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ABSTRACT

Respiratory syncytial virus (RSV) is the leading cause of lower respiratory tract
infections in children worldwide, with nearly all children infected by the age of three.
Although the majority of cases are managed in outpatient care, RSV is responsible
for over 3.5 million global hospitalizations annually among children less than five
years old. However, knowledge regarding RSV infections in youngest infants and
sex-related differences remains limited. The aim of this study was to determine the
burden and clinical features of RSV in children.

In a prospective outpatient cohort study, children under 10 years of age were
followed over two consecutive respiratory seasons. During each infection, they were
clinically examined, and RSV viral load was measured from nasopharyngeal
samples. Parents filled daily symptom diaries during the study. We found that higher
RSV viral load was associated with a longer duration of symptoms from the age of
two years onwards, although no clear link was observed with complications or
antibiotic use.

Retrospective inpatient studies investigated laboratory-confirmed RSV
hospitalizations at Turku University Hospital in 2006-2020. Cases were analyzed on
a population basis, and data were obtained from patient medical records. We found
that RSV hospitalization rates peaked at one month of age and declined with
increasing age. Among infants under three months, hospitalization rates were up to
twice as high as previously reported. Additionally, boys were hospitalized up to 50%
more often than girls during early childhood, except in the first months of life. Boys
also more frequently presented with respiratory distress, while no differences were
found in other clinical features, complications, antibiotic use, or length of hospital
stay.

Our findings indicate that the burden of RSV hospitalization in the first months
of life is considerably greater than previously assumed, emphasizing the importance
of preventive strategies during early infancy. The observed sex differences in disease
burden and clinical presentation may offer insights into the pathogenesis of RSV.
Furthermore, the association between viral load and symptom duration highlights the
clinical relevance of antiviral therapy development.

KEYWORDS: RSV, children, outpatient care, hospitalization, viral load, clinical
presentation
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TIVISTELMA

RS-virus on lasten yleisin alahengitystieinfektion aiheuttaja maailmassa, ja ldhes
kaikki ovat sairastaneet sen kolmeen ikdvuoteen mennessi. Suurin osa tapauksista
hoidetaan avohoidossa, mutta RSV aiheuttaa silti globaalisti yli 3,5 miljoonaa
sairaalahoitoa vaativaa infektiota vuosittain alle viisivuotiailla. Vaikka RSV
tunnetaan jo varsin hyvin, tietoa etenkin nuoremmista imevéisisté ja mahdollisista
eroista sukupuolten vélilli on kuitenkin edelleen vdhdn. Tdmén tutkimuksen
tavoitteena oli selvittdd RSV:n tautitaakkaa ja kliinistd kuvaa lapsilla.

Prospektiivisessa avohoidon kohorttitutkimuksessa seurattiin kahden infektio-
kauden ajan alle 10-vuotiaita lapsia. Heidét tutkittiin jokaisen infektion yhteydessd,
ja RSV:n virusmédrd maédritettiin nenédnielundytteestd. Vanhemmat tayttivit
oirepdivakirjaa koko tutkimuksen ajan. Havaitsimme, ettd suurempi virusmaéra oli
yhteydessid pidempéédn oirekestoon kahden vuoden idstd alkaen, mutta yhteyttid
komplikaatioiden tai antibioottihoidon tarpeen suhteen emme havainneet.

Retrospektiivisissd sairaalatutkimuksissa tarkasteltiin virologisesti varmennet-
tuja lasten RSV-sairaalahoitoja Turun yliopistollisessa keskussairaalassa vuosina
2006-2020. Tapaukset suhteutettiin alueen védestoon ja tiedot kerittiin potilas-
asiakirjoista. Havaitsimme, ettd RSV-sairaalahoidon tarve on huipussaan yhden kuu-
kauden idssé ja vdhenee idn myotd. Alle kolmen kuukauden ikaisilld sairaalahoidon
tarve oli jopa kaksinkertainen aiemmin julkaistuihin tuloksiin verrattuna. Totesimme
myos, etté poikien riski joutua sairaalahoitoon oli jopa 50 % korkeampi kuin tytoilla
lukuun ottamatta varhaislapsuuden ensimmadisid elinkuukausia. Lisdksi pojilla
esiintyi tyttdjd useammin hengitysvaikeutta RSV-sairaalahoidon yhteydessd, mutta
muutoin oirekuvassa, komplikaatioissa, antibioottihoidon tarpeessa tai sairaala-
hoidon kestossa ei todettu eroa.

Tutkimuksemme osoitti, ettd imevdisten RSV-infektioista johtuva sairaalahoi-
don tarve on ensimmaisind elinkuukausina selvisti aiemmin luultua suurempi, joten
heihin kohdistuvien preventioiden merkitystd voidaan pitié entistékin tdrkedmpéana.
Havaitsemamme sukupuolten vilinen ero sairaalahoidon tarpeessa ja taudinkuvassa
avaa mahdollisesti RSV-infektion patogeneettistd mekanismia. Viruslddkehoitojen
kehittelyn kannalta osoittamamme yhteys RSV-virusméirédn ja oireiden keston
vélilld saattaa olla merkittava.

AVAINSANAT: RSV, lapset, avohoito, sairaalahoito, virusmééra, taudinkuva
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1 Introduction

Respiratory syncytial virus (RSV) is the leading cause of lower respiratory tract
infections (LRTIs) in children globally (Wildenbeest et al., 2023), and nearly all
children are infected by the age of three (Berbers et al., 2021). The clinical
presentation of RSV infection ranges from mild upper respiratory symptoms to
severe illness and death (Jiang et al., 2023). While most cases are mild and managed
in outpatient settings, approximately 2% of otherwise healthy infants require
hospitalization during their first year of life (Hak et al., 2024b). Globally, RSV leads
to more than 3.5 million hospital admissions annually in children under five years,
including nearly 1.5 million in infants aged 0—6 months (Li et al., 2022). RSV is also
the second most common cause of death in infants worldwide, accounting for over
100,000 deaths annually in children under five, with the highest mortality occurring
outside hospitals in low-income settings (Li et al., 2022).

Following the failure of the first RSV vaccine in the 1960s, significant progress
has been made in preventing RSV infections. The first maternal RSV vaccine was
approved in autumn 2023 to protect infants from severe RSV disease, with additional
vaccines, including pediatric candidates, currently in development (Babawale et al.,
2025). For over two decades, palivizumab was the only monoclonal antibody
available for high-risk infants. However, the extended half-life monoclonal antibody
nirsevimab was approved in 2022-2023 for the prevention of severe RSV disease in
all infants. Finland became the first Nordic country to implement nirsevimab for the
RSV season 2024-2025. The real-world data of the effectiveness of these
preventions are promising (Drysdale et al., 2023; Phijffer et al., 2024a, 2024b).

Currently, there is no specific treatment for RSV. The only antiviral, ribavirin, is
limited to select high-risk groups (Zhang et al., 2024). However, as with influenza,
it is hypothesized that a potent antiviral could shorten the duration and reduce the
severity of RSV illness (Malosh et al., 2018), making the development of effective
RSV antivirals a high research priority (Zou et al., 2024).

Although risk factors for severe RSV disease are well known, most children
requiring hospitalization are previously healthy full-term infants, particularly those
under six months of age. With the recent introduction of RSV preventive interventions
in clinical practice, there is a growing need for detailed epidemiological data to assess
the cost-effectiveness of these interventions and to optimize their use. To date,
however, population-based studies with virologically confirmed RSV data in this
vulnerable age group of young infants have remained scarce.

13



2 Review of the Literature

2.1 Viral structure of RSV

211 Overview of RSV

RSV was first isolated in 1956 from respiratory-symptomatic chimpanzees and a
year later from infants. It belongs to the Pneumoviridac family and the
Orthopneumovirus genus (Figure 1) (Rima et al., 2017). RSV is an enveloped,
single-stranded, negative-sense ribonucleic acid (RNA) virus, typically 150-300 nm
in diameter. Due to its non-segmented genome, it cannot reassort genome segments
and thus cannot cause large pandemics via antigenic shifts like influenza (Kaler et
al., 2023). The RSV genome consists of 10 genes, encoding 11 proteins (G, F, SH,
N, P, L, M, NS1, NS2, M2-1, and M2-2), each with specific roles in the virus
lifecycle (Figure 2) (Battles and McLellan, 2019; Kaler et al., 2023). The most
important of these are the G and F proteins, which are essential for viral entry and,
as such, are primarily targeted in interventions such as monoclonal antibodies
(mAbs) and vaccines.

Mononegavirales ]

Paramyxoviridae ] [ Pneumoviridae ]
) I| 1 ) L 1
[ Respirovirus Rubalavirus ] Morbiilivirus Orthopneumovirus ] Metapneumovirus]
| ) | | |
PIV-1, PIV-2, RSV-A HMPV-A,
PIV-3 PIV-4 Mumps Measles RSV-B HMPV-B

Figure 1. Lineage of RSV.
Modified from: Rima et al., 2017.
Abbreviations: HMPV, Human metapneumovirus; PIV, Parainfluenza virus
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Fusion protein (F)
Large polymerase -
protein (L)

Nucleoprotein (N)

Phosphoprotein (P)

M2-1
Attachment _—"

glycoprotein (G)
Lipid bilayer

Figure 2. Structure of RSV.
Figure reproduced from Jung HE et al., 2020. Licensed under CC BY 4.0.

2.1.2 Proteins

2.1.2.1  Structural proteins

The outer lipid bilayer envelope of RSV contains three glycoproteins, the
transmembrane proteins G and F, and the SH protein. The G protein (attachment
glycoprotein) is responsible for the virus binding to the host cell surface, specifically
the cilia of respiratory epithelial cells. The genome of the G protein varies greatly
between different RSV strains, which has made it a challenging target for RSV
interventions such as mAb and vaccines. The division of RSV into subtypes A and
B is based on genetic variations in the G protein, primarily through duplications and
antigenic drift (Bin Lu et al., 2019). The current predominant genotypes globally are
RSV-A ONI1 (Ontario, Canada, 2012) and RSV-B BA (Buenos Aires, Argentina,
1999).

The F protein (fusion protein) is responsible for the fusion of the viral envelope
with the host cell membrane (i.e. formation of syncytia), allowing the virus to enter
the host cell and release its genetic material. It also enables the virus to spread from
one cell to another. Its genetic variation is significantly lower than that of the G
protein, which is why it has been selected as a key antigen in vaccine development
(Hause et al., 2017; Mejias et al., 2017; Schaerlaekens et al., 2024; Tan et al., 2013).

15
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The discovery and stabilization of the prefusion (pre-F) conformation of the F
protein in 2013 was a major breakthrough, after which two distinct conformations
were identified: the metastable pre-F and stable post-F conformations, which contain
six different epitopes, or antigenic sites (Figure 3). When an antibody binds to an
epitope of the pre-F conformation, its structure locks in the pre-F form, preventing
viral entry into the cell. The epitopes in the pre-F form and the antibodies targeting
them have been found to be significantly more neutralizing compared to antibodies
targeting the post-F form (McLellan et al., 2013a, 2013b). The antigenic sites I and
IT are present in both the pre- and post-F forms, with the latter being the target of
palivizumab. The antigenic site @, located only in the pre-F form, has become a
critical target for RSV interventions. Antibodies binding to site & have been found
to have up to 50 times the neutralizing activity compared to palivizumab (McLellan
et al., 2013b; Ngwuta et al., 2015; Zhu et al., 2017), and it is the target of potent
neutralizing antibodies such as nirsevimab (Table 1).

Postfusion RSV F

Neutralizing Potecncy ~ Location Prefusion RSV F

= Pre-F only

B Site @
W Site |
O Site ll
B Site lll
B Site IV
B SiteV

Pre-F > Post-F

— Pre-F & Post-F

Post-F > Pre-F

Current Opinion in Virology

Figure 3. Conformations of RSV F protein and its antigenic sites.
Reprinted from Current Opinion in Virology, Vol. 23, Graham BS, Vaccine development
for respiratory syncytial virus, pp.107-112, © 2017, with permission from Elsevier.
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Table 1. Conformations of RSV F-protein, its antigenic sites, and targeting mAbs. The bolded
text represents the conformation in which the antigenic site plays a more prominent role.
Table modified from Schaerlaekens et al., 2024. Licensed under CC BY 4.0.

Neutralizing potency Antigenic site | F-Conformation |Targeting mAbs
(0] Pre nirsevimab, D25, AM22, 5C4
\% Pre suptavumab
1 Pre > Post MPES8
\Y Pre and Post clesrovimab, mAb19, 101F
Il Pre and Post palivizumab, motavizumab
I Post > Pre 2F, 44F, 45F, 131-2a

The third lipid envelope protein in addition to G and F proteins is the SH protein
(Small Hydrophobic protein). It functions as an ion channel, regulating the
permeability of the cell membrane and potentially facilitating the virus's entry into
the host cell. The SH protein also participates in the regulation of host cell apoptosis
and the avoidance of the immune response. (Schaerlaekens et al., 2024).

Beneath the envelope are ribonucleocapsid proteins, N, P, L, M, M2-1, and M2-
2 proteins. The N protein binds to RSV RNA, protecting it from degradation. The P
protein (phosphoprotein) acts as a cofactor and stabilizer for the L protein (large
polymerase), while the L protein is responsible for the virus's replication and
transcription, together with M2-1 and M2-2. The M protein (matrix) participates in
the assembly of the virus and acts as a bridge between the envelope and nucleocapsid
during the release process. (Schaerlackens et al., 2024.)

2.1.2.2 Non-structural proteins

Non-structural proteins NS1 and NS2 inhibit the antiviral immune response by
preventing the production and function of interferons, thus helping RSV evade the
immune system (Schaerlaekens et al., 2024).

2.2 Pathophysiology

2.2.1 Transmission

RSV spreads primarily through direct contact between individuals or indirectly via
contaminated objects, but transmission can also occur through airborne particles via
droplets or aerosols (Kaler et al., 2023; Kutter et al., 2018). Infection typically occurs
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when RSV enters the body through the nose or mouth mucus membranes.
Additionally, RSV can be transmitted vertically from an infected mother to the fetus
through the placenta (Manti et al., 2022).

When an infant becomes infected, the primary source in 50-70% of cases is an older
sibling from the same household (Hall et al., 1976; Heikkinen et al., 2015). Once RSV
enters a household, 35-50% of family members become infected within a week, and up
to 90% of infants (Hall et al., 1976; Heikkinen et al., 2015; Munywoki et al., 2014).
Similarly, in day-care groups, around 50% of children become infected within a week of
the first detected case (Chu et al., 2013). RSV is highly contagious, with a reproduction
number (Ro) of 3-5, depending on symptoms, population, and environmental factors
(Kaler et al., 2023; Reis and Shaman, 2018). Viral shedding may begin a few days before
symptoms and typically continues for 3 to 8 days (Kaler et al., 2023).

2.2.2 Replication

When RSV reaches the surface of the host’s respiratory epithelial cells, its G protein
binds to chemokine receptors on the host cell membrane (Bergeron and Tripp, 2022;
Shang et al., 2021). Subsequently, the F protein leads to the fusion of the viral and
host cell membranes, allowing the viral nucleocapsid to enter the host cell cytoplasm.
From its negative-sense RNA genome, RSV polymerase synthesizes mRNA and
produces structural and non-structural proteins, including surface glycoproteins.
These synthesized proteins are modified and transported via the endoplasmic
reticulum to the host cell membrane. The M protein plays a role in the assembly of
new virions by packaging the nucleocapsid into viral particles. Finally, RSV is
released from the host cell through budding, during which viral surface glycoproteins
are incorporated into the viral envelope.

223 Pathogenesis

RSV can directly damage respiratory epithelium, yet the immune response plays a
central role in disease progression (Bergeron and Tripp, 2021, 2022; Shang et al.,
2021). The virus spreads from one cell to another through membrane fusion, forming
cell clusters known as syncytia, from which the virus derives its name. This fusion
allows the infection to extend from the upper to the lower respiratory tract. The host
produces a strong interferon-gamma-driven immune response, often skewed toward
type 2 cytokine production. This can lead to eosinophilia and increased mucus
production, leading to obstruction in the small airways. Additionally, impaired
ciliary function, reduced mucus clearance, airway swelling, and decreased lung
compliance may occur. (Bergeron and Tripp, 2021.)
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2.3 Epidemiology
2.3.1 Seasonality

2.3.1.1  Definition of RSV season and its importance

Recognizing and predicting the seasonality of RSV epidemics is crucial for
optimizing the timing of monoclonal antibody therapies and vaccines to prevent
severe disease. Additionally, it helps healthcare systems allocate resources more
effectively. Some high-income countries (HICs) have national surveillance data, but
data from low- and middle-income countries (LMICs) remain scarce (Suryadevara
and Domachowske, 2021).

There are different ways to define an RSV season (Staadegaard et al., 2024).
Traditionally, the Centers for Disease Control and Prevention (CDC) defines the
onset of the RSV season as the first of two consecutive weeks with >10% positivity
in RSV antigen tests, and the offset as the last of two consecutive weeks with <10%
positivity (CDC, 2013). The epidemic between these two timepoints typically lasts
less than five months, with a median duration of 8-24 weeks depending on
geographical location ( Li et al., 2019; Broberg et al., 2018). Alternatively, some
studies define RSV season duration as the period in which at least 75% of annual
positive samples are detected (Li et al., 2019). The seasonal peak is identified as the
week with the highest percentage of antigen test positivity. With the increasing use
of polymerase chain reaction (PCR) diagnostics and the declining use of antigen-
based testing, new season definitions have emerged. Due to differences in sensitivity
between testing methods, a 3% positivity threshold in PCR testing has been
suggested as a potential indicator of RSV season onset (Midgley et al., 2017).

