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Abstract

Background Respiratory syncytial virus (RSV) is a major cause of acute lower respiratory infection and hospitaliza-
tions among infants, young children, and the elderly. This systematic literature review aimed to summarize the epide-
miological and economic burden estimates of RSV infection at any age in Germany.

Methods We conducted a systematic literature search to identify full-text articles published from 2003 to 2023

and reporting data on the epidemiological or economic burden of RSV in Germany. Based on pre-specified eligibility
criteria, data on incidence, rates of hospital and intensive care unit (ICU) admission, clinical manifestation, underlying
conditions, seasonality, health care resource use and costs were extracted.

Results After screening 315 full-text articles, we included 42 articles in the review. The characteristics of the included
studies were heterogenous regarding study population, setting, age groups and RSV-related outcome measures.

The most frequently reported epidemiological outcome measures were RSV detection rate (n=33), followed by clini-
cal manifestation (n=19), seasonality (n=18), and underlying conditions of RSV infection (n=13). RSV detection

rates were reported across heterogenous study populations, ranging from 5.2 to 55.4% in pediatric inpatient cases
and from 2.9 to 14% in adult inpatient cases. All articles that reported RSV detection rates across several age groups
demonstrated the highest burden in infants and young children. Few articles reported RSV-related outcome measures
distinctively for the outpatient setting.

Health care resource use, such as hospital length of stay, ICU admission rate and treatment of patients with RSV infec-
tion were described in 23 articles, of which only one study quantified associated costs from 1999 to 2003 for chil-
dren < 3 years. In-hospital ICU admission rates varied between 3.6 and 45%, depending on population characteristics
as age and underlying conditions.

Conclusions This systematic review revealed that RSV imposes substantial disease burden in infants, young children,
and the elderly in Germany, whereby infants are particularly affected. To date, there has been limited exploration

of the impact of RSV infection on healthy children or the elderly in Germany. Given their notably high reported bur-
den in studies, the medical and economic RSV burden in these groups should move more into focus.

Keywords Respiratory syncytial virus, Respiratory infection, Disease burden, Bronchiolitis, Resource use and costs,
Germany
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cases requiring hospitalization, intensive care unit (ICU)
admission and respiratory support, such as mechani-
cal ventilation. RSV infection can cause severe disease
in infants and young children, but with repeated expo-
sure and after young childhood, healthy older children
and adults present with mostly mild, cold-like symptoms
[3, 5-7]. Nearly all children experience an RSV infec-
tion by the age of 2 years [8, 9]. Globally, RSV is a preva-
lent pathogen and the primary cause of bronchiolitis in
infants and young children [10]. A systematic literature
review published in 2019 estimated that RSV caused 33.0
million acute lower respiratory infection (ALRI), 3.6 mil-
lion hospitalizations, and 101,400 deaths worldwide in
children under five years of age [3]. Additionally, RSV
poses a significant burden of disease among adults aged
65 years and above, with an estimated 336,000 hospitali-
zations and 14,000 in-hospital deaths worldwide in 2015,
as reported in a global systematic review and meta-anal-
ysis [11]. Besides the acute burden, RSV infection during
early childhood may lead to long-term sequalae, increas-
ing the risk of recurrent wheezing and asthma [12, 13].
In the elderly, RSV can exacerbate existing serious condi-
tions such as COPD, asthma, and congestive heart failure
(14, 15].

The primary treatment for patients hospitalized due
to RSV-related ALRI is limited to supportive care, which
include oxygen therapy, fluid management, and, in severe
cases mechanical ventilation [9, 16]. Infants and young
children with a history of prematurity or specific chronic
conditions have been identified as having an increased
risk of severe RSV-related ALRI [17, 18]. However, most
children hospitalized for an RSV-related ALRI episode
are born at full-term and are otherwise healthy [8, 19—
21]. For adults, immunosenescence and several under-
lying chronic comorbidities make them particularly
vulnerable to severe RSV infection [22, 23]. Therefore,
prevention remains essential in reducing the burden of
RSV infection. In 2022, nirsevimab, the first long-acting
monoclonal antibody available for prevention of RSV in
a broad infant population was licensed in the European
Union and the United States, followed by a vaccine for
elderly and maternal immunization in 2023 [24, 25].
In 2024, the German Standing Committee on Vaccina-
tion (STIKO) issued a recommendation for prophylaxis
with nirsevimab for all newborns and infants to protect
against severe respiratory infections caused by RSV in
their first RSV season. Prior to these recent develop-
ments, the only available prophylactic option against RSV
was passive immunization with palivizumab, which in
the EU is only indicated for infants born at a gestational
age of 35 weeks or less entering their first RSV season
(aged <6 months at the onset of the RSV season) and
young children at high risk for severe RSV disease aged
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less than 2 years with bronchopulmonary disease (BPD)
or hemodynamically significant congenital heart disease
(CHD) [26]. Until early 2024, reimbursement of palivi-
zumab for otherwise healthy preterm infants in Germany
was further restricted to only those born at a gestational
age of 29 weeks or less [27].

