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Abstract

Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory tract in-
fection in infants and young children worldwide and continues to impose a substantial
disease burden despite recent advances in preventive strategies. Natural infection does not
confer durable protective immunity, resulting in repeated reinfections, with the most severe
disease occurring during early infancy. This review examines antibody-mediated preven-
tion of RSV infection, with particular emphasis on vaccine development and maternal
immunization. We reviewed current evidence on RSV pathogenesis, immune evasion, and
antigenic characteristics relevant to vaccine design, focusing on viral surface glycoproteins
targeted by preventive strategies. Recent data on licensed vaccines, long-acting monoclonal
antibodies, and maternal immunization approaches were also evaluated. The RSV fusion
(F) glycoprotein is the principal target of neutralizing antibodies and underpins currently
licensed vaccines and monoclonal antibody products. Although circulating RSV strains
show gradual antigenic evolution, primarily in the attachment protein, the F protein re-
mains relatively conserved, resulting in only modest reductions in neutralization by human
polyclonal sera over time. Constrained evolution of the F protein likely contributes to the
sustained effectiveness of F-based interventions. However, waning F-specific neutralizing
antibody titers contribute to susceptibility to reinfection, underscoring the importance of
passive immunization strategies during early life. Maternal vaccination and long-acting
monoclonal antibodies represent key advances in protecting young infants against RSV, but
challenges remain in achieving equitable global implementation. Continued evaluation of
antigenic evolution, the durability of protection, and optimization of maternal and infant
immunization strategies will be critical for long-term disease control.

Keywords: respiratory syncytial virus; fusion protein; prefusion F protein; antigenic
evolution; neutralizing antibodies; maternal immunization; placental antibody transfer;
monoclonal antibodies; infant protection; vaccine development

1. Introduction
Respiratory syncytial virus (RSV) is widely distributed globally, infecting more than

half of all children during their first RSV season and nearly all by 2 years of age [1,2].
However, these early infections do not confer lifelong immunity. RSV remains the leading
viral cause of lower respiratory tract disease in infants and young children, accounting for
approximately 50% of pneumonia cases and 50–90% of bronchiolitis cases.
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The clinical spectrum of RSV infection ranges from mild, cold-like symptoms to severe
lower respiratory tract disease. In infants, RSV most commonly presents as bronchiolitis,
characterized by inflammation and obstruction of the small airways. Infants younger
than 6 months are at the highest risk of severe disease [3–5]. Complications include
apnea and acute encephalopathy, and recurrent wheezing is a common long-term sequela.
Approximately 2–3% of infants require hospitalization due to RSV infection.

Although high-risk groups include premature infants and children younger than
24 months with immunodeficiency, congenital heart disease, chronic lung disease, or Down
syndrome, most severe cases occur in full-term, otherwise healthy infants [6–11]. RSV also
causes substantial morbidity in older adults, particularly in developed countries [12].

This review provides a comprehensive overview of RSV infection in infants, with em-
phasis on epidemiology, pathogenesis, maternal immunization, and antibody-mediated pro-
tection, including recent advances in maternal vaccines. To enhance methodological trans-
parency, we briefly describe our literature identification approach. We searched PubMed,
Embase, and major public health agency repositories using terms such as “RSV,” “maternal
immunization,” “RSVpreF,” “nirsevimab,” and “monoclonal antibodies.” English-language
human studies and key preclinical findings published between 2010 and 2025 were consid-
ered. As this is a narrative review, the search was not systematic; instead, it aimed to capture
the most relevant and recent evidence to inform current scientific and policy discussions.

In addition to summarizing available evidence, this review incorporates a critical ap-
praisal of study design limitations, heterogeneity across populations, and potential sources
of bias, particularly in real-world effectiveness studies and observational comparative
analyses. This analytical perspective is essential for contextualizing emerging data and
informing evidence-based policy decisions. Furthermore, we highlight methodological
considerations such as confounding, selection bias, and the potential role of target trial
emulation as a framework for improving causal inference in future observational studies.

2. Epidemiology and Disease Burden
2.1. Disease Burden

RSV is one of the leading causes of acute lower respiratory tract infection in chil-
dren younger than 5 years worldwide. Globally, RSV is estimated to cause approx-
imately 33 million lower respiratory tract infections, 3.6 million hospitalizations, and
around 100,000 deaths annually, most of which occur in low- and middle-income coun-
tries (LMICs) [13]. More than 90% of severe cases and deaths are reported in countries
with limited healthcare resources [13]. RSV also remains a major cause of hospitaliza-
tion among infants and young children in developed countries. Reports indicate that
a substantial proportion of infant respiratory hospitalizations in the United States and
European countries, estimated at 57–72%, are attributable to RSV infection [13]. Between
2017 and 2018, 18,220 Japanese children younger than 2 years were diagnosed with RSV
infection according to the Japanese Medical Data Center database. Of these, 25% required
hospitalization, and 90% of hospitalized children had no known RSV risk factors. Acute
respiratory failure occurred in 12% of hospitalized cases. The average hospital stay was
approximately 1 week, and 7% of patients required some form of mechanical ventila-
tion. The incidence of RSV-related hospitalization among children younger than 2 years
was 23.2 per 1000 person-years, increasing to 35.4% per 1000 person-years among infants
younger than 6 months. Extrapolation of data from the Japan Data Management Consor-
tium to the national population suggests that approximately 119,000–138,000 RSV-related
infections occur annually among children younger than 2 years in Japan [14]. RSV also
imposes a substantial disease burden in adults and older individuals. Some reports indicate
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that RSV-related mortality rates are higher in individuals aged 70 years and older than in
children younger than 5 years [15].

The burden of RSV infection in pregnant women remains poorly defined, largely be-
cause few studies have specifically examined this population. Available evidence suggests
that RSV infection occurs in a notable proportion of pregnant women, although the true
incidence and full clinical spectrum remain uncertain. A systematic review based primarily
on data from high-income countries, including Canada, the United States, and several
European nations, reported that the incidence of RSV infection among pregnant women
ranged from 10% to 13% during the RSV season [16,17]. In contrast, a broader review
incorporating data from LMICs found that the proportion of acute respiratory infections in
pregnant women attributable to RSV ranged from 0.9% to 10.7%, highlighting substantial
geographical and methodological variability in reported estimates [16,17]. These wide
ranges underscore the heterogeneity of available studies, which differ in diagnostic meth-
ods, surveillance intensity, and population characteristics, limiting direct comparability
across settings.

Hospitalization and mortality associated with RSV infection appear to be uncommon
among pregnant women, suggesting that most infections are mild or self-limiting. However,
severe disease may occasionally occur, particularly in women with underlying comorbidi-
ties or pregnancy-related immunological changes. The impact of maternal RSV infection on
perinatal outcomes remains uncertain. Some studies have suggested a possible association
between maternal RSV infection and adverse pregnancy outcomes, including preterm
delivery and low birth weight [18,19], but available data are inconsistent and frequently
limited by small sample sizes, retrospective designs, and lack of laboratory confirmation of
RSV infection. Given these methodological limitations, current evidence is insufficient to es-
tablish a causal relationship, and further prospective studies with standardized diagnostic
criteria are needed.

2.2. Epidemic Outbreak

The timing and seasonality of RSV epidemics differ between temperate and tropical
or subtropical regions. Furthermore, many regions have reported disruptions to tradi-
tional seasonal patterns following the implementation of public health measures during
the COVID-19 pandemic, including lockdowns, mask use, social distancing, and school
closures. In the United States, RSV epidemics traditionally peaked during winter before
the COVID-19 pandemic. Since 2021, however, epidemic peaks have shifted earlier, with
trends toward larger outbreak waves and infant hospitalization rates exceeding historical
levels [20]. Similarly, a European study reported that the 2023–2024 RSV season began
earlier than usual and showed greater variability in hospitalization numbers [21]. In Japan,
RSV infection peaks were observed in September in both 2018 and 2019; however, since the
onset of the COVID-19 pandemic, seasonal patterns have been markedly disrupted, with
substantial year-to-year and regional variation making outbreaks difficult to predict [22].

The “immunity debt” hypothesis has been proposed to explain these changes.
Reduced exposure to RSV over recent years may have increased the number of sus-
ceptible individuals, potentially contributing to the magnitude of the observed resur-
gence [23,24]. However, empirical evidence supporting this hypothesis remains limited,
and alternative explanations—such as changes in testing practices or healthcare-seeking
behavior—may also contribute to observed trends. Such fluctuations complicate epidemic
forecasting and healthcare resource planning, underscoring the need to strengthen RSV
surveillance systems [21].
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2.3. Shift and Expansion of Age Structure

Recent reports indicate changes in the age distribution of reported RSV infections,
with a growing proportion occurring in children aged 2–5 years. For instance, one study
found that the proportion of infections in this age group increased from 32.1% during
the 2018–2019 season to 51.8% in 2023 [21]. This suggests that RSV, traditionally concen-
trated in infants and young children, may now be affecting a slightly broader pediatric age
range [21]. Furthermore, comparisons across epidemic periods indicate a noticeable rise in
RSV infection and hospitalization rates among adults and older adults relative to previous
years [15]. These shifts may reflect altered population immunity following the COVID-19
pandemic, but the relative contributions of viral evolution, behavioral changes, and surveil-
lance artifacts remain uncertain. In addition, increased RSV testing and heightened clinical
awareness in older children and adults may partially contribute to the apparent rise in
reported cases.

3. Pathophysiology
3.1. Structure of Virus

RSV is an enveloped, non-segmented, negative-strand RNA virus belonging to the
family Paramyxoviridae. Its genome consists of 10 genes encoding 11 proteins. Three
viral proteins are displayed on the RSV surface: small hydrophobic (SH) protein, fusion
(F) glycoprotein, and attachment (G) glycoprotein [25]. The SH protein can serve as a
target for antibodies with Fc-mediated effector functions. The F glycoprotein mediates
viral fusion with the host cell membrane and exists in two major conformations: prefusion
(pre-F) and postfusion (post-F). The metastable pre-F protein undergoes conformational
changes to drive membrane fusion, forming the stable post-F structure. The G glycoprotein
functions as an attachment protein and is a transmembrane protein anchored at the N
terminus, analogous to hemagglutinin (H) and neuraminidase (HN) proteins in other
paramyxoviruses. Both F and G proteins are key targets of neutralizing antibodies [26,27],
and high antibody titers against these proteins are associated with a reduced risk of RSV
lower respiratory tract infection [28]. Although the structural biology of RSV is well
characterized, the relative contribution of each viral protein to clinical disease severity
remains incompletely understood. Variability in host immune responses and viral genetic
diversity may modulate pathogenicity in ways that are not fully captured by current
models. In particular, the antigenic sites on the F protein—while relatively conserved—may
influence the durability of vaccine-induced immunity, highlighting the importance of
continued monitoring for antigenic drift and its potential implications for booster strategies
and long-term vaccine policy.

3.2. Mechanism of Severe RSV Infection

Postmortem analysis of lungs from fatal RSV cases unaffected by medical intervention
likely reflects the virus’s intrinsic capacity to cause severe disease. The RSV antigen is
detected in alveolar epithelial cells, while the bronchial lumen contains desquamated and
degenerated cells protruding in a polypoid fashion, along with neutrophil infiltration
and minimal lymphocytic presence [29–31]. These deformed and desquamated cells are
thought to represent syncytia formed by the fusion of multiple RSV-infected cells. Similar
findings have been observed in vitro in cell and tissue cultures, as well as in vivo ani-
mal models [30]. This extensive cellular degeneration is a characteristic of RSV infection
and is rarely observed in autopsy findings of other viral respiratory infections. Addi-
tionally, increased mucus production and infiltration by inflammatory cells—primarily
neutrophils—further narrow the airways. This airway obstruction is particularly critical
in infants, whose bronchiolar lumen diameter averages approximately 120 µm, roughly
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half that of adults, contributing to respiratory distress. However, the extent to which
these pathological findings directly correlate with clinical severity in living infants remains
uncertain, as postmortem samples may overrepresent the most severe disease phenotypes.
Prospective clinical–pathological correlation studies are limited.