2.3.1.2 Global seasonality

Globally, RSV seasonality generally progresses from south to north and tends to be
consistent within a country, with only a few weeks of regional variation (Obando-
Pacheco et al., 2018; Staadegaard et al., 2021). In temperate regions, RSV seasons
are relatively stable, occurring during winter months (Li et al., 2019; Staadegaard et
al., 2021). In the Northern Hemisphere, it typically begins between September and
January, peaking in winter and declining between February and May. In the Southern
Hemisphere, epidemics start in spring, declining by October. (Obando-Pacheco et
al., 2018; Staadegaard et al., 2021.) Across both hemispheres, seasonality follows a
latitude-dependent pattern, with later onset at higher latitudes (Li et al., 2019).
Tropical and subtropical regions exhibit more variability in RSV seasonality with
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peaks occurring during rainy seasons and sometimes circulating year-round in warm
humid climates (Shan et al., 2024; Staadegaard et al., 2021; Suryadevara and
Domachowske, 2021). However, data from these regions remains limited
(Suryadevara and Domachowske, 2021). RSV epidemics often precede influenza
outbreaks by some weeks (Li et al., 2019; Obando-Pacheco et al., 2018).

In Europe, the season progresses from south to north and west to east (Li et al.,
2019; Obando-Pacheco et al., 2018). RSV activity typically peaks in winter, though
in northernmost regions, the peak can extend into early spring (Obando-Pacheco et
al., 2018). In the US, the season runs December—March, beginning in the southeast
and shifting northwest (Staadegaard et al., 2021). Some countries, like Finland,
follow their distinct patterns (Obando-Pacheco et al., 2018).

Environmental and behavioral factors may influence RSV circulation. Cold,
humid conditions and indoor crowding promote spread (Li et al., 2019). In tropical
regions, factors like air pollution and socioeconomic conditions may also contribute
to seasonality (Suryadevara and Domachowske, 2021).

RSV subtypes co-circulate, but dominance varies annually in two- or thee-years
cycles (Waris, 1991; Hall et al., 1990; Zlateva et al., 2007). Subtype impact on
seasonality remains unclear (Staadegaard et al., 2021; Vos et al., 2019; Yu et al., 2019).

2.3.1.3 Seasonality in Finland

Finland, like other Nordic countries (Eriksson et al., 2002; Havdal et al., 2022a;
Jepsen et al., 2018; Renko and Tapiainen, 2020), as well as Croatia (Mlinaric-
Galinovic et al., 2008), and Germany (Terletskaia-Ladwig et al., 2005), exhibits a
biennial RSV seasonality, with alternating large and small epidemics. In Finland, a
small epidemic occurs in the spring of odd-numbered years, followed by a large
epidemic starting in November—December and continuing into the spring of the
following even-numbered year. After this, RSV cases are rarely detected (Renko and
Tapiainen, 2020; Waris, 1991). A Finnish study found slight geographical variation
in RSV epidemics within the country (Gunell et al., 2016).

Since 2008, the RSV epidemic peak has shifted forward by a few months, from
November to between February and May. This shift has been hypothesized to be linked
to interactions between bacteria and viruses, particularly following the outbreak of the
influenza pandemic and pneumococcal vaccination (Renko and Tapiainen, 2020).
Since 2008, the biannual seasonality shifted to an annual pattern for a few years before
returning to a biannual cycle (Vihikangas et al., 2022). In Finland, RSV subtype
predominance alternates every two years (Waris, 1991; White et al., 2005).

20



Review of the Literature

2.3.1.4 Effect of COVID-19 pandemic

Due to the COVID-19 pandemic and the implementation of non-pharmaceutical
interventions (NPIs), RSV nearly disappeared in many countries during the 2020—
2021 season (Bender et al., 2024; Graziani et al., 2024, p.; Ippolito et al., 2021;
Kuitunen et al., 2022; Principi et al., 2023; Stein and Zar, 2023). The same occurred
for many other viruses (Alzaydi et al., 2024; Brafias et al., 2023; Graziani et al.,
2024; Haapanen et al., 2021; Ippolito et al., 2021; Kuitunen et al., 2022). Following
the relaxation of social restrictions, RSV cases increased, leading to unusually high
case numbers and activity starting in the summer of 2021 (Alzaydi et al., 2024;
Kuitunen et al., 2022, 2023; Stein and Zar, 2023). The first post-pandemic RSV
season affected more older children compared to pre-pandemic levels in some
countries (Harding et al., 2024; Pruccoli et al., 2023; Rao et al., 2023), and some
studies suggested greater disease severity (Béhre et al., 2025; Rao et al., 2023), while
others did not find significant differences (Pruccoli et al., 2023; Wang et al., 2025).
After the delayed outbreak, the seasonality now appears to have returned to its pre-
pandemic cycle (CDC, 2024).

Changes in RSV epidemiology during and after the COVID-19 pandemic may
be explained by reduced RSV immunity, altered healthcare-seeking behavior and
systems, SARS-CoV-2-induced immune dysregulation, and viral interactions (Abu-
Raya et al., 2023). Similar changes in RSV seasonality were observed after the 2009
influenza pandemic (Li et al., 2021).

2.3.2 Risk factors

2.3.2.1  Overview of risk factors

Most children contract RSV disease by the age of 2 (Andeweg et al., 2021). Although
the majority of hospitalized children are healthy full-term infants (Curns et al., 2024;
Havdal et al., 2022a), there are several known biological and socio-demographic risk
factors for severe RSV disease. The definition of severe disease is heterogeneous
across studies, including the need for intensive care, prolonged hospitalization or
treatment at pediatric intensive care unit (PICU), the requirement for mechanical
ventilation, supplemental oxygen, or mortality. Due to the heterogeneity in disease
definition, results may vary across studies. A Finnish-Swedish register-based study
evaluated 1,500 potential risk factors of respiratory syncytial virus hospitalization
(RSVH) in infants, taking into account both child- and family-related factors, and
established a predictive model (Vartiainen et al., 2023). The risk factors for RSV
infection, hospitalization, and severe disease are summarized in Table 2.
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Table 2. Risk factors for RSV disease, hospitalization, severe illness, and death in children.
Increases the risk of RSV
RISK FACTOR | Meaning Infection Hospitaliza- | Severe Death
tion disease
PREMATURITY | Highest risk among | x X X Early
the most preterm preterm
SEX Higher risk in males | x X X
AGE Highest risk in the X X X
youngest infants
BIRTH TIMING | Infants born during or | x X X
just before RSV
season at the highest
risk
UNDERLYING |Includes CLD, CHD, |CLD CLD CLD CLD
MEDICAL Immunosuppression, | CHD CHD CHD CHD
CONDITION Trisomy 21 Immunosup- | Immunosup- | Immunosup- | Immunosup-
pression pression pression pression
Trisomy 21 | Neuromus- | Neuromus- |Neuromus-
cular disease | cular disease | cular disease
Trisomy 21 | Trisomy 21 | Trisomy 21
PARENTAL Antenatal and X X X (no clear
SMOKING postnatal exposure association
with
maternal
smoking
during
pregnancy)
NUMBER OF Risk increases with | x X X
SIBLINGS number of older
siblings
RESIDENTIAL | Definitions vary X X X
CROWDING between studies
DAY-CARE X X X
ATTENDANCE
LACK OF Longer duration X X X
BREASTFEED- | provides better
ING protection

Abbreviations: CLD, chronic lung disease; CHD, congenital heart disease
(Andeweg et al., 2021; Carbonell et al., 2012; Carbonell-Estrany et al., 2013; Haerskjold et al.,
2016; Jacoby et al., 2017; Kobiatka et al., 2023; Trusinska et al., 2024; Vartiainen et al., 2023;
Wang et al., 2024; Wildenbeest et al., 2023)

2322

Intrinsic factors

There are several intrinsic risk factors for RSV infection, including prematurity, sex,
age during the RSV epidemic, and underlying medical conditions.
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Approximately 5-10% of children are born prematurely at <37 weeks of
gestational age (wWGA) (Chawanpaiboon et al., 2019; European perinatal health
report, 2015-2019) and they account for around 25% of all RSV hospitalizations
during their first year (Wang et al., 2024). Prematurity is associated with an increased
risk of RSV infection (Trusinska et al., 2024; Wang et al., 2024) and severe disease
(Curns et al., 2024; Kobiatka et al., 2023; Shi et al., 2022; Trusinska et al., 2024) for
many reasons. Preterm infants have smaller and immature airways and lungs, as well
as reduced respiratory capacity and elevated susceptibility to bronchopulmonary
dysplasia (BPD) compared to full-terms (Aujard and Fauroux, 2002; Chaw et al.,
2020a; Sommer, 2011). Secondly, transfer of maternal RSV IgG antibodies occurs
in the last trimester of pregnancy resulting in lower antibody levels among preterm
infants (De Sierra et al., 1993; Dolatshahi et al., 2022; Sommer, 2011). Additionally,
an immature immune system and weaker ability to clear virus-infected cells further
increase the risk of severe RSV disease (Sommer, 2011). A recent meta-analysis of
64 studies revealed that the more premature the infant, the higher the RSV incidence,
hospitalization rate, and risk of severe disease. Early preterm infants (<32 wGA)
exhibit an almost fourfold increased risk of hospitalization compared to any
gestational age (relative risk [RR] 3-3.9), with the risk persisting into the second
year of life (RR 2.3) (Wang et al., 2024). A similar inverse relationship between
prematurity and the risk of RSVH has been observed in other studies (Vartiainen et
al., 2023).

The greater susceptibility of boys to respiratory tract infections among young
children is well documented (Muenchhoff and Goulder, 2014; Peer et al., 2025).
Among RSV, boys are more frequently infected and hospitalized (Curns et al., 2024;
Haerskjold et al., 2016; Iwane et al., 2004; Rha et al., 2020; Wildenbeest et al., 2023),
and tend to develop more severe disease than girls (Kobiatka et al., 2023; Simoes,
2003). However, data about sex differences in RSV infections from the youngest
infants and prematurity is scarce and conflicting (Haerskjold et al., 2016; Wang et
al., 2024). Suggested reasons for differences between sexes are genes, chromosomes,
hormones, disparities in lung development during the fetal period, and anatomical
structures (Ronen et al., 2007; Seaborn et al., 2010; Silveyra et al., 2021).

Young age during RSV epidemic is a major risk factor for RSV infection,
hospitalization and (Andeweg et al., 2021; Cai et al., 2020) severe disease (Curns et
al., 2024; Havdal et al., 2022b; Kobiatka et al., 2023; Trusinska et al., 2024), with
infants under 6 months at the highest risk (Li et al., 2022; Thomas et al., 2021;
Wildenbeest et al., 2023). However, monthly age group data on the youngest infants
is scarce (Hall et al., 2013; Havdal et al., 2022a; Rha et al., 2020). Infants
hospitalized with RSV bronchiolitis are generally younger than those with non-RSV
bronchiolitis (Garcia et al., 2010). Time of birth relative to local RSV season affects
the risk of RSV infection and hospitalization in the first year of life (Andeweg et al.,
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2021; Guo et al., 2025; Sommer, 2011; Vartiainen et al., 2023). Infants born during
or just before the RSV season face a higher risk, likely due to prolonged early-life
exposure and lower maternal antibody levels at the season onset (Kobiatka et al.,
2023; Lloyd et al., 2014; Wang et al., 2024). In premature infants, the risk is
especially pronounced (Carbonell et al., 2012).

Although the majority of RSV-infected and hospitalized children are otherwise
healthy full-term young infants (Curns et al., 2024; Havdal et al., 2022a), certain
underlying medical conditions are known to increase the risk of severe RSV disease
(Curns et al., 2024; Haerskjold et al., 2016; Havdal et al., 2022b; Shi et al., 2022).
The presence of an underlying condition is more pronounced in older children and
fatal cases (Brenes-Chacon et al., 2024; Thorburn, 2009).

CLD, particularly BPD, is a well-recognized risk factor of RSV, extending the
risk of hospitalization into the second year of life in premature children (Cai et al.,
2020; Chaw et al., 2020a; Havdal et al., 2022b; Trusinska et al., 2024; Winterstein
et al., 2018). While BPD is the most commonly studied form of CLD, full-term
infants with pulmonary disease may also face increased risk (Aujard and Fauroux,
2002). CHD, particularly cyanotic types, increases the risk of RSV disease and its
severe form (Chaw et al., 2020b; Chiu et al., 2016; Eriksson et al., 2002; Kristensen
etal., 2009; Trusinska et al., 2024; Vartiainen et al., 2023). RSV immunoprophylaxis
is recommended for children with hemodynamically significant CHD to prevent
severe RSV disease during their first RSV season (Caserta et al., 2023). Also,
immunocompromised conditions are associated with increased risk of severe RSV
disease and mortality (Trusinska et al.,, 2024). However, the definition of
immunosuppression varies across studies, making the comparison of results
challenging. Children with neuromuscular diseases face a 6- to 12-fold increased risk
of RSVH and greater mortality compared to the general pediatric population (Rose
et al., 2021; Trusinska et al., 2024; Welliver et al., 2010). This is primarily due to
reduced muscle tone, impaired respiratory function, and ineffective airway
clearance, which limit the ability of these children to clear secretions and maintain
adequate ventilation (Trusinska et al., 2024). Down syndrome is associated with
nearly 7-fold increased risk of RSVH, as well as higher risk of severe disease and
mortality (Lowensteyn et al., 2020; Trusinska et al., 2024). However, due to the
syndrome’s association with CHD, upper airway abnormalities, and immune
dysfunction, variations in study methodologies complicate efforts to assess Down
syndrome as an independent risk factor for RSV infection.

There are also other risk factors for severe RSV disease including low birth
weight, small size relative to gestational age, and intrauterine growth restriction
(Kobialka et al., 2023; Trusinska et al., 2024). When adjusted for gestational age,
low birth weight nearly doubles the risk of RSVH during the first year (Cilla et al.,
2006), though inconsistent definitions across studies complicate direct comparisons
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of the results. Possible explanations are differences in cytokine, lymphocyte, and
antibody levels (Sheng et al., 2017).

2.3.2.3 Extrinsic factors

There are several extrinsic risk factors for RSV including the number of siblings,
day-care attendance, lack of breastfeeding, smoking exposure, and mode of delivery.

The number of siblings, residential crowding, and day-care attendance increase the
risk of RSV disease based on a greater probability of RSV exposure (Colosia et al.,
2012; Haerskjold et al., 2016). The risk of RSV disease and hospitalization increases
with the number of siblings (Haerskjold et al., 2016; Havdal et al., 2022b). According
to a large long-term birth cohort study, RSV risk increased by 1.8 times with one sibling,
2.3 times with two siblings, and almost threefold with at least three siblings compared
to firstborns (Jacoby et al., 2017). As RSV is often acquired from older siblings
(Heikkinen et al., 2015), vaccinating other family members could also protect the infant.

Breastfeeding reduces both the incidence and severity of RSV-LRTI in infants
<12 months of age (Manzoni et al., 2024; Mineva and Philip, 2023; Shi et al., 2022).
Longer and exclusive breastfeeding offer stronger protection, but even brief partial
breastfeeding during the first weeks of life provides some defence against RSVH
(Kobiatka et al., 2023; Mineva and Philip, 2023; Jang et al., 2020). Breastmilk
supports immunity through antibodies, cytokines, and growth factors, and promotes
a healthy microbiome that enhances immune responses and reduces airway
inflammation (Hanson, 1999; Lonnerdal, 2000).

Postnatal exposure to household smoking increases the risk of RSV infection and
hospitalization by more than twofold compared to infants from non-smoking
families (Carbonell et al., 2012; Carbonell-Estrany et al., 2013). Maternal smoking
during pregnancy also raises the risk of RSVH (Manzoni et al., 2024) but does not
affect disease severity (Havdal et al., 2022b). It's likely that impaired lung function
caused by prenatal smoking predisposes children to RSV infection (Milner et al.,
1999; Young et al., 2000).

Children born by caesarian section have been observed to have an increased risk
of RSVH (Manzoni et al., 2024) up to the age of two years compared to vaginal
delivery (Haerskjold et al., 2016). Possible reasons for this include differences in the
production of various cytokines (Liao et al., 2017) and disparities in gut microbiota
and its effect on immunity (Huurre et al., 2008).

A recent meta-analysis of 20 studies identified several maternal risk factors for
RSV infection in infants, including young maternal age, low educational level, single
parenthood, atopy, low vitamin D level, and ethnicity. However, findings on the
impact of maternal age and race are conflicting and may be sensitive to sources of
errors such as insurance systems and social factors. (Manzoni et al., 2024.)
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2.3.3 Outpatient visits

2.3.3.1  Morbidity

While the burden of RSV in hospitalized children is well established, recent studies
highlight its role in outpatient settings. Serological data suggest that 40-80% of
children are infected with RSV by the age of 1, and nearly all by the age of 3
(Andeweg et al., 2021; Berbers et al., 2021; Kazakova et al., 2019; Kutsaya et al.,
2016; Takashima et al., 2021). Among infants <1 year old, about one-third develop
symptomatic RSV infection (Hak et al., 2025a; Thomas et al., 2021; Wildenbeest et
al., 2023), though only about half of them seek medical care (Hak et al., 2025a). RSV
causes 10% of acute respiratory infections (ARIs) in infants, slightly less in toddlers,
about 1% in school-aged children, with a cumulative burden around 5% by
adolescence (Heikkinen et al., 2017; Zhang et al., 2024).