In Germany, a broad RSV surveillance at population-
level is limited as only few RSV-specific outcomes are
reported in the scope of national influenza surveillance,
and RSV only became a notifiable disease in July 2023
[28, 29]. To synthesize all available studies on the burden
of RSV in Germany, we conducted a systematic literature
review. The main objective of this review was to sum-
marize the epidemiological burden, clinical characteris-
tics of symptomatic RSV infection, and RSV-attributable
health care utilization across the entire population in
Germany.

Methods

Search strategy

This systematic literature review was conducted follow-
ing the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines [30, 31]. We
developed search strategies in PubMed and Embase for
articles published from 1st of January 2003 to 31st of May
2023 (Supplementary Table S1). Database searches were
performed in December 2022 and updated in June 2023
to include newly published articles. Additionally, bibliog-
raphy screening of articles included in this review and an
explorative hand search were performed.

Study selection

The review included studies reporting RSV epidemio-
logical frequency measures such as incidence (RSV
cases occurring in a specific population over a particular
period of time) and detection rates (proportions of RSV
positive cases at a given point in time), clinical charac-
teristics of RSV infection, or related resource use and
associated costs (Supplementary Table S2). Only peer-
reviewed publications in English or German language
were considered. Articles were excluded if they did not
present data from Germany, did not differentiate RSV-
specific outcomes from those of other ALRIs, or were
letters or editorials. We further excluded articles with
non-RSV-related study objectives, in which the quanti-
fication of RSV disease burden was restricted to detec-
tion rates only. If the exact same dataset and outcomes
were presented in multiple articles, only one article was
included.

Studies identified from the search were exported, and
duplicate entries were removed using EndNote X9 (Clari-
vate, London UK, 2021). Two reviewers (A.P. and M.W.)
independently screened titles and abstracts to retrieve
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potentially relevant papers based on predefined inclu-
sion and exclusion criteria. Articles considered to be
relevant at this stage were then independently assessed
by two reviewers (A.P. and M.W.) in full-text form and
reasons for exclusion were documented. Any disagree-
ment among reviewers were resolved through discussion
among A.P.,, O.D. and M.W. to reach consensus.

Data extraction

Data were extracted by one reviewer (A.P. or O.D.) and
cross-checked for accuracy by a second reviewer (M.W
or A.P). Data extraction encompassed author’s name
and year of publication, main study characteristics (study
type, sample size, population type as well as region and
period of data collection), and findings related to RSV
infection (incidence, detection rate, distribution of cases
across age groups, seasons and other characteristics,
underlying conditions, seasonality, clinical manifestation
and resource use and costs). For detection rates, propor-
tions of RSV positive cases detected via PCR or antigen
testing were extracted, not accounting for the specificity
and sensitivity of the test used. In studies where the RSV-
positive subpopulation was clearly distinguishable, only
the population characteristics of RSV-positive cases were
extracted [32].

If articles reported the same dataset but presented
non-overlapping outcomes, only divergent data from all
articles were extracted. However, if previously published
articles presented the same outcome values, these values
were not extracted repeatedly from subsequent articles
[32-35].

Data that were presented graphically and not described
elsewhere in the respective articles were extracted using
WebPlotDigitizer Version 4.6 and marked accordingly
in Table S3. For articles that presented seasonality only
graphically, but not explicitly stated elsewhere, season
onsets and endings were defined based on observed, con-
tinuously occurring cases of RSV infection.

Results

The systematic search yielded a total of 315 articles
(Fig. 1). Four additional articles were identified through
the hand or bibliography search. After removing 103
duplicates, the 216 remaining articles were screened by
titles and abstracts. Of these, 108 articles were selected
for full-text review, ultimately resulting in 42 articles
included in the review.

Characteristics of included studies

The observation periods of the 42 included articles cov-
ered 1996 to 2023. Twenty-eight articles described mul-
ticentric or nationwide studies [17, 32, 35-60] and 14
articles single-center studies [19, 33, 34, 61-71]. Among
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the 42 included articles, a total of 31 unique studies were
reported. Thirteen studies were classified as retrospec-
tive [17, 19, 32, 35, 38, 44, 57, 62, 64, 66—69], 22 prospec-
tive [33, 34, 37, 39, 41-43, 47-52, 54-56, 58-61, 70, 71],
and the remaining did not clearly state whether the study
design was retrospective or prospective. There were 2
case-control studies [32, 35] and 1 cross-sectional study
[56], while no study leveraged health care claims data.
Certain studies were covered by multiple articles, such
as the PRI.DE-study [40-42, 71] and PID.ARI [41, 43, 57,
71].

