitalization 
incidence increases substantially with age and is 
high among older adults 60 years and older and 
in people with risk factors, including younger 
adults. Our findings indicate that RSV contrib‑
utes notably not only to respiratory but also car‑
diovascular hospitalizations. Moreover, we have 
shown that a substantial burden of deaths fol‑
lowing cardiorespiratory hospital admission can 
be attributed to RSV in older people. Incidence 
rates among older adults with risk factors and 
overall are similar due to the very high propor‑
tion of older adults with underlying risk factors 
on the population overall.

Our respiratory hospitalization estimates were 
higher than those reported based on extrapo‑
lated estimates of hospitalization rates from 
RSV Consortium in Europe [75]. However, they 
are consistent with previous model‑based stud‑
ies [18, 65] and also a recent US meta‑analysis, 
which reported incidence rates of RSV‑attribut‑
able hospitalizations of 18.8, 99.5, and 281.6 
cases per 100,000 person‑years in age groups 
18–49, 50–64, and ≥ 65 years, respectively, for 
pooled prospective studies after adjustment for 
diagnostic testing based under‑ascertainment 
[49]. A similar incidence rate was also reported 
by a recent global meta‑analysis of prospective 
studies from high income countries in people 
aged ≥ 65 years (347 cases per 100,000 person‑
years when adjusted for under‑ascertainment) 
[14]. The proportions of all respiratory infections 
attributable to RSV in our study (3–4%) are also 
similar to previous observational studies, which 

Table 2  Ratio of RSV-attributable hospitalization inci-
dence in people with risk factor versus in people without 
risk factor (incidence rate ratio, IRR), Germany, 2015–
2019

Age group 
(years)

2015 2016 2017 2018 2019
IRR IRR IRR IRR IRR

RSV-attributable respiratory hospitalizations

18–44 6.2 5.4 6.2 5.9 6.2

45–59 5.4 5.4 5.4 5.3 5.3

60–74 6.4 6.9 6.6 6.7 6.6

 ≥ 75 2.6 2.5 2.4 2.4 2.3

RSV-attributable cardiovascular hospitalizations

18–44 4.6 4.6 4.8 4.8 4.8

45–59 3.3 3.5 3.3 3.4 3.3

60–74 6.5 6.5 6.5 6.5 6.5

 ≥ 75 2.5 2.5 2.4 2.4 2.3

RSV-attributable cardiorespiratory hospitalizations

18–44 5.4 5.4 5.6 5.6 5.6

45–59 3.7 3.9 3.7 3.8 3.7

60–74 5.8 6.2 5.9 6.1 6.0
 ≥ 75 2.6 2.5 2.5 2.4 2.3
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reported that 4–8% of symptomatic respiratory 
infections in adults age ≥ 60 years were caused 
by RSV [14, 63]. The relatively similar values 
from our model‑based approach and prospec‑
tive study estimates that have been adjusted 
for reduced sensitivity of nasal/nasopharyngeal 
swab PCR [16, 17] in adults provide support for 
the validity of our model structure.

The epidemiology of RSV was substantially 
impacted by the implementation of 
nonpharmaceutical interventions during the 
COVID‑19 pandemic in 2020–2021. During that 
period, an unprecedented decline in RSV cases 
in both children and adults in Germany was 
observed [58, 59]. However, in 2021/2022, there 
was a sudden increase and subsequent decrease 
in hospitalizations in children. In contrast, 
adults in the same season experienced fewer RSV 
cases compared to the pre‑pandemic period. In 
2022/2023, the number of RSV cases in adults 
aligned with expectations in the strong season 
[59]. Thus, we believe that our pre‑pandemic 
estimates still provide meaningful insight into 
the current RSV burden.

T h e  e s t i m a t e d  R S V‑ a t t r i b u t a b l e 
cardiorespiratory mortality rates in people 
age ≥ 75  years with risk factors (154–219 
deaths per 100,000 person‑years) aligned 
with a previous study in the UK (176 deaths 
per 100,000 in high‑risk population) [11], 
although our data are limited to deaths in the 
first 28  days following hospitalization. Our 
post‑hospitalization mortality rate results for 
adults ≥ 60  years (52–76 deaths  per 100,000 
person‑years) were higher than those obtained 
in the recent US study, where RSV‑attributable 
cardiorespiratory deaths in people age ≥ 65 years 
were estimated as 31.9 deaths per 100,000 
person‑years [76]. This difference may have 
occurred because the US study reported a rate 
among all persons in that age group rather than 
limiting the analysis to those with risk factors 
for severe disease. Modeled incidence rates of 
RSV‑attributable hospitalizations and deaths 
were notably high among older adults and in 
individuals with underlying diseases. A German 
hospital‑based retrospective study comparing 
the severity of RSV, influenza and SARS‑CoV‑2 
cases observed that the average age of RSV 
patients was older than that of SARS‑CoV‑2 Ta
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and influenza A patients [19]. In that study, 
RSV infections in older adults were more severe 
than influenza infections, particularly affecting 
individuals with increased risk. Pre‑existing 
comorbidities have been associated with more 
severe outcomes from RSV infection, including 
increased need for hospitalization, longer 
lengths of stay, and higher rates of intensive care 
unit admission and death [13, 45, 63].