RSV incidence varies by age, comorbidities, and geography (Table 3). In
Finland, the seasonal incidence of RSV infection during the infants” first RSV season
is 330/1000 children, higher in boys (340/1000) than girls (315/1000) (Thomas et
al.,, 2021). Among 0-24 month-old children, the average annual incidence is
370/1000, and it decreases to 117/1000 by age 3—6 years (Toivonen et al., 2020;
Heikkinen et al., 2017). Preterm infants have higher rates, up to 520/1000 (incidence
rate ratio [IRR] 1.6) (Thomas et al., 2021), and remain at risk in the second year of
life (Wang et al., 2024). Around 20% of high-risk infants are affected during their
first RSV season (Paramore et al., 2010).

80% of medically attended RSV cases during the first year of life occur in healthy
full-term infants (Gantenberg et al., 2022; Simdes et al., 2024). Annual outpatient
incidence is around 100/1000 in children <5 years (Heemskerk et al., 2024), and up
to 340/1000 in those <2 years (Toivonen et al., 2020). By age 2, up to one-third of
children have received outpatient care for RSV (Hak et al., 2025a; Simdes et al.,
2024; Wildenbeest et al., 2023), sometimes with multiple visits during a single
episode (Hak et al., 2025a; Sankatsing et al., 2025). RSV accounts for 15-20% of
ARI primary care visits in children <5 years (Simpson et al., 2016) and for 60—70%
of bronchiolitis-related emergency department (ED) visits in those <2 years
(Nascimento et al., 2010; Toivonen et al., 2020). ED visits occur in about 10% of
RSV cases in young children (Sankatsing et al., 2025; Thomas et al., 2021). ED and
pediatric practice visits by age group in a prospective population-based U.S. study
are presented in Table 4.

Globally, the outpatient RSV burden varies widely by healthcare accessibility
and resources. In low-income countries (LICs) and middle-income countries (MICs),
50-60% of RSV acute lower respiratory infections (ALRIs) in infants <6 months are
managed in an outpatient setting (Li et al., 2022).
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Table 3. Annual RSV-LRTI incidence rates per 1000 children in different age groups and income
levels. Modified from Li et al., 2022

Age, Low Lower- | Upper- High Developing | Industrialised | Global
months | income middle | middle income

income |income
0-3 8 57.1 121.5 19.6 55 19.6 51.8
3—6 82.9 142.2 91.6 17.9 1161 17.9 106.4
0—6 75.9 106 130.8 29 103.7 29 96.3
6—12 68.7 1054 |84.3 325 88.2 325 82.6
0—12 78.3 111.2 |108.8 38.5 1010 38.5 94.6
12—60 35.9 25.4 - - 27.7 - -
0—60 49.3 51.4 55.2 243 51.6 243 48.8

Table 4. Annual population-based rates of outpatient treatment in children <5 years old with
confirmed RSV infection. Modified from Hall et al., 2009.

Age groups, months ED visits per 1000 children |Pediatric practices per 1000
per year children per year

0-5 40-70 110—160

6—11 45—70 160—190

12—23 25—40 50—80

24—-59 10—15 30—80

0—59 20—30 60—100

2.3.3.2 Duration of RSV disease

RSV illness typically lasts 10-12 days (Hak et al., 2025a; Heikkinen et al., 2017,
Thomas et al., 2021; Toivonen et al., 2020), with a usually longer duration in younger
children (Heikkinen et al., 2017). Two weeks after illness onset, over half of children
may still experience symptoms, while about one-third may have symptoms after a
month (Hak et al., 2025a). Male sex and lower birth weight seem to be associated
with prolonged symptoms (Utsunomiya et al., 2020). Duration is similar in medically
and non-medically attended infections (Hak et al., 2024a). RSV-positive respiratory
infections in young children last slightly longer than RSV-negative infections. The
median duration of RSV-positive infections in children under two is 10 days,
compared to 9 days for RSV-negative infections. (Toivonen et al., 2020.)
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234 Hospitalizations

2.3.4.1 Hospitalization rates

In 2019, RSV caused 3.6 million hospitalizations in children under 5 years and 1.4
million in infants aged 0—6 months globally (Li et al., 2022). Hospitalization rates of
children with RSV vary by age: 1.5% in <5 years old and 6.7% in <1 year old
(Buchan et al., 2023; Thomas et al., 2021; Wong et al., 2021). About 2% of all
healthy term infants are hospitalized for RSV during the first year of life (Hak et al.,
2024b; Wildenbeest et al., 2023).

RSV accounts for nearly 20% of all infant hospitalizations during RSV season
(Suh et al., 2022), and 25-50%, in some studies up to 90%, of respiratory-related
hospitalizations depending on study design and age group (Bont et al., 2016; Curns et
al., 2024; Hall et al., 2013; Reeves et al., 2020; Rha et al., 2020). Over 40% of RSV-
related hospitalizations occur in infants <3 months, around 50% by 6 months, 75% by
1 year, and 90% by 2 years, among children <5 years of age (Del Riccio et al., 2023;
Hall et al., 2013; Rha et al., 2020). RSVH rate is highest in infants <1 year (23-35/1000
children), peaking at 1 month (25/1000 children), then decreasing with age (Hall et al.,
2013; Reeves et al., 2020; Rha et al., 2020; Thomas et al., 2021). Annual RSVH rates
are higher in boys than in girls (4.7 vs 3.7/1000, <5 years old) (Buchan et al., 2023).

Although most RSV-hospitalized children are healthy term infants, preterm and
children with certain comorbidities are at increased risk of hospitalization. Preterm
infants have 2-3 times higher RSVH rates, especially the most immature, and the
elevated risk can persist into the second year of life (Buchan et al., 2023; Curns et
al.,, 2024; Wang et al., 2024). Immunoprophylaxis has reduced RSVH among
preterms (Bennett et al., 2018). A Canadian birth cohort study reported in children
<§ years with certain conditions higher annual RSVH rates: Down syndrome
26/1000, CLD/BPD 20/1000, CHD and cystic fibrosis 16/1000, compared to 4/1000
in healthy children (Buchan et al., 2023).

Hospitalization rates differ significantly based on healthcare system resources:
Industrialized countries have better access to healthcare and higher hospitalization
rates than developing countries (Figure 4) (Li et al., 2022). Within HICs, rates vary
being lower in the Netherlands and Italy, and higher in France, Norway, Denmark,
and Finland (Del Riccio et al., 2023; Reeves et al., 2020).

In addition to initial RSV hospitalization, around 7% of children <5 years old
require rehospitalization. However, variation in the definition of rehospitalization
makes comparison of studies challenging. The risk of rehospitalization is higher
among preterm, CHD, CLD, and trisomy 21 patients, or if the child required intubation
or had RSV pneumonia during the initial hospitalization. (Wong et al., 2021.)
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Figure 4. Annual RSV-associated acute LRTI hospitalizations per 1000 children in different ages
and income levels. Modified from Li et al., 2022.

2.3.4.2 Length of hospital stay

The median length of stay (LOS) for RSV hospitalizations is typically 2 to 5 days,
with some global variation (Bont et al., 2016; Hartmann et al., 2022; Wang et al.,
2022b). In a study from seven European countries, the median LOS ranged from 2—
4 days (interquartile range [IQR] 0.5-6 days), with the shortest being in Finland and
longest in the Netherlands (Wang et al., 2022b).

2.3.4.3 Treatment at intensive care

Around 5-10% of children hospitalized with RSV require intensive care (Bont et al.,
2016; Buchan et al., 2023; Fitzpatrick et al., 2024; Hartmann et al., 2022; Shanklin
et al., 2024; Wildenbeest et al., 2023). Risk factors for PICU include age under 6
months, prematurity (aOR 1.3), and comorbidities (aOR 1.4) (Curns et al., 2024).
PICU stays typically last 3—5 days (Hartmann et al., 2022; Shanklin et al., 2024).

2.35 Reinfections and immunity

Most children contract RSV by age two (Andeweg et al., 2021; Kazakova et al.,
2019), but primary infection does not provide permanent immunity (Lambert et al.,
2014; Parsons et al., 2024). Reinfection occurs in 30-50% of young children (Bont
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et al., 2002; Kazakova et al., 2019; Kutsaya et al., 2016), especially if the primary
infection occurs before 6 months of age (Foley et al., 2023). Although reinfections
are common, a third infection by age three is rare (Kutsaya et al., 2016). Reinfection
within the same RSV season is possible, more often between subtypes (Kombe et
al., 2019), reflecting partial and subtype-specific immunity (Hall et al., 1991).

Maternal IgG antibodies begin to transfer across the placenta into the fetal
bloodstream around the 26™ gestational week, with transfer becoming more efficient
during the third trimester (Chu et al., 2017; Coindy et al., 2024). As a result over
90% of newborns are seropositive at birth (Ochola et al., 2009; Pasittungkul et al.,
2022). Consequently, preterm infants are at higher risk of RSV due to reduced IgG
transfer (Chu et al., 2017; Coindy et al., 2024). High maternal antibody levels,
measured during pregnancy, in cord blood, or from newborn serum, associate with
reduced risk of RSVH (Coindy et al., 2024; Koivisto et al., 2022; Ochola et al.,
2009), and may delay the infection (Walsh et al., 2018). Infants also receive
antibodies via breast milk, though the extent of this transfer remains unclear (Coindy
et al., 2024).

Maternal antibodies begin to wane around 2 months of age, with most infants
becoming seronegative by 4—7 months (Coindy et al., 2024; Heinonen et al., 2019;
Pasittungkul et al., 2022), though some retain antibodies up to 12 months (Berbers
et al.,, 2021). The half-life of RSV antibodies is estimated at 1-2.5 months, with
increasing susceptibility to infection as titers decline (Coindy et al., 2024; Heinonen
etal., 2019).

Although the exact protective threshold is unknown (Coindy et al., 2024;
Pasittungkul et al., 2022), higher titers correlate with lower risk of severe disease
(Walsh et al., 2018). Following RSV infection, antibody levels decrease 25-30%
annually (Kutsaya et al., 2016), increasing the risk of reinfection once levels fall
below the protective threshold. Generally, reinfections are milder and rarely require
hospitalization (Kawasaki et al., 2004).

Vaccinating infants after the waning of maternal antibodies at a few months of
age has been considered as one possible way to reduce the RSV disease burden in
infants. However, it remains unclear whether maternal antibodies might interfere
with vaccine response and whether a booster dose would be needed later in infancy.

2.3.6 Mortality

Globally, RSV is the second leading cause of infant deaths (6.7%) after malaria
(11.8%) (Lozano et al., 2012), causing one in thirty deaths among infants aged 1-6
months (Li et al., 2022). In children under five years, RSV accounts for 2% of all
deaths and 13-22% of all ALRI deaths (Li et al., 2022), making it the second most
common cause of ARI-related deaths after pneumococcal pneumonia (Roth et al.,
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2018). In 2019, RSV caused an estimated 26,300 in-hospital deaths and 101,400 total
deaths in children <5 years globally, about half of which occurred in infants aged 0-
6 months (Table 5). Mortality is highest in LMICs and outside hospitals, and for
every RSV in-hospital death, an estimated three additional deaths occur in the
community. (Li et al., 2022.) Undoubtedly, not all outpatient deaths are registered
worldwide.

RSV mortality shows significant regional variation, and 97-99% of RSV-ALRI
deaths occur in developing countries (Li et al., 2022). In HICs, both overall (0.2/1000
children/year) and in-hospital RSV mortality (0.1-1/1000 children/year) are much
lower than in LMICs (9/1000 and 18/1000 children/year, respectively) (Duan et al.,
2023). In Western countries, the RSV case fatality is less than 0.5% (Bont et al.,
2016). The RSV GOLD study series found that in LICs RSV deaths occur at a
younger age (4—5 months vs. 7 months) and with fewer comorbidities (28—47% vs.
70%) compared to HICs (Scheltema et al., 2017). Considering the higher RSV
hospitalization rate in HICs, alongside their lower RSV mortality, disparities in
access to healthcare are highlighted (Li et al., 2022).

Risk factors for RSV mortality include CLD, CHD, Down syndrome,
neuromuscular disease, immunodeficiency, low birth weight, being underweight,
coinfections, and PICU need (Shi et al., 2022). Although preterm infants have higher
individual risk, most RSV deaths occur in full-term infants (Reichert et al., 2022).
Mortality has declined over time: in 2005 RSV accounted for 28% of ALRI deaths,
decreasing to 13—22% by 2015 (Shi et al., 2017), a similar trend observed in other
studies (Li et al., 2022; Wang et al., 2024). RSV mortality dropped by 66.7%
globally during the COVID-19 pandemic (Bender et al., 2024).

Table 5. Number of RSV-attributable deaths and proportion (%) of all-cause deaths by age
groups and income levels. Modified from Li et al., 2022.

Age, Low Lower- Upper- High Develop- |Industri- | Global
months |income middle middle income ing alized
income income

<1 2600 (0.8) |4700 (0.7) |1000 (0.6) |200 (0.6) |8300 (0.7) |200 (0.6) |8500 (0.7)
1—6 10000 (3.8) | 22300 (3.6) 4100 (3.2) |500 (2.9) |36700 (3.6) |500 (2.8) | 37200 (3.6)
0—6 12600 (2.1) | 27000 (2.2) 5100 (1.8) | 700 (1.3) |45000 (2.1) | 700 (1.2) {45700 (2.1)
6—12 6300 (2.6) | 12500 (2.4) | 1600 (2.1) | 100 (2) 20500 (2.5) | 100 (1.9) | 20600 (2.5)
0—12 18900 (2.2) | 39600 (2.2) 6700 (1.8) |900 (1.4) |65500 (2.2) |800 (1.3) [66300 (2.2)
12—60 11200 (1.7) | 21300 (1.6) | 2400 (1.4) | 200 (1.3) |35000 (1.6) | 100 (1.2) {35100 (1.6)
0—60 30100 (2) |60900 (2) |9100 (1.7) | 1000 (1.4) | 100,500 (2)|900 (1.3) | 101,400 (2)
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24 Clinical presentation
241 Symptoms

2411 Course ofillness

According to a recent meta-analysis, the most common symptoms of RSV are cough
(92%), nasal congestion (58%), rhinorrhea (53%), shortness of breath (50%), and
dyspnea (47%) (Jiang et al., 2023). RSV can also cause extrapulmonary symptoms,
including central nervous system (CNS) involvement, myocarditis, rashes, and
hepatitis (Zhang et al., 2024). Although RSV symptoms resemble those of other
respiratory viral infections and cannot be clinically distinguished based on symptoms
alone, RSV tends to cause more nasal discharge and congestion, cough, respiratory
distress, chest retractions, wheeze and apneas, and less fever compared to other
viruses (Haddadin et al., 2021; Miron et al., 2023; Moe et al., 2017; Zhang et al.,
2024). The incubation period is typically 4-6 days (Oppenlander et al., 2023), with
symptoms peaking around 2—4 days after onset (Zhang et al., 2024), after which they
begin to ease. The mean duration of symptoms is 11-12 days in young children, but
this may be prolonged with coinfections (Karppinen et al., 2016). Symptoms
following reinfections tend to be milder (Zhang et al., 2024).

24.1.2 Age groups

RSV symptoms and their severity vary significantly by age (Zhang et al., 2024).
Feeding difficulties and respiratory distress are prominent among the youngest
children, affecting 40% and 60% of infants less than 6 months of age respectively.
These symptoms decrease with increasing age, as by the age of two, just over 20%
of children experience respiratory distress. Upper respiratory symptoms, such as
nasal discharge and congestion occur across all age groups, affecting about one-third
of infants under 6 months (Saha et al., 2015). Older children more often present with
fever and gastrointestinal symptoms, which are less typical in younger infants
(Colosia et al., 2023; McGinley et al., 2022). Fever tends to last longer among older
children (Utsunomiya et al., 2020).

24.1.3 Sexdifferences

There is limited data on sex differences in the clinical presentation of RSV infection.
A Japanese study found that boys under 2 years of age had longer durations of cough
and rhinorrhea than girls in outpatient settings (Utsunomiya et al., 2020). Generally,
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in non-RSV-specific respiratory infections, boys are more often brought to the ED
due to respiratory symptoms and are more likely to present with tachypnea, increased
work of breathing, wheezing, and to receive inhaled medications than girls
(Groeneveld et al., 2020).

2414 Community and hospital care

A recent systematic review of 33 pediatric studies found that the most common RSV
symptoms in both in- and outpatient settings were cough, fever, feeding difficulties,
and abnormal breathing. In outpatient care, over 90% of children had cough, along
with nasal congestion, fever, and feeding abnormalities, especially in the youngest
infants. In addition to these symptoms, hospitalized children more often presented with
respiratory symptoms such as dyspnea, wheezing, and tachypnea, especially in
younger infants. Hospitalized children also exhibited more gastrointestinal symptoms,
and cyanosis was reported in those requiring intensive care. (Colosia et al., 2023.)