Most articles (31/42) focused on pediatric popula-
tions [14, 19, 32-35, 40-43, 45, 47-57, 59-61, 64—68,
70, 71], while 3 focused on adults only [58, 62, 69] and
the remaining articles included both children and adults
[17, 36-39, 44, 63]. Three articles reported data from the
outpatient setting only [36, 39, 58], 25 articles from the
inpatient setting only [17, 19, 32-35, 40, 43—45, 47-49,
54, 56, 60—62, 65—71], and 14 articles from both health
care setting [37, 38, 41, 42, 46, 50-53, 55, 57, 59, 63, 64].
The population sizes in the studies ranged from 214 to
413,552 subjects.

The complete list and detailed description of the stud-
ies, including main characteristics and extracted out-
comes, are provided in Supplementary Table S3 and are
summarized in Table 1.

Results of included studies by outcome measure

RSV detection rate by age and setting

RSV detection rates were reported in 33 articles, rang-
ing from 0.1 to 55.4% across heterogenous study popu-
lations (detailed description in Supplementary Table S3)
[17, 33, 34, 36-39, 41-43, 45, 46, 49-52, 55-59, 61-71].
Within the pediatric population not immunized with pal-
ivizumab, RSV detection rates in ARI patients (including
case definitions such as acute respiratory tract infection
(ARTI), lower respiratory tract infection (LRTI), respir-
atory symptoms or illness) ranged from 5.2 to 55.4% in
inpatient cases [33, 34, 41-43, 45, 56, 57, 59, 61, 65-68,
70, 71] and from 17.6 to 20.9% in outpatient cases [41,
42, 59]. Based on data from 2017 to 2022, separate RSV
detection rates for children and adults were reported,
with rates across respiratory seasons ranging from 25.6
to 48.9% for children and from 3.8 to 9.4% for the adult
population [63].

A nationwide surveillance analysis for ALRI described
a proportion of RSV among all hospitalized ARI cases of
0.5% as well as 0.1% RSV among all outpatient ARI cases
across all age groups [38]. Among these hospitalized
RSV cases and outpatient RSV cases, 93% and 66% were
younger than 2 years old, respectively.

Considering only studies that reported separate
RSV detection rates in hospitals and in the outpatient
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- Diagnostic test evaluation (n=2)

- Genetic analysis only (n=3)

- Hematological/oncological setting (n=2)

- Nosocomial infection only (n=2)

- Cost-effectiveness/cost-utility analysis (n=2)

Inclusion
i

Articles included in systematic review (n=42)

Fig. 1 Flow diagram of the study selection process

treatment setting, a range of 9.5-38% for inpatient cases
and 17.6-20.9% for outpatient cases was observed [41,
42, 59].

RSV incidence

Seven studies reported the incidence of RSV infection,
although the reporting format (as attack rates in percent,
or rate per 100 or 100,000 children or whole population),
case definitions and underlying populations varied widely
[36, 42, 45, 50-52, 56]. A surveillance study reported
attack rates of RSV-attributable medically attended ARI
cases across all age groups with a range of 0.3-1.2% for
the seasons 2010-2011 to 2017-2018. Looking at age-
specific attack rates across seasons, higher rates were
reported for the age groups 0—1 years (range: 4.0-14.8%)
and 2-4 years (range: 4.0-10.3%) compared with older
age groups (range of > 60 years: 0.1-1.2%) [36].

A further study calculated the incidence of RSV-related
LRTI outpatient consultations and hospitalizations in
children aged <3 years from 1999 to 2001 and reported
7.7 outpatient consultations per 100 children and 1,117

hospitalizations per 100,000 children. By extrapolating to
the entire German population, annual 183,761 outpatient
and 26,524 hospitalized cases related to RSV were esti-
mated and reported [42].

All four articles reporting RSV-related hospitalizations
among infants and young children (<25 months of age)
with underlying conditions and immunized with palivi-
zumab, were based on the “German Synagis Registry”. For
this restricted population, the reported RSV-related hos-
pitalization rates ranged from 0.7 to 1.6%. [49-52].