3.3. Viral Tropism

The replication capacity of RSV is central to understanding the mechanisms underlying
severe infection. Viral tropism is influenced by the presence of specific receptors on host
cell, the suitability of the intracellular environment, and the virus’s ability to evade host
immune responses.

Cellular degeneration, a hallmark of severe RSV disease, results from the activity of
multiple viral proteins involved in the replication cycle and is thought to be facilitated by
immune evasion mechanisms that promote efficient viral replication and persistence [31].
The G glycoprotein on the RSV envelope mediates initial attachment by binding to airway
epithelial cell surface receptors, including CX3CR1 and heparan sulfate proteoglycans.
Nucleolin on the cell surface subsequently interacts with the F glycoprotein, triggering
fusion between the viral envelope and the host cell membrane. Once inside the cell,
RSV genes are transcribed, viral proteins are synthesized using host machinery, and the
replicated viral genome is assembled into new virions. These virions either bud from the
host cell or, through F-mediated fusion, form syncytia with neighboring cells, contributing
to tissue pathology.

The host detects RSV through pattern recognition receptors, including TLR4 (toll-like
receptor 4), RIG-I (retinoic acid-inducible gene I), and MDA5 (melanoma differentiation-
associated protein 5), which help control infection via local cytokine production and the
induction of virus-specific cellular immunity. However, RSV employs immune evasion
mechanisms that inhibit type I interferon (IFN) responses [32]. This inhibition is primarily
mediated by the nonstructural proteins NS1 and NS2. NS1 interferes with RIG-I binding
to MAVS (mitochondrial antiviral signaling protein), thereby suppressing IFN produc-
tion downstream of the MAVS–RIG-I pathway. NS2 similarly interacts with RIG-I and
MDA5, blocking downstream signaling in the IFN synthesis pathway. RSV has also been
reported to modulate mitochondrial function, collectively impairing innate immune re-
sponses [33]. In vitro studies using an NS2-deficient RSV mutant showed no morphological
abnormalities in infected cells. In contrast, parainfluenza virus type 3 engineered to express
RSV-derived NS2 induced swollen ciliated cells similar to those observed with RSV [30]. In
hamster models, the presence or absence of NS2 expression correlated with the severity of
pathological findings, further highlighting NS2’s role in RSV-mediated tissue damage [34].

Other RSV proteins also contribute to viral pathogenicity. The G glycoprotein exists
in a secreted form, which has been reported to suppress the activation of innate immune
cells and reduce cytokine production [35]. Based on the characteristics of the G protein,
RSV is broadly classified into types A and B, with further subdivision into multiple geno-
types. Several studies have explored associations between these subtypes and disease
severity [25,36]. However, clinical data are inconsistent, and some evidence suggests that
circulating strains do not differ significantly in their capacity to cause severe disease [37].

Overall, while substantial progress has been made in elucidating RSV tropism and
immune evasion, significant gaps remain in understanding how viral and host factors
interact to determine disease severity. These uncertainties highlight the need for integrated
clinical, virological, and immunological studies.
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4. Passive Immunity Against RSV
4.1. Surface Proteins of RSV and Antibody Targets

The F glycoprotein is the primary target of neutralizing antibodies, as it is highly
conserved across all currently circulating RSV genotypes [38–41]. The F protein exists in two
major conformations: pre-F and post-F. Antibodies directed against the pre-F conformation
exhibit particularly potent neutralizing activity. During viral entry, the metastable pre-F
form undergoes structural rearrangement to mediate membrane fusion, resulting in the
stable post-F conformation.

Neutralizing antibodies recognize multiple antigenic sites on the F protein, designated
as sites Ø and I–V [42]. During the pre-F to post-F transition, sites Ø and V are lost [43,44],
making them specific to the pre-F form, whereas sites I–IV are present in both conformations.
Binding affinities vary even among shared sites: for example, site III is more accessible on
pre-F, whereas site I is more prominent on post-F (Figure 1) [45].

Figure 1. Vaccine-Relevant Antigenic Sites on the RSV F Protein in Prefusion and Postfusion Con-
formations [38]. Vaccine-Relevant Antigenic Sites on the RSV F Protein in Prefusion and Postfusion
Conformations. Trimeric prefusion and postfusion conformations of the respiratory syncytial virus
(RSV) F protein, with antigenic sites shown in distinct colors. Antigenic sites II and IV are present in
both prefusion and postfusion conformations, whereas sites Ø and V are specific to the prefusion
conformation. The right panel illustrates the relative neutralizing potency of antibodies targeting
each antigenic site, highlighting their relevance for vaccine design. It should be noted that the
observed differences in neutralizing potency may partially reflect variations in antibody affinity or
other intrinsic properties of the monoclonal antibodies (mAbs). The figure was created using PyMOL
and BioRender.com [38].

In contrast, the G glycoprotein exhibits greater sequence variability than the F pro-
tein [38–41]. Although the G protein contains multiple neutralization-sensitive epitopes,
the F protein’s higher degree of conservation across RSV subgroups A and B makes it
a more promising target for preventive interventions. Clinical data indicate that neu-
tralizing antibodies directed against the pre-F conformation correlate with protection in
humans [43,46–56]. Accordingly, current vaccine and monoclonal antibody development
efforts are focused on eliciting pre-F-specific immune responses to protect infants and other
high-risk populations.
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Nevertheless, the precise correlates of protection remain incompletely defined, and
neutralizing antibody titers alone may not fully capture the complexity of protective im-
munity. Differences in assay methodology, epitope accessibility, and Fc-mediated effector
functions contribute to heterogeneity across studies, underscoring the need for standard-
ized immunogenicity assessments. Waning of F-specific neutralizing antibodies typically
occurs over months to years, explaining the lifelong susceptibility to reinfection; however,
reinfections in older children and adults are generally milder due to partial immunity
from prior exposures. Furthermore, because antigenic sites Ø and V are unique to the
pre-F conformation, even subtle antigenic drift affecting these epitopes could influence
vaccine-induced immunity and may have implications for long-term vaccine durability
and potential booster strategies.

4.2. Licensed RSV Vaccines

Most current RSV vaccine candidates are based on the pre-F-stabilized F protein,
due to its strong ability to elicit high titers of neutralizing antibodies, its critical role in
viral entry, and its high sequence conservation across RSV subgroups [39,40,57–59]. While
the pre-F-stabilized conformation remains the primary antigenic construct, alternative
strategies are under investigation, including vaccines targeting the full-length F protein or
selected antigenic sites within the F glycoprotein.

The US Food and Drug Administration (FDA) has approved the first RSV vaccines
for clinical use: three for older adults and one for maternal immunization [60]. A brief
overview of these vaccines is provided below.

Abrysvo® (RSVpreF), developed by Pfizer, is a bivalent subunit vaccine containing
pre-F-stabilized F proteins from both RSV-A and RSV-B subtypes. It is approved for use
in older adults and for administration during pregnancy to provide passive immunity to
infants [40]. Abrysvo® is currently the only maternal RSV vaccine and does not contain
an adjuvant. A phase 2 randomized trial in 406 healthy pregnant women at 24–36 weeks’
gestation evaluated the effect of aluminum hydroxide adjuvantation. Participants received
recombinant RSV vaccine at 120 µg or 240 µg, with or without adjuvant, or placebo.
In the nonadjuvanted 120-µg group, geometric mean placental transfer ratios were 2.10
(95% confidence interval [CI], 1.78–2.29) for RSV-A and 2.10 (95% CI, 1.75–2.53) for RSV-B,
indicating that adjuvantation did not measurably enhance placental antibody transfer [56].

Arexvy® (RSVpreF3), developed by GSK, is a protein subunit vaccine composed of
a stabilized trimeric pre-F F glycoprotein formulated with the AS01E adjuvant system to
enhance immunogenicity [41]. However, GSK’s maternal unajuvanted vaccine trial test
was halted after a numerical imbalance in preterm births was observed, emphasizing the
clinical importance of pregnancy-specific safety data for program continuation [61].

mRESVIA (mRNA-1345), developed by Moderna, is an mRNA-based vaccine encoding
a membrane-anchored pre-F F glycoprotein derived from an RSV-A strain. This platform
leverages mRNA technology to achieve rapid antigen expression and robust neutralizing
antibody responses [57].

Together, these approvals represent a major milestone in RSV vaccine development and
demonstrate the success of structure-based antigen design focused on the pre-F F protein.

However, differences in antigen presentation, adjuvant use, and platform technology
may influence immunogenicity profiles, durability of protection, and safety considera-
tions across populations. Comparative data remain limited, and ongoing postmarketing
surveillance will be essential to refine vaccine policy.
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5. Maternal RSV Pre-F Protein Vaccine
5.1. Immunoglobulin G Placental Transfer During Healthy Pregnancy

Low-molecular-weight compounds (<500 Da) cross the placenta readily via passive
diffusion. In contrast, maternal immunoglobulin G (IgG), a ~160 kDa protein, is transferred
to the fetus through a tightly regulated, receptor-mediated process.

Transplacental IgG transport occurs across the syncytiotrophoblast, which is directly
exposed to maternal blood. Maternal IgG is internalized into endosomal compartments,
where the neonatal Fc receptor (FcRn) is expressed on the endosomal membrane. En-
dosomal acidification promotes high-affinity binding of IgG to FcRn, protecting it from
lysosomal degradation and enabling directional transcytosis. The IgG–FcRn complex
is transported to the fetal-facing basal membrane, where exposure to physiological pH
facilitates IgG release into the fetal circulation. When maternal IgG concentrations are
high, FcRn-mediated transport can become saturable, leading to increased intracellular
degradation of excess IgG [62–65].

Fetal IgG concentrations generally mirror maternal levels but are limited by the finite
capacity of FcRn-mediated transport. Consequently, the efficiency of placental IgG transfer
depends largely on FcRn expression and availability, whereas IgG molecules not bound to
FcRn are directed to lysosomal degradation [66].

IgG transfer begins early in gestation, with detectable transport as early as 13 weeks,
and progressively increases throughout pregnancy, peaking in the third trimester [39].
Longitudinal studies by Malek et al. reported a steady rise in fetal IgG concentrations
between 17 and 41 weeks of gestation [67]. During mid-gestation (17–22 weeks), fetal IgG
levels represent only 5–10% of maternal concentrations, increasing to approximately 50%
by 28–32 weeks. The majority of fetal IgG acquisition occurs in the final weeks of gestation,
and at term, fetal IgG concentrations typically exceed maternal levels by 20–30% [68].
Notably, cord blood IgG concentrations rise sharply after 36 weeks of gestation.

Clinical and demographic maternal factors—such as age, body weight, parity, and
mode of delivery—appear to have minimal influence on placental IgG transfer [69]. Instead,
gestational age is the primary determinant of neonatal IgG concentrations, consistent with
evidence that placental FcRn expression increases with advancing gestation and reaches its
maximum in late pregnancy.