24.2 Impact of viral load

2421 Ctvalue

The cycle threshold (Ct) value is derived from reverse transcriptase polymerase
chain reaction (RT-PCR) testing and used to estimate viral load in samples. It is
defined by the number of cycles required for the viral RNA to be detected above a
defined threshold. Ct value is inversely associated with viral load: the higher the Ct
value, the lower the amount of viral RNA in the specimen, and vice versa. There are
no specific Ct thresholds for RSV viral load, and they can vary between laboratories
and be influenced by sample quality, time since symptom onset, and co-infections.
In previous studies Ct values below 25 are considered to indicate high viral load and
above it low viral load (Wishaupt et al., 2017).

2.4.2.2 Outpatients and inpatients

The relationship between viral load and disease severity in pediatric RSV infections
remains inconclusive. Several studies have reported higher viral loads in hospitalized
children, who generally present with more severe symptoms compared to outpatients
with milder illness (Cruz et al., 2021). However, some studies have found the
opposite results, where outpatient cases showed higher viral loads than inpatients
(Brenes-Chacon et al., 2021; Garcia-Maurifio et al., 2019).

In many inpatient studies, higher RSV viral load has been associated with increased
disease severity, including risk of PICU admission, need for respiratory support, and
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longer duration of symptoms and hospitalization (Hasegawa et al., 2015; Piccirilli et al.,
2023; Zhou et al., 2015). However, this correlation has not been consistently observed
in all inpatient studies (Yan et al., 2017). In outpatients, higher viral load has been
associated with more severe disease (Houben et al., 2010), and increased risk of
hospitalization (Haddadin et al., 2021). Younger age has also been associated with
higher viral loads in both in- and outpatient groups (Cruz et al., 2021; Yan et al., 2017).

Several factors may explain the inconsistent findings in viral load and disease
severity, including variation in symptom duration before sample collection and
variations in specimen collection methods (Golan-Tripto et al., 2024). Host immune
response may also play a role: milder outpatient cases have shown higher viral loads,
greater interferon expression, and reduced expression of inflammation-related genes
compared to hospitalized children (Heinonen et al., 2020). In hospitalized children,
symptoms may have persisted for longer before viral sampling, which may have
resulted in the dominant features of the illness to shift from the initial phase of
increasing viral replication to more immune-mediated pathology.

Viral load typically peaks around days 3-5 after symptom onset, followed by a
gradual decline over time (McGinley et al., 2022; Zhou et al., 2015). Compared to
influenza, the slower progression may provide a longer therapeutic window for
starting antiviral treatment in the future.

24.3 Impact of RSV subtype

RSV A and B subtypes cause similar clinical characteristics and cannot be
distinguished based on symptoms (Haddadin et al., 2021; McGinley et al., 2022;
Thomas et al., 2021). However, RSV-A is more likely to cause fever (Hu et al., 2025;
McGinley et al., 2022), and some studies suggest it may cause symptoms more
frequently (Haddadin et al., 2021) and lead to more severe disease compared to RSV-
B (Laham et al., 2017).

24.4 Complications

2441 Overview and antibiotic treatment

RSV causes several complications such as acute otitis media (AOM), pneumonia, and
extrapulmonary manifestations. RSV complications often lead to antibiotic treatment,
and it has been estimated that 20-45% of inpatient infants and 10-70% of outpatient
children receive antibiotics (Christakis et al., 2005; Farley et al., 2014; Hak et al.,
2025b; Thomas et al., 2021). Among infants in the PICU, the treatment proportion
may be up to 60% (Hak et al., 2025b). Variations reflect local differences in antibiotic
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practices. On the other hand, it has been estimated that there is unnecessary use of
antibiotics in RSV infections, highlighting the importance of identifying complications
that truly require antibiotic treatment (Obolski et al., 2021).

2.4.4.2 Acute otitis media

AOM is the most common complication of RSV infection, affecting approximately
half of all RSV-infected children (Heikkinen et al., 2017; Phillips et al., 2020) and
up to 75% of those under 1 year of age (Thomas et al., 2021). AOM typically
develops 3-5 days after the onset of respiratory symptoms (Heikkinen and
Ruuskanen, 1994; Koivunen et al., 1999), often leading to antibiotic treatment
(Téhtinen et al., 2011; Tapiainen et al., 2014). RSV is one of the most prevalent
viruses identified in the middle ear effusion, being positive in about 10-20% of cases
(Patel et al., 2007; Phillips et al., 2020), and in up to 75% when AOM occurs during
RSV infection (Heikkinen et al., 1999).

2443 Pneumonia

RSV is one of the most common causes of pneumonia, and it is associated with up
to one quarter of all pediatric pneumonia hospitalizations (Jain et al., 2015; Juvén et
al., 2000; Ruuskanen et al., 2011). RSV may also predispose children to secondary
bacterial pneumonia, with co-infections occurring in approximately 20-50% of
cases, most commonly with Streptococcus pneumoniae and Haemophilus influenzae
(Juvén et al., 2000; Oliva and Terrier, 2021). Bacterial coinfections are identified by
several methods from upper and lower respiratory tract secretions, including
nasopharyngeal aspiration (NPA) combined with X-ray, pleural fluid, sputum,
bronchoalveolar lavage, and in some studies through a rise in serum antibody titers
or the detection of bacterial antigens in blood samples.

Secondary bacterial pneumonia involves both physiological and immunological
mechanisms. Physiologically, RSV alters the permeability of epithelial tight
junctions and structure of epithelial cells, impairs mucociliary clearance, and
enhances bacterial adherence and virulence. Immunologically, changes have been
observed in certain interleukins and reactive oxygen species production, as well as
in neutrophil functionality, affecting bacterial clearance and growth in the respiratory
tract. (Oliva and Terrier, 2021.)

2.4.4.4 Other complications

RSV can cause extrapulmonary complications affecting the CNS, cardiovascular,
endocrine, hepatic, and renal systems (Eisenhut, 2006). Although the exact
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mechanisms remain unclear, they likely involve systemic inflammation, cytokine
overproduction, and direct viral invasion of organs via the bloodstream (Bohmwald
et al., 2016). RSV has been detected in the CSF, brain, heart, liver, and blood
(Eisenhut, 2006).

Neurological manifestations occur in 2—3% of all pediatric RSV cases and up to
40% of severe infections in children under two years (Bohmwald et al., 2016).
Seizure is the most common neurological manifestation (85%), followed by lethargy,
hypotonia, encephalitis, encephalopathy, and central apneas (Bohmwald et al., 2016;
Eisenhut, 2006). Even though radiological and EEG changes have been observed,
most children recover well (Saravanos et al., 2021).

Cardiovascular complications, including arrhythmias, hypotension, and
myocarditis, occur in up to 40% of severe cases (Gkentzi et al., 2018). Other reported
complications include hyponatremia, nephrotic syndrome, hepatitis, and myositis
(Eisenhut, 2006; Gkentzi et al., 2018).

245 Co-infections

Multiplex PCR is currently widely used in ED settings, enabling the identification
of coinfections with respiratory pathogens in clinical practice. Coinfections are
common in children, reported in 20-70% of respiratory infections, depending on the
study and the diagnostic panel used (Bermudez-Barrezueta et al., 2023; Di Maio et
al., 2024; Kouni et al., 2013). Coinfections are more frequently observed in children
than adults (Nascimento-Carvalho and Ruuskanen, 2016), highest in children aged
1-2 years (Cebey-Lopez et al., 2015), with some evidence of higher prevalence in
girls (Bermudez-Barrezueta et al., 2023).

Among RSV-positive children requiring hospitalization, coinfection occurs in
30—40% of cases (Moe et al., 2017), and up to 70% in outpatient cohorts (Chu et al.,
2013). RSV frequently appears in coinfections due to its high prevalence (Kouni et
al., 2013), but is often detected as a single pathogen. Common coinfecting viruses
include influenza, bocavirus, and adenovirus (Bermudez-Barrezueta et al., 2023;
Cebey-Lopez et al., 2015; Kouni et al., 2013). RSV and rhinovirus rarely coinfect
(Di Maio et al., 2024; Karppinen et al., 2016), but when they do, the disease tends to
be more severe (Li et al., 2020). RSV-A and RSV-B subtypes are co-detected in
about 1% of samples (Bin Lu et al., 2019).

The impact of viral coinfection on disease severity is inconsistent across studies.
Some studies report associations with hospitalization (Kouni et al., 2013) and a longer
LOS (Bermudez-Barrezueta et al., 2023), while others find no effect (Bermtidez-
Barrezueta et al., 2023; Chu et al., 2013; Nascimento et al., 2010; Thomas et al., 2021).
Some studies even suggest that coinfections may cause milder disease compared to
single infections (Martin et al., 2012). In RSV-specific coinfections, the data remains
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conflicting. Some studies report increased disease severity (Trusinska et al., 2024),
while others do not (Li et al., 2020). Differences in definitions and viral combinations
may explain this (Babawale and Guerrero-Plata, 2024).

RSV also coinfects with bacteria in 10-30% of hospitalized children, most
commonly with S. pneumoniae, H. influenzae, and S. aureus. Children with RSV tend
to be more often colonized with S. pneumoniae compared to healthy controls, and may
experience more severe disease. (Lin et al., 2022.) The mechanism may involve nasal
tissue damage and differences in IFN-gamma responses (Aberle et al., 2005).

2.5 Socioeconomic impact

251 Economic burden of RSV

RSV infections in children represent a significant economic burden. Globally in 2017,
RSV-ALRISs in children <5 years of age were estimated to cost 4.8 billion €, with 55%
of costs attributed to inpatient and 45% to outpatient care (Zhang et al., 2020). The
average cost per RSV episode has been estimated to be approximately 3500€ for
inpatient and 300—700€ for outpatient cases, varying widely due to differences in
treatment practices, reporting methods, and access to healthcare (Diez-Gandia et al.,
2021; Nyiro et al., 2024; Zhang et al., 2020). In a European multicenter study, the mean
cost per outpatient RSV episode was around 400€ in direct and 500€ in indirect costs
(Mao et al., 2023). When planning the implementation of RSV interventions, country-
specific cost analyses are needed for accurate cost-effectiveness calculations.

2.5.2 Direct costs

Direct costs account for about one-quarter of the total costs including healthcare
resource use and medications (Sankatsing et al., 2025). Hospitalization imposes a
considerable burden, especially in high-risk and preterm infants, due to more severe
disease and higher episode costs (Bowser et al., 2022; Haeberer et al., 2025; Han et al.,
2024; Lade et al., 2025; Zhang et al., 2020). However, full-term infants account for over
80-90% of RSV hospitalizations and 70% of total RSVH costs (Bowser et al., 2022;
Han et al., 2024). The cost burden of RSV exceeds that of other respiratory viruses
(Bechini et al., 2024). A Danish registry study found that healthcare use is elevated
before and for up to a year after RSV hospitalization (von Linstow et al., 2024).

RSV also causes frequent outpatient visits (Hak et al., 2024b), and more
healthcare contacts and symptomatic days compared to RSV-negative ARI (Chu et
al., 2013). AOM develops in 30-60% of RSV-infected children, often requiring
antibiotics and pain medication, further increasing direct costs (Heikkinen et al.,
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2017; Toivonen et al., 2020). In a Finnish birth cohort study, RSV-positive children
used more antibiotics (35% vs. 16%) and analgesics (72% vs. 48%) than those with
RSV-negative ARIs (Toivonen et al., 2020).

253 Indirect costs

RSV-related indirect costs, particularly parental work absenteeism, represent the
largest part of the economic burden, up to three-quarters of total costs (Sankatsing et
al., 2025). Parental work absence for at least one day occurs in over 50% of RSV
cases (Heikkinen et al., 2017; Sankatsing et al., 2025), and is more common with
RSV-positive than RSV-negative ARIs (Chu et al., 2013; Toivonen et al., 2020). The
mean duration of parental work absence is 2—4 days (Sankatsing et al., 2025;
Toivonen et al., 2020; Heikkinen et al., 2017; Hak et al., 2025a). In a European birth
cohort study of nearly 1000 healthy full-term infants, 10% of non-medically attended
RSV episodes led to parental absence and in over 40% of cases, at least one parent
missed at least one workday (median 1 day, IQR 1-4.25) (Hak et al., 2024a). The
most absences occur among the youngest children (Heikkinen et al., 2017).

RSV infections also cause day-care absences for children in approximately 50—
65% of cases (Heikkinen et al., 2017; Sankatsing et al., 2025), and among children
<24 months even >90% of cases (Toivonen et al., 2020). The average length of
absence from day-care is around 3 days (Heikkinen et al., 2017). Compared to other
respiratory viruses, RSV seems to cause more absences from day-care (Chu et al.,
2013; Toivonen et al., 2020).

In addition to financial costs, RSV infections have a significant impact on the well-
being of families. Even in non-medically attended cases, about 75% of parents report
concern, and a third experience anxiety (Hak et al., 2024a). Health-related quality of life
remains impaired even two weeks after symptom onset (Diez-Gandia et al., 2021).

2.6 Diagnosis

261 Diagnostics and its importance

The diagnosis of RSV is crucial for patient cohorting in hospitals to limit
transmission. The likelihood of bacterial infection occurring concurrently with RSV
is low. Rapid detection of RSV may reduce antibiotic use (Byington et al., 2002),
potential further investigations, and hospitalizations compared to situations where
the virus could not be detected (Levine et al., 2004). However, in some HICs with
low antibiotic prescribing rates, specific viral diagnostics have not affected the
initiation of antibiotic treatment (Mattila et al., 2022).
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Viral samples can be obtained from various sources, such as saliva and oral
mucosa (Buonsenso et al., 2023), but respiratory epithelial cells, particularly from
the nasopharynx, are the most common and reliable site (Macfarlane et al., 2005;
Zhang et al., 2024). Sampling methods like nasopharyngeal swab (NS) and NPA
show similar sensitivity (Flynn et al., 2021), and therefore NS is preferred for its ease
and comfort in clinical practice (Lambert et al., 2008). Diagnostic sensitivity is
highest within the first four days of the RSV disease (Zhang et al., 2024).

Diagnostic practices vary between centers, and routine viral testing is generally
not recommended, though used for cohorting and epidemiological studies in some
guidelines. Most national protocols, including the Finnish national guideline,
discourage the routine use of X-rays and blood or urine tests. (Backman et al., 2025;
Kirolos et al., 2020.) Diagnostics of respiratory tract infections, including RSV, have
evolved over time, with PCR currently considered the method of choice.

2.6.2 Viral culture

Virus culture was the first and previously long considered as the gold standard in the
diagnostics of RSV infection (Henrickson and Hall, 2007). In this method, a sample
taken from the patient is grown in optimized cell culture conditions, and even with
current advanced techniques, detecting the virus still takes days (Leland and
Ginocchio, 2007). In addition to being slow, the method is costly, which has limited
its usability in clinical practice (Henrickson and Hall, 2007). Viral culture is very
specific, as it is based on the detection of live virus, and it still has a place in RSV
infections providing information about the virus's genetic characteristics and
mutations (Henrickson and Hall, 2007).

2.6.3 Serology

Serological tests are not used to diagnose acute RSV infection in clinical practice, as
the development of antibodies takes days (Welliver et al., 1980). However,
measuring antibodies is beneficial in epidemiological studies (Kutsaya et al., 2016).

26.4 Antigen detection

Antigen tests detect virus-specific proteins, most commonly using immunofluorescence
and immunochromatography. They are cheaper and faster, often providing results within
a few minutes, but less sensitive than PCR tests, especially at low viral loads (Henrickson
and Hall, 2007). Antigen detection is better in children than in adults (Chartrand et al.,
2015), sensitive especially in the early stages of the disease (Shafik et al., 2011), and
superior for RSV compared to many other respiratory viruses (Ivaska et al., 2013).
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Rapid antigen detection tests, point-of-care tests (POCTs), can detect multiple
viruses within 30 minutes, making them useful and cost-effective in ED settings
(Gunell et al., 2016; Ivaska et al., 2013; Zhang et al., 2024; Mills et al., 2011). These
tests are now also available for home use.

2.6.5 Reverse transcriptase polymerase chain reaction

PCR testing is currently the gold standard in RSV diagnostics due to its high
sensitivity (86.4%—100%), specificity (97.7%—100%), and speed (Zhang et al.,
2024). In the PCR method, RSV RNA detected in the sample is converted to DNA
via reverse transcription, after which specific gene sequences characteristic of RSV
are examined. Multiplex PCR assays are currently available to detect multiple
viruses from the same sample. Some tests can identify around twenty different
pathogens simultaneously, and some assays cover a wide range of viruses and also
bacteria in a single sample. (Huang et al., 2018.)

2.7 Treatment
2.7.1 Supportive treatment
2.7.1.1  Overview of current stage

The treatment of RSV bronchiolitis is currently supportive, including fluid, nutritional,
and respiratory support, and minimal handling (Mazur et al., 2024; Zhang et al., 2024).
Despite extensive research, pharmacological treatments have not proven to be
effective. Although there is substantial variation in management between centers in
different countries, with over 30% of patients receiving non-evidence-based
supportive therapy (Schuh et al., 2017), the Finnish national guideline is largely
consistent with the majority of other treatment protocols (Backman et al., 2025). A
review of 32 clinical guidelines by the RESCEU Investigators highlights the need for
standardized treatment guidelines (Kirolos et al., 2020).