RSV seasonality
A total of 18 reports on seasonality were identified [17,
33, 34, 37, 39, 43, 44, 46, 54, 55, 57, 62—64, 67-70], pre-
senting different stratification, such as per calendar year
or per season, per month or per.

calendar week. Figure 2 shows RSV activity onset,
peak and ending for each season from 2003 to 2023. In
the pre-COVID-19 pandemic seasons, the RSV epi-
demic seasons were most frequently reported to start
in November, to peak in February and to end in April.
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Season Publication Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
2009-2010  Bierbaum [37] s
Vogel et al. [70]* | ]

Grohndal et al. [43]
Schreiner et al. [67]*

2010-2011 Grohndal et al. [43]
Schreiner et al. [67]*

2011-2012 Schreiner et al. [66]*

Cai et al. [39)] ——
2012-2013  Tabatabai et al. [67]* _
Cai et al. [39] —

2013-2014  Caiet al. [39] B B

2014-2015  Caietal. [17]*
Cai et al. [39] B
Tabatabai et al. [33]

2015-2016  Caiet al. [17]
Cai et al. [39] l
Tabatabai et al. [33]

2016-2017  Caiet al. [17]
Cai et al. [39] l
Tabatabai et al. [33]
Kiefer et al. [44]

2017-2018  Caietal. [17]
Cai et al. [39] B
Maison et al. [64]
Hénemann et al. [63] I
Kiefer et al. [44]
Tabatabai et al. [34]

2018-2019  Topoulos et al. [69]* [ |
Cai et al. [39] l
Maison et al. [64]
Hénemann et al. [63] B
Kiefer et al. [44]

2019-2020  Cai et al. [39] B
Maison et al. [64]
Honemann et al. [63] .
Kiefer et al. [44]

2020-2021  Caiet al. [39]
Maison et al. [64]
Honemann et al. [63]
Kiefer et al. [44]

2021-2022  Caiet al. [39] |
Tenenbaum et al. [54]*
Honemann et al. [63] l

Kiefer et al. [44]

2022-2023 Kiefer et al. [44]

*Study did not report entire season (at least one parameter of onset or ending was not reported)
Inpatient treatment
Il Outpatient treatment — Duration
M Inpatient/outpatient treatment Peak
Fig. 2 Seasonal RSV activity reported in included articles by publication and year (based on month or calendar weeks), Germany 2009-2023. RSV
activity reported for seasons prior to 2009 were not depicted
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During the COVID-19 pandemic, the typical seasonality
was disrupted, as no noticeable season during the winter
of 2020-2021 and an early peak of season 2021-2022 was
reported.

Clinical manifestation of RSV infection

Clinical manifestations of RSV-typical presentations,
including pneumonia, bronchitis, and bronchiolitis were
reported in 19 articles [19, 32-34, 38, 41, 42, 45, 49-51,
53, 61-63, 68—71]. Among these 19 articles, the propor-
tion of RSV cases with pneumonia varied widely, ranging
from 6.9 to 34.2% in pediatric outpatient cases, from to
12.2-61.3% in pediatric inpatient cases, and from 32.5 to
50% in adult inpatient cases. No study reported on the
proportion of RSV cases with pneumonia in adult out-
patient cases separated from pediatric cases. A single-
center study provided comparative data between the
adult and pediatric population with RSV in the inpatient
setting, revealing that 34.2% of adults (>18 years) had
pneumonia, whereas the proportion among children<18
years of age was 19.0% [63]. Another single-center
study investigating proportions of pneumonia within
the pediatric population with RSV indicated that 19.4%
of infants <6 months of age opposed to 50% of children
aged 2-5 years had pneumonia [19].

Bronchiolitis proportions among RSV cases were docu-
mented in 9 articles, showing a range of 18—-62.8% across
all ages [19, 33, 38, 41, 42, 50, 51, 61, 71]. When strati-
fying by age groups within a pediatric population from
a single-center study, infants had higher proportions
of bronchiolitis (79.6% and 81.3% of children aged<6
months and 6-<12 months, respectively) than young chil-
dren (51.3% and 39.7% of children aged 1-<2 years and
2-5 years, respectively) [19].

Bronchitis was reported in 10 articles, with its occur-
rence ranging from 4.5 to 37% among RSV-related cases
[19, 32, 33, 38, 41, 42, 50, 51, 61, 63, 71]. Additionally,
wheezing bronchitis was classified in 1 article, occurring
in 33.6% of RSV-positive hospitalized children<2 years
of age.

Five studies reported the combined prevalence of RSV-
related bronchitis and bronchiolitis in children [34, 45,
53, 63, 68], ranging from 41.7 to 80.8%. Finally, four fur-
ther studies reported cases of laryngotracheobronchitis,
commonly known as croup, with proportions between
0.0 and 13.8% in pediatric inpatient and 12.0-14.1% in
pediatric outpatient cases [32, 41, 42, 71].