However, substantial interindividual variability in IgG transfer efficiency has been
reported, influenced by maternal infection, hypergammaglobulinemia, placental inflamma-
tion, and IgG subclass distribution. These factors may modify the magnitude of vaccine-
induced antibody transfer and contribute to heterogeneity observed across clinical studies.
Moreover, although FcRn-mediated transport is well characterized mechanistically, the rela-
tive contributions of maternal antibody titers, subclass composition, and placental function
to infant protection remain incompletely understood. Further research integrating immuno-
logic and clinical outcomes is needed to refine optimal maternal vaccination strategies.

5.2. Robust Immune Responses Induced by RSVpreF

Maternal immunization provides a dual benefit: direct protection of pregnant women
and passive immunity for infants via transplacental antibody transfer. The efficiency
of antibody transfer after maternal vaccination, however, can be influenced by several
factors, including gestational age at immunization and delivery, the interval between
vaccination and birth, total maternal IgG concentrations, and vaccine-specific IgG and IgG
subclass profiles [70,71].

Final analyses from the Maternal Immunization Study for Safety and Efficacy (MA-
TISSE) trial demonstrated that RSVpreF vaccination elicited robust immune responses in
pregnant women and achieved efficient transplacental transfer of RSV-specific antibodies to

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 9 of 32

newborns. These outcomes were consistent across clinically relevant subgroups, including
variations in gestational age at vaccination and delivery, vaccination-to-delivery interval,
geographic region, and maternal age [72].

From a clinical perspective, newborns achieved high combined RSV-A/RSV-B-
neutralizing antibody titers across most subgroups, supporting the capacity of maternal
RSVpreF immunization to confer early-life passive protection. Infants born ≥14 days after
maternal vaccination exhibited particularly high neutralizing titers, with geometric mean
ratios relative to placebo of 10.2 for those delivered 14–29 days postvaccination and 12.2 for
those delivered ≥30 days postvaccination. These results suggest that a minimum interval
of approximately 2 weeks between maternal vaccination and delivery is sufficient to enable
effective placental transfer of protective antibodies.

Although infants delivered within 14 days of maternal vaccination had lower neu-
tralizing titers, antibody levels were still 4.1-fold higher than those in infants born to
placebo recipients, indicating that partial passive immunity may be conferred even when
the interval between vaccination and delivery is short. This finding has important clinical
implications for women who deliver earlier than expected after vaccination.

Consistent with these results, maternal-to-fetal placental transfer ratios of combined
RSV-A/RSV-B–neutralizing antibodies in the RSVpreF group generally approached or
exceeded unity, reflecting efficient antibody transfer. Reduced transfer ratios were observed
only in infants born <14 days or 14–29 days after vaccination (0.32 and 0.67, respectively),
highlighting the importance of sufficient time for antibody maturation and placental
transport. Nevertheless, newborn neutralizing antibody titers in all RSVpreF subgroups
remained substantially higher than those in the placebo group.

Despite these encouraging findings, it is important to note that subgroup analyses
in MATISSE were exploratory and not powered for formal interaction testing. Therefore,
observed differences in antibody titers across gestational windows should be interpreted
cautiously, and further studies are needed to clarify the optimal timing of maternal vac-
cination. Additionally, variability in maternal IgG subclass distribution, placental FcRn
expression, and maternal comorbidities may influence the magnitude of antibody trans-
fer, contributing to heterogeneity observed across populations. These factors underscore
the need for continued research to refine maternal immunization strategies and to better
understand determinants of infant protection.

5.3. MATISSE Trial

Recent maternal RSV vaccine development has shifted from mixed results with post-F
constructs to encouraging efficacy for pre-F-stabilized F immunogens. The MATISSE trial
was a phase 3, multicenter, double-blind, placebo-controlled trial designed to evaluate the
safety and efficacy of a bivalent RSV pre-F protein-based (RSVpreF) vaccine (Abrysvo®)
administered during pregnancy to protect infants against RSV-associated lower respiratory
tract illness (LRTI). Conducted across 18 countries, the trial enrolled over 7300 pregnant
participants at 24–36 weeks’ gestation who were randomly assigned to receive a single
intramuscular dose of RSVpreF or placebo. The vaccine met one of its two primary end-
points, demonstrating efficacy in preventing medically attended severe RSV-associated
LRTI in infants. Within the first 90 days after birth, vaccine efficacy reached 81.8%, with
substantial protection maintained through 180 days (69.4%). Although the second primary
endpoint—prevention of all medically attended RSV-associated LRTI—did not meet the
predefined statistical success criterion at 90 days, efficacy estimates still favored the vaccine,
showing 57.1% protection at 90 days and 51.3% protection at 180 days. Secondary outcomes
further supported the vaccine’s benefit, particularly in reducing RSV-associated hospital-
izations, with efficacy of 67.7% through 90 days and 56.8% through 180 days. Exploratory
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analyses also indicated reduced medically attended RSV-associated respiratory tract illness
throughout the first 6 months of life (Table 1) [56].

Table 1. Efficacy of Maternal RSV PreF Vaccination.

Main Analysis Final Analysis

Gestational Age at Vaccination (Weeks of Gestation)

24–36 32–36 24–36

Efficacy analysis period
(days after birth) 0–90 0–180 0–180 0–180

Medically attended LRTI % 57.1 51.3 57.3 49.2

CI ¶ 14.7, 79.8 † 29.4, 66.8 § 29.8, 74.7 § 31.4, 62.8

Medically attended sever LRTI % 81.8 69.4 76.5 70.0

CI ¶ 40.6, 96.3 † 44.3, 84.1 § 41.3, 92.1 § 50.6, 82.5

RSV-associated hospitalization % 67.7 56.8 48.2 55.3

CI ‡ 15.9, 89.5 ‡ 10.1, 80.7 § −22.9, 79.6 § 23.8, 74.6

CI: confidence interval, ¶ 99.5%, † 97.58%, ‡ 99.17%, § 95%.

Safety findings from the MATISSE trial were reassuring. Maternal reactogenicity was
generally mild to moderate, with injection site pain being the most frequently reported
event. Rates of adverse events, serious adverse events, and adverse events of special interest
in both mothers and infants were similar between the vaccine and placebo groups, with no
safety signals identified. A small, nonsignificant increase in preterm births was observed in
the vaccine group (Table 2) [56]. Although the MATISSE trial enrolled pregnant women
from 24 weeks’ gestation, regulatory approvals for Abrysvo® as a maternal vaccine vary:
the US FDA licenses its use from 32 weeks, the UK Medicines and Healthcare Products
Regulatory Agency from 28 weeks, and both the European Medicines Agency (EMA) and
the agency in Japan from 24 weeks of gestation (Table 3) [73–76].

Table 2. The preterm birth rate demonstrated in MATISSE trial.

Target Population
Preterm Birth Rate (%)

Risk Ratio 95% CI
Vaccine Placebo

Overall 5.7 4.7 1.2 0.98–1.46

Vaccination timing

24–28 week of gestation 6.8 6.6 1.03 0.73–1.46

28–32 week of gestation 6.8 4.8 1.43 1.02–2.02

= 32 week of gestation 4.3 3.7 1.16 0.83–1.63

Income level (country)

High 5.0 5.0 1.0 0.79–1.28

Non-high 7.0 4.0 1.73 1.22–2.47

Upper-middle 7.5 4.2 1.8 1.25–2.60

Lower-middle 2.6 5.1 0.51 0.05–5.43

Low 3.1 2.1 1.48 0.25–8.69
Cited from Japan Institute for Health Security RSV maternal immunization vaccine and antibody products fact
sheet. (https://id-info.jihs.go.jp/immunization/basics/facts-sheets/RS_20251022.pdf, accessed on 22 October
2025) CI: confidence interval.
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Table 3. International recommendations for maternal RSVpreF vaccination.

Country/Region Regulatory
Authority

Approved
Gestational Window

Recommended
Window for
Routine Use

Revaccination in
Each Pregnancy Key Rationale/Notes

United States FDA/ACIP 32–36 weeks
September–January 32–36 weeks Not recommended

FDA selected 32–36 weeks to
minimize theoretical risk of

preterm birth; ACIP cites
adequate immunogenicity and

safety within this window.

United
Kingdom MHRA/JCVI 28 weeks to delivery

Year round ≥28 weeks Recommended

JCVI prioritizes maximizing
antibody transfer; no safety signal

in high-income settings;
vaccination allowed up to

delivery.

European
Union (EMA) EMA 24–36 weeks

Country-specific
(most adopt 28–36

weeks)
Varies

EMA approval based on
MATISSE data; individual EU

states adjust timing based on local
policy.

Japan PMDA/MHLW 28–36 weeks
Year round 24–36 weeks

Allowed and
currently practiced;
no formal national
recommendation

Revaccination is not prohibited
and is occurring in clinical

practice, although no explicit
national guidance has been

issued.

Australia ATAGI 28 weeks to delivery
Year round 28–36 weeks Recommended

ATAGI emphasizes maximizing
antibody transfer and alignment

with pertussis vaccination timing.

France HAS 28–36 weeks
September–January 28–36 weeks Recommended

HAS supports routine maternal
vaccination; also recommends
universal infant nirsevimab.

Canada NACI Not recommended Not applicable Not applicable

NACI concluded evidence was
insufficient for routine maternal

vaccination; prioritizes infant
nirsevimab.

Germany STIKO Not recommended Not applicable Not applicable
STIKO cites insufficient evidence
and cost-effectiveness concerns;
recommends infant nirsevimab.

Abbreviations: FDA, Food and Drug Administration; ACIP, Advisory Committee on Immunization Practices;
MHRA, Medicines and Healthcare products Regulatory Agency; JCVI, Joint Committee on Vaccination and
Immunisation; EMA, European Medicines Agency; PMDA, Pharmaceuticals and Medical Devices Agency; MHLW,
Ministry of Health, Labour and Welfare; ATAGI, Australian Technical Advisory Group on Immunisation; HAS,
Haute Autorité de Santé; NACI, National Advisory Committee on Immunization; STIKO, Standing Committee on
Vaccination (Germany).

In addition, the incidence of hypertensive disorders of pregnancy (HDP) among
trial participants and placebo recipients was as follows: pre-eclampsia occurred in
68 participants (1.8%) versus 53 placebo recipients (1.4%), hypertension in 13 (0.4%) versus
6 (0.2%), and gestational hypertension in 41 (1.1%) versus 38 (1.0%). Although the rates of
HDPs were numerically higher in the vaccine group, no statistically significant differences
were observed between the groups.

Importantly, the MATISSE trial was a randomized controlled trial, and therefore con-
cerns such as immortal time bias do not apply to its design. Immortal time bias is relevant
primarily to observational postmarketing studies in which exposure classification may be
misaligned with the timing of outcome onset. The overall incidence of HDPs in MATISSE
was substantially lower than the prevalence reported in general pregnant populations [77],
likely reflecting the enrollment of a healthier cohort and the controlled conditions of a clini-
cal trial. Thus, while numerical imbalances warrant continued monitoring, the trial data do
not support a causal association between RSVpreF vaccination and HDPs. Furthermore,
subgroup analyses—including those evaluating gestational timing—were exploratory and
not powered for formal interaction testing. Therefore, differences in safety or efficacy across
gestational windows should be interpreted with caution.
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Overall, maternal immunization with RSVpreF provided significant protection against
severe RSV-associated disease in early infancy, the age group at highest risk for com-
plications, and demonstrated a favorable safety profile. These results support maternal
vaccination as an effective strategy to prevent severe RSV illness during the critical first
few months of life. Continued postmarketing surveillance remains essential to refine safety
estimates, particularly regarding rare outcomes such as HDPs and preterm birth, and
to ensure that findings from controlled trials translate reliably to broader, more diverse
pregnant populations.