In our study, the differences in estimated 
RSV‑attributable respiratory hospitalization 
rates between individuals with and without risk 
factors were particularly marked in the groups 
aged 18–44, 45–59 and 60–74  years, where 
rates were higher up to sevenfold. In the age 
group ≥ 75 years the incidence rate ratio between 
people with risk factors and without decreased 
to 2–3. This observation is in line with findings 
from a study in the UK where RSV‑attributable 
hospitalization rates in persons aged 50–64 and 
65–74 years with risk factors were up to 11‑fold 
higher compared to their counterparts without 
risk factors [18], and decrease to threefold 
in the age group ≥ 75  years. This might be 
related to the fact that older age attenuates the 
impact of underlying risk factors, likely due 
to immunosenescence increasing risk among 
older adults [77, 78]. This suggests that future 
prevention strategies should target adults with 
underlying risk conditions, including younger 
adults, as well as older adults regardless of risk 
status.

Cardiorespiratory diseases accounted for 
the highest RSV‑attributable hospitalization 
incidence rate. RSV can cause cardiovascular 
manifestations through several mechanisms. 
It can induce inflammation or immune 
dysregulation [4, 55, 79], which in turn may lead 
to atherosclerosis and accumulation of lipids 
[80]. RSV has also been identified in myocardial 
tissue in a patient with myocarditis, suggesting 
that the virus may directly cause myocardial 
injury [4]. Although the RSV proportion of 
all cardiovascular events in our study was low 
(2%), the population burden can be substantial 
given that cardiovascular diseases remain the 
leading cause of adult morbidity and mortality 
worldwide [81]. This suggests that future RSV 
vaccine strategies may prevent cardiovascular 

hospitalizations, as shown for influenza vaccines 
[82, 83].

Our study was characterized by several 
strengths. Firstly, we included a database with 
representation from all geographic areas of 
Germany and used a broad outcome definition 
of respiratory and cardiovascular diseases to 
capture events potentially attributable to RSV. 
To estimate the total burden of RSV on both 
cardiovascular and respiratory hospitalizations, 
we looked at a separate cardiorespiratory 
outcome, which avoids double counting of 
cases. In addition, data on underlying conditions 
enabled the identification of subpopulations 
at higher risk of RSV infection in both the 
outcomes events and the underlying population. 
Finally, the quasi‑Poisson regression model 
allowed us to account for overdispersion and 
adjust for the co‑circulation of influenza while 
correcting for underlying time trends.

We also acknowledge several study limita‑
tions. Including only hospitalized cases under‑
estimates community RSV since approximately 
89–94% of all medically attended RSV epi‑
sodes are seen in the outpatient setting [84, 
85]. Although the incidence estimated by our 
model approach accounts somewhat for under‑
ascertainment, we were not able to quantify the 
extent of this under‑ascertainment through a 
comparison with the recorded RSV‑specific hos‑
pitalizations, as such data were not available. In 
addition, our models included viral indicators 
only for RSV and influenza, which implicitly 
assumed that these are the only pathogens that 
show a relevant association with the outcome of 
interest. However, even without explicitly mod‑
eling other potentially relevant pathogens, they 
are, to a great extent, indirectly accounted for 
in the model through the periodic component 
and the overdispersion parameter. Moreover, 
RSV‑specific hospitalizations in children under 
2 years as an indicator for RSV activity may not 
fully reflect viral activity in adults. Finally, while 
the SHI database is representative of the German 
population, there is a slight age distribution bias 
towards younger individuals. Thus, adjustments 
were made for age‑specific incidence rates using 
correction factors, but similar correction factors 
for age‑ and risk‑specific incidence rates were not 
available.
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CONCLUSION

Our study demonstrated that in Germany RSV 
causes a considerable burden of hospitalizations 
and mortality among adults 60  years and 
older and younger adults with underlying 
comorbidities. Like other respiratory viruses 
such as influenza and SARS‑CoV‑2, RSV 
infection contributes to both respiratory and 
cardiovascular hospitalizations. Our study 
highlights the need to implement effective 
prevention strategies, especially among the most 
affected groups.
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