Underlying conditions

Thirteen articles reported underlying conditions of indi-
viduals with RSV infection, mostly focusing on the pedi-
atric RSV population in the inpatient treatment setting
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(Supplementary Table S3) [17, 19, 35, 44, 45, 47-50, 52,
53, 60, 63].

Within the pediatric RSV population (excluding the
palivizumab-eligible populations [49, 50, 52]), premature
birth (including varying definitions of birth before 35-37
weeks of gestation) was the most frequently reported
underlying condition with a wide range of proportions
from 4.2 to 41.1% due to heterogenous populations [19,
35, 44, 48, 53, 60, 63]. The higher values for the pro-
portion of prematurity in RSV cases were due to sub-
populations of patients with further existing underlying
conditions. In contrast, in articles considering study pop-
ulations without specific further underlying conditions
other than prematurity, pre-term status ranged from 12.7
to 24.1% among hospitalized RSV cases [19, 35, 44, 48,
53, 63], was 25.0% among ICU-admitted [53], and 4.2% in
outpatient RSV cases [53]. Like prematurity, proportions
of RSV cases with CHD (range: 1.6-26.0% [17, 19, 44,
47, 48, 60]) and chronic lung disease (CLD)/BPD (range:
1.4-21.6% [19, 35, 45, 48, 60]) varied widely due to heter-
ogenous populations, and partially had coexisting under-
lying conditions. In three included articles, all based on
data from the “German Synagis Registry’, analyzing RSV-
related hospitalizations of children immunized with pal-
ivizumab, prematurity was the most frequently occurring
underlying condition (78.8% and 88% [49, 50, 52]), fol-
lowed by CLD/BPD (41.2% and 47% [49, 50]) and CHD
(range: 26.2—34.2% [49, 50, 52]).

Within the adult RSV population, the highest reported
proportions of underlying conditions were cardiovascu-
lar disease (53.6% and 58.8% [44, 63]), diabetes (30.4%
and 31.2% [44, 63]), COPD (17.1% and 28.7% [44, 63])
and immunosuppression (38.0% [63]).

Mortality
Eight articles reported data on mortality in the studied
population with RSV infection, with case-fatality rates
ranging from 0.0 to 0.4% among hospitalized children
with RSV [17, 19, 47, 48, 60, 62, 63, 69]. Among children
with underlying conditions, hospitalized RSV cases were
fatal in 1.2% of preterm cases [47] and 5.5% of children
with neuromuscular impairments (NMI) [60]. However,
logistic regression analyses indicated that NMI was indi-
rectly associated with RSV-related death due to increased
risk of PICU admission and respiratory failure [60]. The
reported lethality of RSV infection in adult populations
was higher than in children, with in-hospital case-fatality
rates ranging from 6.1% (in inpatient cases with RSV and
a mean age of >60 years) to 13.3% (RSV-positive pneu-
monia inpatient cases) [63, 69].

One study reported age distribution and underlying
conditions in deceased RSV cases. 40% of deceased RSV
cases were below 4 years of age, while 12% were 5-64
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years and 48% above 65 years of age. 60% of deceased
RSV cases had an underlying cardiovascular disease [17].

RSV-related health care resource use

Twenty-three articles reported health care resource use
(HCRU) associated with RSV infection meeting our pre-
defined inclusion criteria, such as ICU admission rates,
length of stay (LOS) in the hospital or at the ICU, and
treatment options (inhalation, oxygen, ventilation, res-
piratory support, antibiotics, duration of therapy; Fig. 3)
(17, 19, 33, 35, 40, 42, 44, 45, 47-50, 53, 54, 58, 60, 62, 63,
65-68, 70].

Hospital LOS of RSV cases was reported in 16 arti-
cles [17, 19, 33, 35, 42, 44, 45, 47, 48, 53, 60, 62, 63,
66—68, 70]. The median LOS ranged from 3 to 11 days,
while the mean LOS ranged from 5 to 18.3 days across
all populations. Two articles have reported the hospi-
tal LOS for both children and adults within the same
study, in which the hospital LOS was higher in adults
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(mean 18.3 days, median 8 days) than in children (mean
6.5 days, median 4 days) [44, 63].