2.7.1.2 Fluid management

Approximately half of hospitalized bronchiolitis children require fluid therapy (Gill
et al., 2021). While both enteral and intravenous (IV) hydration are used with mixed
evidence, enteral hydration is generally recommended as the first-line approach
(Kirolos et al., 2020; Zhang et al., 2024). Enteral management via nasogastric tube
is effective, safe, and linked to fewer local complications, and reduced PICU
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admissions and readmissions compared to IV fluids (Gill et al., 2021). While the
method of fluid administration does not affect hospital LOS or time to full enteral
feeding (Gill et al., 2021; Zhang et al., 2024), some evidence suggests that enteral
feeding may shorten hospitalization and reduce oxygen supplementation needs
compared to IV hydration (Sarkis et al., 2023). Overhydration should be avoided,
and diuretics may benefit severe cases (Kulkarni et al., 2020).

2.7.1.3 Respiratory support

There are center-specific differences in respiratory support practices, but about 50%
of hospitalized bronchiolitis patients require respiratory support (Arico et al., 2023).
Available options include low-flow nasal cannula (LFNC), high-flow nasal cannula
(HFNC), continuous positive airway pressure/bilevel positive airway pressure
(CPAP/BiPAP), and tracheal intubation. HFNC offers humidified high flow oxygen
and has been an effective, well-tolerated, comfortable, and safe respiratory support
method (Petkar et al., 2024), though optimal use and weaning strategies to prevent
prolonged hospitalization remain unclear (Towriss et al., 2024). Compared to LFNC,
HFNC may reduce the need for treatment escalation, length of hospital stay and
requirement of supplemental oxygen while improving respiratory rates, without
increasing adverse effects (Armarego et al., 2024; Franklin et al., 2018; Kepreotes et
al., 2017). However, the evidence remains conflicting (Mazur et al., 2024).
CPAP/BiPAP may have lower failure rates than HFNC (Habra et al., 2020).

Oxygen saturation thresholds for supplemental oxygen vary by centers, ranging
from <90% to <95% (Kirolos et al., 2020; Zhang et al., 2024). Airway secretion
suctioning is recommended as-needed in many protocols (Kirolos et al., 2020),
despite limited evidence of effectiveness (Zhang et al., 2024), while chest
physiotherapy is not advised (Mazur et al., 2024).

2.7.1.4 Pharmacological treatments

2.7.1.4.1 Inhalation therapy

Multiple inhaled medications for bronchiolitis, including epinephrine, saline,
bronchodilators, magnesium sulfate, dexamethasone, and steam, show no clinical
benefit and are not routinely recommended (Backman et al., 2025; Kirolos et al., 2020;
Mazur et al., 2024; Zhang et al., 2024). Hypertonic saline may improve mucociliary
clearance and reduce airway edema, and according to a Cochrane review may be
beneficial in in- and outpatient bronchiolitis, though conflicting evidence exists and
most clinical guidelines do not recommend its routine use (Backman et al., 2025;
Kirolos et al., 2020; Mazur et al., 2024; Zhang et al., 2023; Zhang et al., 2024).
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2.7.1.4.2 Other medical treatments

RSV immunoglobulin, erythropoietin, or caffeine have not reduced the disease
severity of bronchiolitis (Sanders et al., 2023). Antibiotics are not recommended
unless there is clear evidence of a bacterial coinfection, yet nearly one-third of RSV-
LRTI cases receive them unnecessarily (Mazur et al., 2024; Zhang et al., 2024).

2.7.2 Antivirals

2.7.2.1 Potential of RSV antivirals

While new vaccines and monoclonal antibodies have been introduced to prevent
severe RSV in infants, therapeutic antiviral development has been slower. However,
the substantial burden of RSV is among outpatient older children, for whom an
antiviral treatment would be ideal. Ribavirin remains the only approved antiviral for
RSV treatment, with few others in clinical development (Zou et al., 2024) (Table 6).

Antivirals have shown benefits in other viral infections, such as influenza, raising
expectations for RSV antivirals as well (Malosh et al., 2018). RSV’s longer
incubation period and viral peak compared to influenza may offer a longer
therapeutic window for initiating antiviral therapy (Bagga et al., 2013). Around half
of infants hospitalized with RSV have had contact with healthcare 1-2 days before
admission, but identifying these cases and enabling early initiation of antivirals is
challenging, and symptoms have often already been present for some days by that
point (DeVincenzo et al., 2004).

2.7.2.2 Ribavirin

Ribavirin interferes with viral RNA synthesis, replication and induces mutations in the
RSV genome (Churiso et al., 2022). Small placebo-controlled studies from the last
millennium demonstrated the efficacy of inhaled ribavirin, leading to its approval in
1985 and being the only antiviral for pediatric RSV (Hall et al., 1983). Later studies,
however, show only modest benefits, with possible reduction in severity and mortality,
but no long-term effects (Ventre and Randolph, 2007). A meta-analysis showed
reduced mortality in hematological patients, but the study was highly heterogeneous
regarding the age of the participants, administration route, dose, and duration. No
difference was observed in other patient groups, which is why ribavirin is not
administered to otherwise healthy pediatric patients. (Tejada et al., 2022.) Ribavirin’s
high cost, potential toxicity, and teratogenicity for healthcare staff limit its use to
severe RSV infection in immunosuppressed patients (Zhang et al., 2024).
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Development stage of antivirals studied for RSV infection and their mechanism of action.

The most promising candidates are bolded. Situation in 2024, although it remains highly
dynamic. Modified from Bonneux et al., 2024.

Mechanism of action / Target

Antiviral

Development Stage in RSV
infection

FUSION INHIBITORS

REPLICATION INHIBITORS,
L NUCLEOS(T)IDE ANALOG
INHIBITORS

REPLICATION INHIBITORS,
L CAP DOMAIN INHIBITORS

REPLICATION INHIBITORS,
L CONNECTOR DOMAIN
INHIBITORS

REPLICATION INHIBITORS,
M2-1 INHIBITORS

REPLICATION INHIBITORS,
N INHIBITORS

P INHIBITORS
HOST IMPDH INHIBITORS

Ziresovir (AK-0529, RO-0529)

Sisunatovir (RV521, PF-
07923568)

Lonafarnib

Rilematovir (JNJ-53718678),
BMS-433771, MDT637 / VP-
14637 ,BTA-C286, Enzaplatovir
(BT-585, BTA-C585)

Presatovir (GS-5806)

TMC-353121 (R-391036, JNJ-
27387581)

BTA-9881 (AZD-9639, MEDI-
564), R-170591; R-53177;
JNJ-2408068

Molnupiravir (EIDD-2801/MK-
4482-017)

S-337395
D7487

Lumicitabine (ALS-8176, JNJ-
64041575), AT-889, AT-934,
RBS-3149

EDP-323
Bl compound D, MRK-1

AVG-233, AZ-27, PC786, YM-
53403, Triazole-1, Compound
1

AT2 and analogs,
Cyclopamine

Zelicapavir

RSV-604 (A-60444), RV-299
(PF-07923567), ALN-RSV01

Compound 3
Ribavirin (Rebetol)

Merimepodib (VX-497),
Compound 8

Pre-registration in China

Discontinued

Preclinical

Discontinued, strategic
decision

Discontinued, lack of efficacy

Discontinued, side effects at
local site

Discontinued, safety concern

Phase 2a human challenge
study

Phase 2
Preclinical

Discontinued, safety concern,
lack of efficacy

Phase 1
Discontinued

Discontinued

Not reported

Phase 2

Discontinued

Discontinued
Launched

Not reported
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2.7.2.3 Fusion inhibitors

2.7.2.3.1 Ziresovir

Fusion inhibitors block viral entry into host cells and prevent cell-to-cell spread
(Rhodin et al., 2021). Ziresovir (AK-0529) is currently the most advanced antiviral
after ribavirin. It is an RSV F protein inhibitor that primarily prevents viral entry into
the host cell (Zhang et al., 2024). In a phase 3 AirFLO study in China involving
about 300 children, 5-day oral treatment with ziresovir reduced symptoms (30%
symptom score reduction on day 3) and viral load (77% reduction on day 5)
compared to placebo in RSV-infected children up to 24 months of age. It was also
safe and well tolerated. (Zhao et al., 2024.) Ziresovir is currently in the pre-
registration stage in China.

2.7.2.3.2 Sisunatovir

Sisunatovir (RV521) reduced viral load by over 50-60% and symptom scores by 70—
80% compared to placebo in adults in a phase 2 study (DeVincenzo et al., 2020). It
was also found to be well tolerated and safe, leading to a Fast Track designation by
the U.S. Food and Drug Administration (FDA) in 2020 for the treatment of severe
RSV disease. In phase 2 clinical REVIVAL 1 study trial (trial identifier:
NCT04225897), oral sisunatovir was investigated in infants aged 1-36 months with
RSVH-LRTI. After promising results, it was decided to be discontinued due to
strategic considerations rather than safety concerns.

2.7.2.4 Replication inhibitors

Replication inhibitors, including N- and L-protein inhibitors, target replication and
RNA synthesis in cells that are already infected (Rhodin et al., 2021).

Currently, the most promising candidate is N-protein inhibitor zelicapavir (EDP-
938) (Sevendal et al., 2024). In a phase 2 study in healthy adults, it reduced viral
load by 70-80%, symptom scores by 60—80%, and mucus production compared to
placebo, without differing adverse effects (Ahmad et al., 2022). In children up to 36
months of age, it was found to reduce viral load effectively compared to placebo,
both in in- and outpatient settings (Enanta Pharmaceuticals, 2024).

L-protein inhibitors are divided into two categories: nucleoside/nucleotide
analogs (NIs) and non-nucleoside inhibitors (NNIs). ALS-8176 demonstrated
excellent efficacy in early clinical trials but was discontinued due to a lack of efficacy
and reversible neutropenia after phase 2b. Several broad-spectrum antivirals
approved for SARS-CoV-2, such as molnupiravir and VV116 (Tian et al., 2022;
Yoon et al., 2018), are being evaluated for RSV. In a phase 2 study in healthy adults
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(trial identifier: NCT05587478), S-337395 reduced RSV viral load by 90%,
improved symptom scores, and was well tolerated with no serious adverse events.
EDP-323 was also shown to be safe and well tolerated in healthy adults in a phase 1
randomized controlled trial (RCT) (trial identifier: NCT05587478). As a result, both
have received Fast Track designation from the FDA.

2.7.2.5 Under clinical research

New RSV antivirals are being studied intensively and alternative administration
routes like intranasal delivery are under investigation (Mitra et al., 2023). These may
offer several advantages, including ease of use, reduced resource requirements,
direct action at the site of infection, rapid onset of effect, the ability to achieve high
concentrations locally, minimal systemic effects, and the potential to reduce aerosol
transmission (Oti et al., 2024).

2.7.3 Monoclonal antibodies

Currently, no monoclonal antibodies are approved for the treatment of RSV. The
most advanced candidates, gontivimab (ALX-0171) and motavizumab (MEDI-524),
reached phase 2 trials but were discontinued due to a lack of clinical efficacy.
Although inhaled gontivimab reduced viral load, it did not improve clinical
outcomes in infants with RSVH-LRTI compared to placebo. Similarly,
motavizumab showed no significant impact on viral load. (Cunningham et al., 2021;
Ramilo et al., 2014.)

2.8 Prevention
2.8.1 Vaccines

2.8.1.1 History of RSV vaccines

In the 1960s, the first formalin-inactivated pediatric RSV vaccine induced a strong
antibody response, but it targeted significantly non-protective epitopes. This resulted
in poor efficacy and an increased risk of enhanced RSV disease (ERD) with more
severe symptoms, leading to hospitalizations and, in some cases, death (Kim et al.,
1969; Murphy and Walsh, 1988). The severe disease was linked to the presence of
non-functional antibodies (Murphy and Walsh, 1988), Th2-skewed immune
response, and eosinophilic infiltration in the lungs (Acosta et al., 2015).

Despite RSV’s known high burden and relatively low genetic variability
(Kingwell, 2023), vaccine development has been slow until the discovery of the preF
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conformation. As a result, the first maternal and elderly RSV vaccines were
approved in 2023 (Pfizer Press Releases, 2023). Several new vaccine candidates are
emerging, primarily targeting the preF conformation and its highly neutralizing
epitopes (Walsh et al., 2023). Vaccine development aims to provide protection
against both RSV subtypes, though RSV-B preF sites exhibit more variability (Hause
etal., 2017).

2.8.1.2 Maternal vaccines

Maternal vaccines have previously shown effectiveness in protecting infants against
infectious diseases like influenza, pertussis, and COVID-19 (Quincer et al., 2024),
and promising candidates targeting other pathogens are in development (Madhi et
al., 2023). Currently, there is one maternal RSVpreF vaccine (Abrysvo ®), licensed
to protect infants from severe RSV during their first six months of life (Kingwell,
2023).

In a large RCT involving over 7,000 pregnant individuals at 24-36 weeks’
gestation, the RSVpreF bivalent vaccine showed 80-91% efficacy against severe
RSV-LRTI within 90 days and 70-77% at 180 days. Higher efficacy was observed
when the vaccine was administered later in pregnancy, which also reduced RSV-
LRTI by 35% at 90 days and 57% at 180 days. (Kampmann et al., 2023.) Based on
this study, the vaccine was approved by both the FDA and European Medicines
Agency (EMA) in 2023 for preventing severe RSV in infants. Similar efficacy
estimates of approximately 50—70% against RSV-LRTI, RSVH, and severe RSV-
LRTI during the first six months of life have been reported in other studies
(Dieussaert et al., 2024; Mapindra et al., 2024; Phijffer et al., 2024a). In contrast,
protection against milder RSV infections has been more modest (Kampmann et al.,
2023). Real-world data also demonstrate about 80% effectiveness against RSVH in
the first three months of life and around 70% during the first six months, with
protection against severe RSVH reaching up to 77% (Pérez et al., 2025; Simoes et
al., 2025).

The maternal vaccine is well tolerated in both mothers and infants, with mainly
mild local injection side reactions and no increased risk of congenital anomalies,
intrauterine growth restriction, or stillbirth (Kampmann et al., 2023; Mapindra et al.,
2024; Pang et al., 2024; Phijffer et al., 2024a). In certain LICs and LMICs during the
COVID-19 Delta variant, a slightly higher rate of preterm delivery was observed
among vaccine recipients (5.7% vs. 4.7%), though this difference was not
statistically significant and no causal link or mechanism for preterm labor has been
established. Most experts consider this unlikely to be vaccine-related. (Kampmann
et al., 2023; Phijffer et al., 2024a). As a precaution, however, the FDA has restricted
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the use of the vaccine to 32+0 to 36+6 weeks’ gestation, whereas the EMA has
approved administration from 24 to 36 weeks (Willemsen et al., 2024).

Maternal RSV vaccination offers strong antibody responses with efficient
transplacental transfer (ratio 1.4-2.1), correlating with infant antibody levels and
lower infection risk (Bebia et al., 2023; Buchwald AG 2021; Simdes et al., 2022;
Yildiz et al., 2020). Nevertheless, some infants still develop severe RSV despite high
antibody titers, highlighting remaining gaps in understanding RSV immunity (Jans
et al., 2017).

The monovalent RSV-preF3-Mat vaccine (Arexvy ®) has been associated with a
higher incidence of preterm delivery (6.8% vs. 4.9%, RR 1.37) when administered
at 24-34 weeks’ gestation in a phase 3 trial, leading to early trial termination
(Dieussaert et al., 2024). Consequently, this vaccine did not receive FDA or EMA
approval for maternal use, although it is licensed for use in older adults.

2.8.1.3 Pediatric vaccines

RSV poses the greatest risk to infants, but vaccinating them effectively is challenging
due to their immature immune system and the presence of maternal antibodies, which
can hinder the development of a strong and long-lasting vaccine response, especially
during the first six months of life (Esposito et al., 2016). Additionally, live-
attenuated vaccines require a delicate balance between immunogenicity and the risk
of upper respiratory tract congestion. As a result, maternal vaccination or mAbs at
birth may offer the best early protection, while pediatric vaccines could be
introduced from 6 months onward. Furthermore, vaccinating older children may
provide indirect protection to younger infants by reducing transmission.

Past concerns about vaccine-related challenges have slowed pediatric RSV
vaccine development, but several promising candidates are in progress, especially
live-attenuated ones (Table 7).

The most advanced candidate, RSV/ANS2/A1313/11314L, demonstrated 67%
efficacy against medically-attended RSV-ARI and 88% against medically-attended
RSV-LRTI in a pooled analysis of seven phase 1 trials (Karron et al., 2021), and is
currently in phase 3 testing in toddlers. Other promising candidates with strong
immune responses include RSV/6120/ANS2/1030s and RSV/276. Like other live
attenuated vaccines, these may cause mild upper respiratory symptoms, but unlike
the 1960s vaccine, they do not induce ERD. (Cunningham et al., 2022; Karron et al.,
2024.)

47



Erika Uusitupa

Table 7.

highly dynamic. Modified from Babawale et al., 2025.

Vaccine Type

Mechanism
of Action

Advantages and
Disadvantages

Examples

Pediatric RSV vaccinations under development. Situation in 2025, although it remains

Development
Phase

LIVE
ATTENUATED

RECOMBINANT
VECTOR-
BASED

PROTEIN-
BASED

NUCLEIC ACID-
BASED

To introduce
mutations
(e.g.,
temperature
sensitivity,
deletion of
specific viral
proteins) to
limit viral
replication.