5.4. Maternal RSV Vaccination Timing and Effectiveness

Abrysvo® can be administered to pregnant individuals between 24 and 36 weeks of
gestation; however, vaccine efficacy varies with timing of administration. Higher levels
of protection are achieved when vaccination occurs between 28 and 32 weeks or between
32 and 36 weeks of gestation, compared with administration between 24 and 28 weeks.
Specifically, efficacy against severe RSV-related LRTI in infants up to 6 months of age was
43.7% for vaccination at 24–28 weeks, compared with 88.5% for 28–32 weeks and 76.5% for
32–36 weeks. Similarly, reductions in RSV-related LRTI requiring medical care were 20.7%
for 24–28 weeks, 67.4% for 28–32 weeks, and 57.3% for 32–36 weeks [56,72,78]. However,
these gestational timing subgroup analyses were exploratory and not prespecified in the
MATISSE trial. Interaction tests were not statistically significant, and the study was not
powered to detect differences between gestational windows. Therefore, the apparent
superiority of vaccination at 28–32 or 32–36 weeks should be interpreted with caution.
Based on these findings, several countries and regions recommend maternal vaccination
during the 28–36-week or 32–36-week gestational window to optimize antibody transfer
and confer maximum protection to infants (Table 3) [75,76,79–87].

Two detailed reports highlight the timing and effectiveness of maternal RSV vaccination.
In the United States, the FDA recommends immunization of pregnant individuals at

32–36 weeks of gestation. This recommendation reflects a risk–benefit assessment based on
several key considerations: (a) vaccinating at 32–36 weeks minimizes the risk associated
with extremely preterm and very preterm birth, which carry substantial morbidity and
mortality; (b) the MATISSE study demonstrated overall vaccine efficacy, with a subgroup
analysis of individuals vaccinated at 32–36 weeks showing a similar point estimate of
efficacy; (c) in contrast, the 24–28-week vaccination subgroup exhibited a lower point
estimate of efficacy; (d) safety analyses indicated that a higher proportion of preterm births
occurred in individuals vaccinated before 32 weeks; and (e) safety data further demon-
strated a smaller difference in preterm birth incidence—0.5% compared with the overall
1.0%—among those vaccinated at 32–36 weeks [74]. Importantly, these considerations
reflect regulatory caution rather than definitive evidence that earlier vaccination is less
effective. The FDA’s recommendation prioritizes safety margins related to preterm birth
while acknowledging that immunogenicity is adequate across gestational windows.

In the United Kingdom, Abrysvo® is recommended from 28 weeks of gestation and
may be administered up to delivery. Vaccination at or shortly after 28 weeks is preferred to
optimize maternal antibody production and transplacental transfer, including for infants
born prematurely. In the MATISSE trial, a nonsignificant imbalance in preterm births
was observed between the vaccine and placebo groups, with no temporal association. No
safety signal was detected in high-income countries; the imbalance was primarily observed
in upper-middle-income countries, such as South Africa. Within 1 month of immuniza-
tion, preterm birth rates were comparable between groups (2.1% vs. 1.9%). Vaccination
later in pregnancy, including off-label administration after 36 weeks, may still provide
some infant protection, as effective antibody transfer can occur within approximately
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2 weeks [56]. The UK recommendation reflects a balance between maximizing antibody
transfer (which increases with gestational age) and ensuring adequate time for antibody
maturation before delivery [75].

Maternal immunization can result in the presence of antibodies in breast milk, poten-
tially providing mucosal protection as infants ingest secretory IgA and IgG [88]. Although
direct clinical evidence measuring Abrysvo-induced RSV antibodies in human breast milk
is currently limited, this mechanism is biologically plausible and has been observed with
other maternal vaccines. However, the clinical relevance of breast milk-derived antibodies
for RSV prevention remains uncertain, as protective effects have not been demonstrated in
randomized trials. Ongoing and planned studies, such as the NIH-sponsored PROMISE
immunology study, are designed to quantify the magnitude and durability of RSV-specific
antibodies in breast milk and infant serum following maternal vaccination, potentially
clarifying the contribution of breastfeeding to infant RSV protection. Further research
is needed to determine the clinical relevance of breast milk-derived antibodies, as their
protective effect against RSV has not yet been established in randomized trials.

International differences in recommendations regarding repeat maternal RSVpreF
vaccination reflect uncertainties in the durability of vaccine-induced antibody responses,
the potential for immune interference in subsequent pregnancies, and the limited evidence
base on safety and immunogenicity following repeated dosing. Current data suggest that
antibody titers wane substantially within months after vaccination, but whether repeated
immunization yields comparable transplacental transfer efficiency or altered IgG subclass
distribution remains unknown.

5.5. Postmarketing Safety Data Regarding RSVpreF Vaccination (Abrysvo®)
5.5.1. Preterm Birth

The first postmarketing safety data on pregnancy outcomes following RSVpreF
(Abrysvo®) vaccination at 32–36 weeks’ gestation were reported by Son et al. [89]. In
a cohort derived from electronic health records at two New York City hospitals (September
2023–January 2024), 1026 of 2973 pregnant individuals received RSVpreF, most commonly
at 34 weeks’ gestation. Vaccination was not associated with an increased risk of preterm
birth (5.9% vs. 6.7% in unvaccinated individuals), and no differences were observed in
other obstetric or neonatal outcomes, including neonatal intensive care unit admission,
jaundice/hyperbilirubinemia, hypoglycemia, or sepsis [89]. The generalizability of these
findings is limited by the urban, institution-specific population and a preterm birth rate
lower than the national average (6–7% vs. 10–11%). Moreover, outcomes were not strat-
ified by preterm birth subtype, precluding assessment of potential differences between
spontaneous and indicated preterm births [89].

During the 2024–2025 French immunization campaign, the safety of the RSVpreF
maternal vaccine was evaluated in a nationwide cohort. Among 24,891 vaccinated pregnant
women matched to unvaccinated controls, the median gestational age at vaccination was
34.7 weeks. Preterm birth rates were similar between groups (4.1% vs. 4.3%; incidence rate
ratio [IRR] 0.97, 95% CI 0.89–1.06), and no increased risks were observed for delivery shortly
after vaccination or for major obstetric or neonatal outcomes. Subgroup analyses indicated
a nonsignificant elevation in preterm birth among women vaccinated at ≤32 weeks and
a significant association in those also receiving influenza vaccination (IRR 1.25, 95% CI
1.02–1.53) [90]. Postmarketing evidence from the United States or the United Kingdom
demonstrates comparable safety findings [91–94].

Overall, current postmarketing data do not indicate an increased risk of preterm birth
associated with RSVpreF vaccination. However, subgroup signals—particularly among in-
dividuals vaccinated earlier in gestation or coadministered with influenza vaccine—require
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continued monitoring, as observational studies may be influenced by residual confounding,
exposure misclassification and incomplete adjustment for clinical risk factors. These find-
ings should therefore be interpreted cautiously and do not establish a causal relationship
between RSVpreF vaccination and preterm birth.

5.5.2. Hypertensive Disorders of Pregnancy

In the MATISSE trial, an observed imbalance in pre-eclampsia among vaccinated preg-
nant individuals prompted additional safety considerations. As a result, the generalizability
of these trial findings to the broader pregnant population required ongoing monitoring and
further evaluation using postmarketing surveillance data.

Postmarketing evidence has produced mixed results. In a cohort from TriNetX, a real-
time US-federated health research network based on electronic health records, risk ratios
and 95% CIs were calculated by comparing 6387 vaccinated pregnant women with matched
unvaccinated controls [91]. Matching in the TriNetX analysis accounted for maternal age,
demographics, healthcare utilization, comorbidities, medications, assisted reproductive
technology use, multifetal gestation, parity, history of pregnancy complications, social fac-
tors, and body mass index. This study found no increased risk of gestational hypertensive
disorders associated with RSVpreF vaccination [91]. Similarly, a statewide retrospective
cohort study in Utah reported no increased risk of HDPs when comparing 2733 vacci-
nated and 21,480 unvaccinated pregnant women [92]. A cross-sectional study at a tertiary
maternal hospital in London likewise found no difference in HDP frequency between
173 vaccinated and 738 unvaccinated pregnant women [93]. In addition, a nationwide
cohort study during the 2024–2025 French immunization campaign reported no increased
risk of pre-eclampsia (weighted IRR, 1.02; 95% CI, 0.85–1.22) (Table 4) [90].

Table 4. Postmarketing surveillance data focused on HDP.

Country Outcomes RSV Vaccinated Non-RSV
Vaccinated Risk Evaluation Ref.

US Pre-eclampsia or
Eclampsia

1381/6387
(21.6%) 1424/6387 (22.3%) RR (95% CI): 0.97

(0.91–1.04) [91]

US (Utah) HDP 267 /2733 (9.8%) 1959/21480 (9.1%)
aOR (95% CI):

1.03 (0.90–1.19) [92]

aHR (95% CI):
1.04 (0.91–1.18)

UK HDP 13/173 (7.5%) 45/738 (6.1%) p = 0.607 [93]

France Pre-eclampsia 267/24891 (1.1%) 255/24891 (1.0%) wIRR (95% CI):
1.02 (0.85–1.22) [90]

US HDP 203/1011 (20.1%) 355/1962 (18.1%)
aOR (95% CI):

1.10 (0.90–1.35) [89]

HR (95% CI):
1.43 (1.16–1.77)

US (ACIP) Any HDP 2344/13474
(17%) 2056/13474 (15.3%) aRR (95% CI):

10.0 (1.03–1.15) [94]

RSV, respiratory syncytial virus; RR, risk ratio; aOR, adjusted odds ratio; aHR; adjusted hazard ratio; HDP,
hypertensive disorders of pregnancy; wIRR, weighted incidence rate ratio; CI, confidence interval.

In contrast, an analysis by Son et al. suggested a possible elevated risk of HDPs,
particularly gestational hypertension [89]. However, the potential inclusion of early-onset
cases (20–33 weeks’ gestation) raises concerns about immortal time bias. Immortal time
bias occurs when outcomes that arise before an individual becomes eligible for vaccination
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are incorrectly attributed to the vaccinated group. Because early-onset HDP can occur
before 32 weeks—prior to eligibility for RSVpreF—misclassification may artificially inflate
risk estimates in observational datasets.

Furthermore, the Advisory Committee on Immunization Practices (ACIP) reported
data from the 2023–2024 RSV season indicating a small but statistically significant in-
crease in HDP risk associated with RSVpreF vaccination [94]. Importantly, no differences
in HDP severity were observed between vaccinated and unvaccinated women, as re-
flected by comparable rates of cesarean delivery, postpartum hospital admission, and
length of hospital stay [94]. The ACIP also noted that these findings could have been af-
fected by residual confounding, incomplete adjustment for clinical risk factors, or outcome
misclassification (Table 4) [94].

While Table 4 summarizes studies reporting both null associations and potential sig-
nals of increased hypertensive disorders of pregnancy (HDPs), the apparent heterogeneity
in findings can be largely attributed to methodological differences across studies. Ran-
domized controlled trial data, such as those from the MATISSE trial, offer the highest
internal validity and did not demonstrate an increased risk of HDP following maternal
RSVpreF vaccination. In contrast, observational studies suggesting a possible elevation
in risk frequently relied on electronic health record or administrative datasets that are
inherently vulnerable to residual confounding, exposure and outcome misclassification,
and immortal time bias—particularly when early-onset HDP occurring prior to vaccine
eligibility is not appropriately excluded from the vaccinated cohort.