ICU admission rates of hospitalized RSV cases were
reported in 14 articles, varying from 3.6 to 45% [17,
19, 35, 44, 47-50, 54, 60, 62, 63, 66, 68]. Within pedi-
atric populations, subgroups of children with under-
lying conditions had the highest ICU admission rates
with up to 45% (Fig. 3). In children without underlying
conditions, the youngest age groups were reported to
be admitted most frequently to the ICU (9.3% of chil-
dren<6 months of age [19]). Comparing the entire
pediatric (< 18 years) and adult (> 18 years) population
within the same respective studies, adults were admit-
ted to the ICU more frequently than children (25.0%
and 10.1% for adults vs. 10.5% and 3.6% for children)
[44, 63]. The reported ICU LOS was consistent with 8.8
to 9 days (mean) or 4.5 to 5 days (median) in children,
and 7.6 days (mean) in adults [17, 53, 63].

Subgroup/ specific

Publication K
population

Age group

RSV-related health care resource use

Overall populations or without specific underlying conditions

Caietal. [17] All ages n.a.
Ambrosch et al. [62] Adult (>18 yrs) n.a.
Hénemann etal. [63]*  Adult (218 yrs) n.a.
Kiefer et al. [44]1 Adult (>18 yrs) n.a.
Weinberger etal. [S8]  Adult (>18 yrs) n.a.
Forster et al. [42] Pediatric (<3 yrs) n.a.
Hartmann et al. [19] Pediatric n.a.
Honemann etal. [63]*  Pediatric (<18yrs) n.a.
Kiefer et al. [44]" Pediatric (<18 yrs) n.a.
Liese et al. [45] Pediatric (<18 mo) n.a.
Mevyer et al. [66] Pediatric (<4 yrs) n.a.
Schreiner et al. [67] Pediatric n.a.
Simon et al. [47]1 Pediatric Term
Simon et al. [47]1 Pediatric Preterm (WGA <37)
Simon et al. [48] Pediatric n.a.

Simon et al. [49]
Simon et al. [50]
Streng et al. [53]1
Streng et al. [53]l
Streng et al. [53]1

Pediatric (<2 yrs)

Pediatric (<25 mo)
Pediatric (<16 yrs)
Pediatric (<16 yrs)
Pediatric (<16 yrs)

Palivizumab-immunized
Palivizumab-immunized
Term (PW population)
Term (PICU population)
Preterm (PICU population)

Tabatabai et al. [68] Pediatric (<2 yrs) n.a.
Tabatabai et al. [33] Pediatric (<18 yrs) n.a.
Tenenbaumetal. [54]  Pediatric (<5 yrs) n.a.

Vogel et al. [70] Pediatric (<18 yrs)  n.a.

Weigl et al. [35] Pediatric (<2 yrs) n.a.
Wilkesmann et al. [60]* Pediatric Without NMI
Wilkesmann et al. [60]* Pediatric With NMI

Treatment
Hospital LOS, ICU Respiratory
median admission Oxygen (%) sup[-aor-t/ Antibiotics
(days) rate (%) ventilation (%)
rate (%)

| I | 7
Il : B 13
lN: H > BN
[ | s 1 10
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1Within—study subpopulations were depicted separately; ’Mean value reported only; *No indication whether median or mean; *Of ICU-admitted patients

Fig. 3 Overview of health care resource use (HCRU) reported in included articles by publication, age group and study population. LOS: length
of stay; NMI: neuromuscular impairment; RSV: respiratory syncytial virus; (P)ICU: (pediatric) intensive care unit; PW: pediatric hospital ward; wGA:
gestational age in weeks; yrs: years
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In the included articles, the reported treatment cov-
ered options such as oxygen supply, (non-invasive) res-
piratory support and (mechanical) ventilation, including
high-flow nasal cannula (HENC), continuous positive
airway pressure (CPAP), intermittent mandatory ventila-
tion (IMV), inhalation, and administration of antibiotics.
Ventilation among children hospitalized with RSV was
applied in 1.3-9.6% of cases, while two studies reported
ventilation rates of 10.6% and 38% in ICU-admitted chil-
dren with RSV [17, 53]. The term “ventilation” was speci-
fied differently in the various articles, with some articles
referring to both non-invasive and mechanical, i.e. inva-
sive ventilation, separately. Other articles did not further
specify the term “ventilation” Three articles reported
specific methods, such as HFNC (3.5% and 24.3% of hos-
pitalized RSV cases) and CPAP (1.8% of RSV cases and
34.6% of ICU-admitted cases with RSV-A) [19, 53, 66]. In
addition to respiratory-related treatment options, the use
of antibiotics was reported in 7 articles, being adminis-
tered to 35-62.2% of pediatric RSV hospitalized and 73%
of adult RSV outpatient cases [19, 35, 45, 47, 48, 58, 67].