Uses a
modified
version of
another virus
(e.g.,
adenovirus or
parainfluenza
virus) to
deliver RSV
proteins to the
immune
system.

Uses only
RSV viral
proteins to
stimulate an
immune
response

Delivers
mRNA or DNA
sequences
that instruct
the body to
produce RSV
proteins,
triggering an
immune
response.

(+) Strong and
long-lasting
immune
response.

(+) Administered
directly into the
respiratory tract
intranasally,
enhancing local
immunity.

(+) Induces both
humoral and
cellular immune
responses.

(-) Potential
effects of the
vector virus?

(+) No live virus
involved.

(-) Weaker
immune
response, may
require booster
doses.

(+) Rapid
development and
adaptability.

(+) Strong
antibody
response.

(-) Unknown
long-term effects
and potential
immune
reactions.

RSV/ANS2/A1313/11314L
* (RSVt)

LIDAM2-2

RSV/6120/ANS2/1030s

MV-012-968

Ad26.RSV.preF

BLB-201

RSV pre-F

MRNA-1345

Phase 1, 2

*Phase 3

Tested in
adults

Phase 2

Approved for
adults and
pregnant
women, under
development
for children.

Development
halted at
Phase 2 due
to VAERD

Abbreviation: VAERD, vaccine-associated enhanced RSV disease
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2.8.1.4 Older adults

Two RSV vaccines, RSVpreF (Abrysvo ®) and RSVPreF3 OA (Arexvy ®), received
FDA and EMA approval in the summer of 2023 for use in adults aged 60 and older.
Both have demonstrated high efficacy in preventing RSV infections, including
severe RSV-LRTI, with effectiveness sustained across multiple RSV seasons and
subtypes, and an acceptable safety profile (Falsey et al., 2024; Ison et al., 2024; Papi
et al., 2023; Walsh et al., 2023). In 2024-2025, an mRNA-based RSV vaccine
(mRESVIA®) was approved by the FDA and EMA for adults aged 60 and older, and
for those 18-59 years old with an increased risk of severe RSV disease (FDA
Vaccines mRESVIA, 2024; European Medicines Agency Medicines mResvia,
2024). In clinical trials, it demonstrated approximately 80% efficacy against RSV-
LRTI and nearly 70% efficacy against RSV-ARI (Wilson et al., 2023). New mRNA,
protein- and vector-based vaccines are under development, including combination
vaccines targeting RSV and other respiratory viruses (Athan et al., 2024; PATH).

2.8.2 Monoclonal antibodies

2.8.2.1 Palivizumab

In newborns with the highest burden of RSVH, the immune system is still developing,
and vaccines and antibody responses are less effective than in older children.
Therefore, passive immunization through maternal vaccination or monoclonal
antibodies is the primary strategy to prevent severe RSV (Heinonen et al., 2019).

Palivizumab (Synagis ®) was for a long time the only RSV prophylaxis for the
prevention of severe RSV-LRTI in high-risk infants, particularly in HICs
(Carbonell-Estrany et al., 2025). It is a humanized recombinant monoclonal IgG
antibody that binds to the epitope site Il of the RSV F-protein in both pre- and post-
fusion conformations preventing viral fusion. It consists of 2 heavy and 2 light
chains, of which 95% of human origin and 5% of murine origin.

Palivizumab was approved by the FDA in June 1998 and a year later by the EMA.
The approval was based on a multicenter trial by the IMpact Study Group, where it
reduced RSVH by 55% (10.6% vs 4.8%, number needed to treat [NNT] 17) in high-
risk patients, particularly in preterm infants (78% reduction). It also reduced LOS and
PICU admissions and was found to be safe and well-tolerated. (The IMpact-RSV Study
Group, 1998.) Later studies have confirmed its effectiveness in the target populations.
In children with CHD, it reduced RSVH by 45% (9.7% vs 5.3%) and hospital days by
56% compared to placebo (Feltes et al., 2003). It also reduced RSV infections,
medically attended infections, hospitalizations, and wheezing days (Blanken et al.,
2013; Garegnani et al., 2021), and in some cases PICU admissions (El-Atawi et al.,
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2023). It may also reduce other respiratory-related hospitalizations (Bloomfield et al.,
2020; Garegnani et al., 2021), and later asthma, although establishing causality remains
challenging (Scheltema et al., 2018; Fang et al., 2023; Quinn et al., 2020).

The American Academy of Pediatrics issued its first palivizumab
immunoprophylaxis recommendation in 1998 (American Academy of Pediatrics
Committee on Infectious Diseases and Committee of Fetus and Newborn, 1998),
which has since been regularly updated. The most recent update from 2023
recommends nirsevimab over palivizumab. However, if nirsevimab is unavailable,
it recommends palivizumab for high-risk infants, including those under 12 months
born before 29 wGA, or before 35 wGA with BPD or hemodynamically significant
CHD. It is also recommended for preterm children up to 24 months with BPD or
CHD who required treatment for their condition within 6 months before RSV season.
(Caserta et al., 2023.) Regional variations exist regarding who receives palivizumab
immunoprophylaxis (Luna et al., 2020).

Palivizumab is administered monthly, and a total of five intramuscular doses
maintains protective antibody levels in most children during the season, with a mean
half-life of 18-20 days (Robbie et al., 2012). While the exact protective threshold of
serum palivizumab levels in humans is unclear, higher levels have been associated
with reduced RSVH severity and rates of PICU admission (Forbes et al., 2014).

Palivizumab is considered safe and well-tolerated (Feltes et al., 2003; Garegnani
et al., 2021). However, its use is limited by the need for monthly injections during
the season, high costs, and inconsistent parental compliance with administration
(Frogel, 2010). In addition to low RSV mortality in developed countries, short
hospitalizations, and limited evidence of long-term benefits, its widespread use has
not been justified.

2.8.2.2 Nirsevimab

Nirsevimab (Beyfortus ®) is a human monoclonal RSV IgG antibody that binds to
the preF form at antigenic site @. Its advantages include extended half-life achieved
with point mutations in the Fc-region, enabling a single intramuscular dose at the
beginning of the season to protect throughout the entire season, up to 150 days
(Griffin et al., 2020; Hammitt et al., 2022). Maximum serum concentration is reached
within 5-9 days (Griffin et al., 2017). Nirsevimab generates a strong, long-lasting
antibody response, with levels up to 10-fold higher than those of palivizumab
(Wilkins et al., 2024).

Nirsevimab was approved for RSV prevention in infants by the EMA in October
2022 and the FDA in July 2023. Clinical trials leading to approval showed it to be
safe, well-tolerated, and effective in healthy adults (Griffin et al., 2017), preterms,
and full-terms, reducing RSV medically attended lower respiratory infections
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(MALRIs) by 70-80% and RSVH by 77-78% (Griffin et al., 2020; Simdes et al.,
2023). Reductions were also observed in any-cause respiratory illness, MALRI,
outpatient LRTI visits, and antibiotic prescriptions (Simdes et al., 2023). In a phase
3 study with over 80% healthy term infants, it was safe and effective in late preterm
and term infants, with 74.5% efficacy against MALRI and 62% efficacy against
RSVH (0.6% vs 1.6%) compared to placebo (Hammitt et al., 2022). No differences
in safety profile compared to palivizumab were observed (Domachowske et al.,
2022). Based on these findings Advisory Committee on Immunization Practices
recommended it for all infants <8 months during their first RSV season and for high-
risk infants aged 8-19 months during their second season (Jones et al., 2023).

Since then, real-world data on nirsevimab’s effectiveness in infants has been
collected globally, with results even surpassing those seen in clinical trials. The
effectiveness of nirsevimab against RSVH has been reported to be 74-89% in Europe
(Ares-Gomez et al., 2024; Coma et al., 2024; Ezpeleta et al., 2024; Assad et al., 2024;
Carbajal et al., 2024; Drysdale et al., 2023) and 80-93% in the US (Moline et al., 2025;
Xu et al., 2025). Nirsevimab also reduces severe RSV disease by 70-90% (Carbajal et
al., 2024; Coma et al., 2024) and all-cause LRTI hospitalizations by 60-80% (Drysdale
et al., 2023; Xu et al., 2025). Protection against RSVH is higher in infants under 3
months (79% compared to 67% in 3—6 months) (Jimeno Ruiz et al., 2024) and declines
over time, being 93% at 30 days and 88% at 150 days (Barbas Del Buey et al., 2024).
NNT to prevent one RSV hospitalization is 15-25 (Ares-Gomez et al., 2024; Barbas
Del Buey et al., 2024; Ezpeleta et al., 2024). Nirsevimab also appears to reduce
outpatient burden reducing medically attended RSV-LRTI by 70-90% (Moline et al.,
2025; Xu et al., 2025), outpatient visits by 60% (Xu et al., 2025), ED visits due to RSV
bronchiolitis by 80% and all-cause bronchiolitis ED visits by almost 50% (Carbajal et
al., 2024). Immunization coverage in these studies has been high, between 84-92%
(Ernst et al., 2024; Ezpeleta et al., 2024).

Due to these great results, nirsevimab has been widely adopted in many European
countries, in the USA, Canada, Australia, Japan, and Latin America. Finland was the
first Nordic country to implement nirsevimab for the 2024-2025 RSV season. Based
on the recommendation by Choices in health care, it was offered to all infants born
between August 1, 2024, and April-May, 2025, who were <3 months old at the start
of the RSV season, and to <12-month-old high-risk infants (Choices in health care,
2024). It was estimated that with this strategy and high immunization rates, Finland
could prevent over 6000 outpatient and 1700 ED visits annually, nearly 6000 cases of
AOM, almost 500 hospitalizations, and 65 PICU admissions.

Nirsevimab has proven to be safe and well tolerated regardless of gestational age
or comorbidities (Ares-Gomez et al., 2024; Drysdale et al., 2023). Rare side effects
include mild injection site reactions, fever, gastrointestinal symptoms, and rash, with
a safety profile comparable to placebo and palivizumab (Mankad et al., 2024).
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2.8.2.3 Clesrovimab

Clesrovimab (MK-1654) is a promising long-acting monoclonal antibody with a
half-life of around 45 days. It binds to site IV of both the pre- and post-fusion forms
of the RSV F protein, and its neutralizing capacity is superior to that of palivizumab.
(Madhi et al., 2025.)

In a phase 2b/3 randomized, double-blind, placebo-controlled CLEVER trial
involving full-term and healthy preterm infants under one year of age during their
first RSV season, clesrovimab reduced RSV hospitalizations by 81-82%, LRTI
hospitalizations by 91%, severe MALRI by 92%, MALRI by 60-88%, and ARI by
50% at 150- and 180-days post-administration. It was safe and well tolerated, with
adverse effects similar to those of the placebo, mostly mild local injection site
reactions in 10% of cases. (Zar et al., 2025.) In a phase 3 SMART trial, clesrovimab
was found to be as safe and effective as palivizumab in high-risk infants for the
prevention of RSV-MALRI and RSVH at day 150 (Zar et al., 2024a). Based on these
studies, the FDA has approved clesrovimab (Enflonsia®) in June 2025 for the
prevention of RSV infection in infants, with a single dose regardless of body weight,
providing protection for the entire RSV season (MERCK News release, 2025). In
September 2025, EMA’s human medicines committee also recommended its
approval (European Medicines Agency News on Enflonsia, 2025).

2.8.2.4 Other monoclonal antibodies

Motavizumab (MEDI-524) is a monoclonal antibody targeting RSV F protein site II,
with higher binding affinity and up to 20-fold neutralizing activity than palivizumab
(Wu et al., 2007). Phase 2 studies showed no significant benefits over placebo in
LOS, disease severity, viral load, or wheezing episodes during the first 12 months
(Ramilo et al., 2014). However, phase 3 trials demonstrated a 26% relative reduction
in RSV hospitalizations and a 50% reduction in outpatient MALRI compared to
palivizumab (Carbonell-Estrany et al., 2010), and an 87% reduction in RSVH
compared to placebo (2% vs. 11%) (O’Brien et al., 2015). Despite its efficacy,
hypersensitivity reactions and anti-drug antibody development led to the FDA
withholding approval (Carbonell-Estrany et al., 2010; O’Brien et al., 2015).

Suptavumab (REGN2222) is a potent human monoclonal IgG1l antibody
targeting site V of the RSV pre-F protein. In a phase 1 study, it was safe and well
tolerated in healthy adults (Sivapalasingam et al., 2015). However, in a phase 3 study
involving over 1000 preterm infants, it did not reduce RSVH or MALRIs, due to a
mutation in the RSV-B subtype strain that led to a loss of efficacy (Simoes et al.,
2021). However, new monoclonal antibodies are under development, with the most
advanced candidate in phase 2-3 (PATH).
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2.8.3 Non-pharmaceutical

RSV is highly contagious (Kaler et al., 2023), and although pharmacological
prevention methods currently exist, additional strategies remain essential.
Monoclonal antibodies and vaccines are expensive, and not widely accessible in
developing countries, highlighting the importance of NPIs.

During the COVID-19 pandemic, large-scale implementation of NPIs led to a
dramatic decline in RSV cases, with a resurgence observed after restrictions were
relaxed (Haapanen et al., 2021; Leija-Martinez et al., 2024). While interference
between viruses is possible, the observed decrease in RSV infections among infants
during periods of strict NPIs suggests these are effective in reducing RSV
transmission (Lu et al., 2024).

European Centre for Disease Prevention and Control (ECDC) recommends NPIs
such as hand and respiratory hygiene, avoiding face touching, and contact with sick
people to prevent RSV infection (ECDC, 2025). However, recommendations vary
across Europe. Hand and respiratory hygiene are most commonly recommended (in
95% of 30 countries), followed by avoiding crowded places (67%) and contact with
sick humans (57%), staying home when ill (62%), and cleaning household items
(57%) (Dallagiacoma et al., 2024).

2.9 Long-term effects of RSV

2.9.1 Asthma

In addition to immediate morbidity, RSV has long-term effects, particularly on
respiratory health (Zhang et al., 2024). The association between RSV bronchiolitis
and an increased risk of subsequent asthma was first described in 1959 (Wittig and
Glaser, 1959). Since then, studies have consistently shown that early RSV-LRTI is
associated with a higher risk of recurrent wheezing and asthma, ranging from 2 to
12 times higher, depending on the study (Jiang et al., 2023; Rosas-Salazar et al.,
2023; Van Wijhe et al., 2022; Zar et al., 2024). However, there are still challenges
including variations in the definitions of asthma across studies, differences in follow-
up periods, and difficulties in establishing causality (Zar et al., 2024). A possible
non-causal explanation is that RSV-LRTI may reflect an individual’s pre-existing
vulnerability to respiratory illness (Brunwasser et al., 2020).

Severity of RSV correlates with higher risk of recurrent wheezing and asthma,
with hospitalization linked to increased risk up to adolescence and adulthood
(Bacharier et al., 2012; Backman et al., 2014; McGinley et al., 2022; Nguyen-Van-
Tam et al., 2020; Sigurs et al., 2005; van Meel et al., 2022). Early RSV-LRTI,
especially when hospitalized, results in impaired lung function (Sigurs et al., 2005;
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Verwey et al., 2020), which may persist into adulthood (Backman et al., 2014; Coutts
et al., 2020; Fauroux et al., 2017; Ruotsalainen et al., 2010) and may predispose to
later development of chronic obstructive pulmonary disease (Martinez, 2009).
However, the definition of disease severity varies across studies, and it remains
unclear whether reduced lung function and increased asthma risk result from RSV
infection itself or from an underlying susceptibility to severe disease.

The age at which RSV infection occurs also influences long-term respiratory
outcomes. Infection before 6 months of age mainly raises asthma risk in the first 2
years of life, while infection at 6-23 months extends risk up to 6 years (Wang et al.,
2022a). Other studies have similarly found a greater asthma risk when RSV is
contracted later in infancy (Shiroshita et al., 2024). On the other hand, evidence
suggests that delaying the timing of RSV infection might reduce subsequent
respiratory morbidity (Zar et al., 2024b). A large U.S. cohort study (INSPIRE)
estimated that avoiding RSV infection during the first year of life could prevent 15%
of asthma diagnoses by age five (Rosas-Salazar et al., 2023).

The specificity of RSV, compared to other respiratory pathogens, in the
development of asthma remains somewhat unclear (Van Wijhe et al., 2022). Higher
risk of asthma has also been observed in non-RSV bronchiolitis, especially with
rhinovirus (Makrinioti et al., 2022; Mufioz-Quiles et al., 2023; Orzotek et al., 2023;
Ruotsalainen et al., 2013; Valkonen et al., 2009). However, the role of RSV is
supported by prophylaxis studies. Palivizumab which reduces RSV-hospitalizations,
also reduced wheezing and parent-reported asthma about 10% by age 6 in the MAKI
trial, though no differences in lung function or physician-diagnosed asthma were
observed (Fang et al., 2023; Blanken et al., 2013; Scheltema et al., 2018).

The mechanisms linking early RSV-LRTI to subsequent development of
wheezing disorders include both direct and indirect effects (Baraldi et al., 2020; Zar
et al., 2024b; Zhang et al., 2024). Direct effects include damage to the airway
epithelium, such as cell injury, loss of ciliary cells, and changes in mucus production
and viscosity (Zar et al., 2024b). Indirect mechanisms include alterations in systemic
and mucosal immune responses, changes in airway microbiome, and disruptions in
cellular metabolism (Rosas-Salazar et al., 2022; Zar et al., 2024b).