Studies reporting no association (e.g., TriNetX, the Utah statewide cohort, the UK
tertiary hospital cohort, and the French nationwide cohort) generally incorporated more
comprehensive adjustment for maternal comorbidities, parity, socioeconomic factors, and
healthcare utilization, thereby mitigating confounding to a greater extent. Conversely,
studies indicating elevated risk often lacked granular clinical information or did not fully
account for the temporal relationship between vaccination and HDP onset, which may
have led to inflated risk estimates.

Taken together, a critical appraisal of the available evidence suggests that the inconsis-
tent signals across studies are more plausibly explained by methodological limitations than
by a true vaccine-related effect. For clinicians and policymakers, the most robust evidence—
derived from randomized trials and rigorously adjusted observational analyses—does not
support a causal association between maternal RSVpreF vaccination and hypertensive
disorders of pregnancy. Continued postmarketing surveillance remains warranted, but the
current evidence base supports the overall safety of RSVpreF with respect to HDP.

5.6. Real-World Effectiveness of RSVpreF Vaccination

A multicenter, retrospective, test-negative case–control study (BERNI study) was con-
ducted during the 2024 RSV season in Argentina, the first country to implement a national
maternal immunization program against RSV in infants. Of 633 infants hospitalized with
LRTI, 505 (286 cases and 219 controls) met eligibility criteria for the primary vaccine ef-
fectiveness (VE) analysis. Among these, 51 (18%) cases and 109 (50%) controls were born
to individuals who had received RSVpreF during pregnancy. VE against RSV-associated
LRTI leading to hospitalization was estimated at 78.6% (95% CI, 62.1–87.9) from birth to
3 months of age and 71.3% (95% CI, 53.3–82.0) from birth to 6 months of age. VE against
RSV-associated severe LRTI resulting in hospitalization was 76.9% (95% CI, 45.0–90.3)
through 6 months of age. Notably, three in-hospital deaths attributable to RSV occurred,
all among infants whose mothers had not received RSVpreF during pregnancy. The key
strengths of the study include its test-negative design, which helps reduce biases related to
care-seeking and testing practices, and the inclusion of hospitals across multiple regions of
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Argentina, enhancing geographic representativeness. Limitations include the potential for
unmeasured confounding and temporal confounding related to vaccine uptake and RSV
circulation patterns [95]. As with all test-negative designs, VE estimates may be influenced
by differential healthcare-seeking behavior, misclassification of illness etiology, and residual
confounding that cannot be fully eliminated despite adjustment.

A multicenter, prospective test-negative study conducted in the United Kingdom
evaluated the effectiveness of maternal RSV vaccination against hospitalization for RSV-
associated LRTI in infants during the 2024–2025 epidemic season (September 2024–January
2025). Overall, VE was 57.7% (95% CI, 28.2–75.1). Among infants born at least 14 days after
maternal vaccination, effectiveness increased to 72.4% (95% CI, 47.8–85.4). The median age
(interquartile range) of infants in the RSV case group (n = 391) and control group (n = 146)
was 1.63 months (0.94–2.26) and 1.41 months (0.77–2.03), respectively. The proportion of
full-term infants was 89% in the case group and 85% in the control group [96]. Differences
in epidemic timing, healthcare utilization, and RSV testing practices across regions may
partly explain variability in VE estimates between the UK and Argentina, rather than
reflecting true biological differences in vaccine performance.

A retrospective nested case–control study in Scotland (August 2024–March 2025) as-
sessed the real-world effectiveness of maternal RSVpreF vaccination among all singleton
live births. Of 27,565 pregnancies, 13,842 women (50.2%) received the vaccine, with 92.1%
immunized more than 14 days before delivery. The analysis included 354 infants hospital-
ized with RSV-related LRTI and 3511 matched controls. Optimal maternal vaccination (>14
days before delivery) occurred in 12.1% of cases versus 43.2% of controls, while suboptimal
vaccination rates were similar between groups. Median gestational age at vaccination was
approximately 30–31 weeks. Maternal RSVpreF vaccination demonstrated high adjusted
effectiveness against RSV-associated LRTI hospitalization (82.2%; 95% CI, 75.1–87.3), which
remained high in both preterm infants (89.9%) and term infants (81.5%). Sensitivity analysis
using a matched cohort design yielded consistent results (81.0%; 95% CI, 68.6–88.5) [97].
The Scottish study benefits from comprehensive national data linkage, but as with all obser-
vational designs, VE estimates may still be affected by residual confounding, particularly
related to maternal health status, socioeconomic factors, and timing of vaccination relative
to RSV circulation.

Taken together, real-world effectiveness studies across Argentina, the United Kingdom,
and Scotland demonstrate consistently high protection against RSV-associated hospitaliza-
tion, despite differences in study design, population characteristics, epidemic timing, and
healthcare utilization. Variability in VE estimates likely reflect contextual factors rather
than true differences in biological effectiveness.

5.7. Comparative Effectiveness and Methodological Considerations

A recent study directly comparing maternal RSVpreF vaccination with nirsevimab
highlighted imbalances in baseline characteristics—such as infant age distribution and
living environment—between the two groups in France. From a causal inference standpoint,
these differences introduce the possibility of residual confounding that may not be fully
accounted for by statistical adjustments [98]. Because maternal vaccination and monoclonal
antibody administration differ fundamentally in timing, mechanism of action, and target
populations, direct comparisons between them are inherently susceptible to confounding
by indication and selection bias.

These observed imbalances likely reflect the distinct mechanisms of action and delivery
methods of the two preventive strategies. Maternal immunization confers indirect protec-
tion via transplacental transfer of maternal antibodies, while monoclonal antibody products
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provide direct protection through infant administration. These fundamental differences can
introduce confounding by indication or selection biases in real-world comparative studies.

Furthermore, the temporal dynamics of immune protection differ between interven-
tions. In infants born to Abrysvo-vaccinated mothers, antibody concentrations are highest
at birth and gradually decline, whereas nirsevimab administration elevates RSV-specific
antibody levels that remain sustained over a defined period. Such differences in antibody
kinetics may create time-varying effects on RSV hospitalization risk, complicating causal
interpretation in comparative effectiveness analyses. The French nationwide comparative
study implemented a rigorous two-step confounding control strategy, combining exact
matching on key perinatal variables with inverse probability of treatment weighting using
an extensive set of maternal, infant, socioeconomic, and healthcare access covariates. Post-
weighting balance diagnostics demonstrated excellent covariate balance, with standardized
mean differences approaching zero across measured characteristics. However, even with
advanced analytic techniques, residual confounding and time-dependent biases cannot be
fully excluded in observational comparative studies. Differences in timing of exposure,
eligibility for vaccination versus monoclonal antibody administration, and evolving RSV
circulation patterns may introduce unmeasured sources of bias that affect comparative
estimates. For these reasons, comparative effectiveness estimates should be interpreted
as associations rather than causal effects, even when covariate balance diagnostics appear
excellent. Randomized head-to-head trials would be required to establish true comparative
efficacy. In this context, the recent JAMA comparative effectiveness study directly compar-
ing maternal RSVpreF vaccination with nirsevimab is notable for its rigorous handling of
time-related biases. Eligibility assessment, exposure assignment, and follow-up initiation
were all aligned at maternity discharge, ensuring that both groups entered observation at a
clearly defined and comparable time zero. The investigators also conducted lagged sensi-
tivity analyses to account for incubation periods and symptom-onset windows, thereby
further reducing the risk of immortal time bias and strengthening the temporal validity
of their estimates [98]. From a policy perspective, maternal RSVpreF vaccination and
nirsevimab offer complementary but distinct advantages. Maternal vaccination provides
protection from birth and may enhance equity in settings with limited access to pediatric
care, whereas nirsevimab offers predictable antibody levels independent of maternal factors
and may provide longer-lasting protection. Accordingly, policy decisions should consider
the differing mechanisms, implementation pathways, and population-level goals of each
intervention rather than relying on observational comparative estimates to infer superiority.

5.8. Population-Level Impact

A test-negative case–control study conducted in the United States evaluated the
population-level impact of maternal RSVpreF vaccination and nirsevimab as preventive
strategies against RSV disease. Between October 2024 and April 2025, 5029 children younger
than 2 years who sought medical care for acute respiratory illness (ARI) were enrolled. The
median age was 10 months (interquartile range, 5–16 months), and 2176 children (43.3%)
were female [99].

Among newborns and infants younger than 6 months, maternal RSV vaccination was
estimated to be 64% effective (95% CI, 37–79%) against medically attended RSV-associated
ARI and 70% effective (95% CI, 37–86%) against RSV-associated hospitalization. In contrast,
nirsevimab effectiveness against RSV-associated hospitalization was estimated at 81% (95%
CI, 71–87%), with protection remaining evident 130–210 days after administration, during
which effectiveness was estimated at 77% (95% CI, 42–92%) [99]. Because this study did not
directly compare the two interventions within the same analytic framework, differences
in VE should not be interpreted as evidence of superiority of one strategy over the other.
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Instead, the findings highlight that both interventions contribute meaningfully to reducing
RSV-associated morbidity at the population level.

Hospitalizations decreased by roughly 41–51% among infants 0–11 months and 56–
63% among those 0–2 months, demonstrating substantial public health impact. These
population-level reductions reflect combined effects of maternal vaccination, monoclonal
antibody uptake, and changes in RSV circulation patterns, making it difficult to isolate the
contribution of any single intervention.

Accordingly, population-level impact estimates should be interpreted as reflecting the
integrated effects of multiple preventive strategies operating simultaneously, rather than
the isolated effect of maternal vaccination or nirsevimab alone.

6. Future Outlook and Challenges
6.1. Concerns Regarding Pathogenic Strains and Variants

RSV comprises two major subtypes, RSV-A and RSV-B, with the dominant subtype
varying by epidemic year and geographic region. Monitoring variant strains has gained
increasing importance [20]. One study reported changes in the phylogenetic structure
of RSV-B lineages before and after the COVID-19 pandemic, revealing shifts in genetic
diversity and selective pressure [20]. Certain mutations have been suggested to potentially
impact binding sites for long-acting monoclonal antibodies (e.g., nirsevimab), highlighting
the need for ongoing surveillance to detect the emergence of resistant strains [100]. Despite
these concerns, circulating RSV demonstrates gradual antigenic evolution, predominantly
in the G glycoprotein, over decades in response to immune pressure [100]. In contrast,
the F protein exhibits only modest antigenic changes over similar timescales, resulting
in minimal reductions in neutralization by human polyclonal serum antibodies. The
mechanisms underlying this relative antigenic stability remain unclear but may involve
limited mutational tolerance or the broad targeting of multiple F epitopes by polyclonal
antibodies, such that individual amino acid substitutions confer little selective advantage.
Despite this stability, RSV reinfections occur repeatedly throughout life, likely reflecting
the gradual waning of F-directed neutralizing antibody titers [100].