Two articles provided detailed information on primary
care visits, reporting a mean of 2.7 (<3 years) and 4.3
(>18 years) additional consultations for RSV outpatient
cases after initial presentation to the general practitioner,
and a mean of 3.6 consultations for RSV inpatient cases
after discharge [42, 58].

RSV-related costs

Our search identified only 1 article reporting costs asso-
ciated with RSV-LRTI in children <3 years of age from
1999 to 2001, estimating mean costs of €163 per outpa-
tient case and €2.772 per hospitalized RSV case, includ-
ing direct and indirect costs. Extrapolating costs per case
to the entire German population, annual costs of €17.5
million associated with outpatient and €66 million for
inpatient treatment of RSV cases were reported [40].

Discussion

This is the first systematic literature review synthesiz-
ing the evidence of RSV-associated burden of disease
for Germany and describing the heterogeneity in study
methods, settings, and populations, as well as reporting
a wide range of outcome measures. Most studies were
conducted in pediatric populations and in the inpatient
setting. The RSV detection rate was the most frequently
reported outcome measure followed by information
about HCRU associated with RSV infection, both for
diverse study populations.

Outcome measures such as the incidence of RSV infec-
tion, the number of hospitalizations, or the ventilation
rate, were reported to be highest in infants and young
children. Severe RSV cases were reported for both infants
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and young children as well as in the elderly. However,
RSV-related hospitalization in older adults were reported
to have higher case-fatality rates and ICU admission rates
than in children. This variation of outcomes by age in
included studies is in line with European multinational
studies describing the RSV disease burden among chil-
dren [7, 8, 72], adults [73] or both children and adults
[74].

In the included studies, premature birth, CHD, and
CLD in children, as well as chronic diseases like cardio-
vascular issues and immunosuppression in older adults,
were reported to increase the individual risk of severe
RSV-related complications. This is in line with exist-
ing evidence of underlying conditions as risk factors
for severe RSV disease in infants and young children
[75-78]. RSV has also been found to exacerbate existing
chronic respiratory disease and asthma in adults, lead-
ing to increased morbidity and mortality [15]. Although
premature infants or children with underlying conditions
are particularly affected by severe RSV infection, several
studies have shown that most infants contracting RSV do
not have any underlying conditions [35, 44]. This high-
lights that RSV is not confined to children with specific
underlying conditions but can equally affect otherwise
healthy children, which is supported by international and
recently published literature from Germany. An analysis
published in late 2023 based on the Hospital Statistics
Database of the German Federal Statistical Office showed
that in Germany most RSV cases between 2010 and 2019
occurred in children <4 years of age that were otherwise
healthy [79]. A retrospective analysis of RSV-associated
hospitalizations data from the French Hospital database
found that 87% of RSV-associated hospitalized children
were otherwise healthy and that almost half were born
out of the RSV season [5]. Analyses for otherwise healthy
children and infants born out of season are missing for
Germany.

With 7 out of 42 articles, only few calculated the inci-
dence of RSV-specific outcomes such as infection or hos-
pitalizations and extrapolated the numbers to Germany.
Only 1 article estimated annual incidence of RSV-related
ALRI hospitalization and outpatient cases for children
aged 3 years and younger [42]. In another article, annual
attack rates of RSV-attributable medically attended ARI
cases were calculated for all age groups [36], which were
derived from outpatient data from the German influenza
sentinel system of the Robert Koch Institute. The surveil-
lance system also monitors excess consultations caused
by RSV infection, which may be another useful parame-
ter to quantify the outpatient burden [28]. Understanding
the population level incidence of RSV is critical to esti-
mate the RSV burden on health care systems and possible
impact of future immunizations.
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We identified only few studies using routine data, and
no health insurance claims data analysis. The conduct
of claims data analyses or cohort studies with a follow-
up period of several years could complement existing
evidence to identify and quantify long-term sequelae
following a RSV infection, like recurrent wheezing or
asthma, which is discussed as a consequence after early-
life LRTI-RSV infection [80, 81], but not reported in any
of the included studies. Two ICD-10 code-based studies
were included. For those types of studies data validity of
the used codes should be considered. One of the included
studies from 2020 evaluated retrospectively the use of
RSV-specific ICD-10 codes for an existing RSV surveil-
lance system in Germany [38]. The authors found that
RSV-specific ICD-10 codes (J12.1, J20.5 and J21.0) had
poor sensitivity of 6% and high specificity of 99.8%. The
combination of RSV-specific and selected non-RSV-spe-
cific ALRI ICD-10 codes, though, improved sensitivity to
44% while maintaining high specificity (91%).