292 Other conditions

In addition to asthma and wheezing, early RSV infection has been linked to a higher
risk of pneumonia (aOR 1.4), AOM (aOR 1.3), and antibiotic use (aOR 1.2) in
infancy compared to those who did not experience RSV bronchiolitis (Abreo et al.,
2020). However, the specific role of RSV in regulating the conditions remains
debated.
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Aims

The aims of the study were:

I

II

I

To evaluate the impact of RSV viral load on disease severity in outpatient
children.

To determine population-based RSV hospitalization rates in monthly age
groups for infants and young children.

To compare rates and clinical presentations of RSV hospitalization between
boys and girls.
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4 Materials and Methods

A more detailed description of materials and methods are presented in the original
publications.

4.1 Patients and study design

Study I, outpatient study

Data were derived from a prospective outpatient cohort study including children <10
years of age without any exclusion criteria. The study included two consecutive
respiratory seasons from October 9, 2000, to May 20, 2001, and from October 1,
2001, to May 19, 2002. Children were recruited before the start of the season from
the catchment area, including day-care centers, family day-care, and schools. At the
start of the study, 1458 children were enrolled, of whom 1338 were active
participants during the 2000-2001 season. In the second season of 2001-2002, 907
participants were enrolled and 893 completed the follow-up. Finally, the study
comprised 2231 child-seasons of follow-up.

Parents were asked to bring their child to the study clinic whenever the child
exhibited signs of respiratory infection or fever. The study clinic was open daily,
including weekends and holidays, and visits were free of charge for families. Each
visit included a clinical examination conducted by a study physician and detailed
clinical data including symptoms and clinical findings were collected using a
standardized questionnaire. If pneumonia or sinusitis were suspected, chest and sinus
radiographs were performed. For AOM, diagnostic procedures included pneumatic
otoscopy, tympanometry, and spectral-gradient acoustic reflectometry. In cases
without complications at the initial visit, a follow-up visit was scheduled routinely
5-7 days later, or whenever parents considered it necessary.

Studies Il and lll, inpatient studies

Studies II and III were retrospective studies conducted at the Department of
Pediatrics, Turku University Hospital. Study II covered 10 years from September 1,
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2008, to August 31, 2018, while Study III spanned 14 years from July 1, 2006, to
June 30, 2020.

In Study II, the study population included all children under the age of 16 years,
and in Study III under 5 years old. Eligible patients were those with virologically
confirmed RSV hospitalization at Turku University Hospital, which is the only pediatric
tertiary-care hospital serving the Southwestern Finland region. To ensure population-
based rates, only those children living within the hospital’s defined catchment area were
included in the studies. The average catchment population was 78,726 for children
under 16 in Study II (10 years), and 23,725 for children under 5 in Study III (14 years).

4.2 Data collection

Study |

At each study visit, a standardized form was completed by the study physician. This
included detailed information on the child’s symptoms and their duration, clinical
examination findings, the results of any laboratory or radiological investigations, as
well as the final diagnosis and initiated treatment. Throughout the study seasons,
parents were asked to complete a structured daily symptom diary, recording the
child’s symptoms and any resulting absences, either from day-care or school for the
child, or from work for the parents, excluding any pre-planned days off like
weekends. Parental compliance with diary completion was high: 85% of participants
returned both symptom diaries, and 97% returned at least one diary. To determine
the viral etiology of each respiratory episode, a nasal swab was obtained during the
study clinic visit associated with that episode. Since our focus was on acute RSV
infections, the analysis was restricted to children whose symptom duration before
sample collection was no more than six days.

Studies Il and Il

During both Study II and Study III, viral diagnostics were routinely performed for all
hospitalized children presenting with respiratory symptoms. To ensure identification of
all virologically confirmed RSV infections, the data were retrieved from the database
of the Department of Virology at the University of Turku and the patient database of
Turku University Hospital. Duplicate records were removed using the patients’ national
identification numbers. Patient information, including patient characteristics, clinical
presentation, treatment, and outcomes, was collected through a structured review of
medical records. To calculate population-based incidence rates, annual data on the
number of children in different age groups living within the hospital’s catchment area
were obtained from the official databases of Statistics Finland.
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4.3 Laboratory methods

Study |

For each respiratory tract infection episode, a nasal swab was collected by inserting
a sterile cotton swab 2—3 c¢m into the child’s nostril. The swab was placed into a vial
containing viral transport medium (Heikkinen et al., 2002). All virological testing
was conducted at the Department of Virology, University of Turku. Detection of
RSV was based on viral culture and RT-PCR using either the High Pure Viral
Nucleic Acid Kit or the MagNA Pure LC extractor (Roche Diagnostics), following
the manufacturers' instructions. The resulting extracts were stored at —70°C until
further analysis. RSV RNA targeting the N gene was identified using RT-PCR. The
viral load was estimated semi-quantitatively based on Ct value, the PCR cycle at
which the amplification signal exceeds the detection threshold providing an indirect
measure of RSV quantity in the sample. We divided the groups into high and low
viral load based on a Ct value of 27, which was the mean Ct value in our study. This
also resulted in similarly sized groups, maximizing statistical power.

Studies Il and Il

Nasopharyngeal samples were routinely collected from all hospitalized children
presenting with respiratory symptoms during the study periods in order to determine
the viral etiology. The diagnosis of RSV infection was based on RT-PCR, made at
the Department of Virology, or antigen detection made at the emergency department.

4.4 Definitions

Study |

Complications were defined to be related to RSV if they were diagnosed within 14
days of the visit during which RSV infection was confirmed. AOM was diagnosed
based on clinical signs of tympanic membrane inflammation, the presence of middle-
ear effusion as verified by pneumatic otoscopy, and at least one symptom indicating
acute infection. The diagnoses of pneumonia and sinusitis required both clinical
symptoms and radiological confirmation of the condition. Children were defined as
active participants if they visited the study clinic at least once during the surveillance
season, or if they returned at least one of the two daily symptom diaries. The
definition of total duration of illness included all consecutive days during which the
child experienced fever, rhinitis, or cough.
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Studies Il and Il

Length of hospital stay was defined as the number of nights the child spent in the
hospital ward. In the uncommon cases where a child was admitted in the morning
and discharged later that same day, the duration of hospitalization was recorded as
one day. Rehospitalization was defined as an unplanned readmission to the hospital
for the same illness, occurring without a complete resolution of symptoms between
the admissions. Children were considered to have an underlying medical condition
if they had a chronic lung disease, congenital heart disease, immunosuppressive
condition, neuromuscular disorder, genetic disorder, or intellectual disability that
impaired their ability to clear airway mucus. Respiratory distress was defined as any
observable signs of breathing difficulty, such as intercostal or jugular retractions,
tachypnea, wheezing, or nasal flaring, documented during the clinical examination
and noted in the medical records.

4.5 Statistical analyses

In Studies II and III, the incidence rates of RSV hospitalizations in different age
groups were calculated by dividing the number of RSV-hospitalized children by the
corresponding age-specific population. The rates were expressed as average annual
rates per 1000 children. Calculations of 95% confidence intervals (Cls) for
hospitalization rates, their ratios, and rate differences between the groups were
performed using Poisson distribution. In study I, the correlations between Ct values
and symptom durations were evaluated using Spearman’s rank correlation.

Across all studies [-111, comparisons of continuous variables between two groups
were performed using the t-test for normally distributed data, and the Mann-Whitney
U test for non-normally distributed data. For comparisons involving more than two
groups, one-way analysis of variance or the Kruskal-Wallis test was used,
respectively, depending on the data distribution. Categorical variables were
compared using the ¥ test or Fisher’s exact test when expected frequencies were less
than 5. Two-sided p-values <0.05 were considered statistically significant. All
statistical analyses were performed using SPSS Statistics (versions 25-27) and
StatsDirect (versions 3.3.4 and 4.0.4).

4.6 Ethics

In study I, written informed consent was obtained from the parents or legal guardians
of all participating children before study initiation. Studies II and III were approved by
the Institutional Review Board at Turku University Hospital, and according to local
research standards, no patient consent or Ethics committee approval was required.
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5 Results

5.1 Association of RSV viral load with disease
severity in outpatient children (Study 1)

5.1.1 Study children and their Ct values

During the study period, a total of 201 children with newly diagnosed RSV infection
were included. Of these, 106 (52.7%) had a higher viral load (Ct value <27) and 95
(47.3%) had a lower viral load (Ct >27). The mean Ct value across the cohort was
27.7.

The median age was 2.9 years in the higher viral load group and 3.2 years in the
lower viral load group, with a difference of 4 months between the groups, which was
statistically significant (p = 0.020). There was no significant difference in symptom
duration before viral sampling between the groups.

51.2 Effect of viral load on symptom duration

In the primary analysis, children with higher viral load had significantly longer
median durations of rhinitis (8 vs 6 days, p < 0.001), cough (8 vs 6 days, p = 0.034),
fever (2 vs 1 day, p =0.018) and any symptom (10 vs 8 days, p = 0.024) (Figure 5).
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Figure 5. Symptom duration in children with higher (Ct <27) and lower (Ct > 27) viral load groups.

In the secondary analysis, we compared three equal-sized groups based on their
Ct value (high, intermediate, and low viral load), to confirm the observed association
between viral load and symptom duration in the earlier two-group comparison.
Those with the highest viral load consistently had longer durations of rhinitis, cough,
fever, and any symptom. In contrast, children in the lowest viral load group had the
shortest durations. A statistically significant difference in median duration of rhinitis
was observed across the three groups (p = 0.008). While the differences in mean
durations were not statistically significant between the groups, there was a consistent
trend. An inverse correlation between Ct value and symptom duration is presented
in Figure 6.

As children with higher viral loads were younger, a subgroup analysis by age
was conducted. The association between higher viral load and longer symptom
duration was observed in age groups 2-3 years and 4-9 years but not under 2 years.
Among 2—-3-year-olds, rhinitis lasted significantly longer in the high viral load group
(median 9 vs. 5 days, p < 0.001), and the duration of any symptom was also
significantly longer (10 vs. 8 days, p = 0.012).

61



Days

Days

Erika Uusitupa

Rhinitis
& s = -0.25; p <0.001
.
40
.
.
30
.
20 .-. . .
. . .
of———a ¥ St S, *
X S O T A
e 2 Tl T o e
0 . . em oo o * emoe
15 20 25 30 35 40
Ct value
Fever
10 * 1,=-0.16; p =0.023
. .
8 .
. .
6 . - .« .
. o~ ee om o
4 “ woeewmes o “ o e e
| * emews swecs e e
2 .”::.7.77«‘&~-.o.“‘L¥37... we
wesmsem so e o soee ST
0 * e et e cemen e mmme @wew e o sesom
15 20 25 30 35 40

Ct value

Days

Days

40

Cough
1. =-0.15; p=0.035

50

40

30

Ct value

Any symptom
s = -0.16; p =0.025

Ct value

Figure 6. The correlation of Ct value and the duration of symptoms in RSV infection among 201
children. Modified from the original publication | from The Journal of Infectious Diseases.

51.3
load

Complications and antibiotic treatment based on viral

In comparison between the two viral load groups, AOM was diagnosed in 56
children (52.8%) in the higher viral load group and 44 children (46.3%) in the lower

viral load group (p =

0.36). There was no statistically significant difference in

antibiotic treatment between the groups; 63 children (59.4%) were treated with
antibiotics in higher viral load group and 47 (49.5%) in lower viral load group (p =

0.16).
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5.2 RSV hospitalizations in young children and
infants (Study Il)

5.2.1 RSV hospitalizations and seasonality

A total of 1006 children were hospitalized for RSV infection during the 10-year
study period. Of these, 469 (46.6%) were under 3 months old, 634 (63.0%) under 6
months, and 747 (74.3%) under 12 months. Preterm infants accounted for 96 (9.5%)
cases, while 107 (10.6%) had an underlying condition. The prevalence of an
underlying condition increased with age. Most hospitalizations (71.2%) occurred
between October and March, and 90.4% occurred between October and April (Figure
7).
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Figure 7. Monthly numbers of hospitalized children during the 10-year study period. Modified from
original publication Il from Influenza and Other Respiratory Viruses.

52.2 Incidence rates of RSV hospitalization

Among monthly age groups during the first year of life, the highest rate of RSV
hospitalization was observed at 1 month of age (52.0/1000 children, 95% CI 45.2—

63



Erika Uusitupa

59.7), followed by <1 month (34.8/1000, 95% CI 29.2—41.1) and 2 months olds
(32.2/1000, 95% CI 26.9-38.4). The rates in these groups were twice as high as
reported in previous studies (Figure 8). In cumulative age groups, the RSV
hospitalization rate was 39.7/1000 (95% CI 36.2-43.4) in children <3 months,
26.8/1000 (95% CI 24.8-29.0) in <6 months, 15.8/1000 (95% CI 14.7-17.0) in <12
months, 9.1/1000 in <2 years, 4.1/1000 in <5 years, and 1.3/1000 in <16 years old.
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Figure 8. Average annual rates of RSV hospitalization per 1000 children in different ages among
infants <12 months of age. The gray bars represent results from Hall et al., 2013, and
Rha et al., 2020. Modified from original publication Il from Influenza and Other
Respiratory Viruses.

523 Clinical features and complications

Respiratory distress occurred in 808 (80.3%) children, most commonly at 2-5
months of age. AOM was also frequent in young infants, diagnosed in 47.0% of
those under 1 year of age. Pneumonia was more common among older children,
affecting 8.3% of those under 1 year of age and 40.9% of children aged 1 to 15 years
(p < 0.001). Antibiotics were administered to 589 (58.5%) patients. Four deaths
(0.4%) were recorded, all occurring in children aged >1 year with severe
neuromuscular disease. Clinical features and complications in different ages are
represented in Figure 9.
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Figure 9. Clinical features and management of RSV-hospitalized children (n= 1006) at different
ages.
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524 Length of hospital stay

The median LOS for the whole study population was 2.0 days (IQR 1.0—4.0 days).
Infants younger than 3 months had a longer LOS (median 3.0 days) compared to
older age groups (1.0-2.0 days).

525 Treatment at PICU

In total, 117 (11.6%) children required admission to the PICU, with the highest rate
of 24.8% observed among neonates <1 month old. In cumulative age groups, PICU
admissions were 15.6% for <3 months, 13.1% for <6 months, and 12.0% for <12
months. PICU treatment was more common among preterm infants (25%) in
comparison to full-term infants (10.2%) (p < 0.001). No significant difference in
PICU admissions was observed between children with and without underlying
conditions (13.1% vs 11.5%, p = 0.62).
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5.3 Differences between boys and girls in RSV
hospitalization rates and clinical symptoms
(Study I11)

5.3.1 Hospitalization rates

During the 14-year study period, a total of 1204 children <5 years old were
hospitalized due to RSV infection. Of these, 671 (55.7%) were boys and 533 (44.3%)
were girls. Among the hospitalized children, 46.1% were <3 months old and 63.3%
were <6 months old. Most children were full-term (90.2%) and otherwise healthy
(92.6%), with no significant differences observed between sexes.

Throughout the first two years of life, excluding the first month, boys
consistently had higher hospitalization rates for RSV than girls (Figure 10). In the
overall <5-year-old population, the hospitalization rate was 4.0 per 1000 for boys
and 3.3 per 1000 for girls, IRR 1.21 (95% CI 1.07-1.35, p = 0.001). The sex
difference was most pronounced between 3 and 23 months of age, when the
hospitalization rate was 5.4 per 1000 for boys and 3.6 per 1000 for girls (IRR 1.50,
95% CI 1.25-1.80, p < 0.001).
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Figure 10. Average annual population-based rates of RSV hospitalizations per 1000 children in
different age groups among boys and girls. * represents the ratio (boys to girls) in
hospitalization rates in the age groups. Modified from original publication IlI.
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53.2 Differences in clinical features and treatment

Across the whole <5-year-old study population, no significant sex differences were
observed in clinical features of RSV infection (Figure 11). However, respiratory
distress was more frequently observed among boys from 3 months of age and
onwards: 324 of 381 boys compared to 207 of 268 girls (85.0% vs. 77.2%, p=0.01).
In a more detailed age-group analysis, the difference was most evident between 6
and 17 months of age, with respiratory distress observed in 128 of 141 boys and 70
of 92 girls (90.8% vs. 76.1%, p = 0.002) (Figure 12).

No sex differences were found in the LOS. Similarly, no differences in
rehospitalization rates were observed: 41 of 671 boys and 24 of 533 girls (6.1% vs.
4.5%, p =0.22). However, there was a signal of boys having more rehospitalizations
among infants <3 months of age compared to girls in the same age (7.9% vs. 4.5%,
p=0.10).
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Figure 11. Clinical features and treatments in RSV-hospitalized boys and girls in the study
population under 5 years of age.
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Figure 12. Proportions of boys and girls in different age groups with respiratory distress during their
RSV hospitalization. Modified from original publication Il1.