Traditionally, RSV molecular epidemiological was primarily based on the G gene.
However, with the advent of vaccines and monoclonal antibody therapies, mutations in
the F gene—critical for antigenicity—have also gained importance. While the G protein is
highly variable and mutates frequently, the F protein is relatively structurally stable and
serves as the primary target of neutralizing antibodies. In 2024, the HRSV Genotyping
Consensus Consortium proposed a standardized phylogenetic classification method incor-
porating both the G and F genes. This approach addresses the limitations of traditional
methods based solely on genetic distance and allows for flexibility to accommodate partial
genomic data. Currently, databases such as the Global Initiative on Sharing Avian Influenza
Data catalog both F and G genes. Monitoring mutations in these genes provides essential
insights for evaluating vaccine and antibody effectiveness and for the early detection of po-
tentially resistant RSV strains [101]. Although current evidence suggests that the F protein
remains relatively conserved, the increasing use of monoclonal antibodies and vaccines
may exert new selective pressures. Continued genomic surveillance is therefore essential
to detect emerging variants that could affect the performance of preventive interventions.
Although the F protein has remained antigenically stable over decades, widespread use of
vaccines and monoclonal antibodies may introduce selective pressures that could, over time,
favor rare escape mutations. Should meaningful antigenic drift occur, updated vaccine
formulations or periodic booster doses may be required to maintain protection; however,
current evidence does not indicate widespread resistance, and observed mutations at
antigenic site Ø and other epitopes remain rare.
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6.2. RSV Infection Control Measures for Infants and Young Children in Different Countries

At its September 2024 meeting, the Strategic Advisory Group of Experts on Immu-
nization (SAGE) reviewed strategies to prevent RSV infection in children. Recognizing
the substantial global disease burden, the SAGE recommended that all countries consider
introducing vaccines to prevent severe RSV disease [102]. In May 2025, the SAGE further
issued a position paper advising that countries decide between maternal RSV vaccina-
tion and the use of long-acting monoclonal antibody products for infants, taking into
account factors such as cost, cost-effectiveness, supply and access, anticipated vaccination
coverage, and the feasibility of integrating these interventions within existing healthcare
delivery systems [103].

However, strategies for preventing RSV infection in infants and young children differ
widely across countries. Maternal RSV vaccination is recommended in the United States, the
United Kingdom, France, Australia, Japan, and several other nations [75,76,79,80,83,84,87].
In contrast, Canada and Germany do not currently recommend maternal vaccination, citing
insufficient evidence to support routine use [81,82,85,86]. These differences reflect national
policy judgments regarding safety monitoring capacity, cost-effectiveness thresholds, and
programmatic feasibility rather than differences in biological efficacy. National policies also
vary regarding the optimal gestational window for vaccination and whether vaccination
should be offered during every pregnancy (Table 3).

International strategies for administering long-acting monoclonal antibody products to
infants also vary. France [84,104] and Germany [85,86] recommend providing prophylaxis
to all infants during their first RSV season, whereas the United States and Australia limit
administration to infants younger than 8 months. The United Kingdom employs a more tar-
geted approach, offering prophylaxis only to infants at high risk of severe RSV disease [75].
These policy differences reflect variations in healthcare infrastructure, cost-effectiveness
thresholds, supply constraints, and local epidemiology rather than differences in biolog-
ical efficacy of the products themselves. As more real-world data accumulate, national
recommendations may converge or diverge further depending on emerging evidence.

6.3. Revaccination During Subsequent Pregnancies

The US Centers for Disease Control and Prevention (CDC) currently does not recom-
mend revaccination for women who received a maternal RSV vaccine in a prior pregnancy,
citing insufficient evidence [105]. During the ACIP discussions, members highlighted the
need for additional data before recommending revaccination, noting potential vaccine-
related safety considerations—such as preterm birth and gestational hypertension—as well
as the availability of an alternative prophylactic option, nirsevimab, for infants born in
subsequent pregnancies.

In contrast, the United Kingdom recommends administering Abrysvo® after 28 weeks
of gestation during each pregnancy, regardless of the interpregnancy interval [75]. This
approach aims to maximize transplacental antibody transfer and ensure optimal protection
for each newborn. Safety data from Phase 1 and 2 clinical trials in healthy adults indicate
that revaccination is well tolerated, with a safety profile comparable to that of the primary
dose (Table 3) [106]. However, these early-phase data were not designed to evaluate
pregnancy-specific safety outcomes, and evidence on repeated dosing during pregnancy
remains limited.

In Japan, revaccination during subsequent pregnancies is allowed and currently prac-
ticed, although no formal national recommendation has been issued. Revaccination is not
prohibited under existing regulatory approval, and clinicians may administer RSVpreF in
multiple pregnancies when deemed appropriate. However, national guidance has not yet
specified whether routine revaccination should be recommended for all pregnancies, and
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further evidence on durability of protection, safety, and cost-effectiveness will be important
for future policy development. This approach reflects a precautionary stance in the context
of limited evidence rather than a biological rationale for or against repeated vaccination.

Given the divergent recommendations across countries, additional research is needed
to clarify the durability of maternal immunity, the optimal interval between doses, and the
safety and effectiveness of repeated vaccination during pregnancy. Longitudinal studies
evaluating antibody kinetics across multiple pregnancies, as well as postmarketing safety
surveillance, will be essential to inform evidence-based revaccination policies.

6.4. Concurrent Administration with Other Vaccines

Maternal vaccination protects against several infectious diseases, including seasonal
influenza, tetanus, pertussis, SARS-CoV-2, and RSV. However, coadministration of ma-
ternal vaccines has generally not been studied in clinical trials, so current recommen-
dations are based on data from the administration of individual vaccines. As more
vaccines are recommended during pregnancy, understanding the potential impact of
concurrent administration—on immunogenicity, efficacy, and maternal and neonatal
outcomes—becomes increasingly important [107].

National advisory bodies provide guidance on maternal RSVpreF vaccination and
coadministration with other vaccines. The ACIP (US) permits RSVpreF vaccination at any
time before or after other recommended vaccines—including Tdap, seasonal influenza, and
COVID-19—allowing for administration at different anatomical sites on the same day [6].
Similarly, Canada’s National Advisory Committee on Immunization, Australia’s Technical
Advisory Group on Immunization, and the UK Joint Committee on Vaccination and Immu-
nization support coadministration or flexible timing relative to other vaccines [87,108]. In
contrast, the French National Authority for Health recommends a 2-week interval between
Tdap and RSVpreF administration during pregnancy [83]. This precautionary interval
reflects limited empirical evidence on coadministration rather than demonstrated safety
concerns or known immunologic interference. Given the limited empirical evidence, coad-
ministration recommendations remain largely precautionary. Future immunogenicity and
safety studies will be essential to determine whether simultaneous administration affects
antibody responses, reactogenicity profiles, or maternal–fetal outcomes.

6.5. A Health Economic Perspective

Across multiple settings, economic evaluations suggest that maternal RSVpreF vacci-
nation (Abrysvo®) can be cost-effective or even cost-saving, depending on vaccine price,
modeling assumptions, and healthcare system parameters (Table 5).
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Table 5. The cost-effectiveness of RSVpreF (Abrysvo®).

Country Intervention Policy Control Analytical Perspective Product Price Cost-Effectiveness Threshold Funding

6 European countries
[109]

1. Year-round
administration of

Abrysvo

Healthcare System and
Social Welfare System

assuming 50 euros per
session

Italy: prefer

Pharmaceutical
company

2. Year-round
administration of

Nirsevimab
-

3. Seasonal
Administration of

Nirsevimab

Netherlands: good,
Italy: prefer

4. Seasonal + catch-up
Administration of

Nirsevimab

UK, Finland, Denmark,
Italy: prefer, Scotland:

cutting cost

Canada [110]

1. Nirsevimab for all
infants

Healthcare System and
Social Welfare System Threshold Analysis

preferred from a social
perspective when the

price per session is
≤CAD 290.

CAD 50,000/QALY

2. Nirsevimab for
high-risk infants only

3. Year-round
administration of

Abrysvo + Nirsevimab
for high-risk infants

prefer when
administering Abrysvo

at CAD 195 and
Nirsevimab at CAD 290,

with mortality
suppression achieved.

Spanish [111]
Year-round

administration of
Abrysvo

Healthcare System 166.5 Euro Dominant 25,000 Euro/QALY Pharmaceutical
company

Canada [112]

Nirsevimab: year-
round/seasonal/seasonal+

catuch-up

Nirsevimab for
high-risk infants

Healthcare System and
Social Welfare System

Threshold Analysis
Abrysvo; CAD 230,

Nirsevimab; CAD 952

preferred when
administering

Nirsevimab at CAD <
110–190

CAD 50,000, CAD
100,000/QALY Public

Nirsevimab for midle
and high-risk infants;

year-
round/seasonal/seasonal+

catuch-up

prefer when
administering at CAD

27,891/QALY

Pregnant woman;
year-round

administration of
Abrysvo
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Table 5. Cont.

Country Intervention Policy Control Analytical Perspective Product Price Cost-Effectiveness Threshold Funding

Year-round
administration of

Abrysvo for pregnant
women + Nirsevimab
for high-risk infants

preferred when
administring

Nirsevimab at CAD >
110–190 and Abrysvo at

CAD < 60–125

USA [113]
Year-round or seasonal

administration of
Abrysvo

Palivzumab for
high-risk infants

Healthcare System and
Social Welfare System Abrysbo; $295

year-round;
$396.28/QALY seasonal;

$163.513/QALY

$100,000, 200,00,
500,000/QALY Public

Japan [114]

Abrysvo for all
pregnant women +

palivizumab for
high-risk infant

Palivizumab for
high-risk infants

Payor’s perspective and
Social Welfare System Threshold Analysis prefer when priced at

≤¥23,948. ¥5,000,000/QALY Pharmaceutical
company

Argentina [115] Abrysvo for all
pregnant women Healthcare System Threshold Analysis prefer when priced at

≤$74.46. $10,636/QALY Pharmaceutical
company

Mexcico [116] Abrysvo for all
pregnant women Healthcare System Threshold Analysis

cost-saving when priced
at MXN ≤ 1301, prefer
when priced at ≤MXN

2105 or 3715

Mexican GDP
multiplied by 1 to 3 (1

GDP per capita is MXN
247,310)

Pharmaceutical
company

Australia [117] Abrysvo for all
pregnant women Healthcare System Threshold Analysis

preferred when priced
at <AUD 120, prefer if

<AUD 64, when
excluding the herd
effect on other age

groups.

AUD 50,000/QALY Public
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In six European countries, analyses reported that year-round maternal vaccination
was cost-effective in Italy [109].

In Canada, a combined strategy of maternal vaccination at CAD 195 and nirsevimab
for high-risk infants at CAD 290 yielded a smaller budget impact than universal nirsevimab
administration while achieving comparable mortality reduction [110].

In Spain, maternal vaccination was dominant—providing both better health outcomes
and lower costs—when priced at EUR 166.5 [111].

Economic modeling from Canada and the United States highlights that the cost-
effectiveness of maternal RSVpreF vaccination depends heavily on vaccine pricing, delivery
strategy, and population targeting. In Canada, combining year-round maternal vaccination
with nirsevimab for high-risk infants was cost-effective when nirsevimab exceeded CAD
110–190 and Abrysvo cost less than CAD 60–125 [112], although at current prices, targeted
nirsevimab alone was more cost-effective [112].

In the United States, a model assuming a vaccine price of USD 295 indicated that
maternal vaccination timed immediately before or at the start of the RSV season could be
cost-effective when measured in quality-adjusted life years (QALYs) [113].

Across diverse international settings, cost-effectiveness analyses of maternal RSVpreF
vaccination reveal substantial variability depending on vaccine pricing, target population,
and local healthcare context. Threshold analyses suggest cost-effectiveness in Japan at
prices below JPY 23,948 [114]; in Argentina below USD 74.46 [115]; in Mexico, cost-saving
below MXN 1301 and cost-effective between MXN 2105 and 3715 [116]; and in Australia
below AUD 120 (or AUD 64 without herd effects) [117]. Because these analyses rely
on heterogeneous assumptions—including RSV incidence, hospitalization costs, vaccine
uptake, and willingness-to-pay thresholds—the results are not directly comparable across
countries. Local economic evaluations remain essential for policy decisions. Across settings,
key drivers of cost-effectiveness include RSV seasonality, hospitalization costs, vaccine or
monoclonal antibody pricing, coverage rates, and health-system capacity. These contextual
factors largely explain the variability in cost-effectiveness thresholds across countries, rather
than differences in biological efficacy.