Few studies reported on RSV-attributable mortality. In
children, case-fatality was reported to be very low, except
for subgroups with severe underlying conditions (up to
5.5% in children with NMI [60]), as it is in line with other
high-income countries [1, 3]. Globally, the highest bur-
den of RSV-related mortality in children occurs in low-
and middle-income countries [1]. In the included studies,
the adult population had the highest case-fatality rates
(11.3-13.3%), which were often high in those groups with
high proportions of RSV-pneumonia [62, 69]. The only
included study that described the RSV disease burden
compared with the disease burden of influenza in elderly
aged >60 years was the study by an der Heiden et al.,
which covered the 2010-2011 to 2017-2018 seasons
[36]. The authors found higher influenza attack rates than
RSV attack rate. This is in line with a study from 2023
conducted in the US that found that among hospitalized
older adults, RSV was less common than with COVID-19
or influenza. However, they found higher disease severity
in older adults hospitalized with RSV than with COVID-
19 or influenza [82].

Many articles reported on seasonality but had differ-
ent definitions for the onset and ending of RSV activity
or depicted seasonality in various ways. This may have
translated into inconsistent seasonal patterns within the
same years across different articles. A homogenized defi-
nition and presentation as proposed in Cai et al. (2022)
[39] may facilitate the detection of seasonal patterns
(severe vs. less severe, early vs. late onset) and thus sup-
porting strategies for health care and prevention to miti-
gate the disease burden in the future.

There is limited evidence on the economic burden of
RSV in Germany, with only one outdated study included
in this review [40]. However, in late 2023, two exhaustive
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studies were published, one that analyzed RSV-related
hospitalization costs in all age groups for 2010-2019, the
other in children <2 years of age for 2019-2022 [79, 83].
From a third-party payer perspective, the mean costs of
RSV hospitalization ranged between €3,443 in 1-4-year-
olds and €7,339 among adults during 2010-2019, and
between €3,001 and €3,961 in children<2 years during
2019-2022 [79, 83]. With recent new interventions to
prevent severe RSV infection in infants, young children,
and the elderly, reevaluated costs should be consid-
ered, as health economics plays a key role in health care
decision-making.

This review’s primary strength is its broad inclusion
criteria. The synthesized results come from a variety of
populations (infants, children, adults, elderly, patients
with conditions), treatment settings (in- and outpatient
cases), event types (any ALRIL influenza-like illness)
and regions (distributed all over Germany). Most of the
included studies had large populations of more than 300
patients, 12 studies were nationwide, allowing this sys-
tematic literature review to provide a robust description
of the epidemiological burden of RSV disease. In addition
to the comprehensive collection of evidence, the exten-
siveness of this systematic review enabled the detec-
tion of evidence gaps. Data on RSV in children without
underlying diseases, RSV in the elderly, on the economic
burden caused by RSV infection, on RSV burden in the
outpatient setting, and on tracking long-term sequalae
after RSV infection were scarce to unavailable.

Due to high variability and heterogenous nature of the
research question, this review is limited by the inability
to assess quality of the included studies nor to conduct a
meta-analysis. We found heterogeneity in reported out-
come measures and study populations across included
studies, such as the included type of disease within the
population, different classification of underlying condi-
tions (different definitions or not specified definitions for
prematurity), different stratifications of age groups and
undefined classification of treatment (e.g. ventilation,
being invasive or non-invasive). Second, taking the vast
heterogeneity of study designs and their divergent focus
into account, we should be cautious in our interpreta-
tions of results, especially when summarizing or com-
paring results across different studies. Finally, this review
only considers scholarly articles reflected in PubMed and
Embase and does not include other databases and grey
literature.

Future work

The compilation of all available data from included
studies showed some similarities, such as the HCRU of
individuals with RSV infection within similar popula-
tions, but mostly high variability occurred when similar
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outcome measures were summarized across studies and
populations. This strengthens the need to report dis-
tinct values for specified subpopulations, which can be
stratified by age, treatment setting, underlying condi-
tions, or clinical manifestation to help to quantify the
true burden of RSV in Germany and thus health care
decision-making for each population. This requires also
further studies that quantify the direct and indirect
costs associated with RSV.

Conclusion

Our results demonstrate that RSV causes substantial
morbidity in affected individuals in Germany, primarily
in infants, young children, and in the elderly, indicat-
ing that RSV prevention could have a high impact on
individual and public health. Most articles reporting
on pediatric RSV cases, focused on children with spe-
cific underlying conditions. Those few also focusing on
children without any underlying conditions reported
high proportions of RSV cases in children. Until now,
only few studies described the burden of RSV infection
in otherwise healthy children or the elderly. Consider-
ing the remarkably high reported burden, these groups
should be further investigated in future studies.
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