5.3.3 Respiratory distress-associated hospitalizations

Hospitalizations due to respiratory distress with RSV infection were more frequent
among boys than girls from early infancy up to nearly two years of age (Figure 13).
In the total population of children <5 years old, the rates were 3.4 per 1000 for boys
and 2.7 per 1000 for girls, IRR 1.26 (95% CI 1.11-1.42, p < 0.001). The difference
was most pronounced between 3 and 23 months of age, with rates of 4.9 per 1000
and 2.9 per 1000 children respectively, IRR 1.66 (95% CI 1.37-2.03, p < 0.001).
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Figure 13. Respiratory distress-associated hospitalization rates in RSV infection in different age
groups among boys and girls.
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6.1 Clinical characteristics of RSV infection (I, )

6.1.1 Viral load (1)

We observed that a higher RSV viral load was associated with a longer duration of
symptoms in outpatient children older than two years. In younger children, who
generally had higher viral loads, as also reported in previous studies, no such
association was found (Chen et al., 2024; Cruz et al., 2021; Heikkinen et al., 2015; Li
et al., 2025). This may explain why earlier outpatient studies focusing on the youngest
children have not identified an association between RSV viral load and symptom
duration (Houben et al., 2010; Utsunomiya et al., 2020). Our findings underscore the
importance of accounting for age in future studies examining RSV viral loads.

Several additional factors may explain the differences between studies. First, our
study is to date the largest prospective pediatric outpatient study on RSV viral load,
including daily symptom diaries filled out by parents. Second, in many previous
studies, symptoms had already been present for up to 14 days before sample collection,
which likely affected viral load levels due to the natural decline of RSV replication.

The average duration of any symptom was 9—10 days. The median duration of
rhinorrhea and cough was 7 days, while fever lasted for 2 days. We also observed
that symptom duration was longer in younger children compared to older ones. These
findings are consistent with previous studies (Hak et al., 2025a; Heikkinen et al.,
2017; Thomas et al., 2021; Toivonen et al., 2020).

We did not observe a statistically significant difference between RSV viral load
and complications. AOM and the subsequent need for antibiotic treatment were more
common in the higher viral load group compared to lower viral load group. However,
our sample size was limited for detecting statistically significant differences between
categorical variables like these. In some previous outpatient studies, higher viral load
has been associated with more severe disease and increased risk of hospitalization
(Haddadin et al., 2021; Houben et al., 2010), but the results are conflicting (Mattila
etal., 2023). A small study by Houben et al., including only 30 infants, used a disease
severity score including symptoms such as apnea, wheezing, retractions, and
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tachypnea, features that can be difficult for parents to reliably evaluate (Houben et
al., 2010). In inpatient settings, higher viral loads have often been linked to more
severe disease (El Saleeby et al., 2011; Hasegawa et al., 2015; Piccirilli et al., 2023),
although contradictory results exist (Thwaites et al., 2018; Wright et al., 2002; Yan
et al., 2017). One hypothesis suggests that a higher viral load could trigger a stronger
initial immune response, potentially preventing progression to severe disease.

Our findings demonstrate that RSV viral load is associated with the duration of
symptoms in children treated in outpatient care where the disease burden is high.
This suggests that an effective antiviral treatment, especially if initiated early in the
course of illness, could potentially shorten disease duration and reduce
complications, similar to influenza (Heinonen et al., 2010). However, early diagnosis
remains a challenge due to the non-specific nature of RSV symptoms. On the other
hand, the strong seasonality of RSV infections, and the slower rise in RSV viral load
compared to influenza, may provide a longer therapeutic window for antiviral
intervention. In the future, it may be possible for families to perform a rapid RSV
test at home independently, which could help starting an effective antiviral treatment
already in the early course of the illness.

We found no association between viral load and symptom duration during the
first two years of life, which raises the question of whether other host factors might
be more critical in determining disease course at this age. In contrast, the observed
association between viral load and symptom duration after the age of two suggests
that antiviral treatment might help shorten viral shedding in older children, which in
turn could reduce RSV transmission to infants.

6.1.2 Sex differences (lll)

The aim of our study was to describe population-based hospitalization rates and the
clinical presentation of RSV infection in boys and girls across narrow age groups.
We found that, especially during the first two years of life, excluding the first few
months, the hospitalization rate of boys was higher than girls. The sex difference in
hospitalization was most pronounced between 3 and 23 months of age, when boys
had a 50% higher risk of hospitalization compared to girls. We also observed that
boys exhibited respiratory distress more frequently than girls starting from the age
of three months, with the most significant difference occurring between 6 and 17
months of age. When we specifically examined population-based RSV
hospitalizations associated with respiratory distress, boys had a more than 60%
higher rate than girls in the 3—23-month age group.

Higher RSV morbidity and risk of RSV hospitalization in boys have been
reported in several previous studies. However, most population-based studies that
consider the higher birth rate of boys have reported sex-specific hospitalization rates
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only in broad age categories <5 years of age, and not in narrower ages (Buchan et
al., 2023; Curns et al., 2024; Rha et al., 2020). Furthermore, the diagnoses of RSV
infections were not laboratory confirmed in all studies, but were based on
International Classification of Diseases (ICD) codes only (Buchan et al., 2023). In
previous population-based studies with virological confirmation of RSV, the
reported hospitalization rates for children under five have been higher for boys (3.3—
4.7 per 1,000) than for girls (2.6-3.7 per 1,000), which are in line with the difference
between sexes observed in our study (4.0 and 3.3 per 1,000, respectively).

In contrast with RSV hospitalization rates between boys and girls, there is very
limited information on sex differences in the clinical presentation of RSV illness in
children. A study from the RESCEU project did not find any differences in clinical
features between boys and girls (McGinley et al., 2022). However, the study
included just over 300 children under one year of age. They defined disease severity
using the ReSVINET score, which includes seven parameters, some of which are
respiratory-related, such as respiratory difficulty and frequency. However, the study
did not report which specific parameters contributed to the score in boys and girls,
leaving open the possibility that boys might have experienced more respiratory
problems while girls might have shown more feeding intolerance or fever.

Overall, boys tend to present with more respiratory symptoms in studies
unrelated to RSV. A large European multicenter study examining ED visits in
children under 16 years of age found that respiratory presentations were more
common in boys than girls, with boys receiving more inhalation medication
(Zachariasse et al., 2020). Another European study involving nearly 20,000 febrile
children under 18 years found that boys more frequently had tachypnea and
increased work of breathing, and they were more often treated with inhalation
therapy (Tan et al., 2022). However, no viral testing was performed in these studies,
so the results cannot be directly attributed to RSV.

Several hypotheses have been proposed to explain sex differences in respiratory
infection susceptibility and symptom presentation, which may also be relevant for
RSV. In respiratory infections generally, it has been observed that males are more
susceptible than females in early and late life, while during the reproductive years,
the opposite trend occurs (Ursin and Klein, 2021). Possible explanations for sex
differences in childhood include genetic, chromosomal, and hormonal differences,
variation in lung development, and anatomical factors (Ronen et al., 2007; Seaborn
et al., 2010; Silveyra et al., 2021).

Sex hormones may play a role in the observed differences. Testosterone, which is
considered immunosuppressive, rises in male infants during the first months of life and
then rapidly declines during the first year, remaining low until puberty (Ursin and
Klein, 2021; Klein, 2000). Estrogen may enhance immune responses to viral infections
and vaccines, although its levels remain low until puberty (Ursin and Klein, 2021).
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Prenatal lung maturation is believed to be delayed in boys compared to girls, which
may explain the higher frequency of respiratory complications such as respiratory
distress syndrome and BPD in male newborns (Seaborn et al., 2010; Silveyra et al.,
2021). These early respiratory challenges may influence susceptibility to severe RSV
infection in infancy. Differences between sexes have also been observed in cytokine
responses and innate immune activation (Schuurhof et al., 2010; Ursin and Klein,
2021). Anatomically, prepubertal boys have shorter and narrower airways, which have
been associated with increased risk for viral infections, LRTI, and bronchial
obstruction (Muenchhoff et al., 2014; Ronen et al., 2007; Ursin and Klein, 2021).

Interestingly, no sex differences in RSV-related hospitalizations or respiratory
distress were seen during the first few months of life. One potential explanation is the
presence of maternal IgG antibodies, which provide protection during early infancy.
There is no reason to suspect differences in placental transfer or the effect of these
antibodies between boys and girls. As maternal antibody levels wane after the first few
months, the infant’s own immune system plays a greater role, possibly revealing sex-
based immunological differences. Around the same time, sex hormones begin to
emerge, which may also explain why differences appear later in infancy. Finally,
although all neonates have narrow airways, anatomical differences between sexes may
become more pronounced with growth, potentially explaining why sex differences in
respiratory symptoms and hospitalization only appear later in infancy.

6.2 RSV hospitalizations (ll)

Our study aimed to provide a detailed description of monthly population-based RSV
hospitalization rates in children, especially during the first year of life, over a long
period and within a well-defined catchment area. We found that the highest risk of
hospitalization occurred at 1 month of age, and in infants younger than 3 months the
hospitalization rates were up to twice as high as previously reported. These results
are significant for calculating cost-effectiveness related to RSV prevention and
intervention strategies.

RSV hospitalizations in children have been studied extensively using different
study designs. However, population-based virologically confirmed data on the
youngest infants are still scarce. Previous population-based studies with laboratory-
confirmed RSVH have reported rates of 16.9-18.5/1000 children in those under 6
months (Hall et al., 2009; Iwane et al., 2004), and 23.8-30/1000 in those under 3
months (McMorrow et al., 2024). In comparison, our rates were 26.8/1000 and
39.7/1000, respectively.

The age distribution of RSVH rates we observed aligns with other studies reporting
monthly data. The peak occurred at 1 month of age, followed by <I-month-olds and
2-month-olds, with a decline with increasing age. In ICD-code-based studies, RSVH
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rates at 1 month ranged from 25.1-29.6/1000, at <1 month from 16.1-17.8/1000, and
at 2 months 15.6/1000 (Buchan et al., 2023; Suss et al., 2024). In contrast, laboratory
confirmed studies report ranges of 25.1-31.2/1000, 6.1-25.0/1000, and 14.3—
22.4/1000, respectively (Curns et al., 2024; Hall et al., 2013; Rha et al., 2020).

Several factors could explain the differences in RSVH rates. In our study, viral
diagnostics were performed year-round, whereas many earlier studies only included
the RSV season potentially missing cases (Hall et al., 2009; Hall et al., 2013; Rha et
al., 2020). We conducted viral testing as a routine for all ARI hospitalizations,
regardless of time or day, while some studies only performed testing at limited times
during the week (Curns et al., 2024; Hall et al., 2013; Iwane et al., 2004; Rha et al.,
2020) or based on physician decision (Li et al., 2022). Conversely, some samples
may have been missed or given as false negatives in our setting, suggesting our
values may still be slightly conservative. Our retrospective study included all RSVH
cases, whereas some previous studies may have underreported due to the need for
parental consent (Hall et al., 2009; Hall et al., 2013; Rha et al., 2020). On the other
hand, multicenter studies provide better generalizability (Curns et al., 2024; Hall et
al., 2013; Rha et al., 2020). In our cohort, 90% of children were otherwise healthy
and born at term, which is slightly higher than in comparable studies (Hall et al.,
2013; Rha et al., 2020). This further emphasizes the burden in this population.

In our study, approximately 10% required intensive care, with the highest rates
among preterm infants and those <1 month old, of whom nearly 25% were admitted
to the PICU. These values are consistent with previous studies (Bont et al., 2016;
Hartmann et al., 2022). AOM developed in over 40% of cases, slightly less than
reported elsewhere (Phillips et al., 2020; Thomas et al., 2021), while nearly 60%
received antibiotics, exceeding earlier findings (Christakis et al., 2005; Farley et al.,
2014). These differences may stem from the variety in age groups between studies,
diagnostic practices for AOM, and local treatment practices.

For cost-effectiveness analyses of RSV preventive strategies, our age-specific
long-term hospitalization rates and details on high-cost hospital stays are especially
important.

6.3 Strengths and limitations (I-III)

6.3.1 Outpatient study (1)

The major strength of study I was its prospective design, in which all outpatient
children were clinically examined using the same protocol, and a nasopharyngeal
swab was collected during every episode of respiratory illness, regardless of
symptom severity or day of the week. Sampling was limited to well-defined acute
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infections, with more than 50% of participants in both groups having symptoms no
longer than three days. Although the nasal swab procedure was not fully
standardized, all samples were collected by a limited number of trained personnel
and processed systematically, likely minimizing variability in sampling quality and
viral load. Parents maintained daily symptom diaries, allowing for a reliable
estimation of symptom duration. In addition, children were routinely re-examined to
identify all complications.

6.3.2 Inpatient studies (II-I)

The main strengths of inpatient studies II and III include the long study period that
helped to balance the annual variation in RSV incidence. Both studies were restricted
to children living within the hospital’s defined catchment area, and accurate
population data were retrieved from Statistics Finland to allow precise denominators.
In Study III, this also ensured that the higher birth rate among boys was accounted
for. However, for infants in their first year of life, regional monthly age distributions
were not available from the database. To estimate this, the annual birth cohort was
divided by 12. In Finland, birth rates are highest in July—August and lowest in
December, but the difference between these birth months is approximately one
percentage point, which is unlikely to have an impact on the findings (StatFin Live
births by sex, age of mother (5-year) and area, 1990-2024).

During the time of both inpatient studies II and III, routine viral diagnostics were
performed for all hospitalized children with respiratory symptoms. Therefore, it is
reasonable to assume that the majority of RSV cases were detected. Still, some
hospitalizations may have gone untested for practical or human reasons or resulted
in false negatives due to sample collection or test limitations. As a result, the reported
hospitalization rates are likely conservative, and the true incidence may be slightly
higher. Importantly, in study Il analyzing sex differences, there is no reason to
suspect any systematic difference in testing between boys and girls. Because antigen
tests were commonly used and do not identify RSV subtypes, subtype data were
available for only about 10% of cases, restricting analysis of sex-related differences
in subtypes. Co-infections were not assessed either, although they may have been
present in some cases. Furthermore, although data were extracted using structured
reviews of medical records, some heterogeneity in clinical documentation exists.

6.3.3 Limitations of studies I-lll

Although study I was the largest outpatient study to assess the relationship between
viral load and clinical illness and each inpatient study included over 1000 children,
the statistical power for categorical variables and subgroup analyses remained
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occasionally limited. None of the studies specifically examined the impact of
palivizumab, but the number of children receiving it was likely very small relative
to the total cohort, minimizing its influence on the overall findings. Lastly, all three
studies were conducted in a single tertiary care center, which may limit the
generalizability of the results to other settings. However, this also ensured
consistency in inclusion criteria, diagnostic procedures, and treatment protocols.

6.4 Future considerations

With the recent implementation of new RSV prevention strategies, including
maternal vaccination and nirsevimab, more real-world evidence is still needed to
assess their effectiveness, duration of protection, and potential differences in efficacy
across RSV subtypes and between sexes. In addition, data on their impact on RSV
seasonality, clinical characteristics, complications, and the overall burden of
outpatient and inpatient care across age groups, particularly in large multicenter
cohorts, are required. However, multicenter studies also have their own limitations
due to data and quality heterogeneity. Additional data is important as many countries
have not yet adopted these interventions, and sharing real-world results from early
adopters will help others to evaluate the applicability of the strategies in similar
settings and support wider implementation. Local cost-effectiveness analyses are
essential to support the integration and long-term implementation of these preventive
strategies in routine clinical practice.

Our findings indicated an association between viral load and symptom duration
in outpatient children after the first years of life. As RSV antivirals are developed
and studied, it is important to assess whether they reduce disease duration and
severity in all ages, determine the optimal therapeutic window for initiation, and
evaluate effects across patient subgroups and RSV subtypes. Moreover, potential
indirect effects of antiviral use, such as reduced transmission to vulnerable infants
when an older sibling receives treatment, should be further explored. Investigating
sex-based differences and their underlying mechanisms in large multicenter studies
may provide insights into the pathogenesis of RSV infections and their long-term
consequences. Furthermore, examining viral interactions may yield novel
information on RSV pathophysiology and immune modulation.

With significant advancements in preventive interventions for the youngest
infants in recent years, there is a growing need for vaccines and antivirals for older
infants and young children beyond infancy. This need extends also to outpatient
settings, where the burden of RSV is substantial.
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14 Summary and Conclusions

The purpose of this study was to (I) evaluate the effect of RSV viral load on disease
course in the outpatient setting, (II) determine population-based RSV hospitalization
rates, particularly across monthly age groups during infancy, and (III) compare RSV
infections between boys and girls.

In the prospective follow-up Study I, we found that higher RSV viral load was
associated with a longer duration of symptoms among outpatient children aged two
years and older. We did not observe an association between viral load and RSV-
related complications or antibiotic use, however, the sample size was limited for
analyzing categorical outcomes. These findings support previous hospital-based
studies suggesting an association between viral load and disease severity in RSV. As
antiviral treatment for influenza has been shown to reduce disease burden, the
development of effective RSV antivirals could have considerable -clinical
significance.

In Study II, we observed that population-based incidence rates of laboratory-
confirmed RSV hospitalizations peaked at 1 month of age, and that infants under 3
months experienced hospitalization rates up to twice as high as previously reported.
We also found that most hospitalized children were previously healthy full-term
infants. The greater burden of RSV hospitalizations among young infants compared
to previous reports have important implications for cost-effectiveness analyses of
preventive interventions.

In the population-based Study III, we found that boys were hospitalized up to
50% more often than girls during the first years of life, excluding the very first
months. Additionally, in the same age group, boys more frequently presented with
respiratory distress. These findings highlight the need for further research into sex-
based biological mechanisms that may underlie differences in RSV disease
presentation and severity in children.
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