7. RSV Monoclonal Antibodies
For infant protection against RSV-associated LRTI, the ACIP recommends two comple-

mentary strategies: maternal RSVpreF vaccination during pregnancy or administration of
the long-acting monoclonal antibody nirsevimab. Nirsevimab is indicated primarily for
infants whose mothers did not receive maternal RSV vaccination, or for those born <14 days
after maternal immunization, when transplacental antibody transfer may be insufficient.
Healthy infants aged ≥6 months generally do not require nirsevimab, except when they
have underlying conditions that increase the risk of severe RSV disease [118].

Nirsevimab is a long-acting monoclonal antibody designed to prevent RSV-associated
disease in infants. It binds the highly conserved antigenic site Ø on the RSV pre-F
protein and exhibits neutralizing activity over 50-fold greater than palivizumab [119].
Three amino acid substitutions in its Fc region extend its half-life in vivo to roughly
71 days, enabling protection with a single dose rather than the five monthly doses re-
quired for palivizumab [119,120].

Clinical trials in preterm infants demonstrated that a single dose of nirsevimab reduced
RSV–LRTI-related hospitalization by 78% [52]. In healthy term-born infants, two multicenter
Phase 3 trials—MELODY and HARMONIE—reported reductions in RSV–LRTI-associated
hospitalization of 62% and 83%, respectively, during the first 12 months of life [121,122].
Real-world evidence also supports high effectiveness, with a population-based cohort study
reporting 88.7% effectiveness against RSV-associated hospitalization [123].
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A recent French study compared outcomes between infants protected by maternal
RSVpreF vaccination and those receiving nirsevimab. As discussed in Section 5.7, compara-
tive analyses between these two strategies require careful interpretation due to differences
in timing, mechanism of action, and potential confounding. The French study implemented
exact matching and inverse probability weighting and achieved excellent covariate balance;
however, residual confounding, time-dependent biases, and differences in eligibility win-
dows cannot be fully excluded. Therefore, comparative estimates should be interpreted as
associations rather than causal effects.

A test-negative case–control study conducted in the United States evaluated the
population-level impact of maternal RSVpreF vaccination and nirsevimab. Maternal vacci-
nation was estimated to reduce RSV-associated hospitalization by 70%, while nirsevimab
demonstrated 81% effectiveness [99]. These findings highlight that both interventions
contribute meaningfully to reducing RSV-associated morbidity at the population level,
and differences in point estimates should not be interpreted as evidence of superiority.
Taken together, real-world comparative effectiveness studies published in JAMA and JAMA
Pediatrics—using distinct but complementary designs—have consistently suggested greater
protection associated with nirsevimab than with maternal RSVpreF vaccination, with some
analyses indicating more sustained effectiveness of nirsevimab over time. Although these
observational comparisons remain subject to residual confounding and time-related biases,
synthesizing their findings provides clinically relevant insight: in settings where both
options are available, infant monoclonal antibody administration may confer higher and
more durable protection in certain risk groups, whereas maternal vaccination offers earlier,
pregnancy-based protection and programmatic advantages. Rather than merely listing
individual study results, integrating these data helps clinicians and policymakers weigh
trade-offs between strategies when formulating RSV prevention policies.

Clesrovimab is another long-acting monoclonal antibody targeting RSV by binding
antigenic site IV of the F protein, present in both pre-F and post-F conformations [124].
In a randomized, placebo-controlled trial, clesrovimab reduced RSV-related LRTIs requir-
ing medical intervention from 6.5% to 2.6% and RSV-related hospitalizations from 28 to
9 cases [125]. These results support its use as an additional preventive option, particularly
for infants whose mothers did not receive maternal RSV vaccination [126]. Its distinct
binding site compared with nirsevimab may limit resistance development, and non-weight-
based dosing simplifies administration [127].

As additional monoclonal antibodies become available, comparative effectiveness,
the durability of protection, and cost-effectiveness analyses will be essential to guide
optimal integration with maternal vaccination programs. Importantly, policy decisions
should consider the complementary roles of maternal immunization and infant monoclonal
antibody prophylaxis rather than relying on observational comparisons to infer superiority.

8. Conclusions
RSV remains a leading cause of severe LRTI in early infancy, imposing a substantial and

largely preventable burden on healthcare systems worldwide. Recent advances in structure-
based vaccine design, particularly stabilization of the pre-F F protein, have enabled the
successful development of effective preventive interventions and have fundamentally
transformed the RSV prevention landscape.

Maternal immunization with the RSV prefusion F vaccine (RSVpreF, Abrysvo®) pro-
vides clinically meaningful protection against severe RSV-associated disease and hospi-
talization during the first few months of life, when infants are at greatest risk and direct
vaccination is not feasible. Evidence from randomized trials and real-world effectiveness
studies supports maternal vaccination as a viable population-level strategy, with gesta-
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tional timing emerging as a key determinant of effectiveness. However, gestational timing
findings are derived from exploratory subgroup analyses that were not powered for formal
interaction testing and therefore should be interpreted cautiously. Additional studies are
needed to clarify the optimal vaccination window. These findings have important impli-
cations for vaccine policy, underscoring the need for clear national recommendations on
optimal vaccination windows, integration into existing maternal immunization platforms,
and effective communication strategies to maximize coverage.

The concurrent availability of long-acting monoclonal antibodies for infants, such as
nirsevimab, further expands policy options. Rather than representing competing inter-
ventions, maternal vaccination and infant passive immunization should be considered
complementary tools that can be deployed flexibly according to local epidemiology, health-
care delivery capacity, supply constraints, and cost-effectiveness considerations. Direct
comparisons between maternal vaccination and monoclonal antibodies are limited by con-
founding by indication, time-dependent biases, and differences in target populations. As
such, comparative effectiveness estimates should be interpreted as associations rather than
causal effects. Policy decisions will need to address eligibility criteria, prioritization of high-
risk groups, and coordination between maternal and pediatric immunization programs to
avoid duplication while ensuring protection of vulnerable infants.

Sustained implementation of RSV prevention strategies will require continued molec-
ular surveillance to monitor viral evolution and its potential impacts on antigenicity, along-
side robust postmarketing safety and effectiveness monitoring in pregnant populations. In
addition, unresolved policy questions—including revaccination in subsequent pregnancies,
coadministration with other maternal vaccines, and financing mechanisms—highlight the
need for adaptive, evidence-based policy frameworks. International variation in revaccina-
tion policies, including countries that recommend vaccination during every pregnancy and
others that adopt a more cautious approach, underscores the need for further evidence on
the durability, safety, and cost-effectiveness of repeated maternal RSVpreF immunization.

In conclusion, maternal RSV vaccination represents a cornerstone intervention for
reducing RSV-associated morbidity in early infancy. When incorporated into coherent
immunization policies alongside infant monoclonal antibody prophylaxis and strengthened
surveillance systems, it offers a realistic and scalable pathway to substantially reduce
the global burden of RSV disease. Ensuring equitable access, particularly in low- and
middle-income countries, remains a critical challenge and a priority for future global
health efforts. For low- and middle-income countries, international financing mechanisms
will play a critical role. Gavi, the Vaccine Alliance, supports vaccine introduction by
subsidizing procurement costs, negotiating affordable pricing, and strengthening national
immunization programs, thereby enabling equitable access to newly introduced vaccines
such as RSVpreF. Sustainable implementation will require robust financing mechanisms,
including national vaccine purchase programs, reimbursement frameworks, and—where
applicable—support from international partners such as Gavi to ensure equitable access in
low- and middle-income countries.
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Abbreviation Full term
ACIP Advisory Committee on Immunization Practices
ACS Advisory Committee Statement
aHR Adjusted hazard ratio
aOR Adjusted odds ratio
ARI Acute respiratory illness
ATAGI Australian Technical Advisory Group on Immunisation
Arexvy GSK RSVpreF3 vaccine
Abrysvo Pfizer RSVpreF vaccine
CI Confidence interval
EMA European Medicines Agency
FDA Food and Drug Administration
Fc Fragment crystallizable region
FcRn Neonatal Fc receptor
Gavi Global Alliance for Vaccines and Immunization
HAS Haute Autorité de Santé
HDP Hypertensive disorders of pregnancy
IASR Infectious Agents Surveillance Report
IFN Interferon
IPTW Inverse probability of treatment weighting
JCVI Joint Committee on Vaccination and Immunisation
LMIC Low- and middle-income countries
LRTI Lower respiratory tract illness
MATISSE Maternal Immunization Study for Safety and Efficacy
MAVS Mitochondrial antiviral signaling protein
MDA5 Melanoma differentiation-associated protein 5
MHLW Ministry of Health, Labour and Welfare
mRNA-1345 Moderna RSV vaccine (mRNA platform)
mRESVIA Moderna RSV vaccine (brand)
NS1 Nonstructural protein 1
NS2 Nonstructural protein 2
PMDA Pharmaceuticals and Medical Devices Agency
pre-F Prefusion F protein
post-F Postfusion F protein
QALY Quality-adjusted life year
RCT Randomized controlled trial
RIG-I Retinoic acid-inducible gene I
RSV Respiratory syncytial virus
RSVpreF RSV prefusion F protein vaccine
RSVpreF3 GSK prefusion F protein vaccine
SAGE Strategic Advisory Group of Experts on Immunization
SARI Severe Acute Respiratory Illness
SH Small hydrophobic
TLR4 Toll-like receptor 4
VE Vaccine effectiveness
wIRR Weighted incidence rate ratio

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 27 of 32

References
1. Glezen, W.P.; Taber, L.H.; Frank, A.L.; Kasel, J.A. Risk of primary infection and reinfection with respiratory syncytial virus. Am. J.

Dis. Child. 1986, 140, 543–546. [CrossRef] [PubMed]
2. Dudas, R.A.; Karron, R.A. Respiratory syncytial virus vaccines. Clin. Microbiol. Rev. 1998, 11, 430–439. [CrossRef] [PubMed]
3. Shi, T.; McAllister, D.A.; O’Brien, K.L.; Simoes, E.A.F.; Madhi, S.A.; Gessner, B.D.; Polack, F.P.; Balsells, E.; Acacio, S.; Aguayo, C.;

et al. Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial
virus in young children in 2015: A systematic review and modelling study. Lancet 2017, 390, 946–958. [CrossRef]

4. Wildenbeest, J.G.; Billard, M.N.; Zuurbier, R.P.; Korsten, K.; Langedijk, A.C.; Van De Ven, P.M.; Snape, M.D.; Drysdale, S.B.;
Pollard, A.J.; Robinson, H.; et al. The burden of respiratory syncytial virus in healthy term-born infants in Europe: A prospective
birth cohort study. Lancet Respir. Med. 2023, 11, 341–353. [CrossRef] [PubMed]

5. Li, Y.; Wang, X.; Blau, D.M.; Caballero, M.T.; Feikin, D.R.; Gill, C.J.; Madhi, S.A.; Omer, S.B.; Simões, E.A.F.; Campbell, H.; et al.
Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial virus in
children younger than 5 years in 2019: A systematic. Lancet 2022, 399, 2047–2064. [CrossRef]

6. Fleming-Dutra, K.E.; Jones, J.M.; Roper, L.E.; Prill, M.M.; Ortega-Sanchez, I.R.; Moulia, D.L.; Wallace, M.; Godfrey, M.; Broder, K.R.;
Tepper, N.K.; et al. Use of the Pfizer respiratory syncytial virus vaccine during pregnancy for the prevention of respiratory syncytial
virus-associated lower respiratory tract disease in infants: Recommendations of the Advisory Committee on Immunization
Practices—United States, 2023. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 1115–1122. [CrossRef]

7. Mazur, N.I.; Bont, L.; Cohen, A.L.; Cohen, C.; Von Gottberg, A.; Groome, M.J.; Hellferscee, O.; Klipstein-Grobusch, K.; Mekgoe,
O.; Naby, F.; et al. Severity of respiratory syncytial virus lower respiratory tract infection with viral coinfection in HIV-uninfected
children. Clin. Infect. Dis. 2017, 64, 443–450. [CrossRef]

8. Sigurs, N.; Gustafsson, P.M.; Bjarnason, R.; Lundberg, F.; Schmidt, S.; Sigurbergsson, F.; Kjellman, B. Severe respiratory syncytial
virus bronchiolitis in infancy and asthma and allergy at age 13. Am. J. Respir. Crit. Care Med. 2005, 171, 137–141. [CrossRef]

9. American Academy of Pediatrics Committee on Infectious Diseases; American Academy of Pediatrics Bronchiolitis Guidelines
Committee. Updated guidance for palivizumab prophylaxis among infants and young children at increased risk of hospitalization
for respiratory syncytial virus infection. Pediatrics 2014, 134, e620–e638. [CrossRef]

10. National Institute of Infectious Disease. Infectious Agents Surveillance Report (IASR); Respiratory Syncytial Virus Infection, January
2014–September 2018; National Institute of Infectious Disease: Toyama, Tokyo, 2018; Volume 39, pp. 207–209.

11. Sockrider, M.; Katkin, J. What is respiratory syncytial virus (RSV)? Am. J. Respir. Crit. Care Med. 2015, 191, P3–P4. [CrossRef]
12. Falsey, A.R.; Hennessey, P.A.; Formica, M.A.; Cox, C.; Walsh, E.E. Respiratory syncytial virus infection in elderly and high-risk

adults. N. Engl. J. Med. 2005, 352, 1749–1759. [CrossRef] [PubMed]
13. Asseri, A.A. Respiratory syncytial virus: A narrative review of updates and recent advances in epidemiology, pathogenesis,

diagnosis, management and prevention. J. Clin. Med. 2025, 14, 3880. [CrossRef] [PubMed]
14. Kobayashi, Y.; Togo, K.; Agosti, Y.; McLaughlin, J.M. Epidemiology of respiratory syncytial virus in Japan: A nationwide claims

database analysis. Pediatr. Int. 2022, 64, e14957. [CrossRef] [PubMed]
15. Tanriover, M.D.; Azap, A.; Cakir Edis, E.; Ozger, H.S.; Pullukcu, H.; Sonmezer, M.C.; Dursun, O.U.; Merter, S.; Sayiner, A.

Respiratory syncytial virus (RSV) infections in adults: Current trends and recommendations for prevention—A global challenge
from a local perspective. Hum. Vaccin. Immunother. 2025, 21, 2514357. [CrossRef]

16. Abrams, E.M.; Doyon-Plourde, P.; Davis, P.; Brousseau, N.; Irwin, A.; Siu, W.; Killikelly, A. Burden of disease of RSV in infants,
children and pregnant women and people. Can. Commun. Dis. Rep. 2024, 50, 1–15. [CrossRef]

17. Kenmoe, S.; Chu, H.Y.; Dawood, F.S.; Milucky, J.; Kittikraisak, W.; Matthewson, H.; Kulkarni, D.; Suntarattiwong, P.; Frivold, C.;
Mohanty, S.; et al. Burden of respiratory syncytial virus-associated acute respiratory infection during pregnancy. J. Infect. Dis.
2024, 229, S51–S60. [CrossRef]

18. Regan, A.K.; Klein, N.P.; Langley, G.; Drews, S.J.; Buchan, S.; Ball, S.; Kwong, J.C.; Naleway, A.; Thompson, M.; Wyant, B.E.; et al.
Respiratory syncytial virus hospitalization during pregnancy in 4 high-income countries, 2010–2016. Clin. Infect. Dis. 2018, 67,
1915–1918. [CrossRef]

19. Riccó, M.; Ferraro, P.; Corrado, S.; Zaniboni, A.; Satta, E.; Ranzieri, S. Respiratory syncytial virus in pregnant women: Systematic
review and meta-analysis. Women 2022, 2, 147–160. [CrossRef]

20. Rios-Guzman, E.; Simons, L.M.; Dean, T.J.; Agnes, F.; Pawlowski, A.; Alisoltanidehkordi, A.; Nam, H.H.; Ison, M.G.; Ozer, E.A.;
Lorenzo-Redondo, R.; et al. Deviations in RSV epidemiological patterns and population structures in the United States following
the COVID-19 pandemic. Nat. Commun. 2024, 15, 3374. [CrossRef]

21. Lastrucci, V.; Pacifici, M.; Puglia, M.; Alderotti, G.; Berti, E.; Bonaccorsi, G.; Moriondo, M.; Resti, M.; Peroni, D.; Martini, M.; et al.
Recent trends in hospitalizations for respiratory syncytial virus after the COVID-19 pandemic and before routine immunization:
Seasonality and severity updates from the R/2024 season in Tuscany, Italy. Int. J. Infect. Dis. 2025, 154, 107879. [CrossRef]

22. Japan Institute for Health Security. Available online: https://id-info.jihs.go.jp/surveillance/idwr/article/rsv/010/index.html
(accessed on 19 December 2025).

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1001/archpedi.1986.02140200053026
https://www.ncbi.nlm.nih.gov/pubmed/3706232
https://doi.org/10.1128/CMR.11.3.430
https://www.ncbi.nlm.nih.gov/pubmed/9665976
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1016/S2213-2600(22)00414-3
https://www.ncbi.nlm.nih.gov/pubmed/36372082
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.15585/mmwr.mm7241e1
https://doi.org/10.1093/cid/ciw756
https://doi.org/10.1164/rccm.200406-730OC
https://doi.org/10.1542/peds.2014-1666
https://doi.org/10.1164/rccm.1913p3
https://doi.org/10.1056/NEJMoa043951
https://www.ncbi.nlm.nih.gov/pubmed/15858184
https://doi.org/10.3390/jcm14113880
https://www.ncbi.nlm.nih.gov/pubmed/40507642
https://doi.org/10.1111/ped.14957
https://www.ncbi.nlm.nih.gov/pubmed/34388302
https://doi.org/10.1080/21645515.2025.2514357
https://doi.org/10.14745/ccdr.v50i12a01
https://doi.org/10.1093/infdis/jiad449
https://doi.org/10.1093/cid/ciy439
https://doi.org/10.3390/women2020016
https://doi.org/10.1038/s41467-024-47757-9
https://doi.org/10.1016/j.ijid.2025.107879
https://id-info.jihs.go.jp/surveillance/idwr/article/rsv/010/index.html
https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 28 of 32

23. Cohen, R.; Ashman, M.; Taha, M.K.; Varon, E.; Angoulvant, F.; Levy, C.; Rybak, A.; Ouldali, N.; Guiso, N.; Grimprel, E. Pediatric
Infectious Disease Group (GPIP) position paper on the immune debt of the COVID-19 pandemic in childhood, how can we fill
the immunity gap? Infect. Dis. Now 2021, 51, 418–423. [CrossRef]

24. Abu-Raya, B.; Viñeta Paramo, M.V.; Reicherz, F.; Lavoie, P.M. Why has the epidemiology of RSV changed during the COVID-19
pandemic? EClinicalmedicine 2023, 61, 102089. [CrossRef] [PubMed]

25. McLellan, J.S.; Chen, M.; Joyce, M.G.; Sastry, M.; Stewart-Jones, G.B.E.; Yang, Y.; Zhang, B.; Chen, L.; Srivatsan, S.; Zheng, A.; et al.
Structure-based design of a fusion glycoprotein vaccine for respiratory syncytial virus. Science 2013, 342, 592–598. [CrossRef]
[PubMed]

26. Shang, Z.; Tan, S.; Ma, D. Respiratory syncytial virus: From pathogenesis to potential therapeutic strategies. Int. J. Biol. Sci. 2021,
17, 4073–4091. [CrossRef] [PubMed]

27. Gong, X.; Luo, E.; Fan, L.; Zhang, W.; Yang, Y.; Du, Y.; Yang, X.; Xing, S. Clinical research on RSV prevention in children and
pregnant women: Progress and perspectives. Front. Immunol. 2024, 14, 1329426. [CrossRef]

28. Collins, P.L.; Fearns, R.; Graham, B.S. Respiratory syncytial virus: Virology, reverse genetics, and pathogenesis of disease. Curr.
Top. Microbiol. Immunol. 2013, 372, 3–38. [CrossRef]

29. Welliver, T.P.; Garofalo, R.P.; Hosakote, Y.; Hintz, K.H.; Avendano, L.; Sanchez, K.; Velozo, L.; Jafri, H.; Chavez-Bueno, S.; Ogra,
P.L.; et al. Severe human lower respiratory tract illness caused by respiratory syncytial virus and influenza virus is characterized
by the absence of pulmonary cytotoxic lymphocyte Responses. J. Infect. Dis. 2007, 195, 1126–1136. [CrossRef]

30. Pickles, R.J.; Devincenzo, J.P. Respiratory syncytial virus (RSV) and its propensity for causing bronchiolitis. J. Pathol. 2015, 235,
266–276. [CrossRef]

31. Feng, Z.; Xu, L.; Xie, Z. Receptors for respiratory syncytial virus infection and host factors regulating the life cycle of respiratory
syncytial virus. Front. Cell. Infect. Microbiol. 2022, 12, 858629. [CrossRef]

32. Midulla, F.; Nenna, R.; Scagnolari, C.; Petrarca, L.; Frassanito, A.; Viscido, A.; Arima, S.; Antonelli, G.; Pierangeli, A. How
respiratory syncytial virus genotypes influence the clinical course in infants hospitalized for bronchiolitis. J. Infect. Dis. 2019, 219,
526–534. [CrossRef]

33. Anderson, L.J.; Peret, T.C.; Piedra, P.A. RSV strains and disease severity. J. Infect. Dis. 2019, 219, 514–516. [CrossRef] [PubMed]
34. El Saleeby, C.M.; Suzich, J.; Conley, M.E.; DeVincenzo, J.P. Quantitative effects of palivizumab and donor-derived T cells on

chronic respiratory syncytial virus infection, lung disease, and fusion glycoprotein amino acid sequences in patient before and
after bone marrow transplantation. Clin. Infect. Dis. 2004, 39, e17–e20. [CrossRef] [PubMed]

35. Schwarze, J.; Schauer, U. Enhanced virulence, airway inflammation and impaired lung function induced by respiratory syncytial
virus deficient in secreted G protein. Thorax 2004, 59, 517–521. [CrossRef] [PubMed]

36. Munir, S.; Hillyer, P.; Le Nouën, C.L.; Buchholz, U.J.; Rabin, R.L.; Collins, P.L.; Bukreyev, A. Respiratory syncytial virus interferon
antagonist NS1 protein suppresses and skews the human T lymphocyte response. PLoS Pathog. 2011, 7, e1001336. [CrossRef]

37. Anderson, J.; Do, L.A.H.; Wurzel, D.; Quan Toh, Z.Q.; Mulholland, K.; Pellicci, D.G.; Licciardi, P.V. Severe respiratory syncytial
virus disease in preterm infants: A case of innate immunity. Respiratory syncytial virus Thorax. Thorax 2021, 76, 942–950. [CrossRef]

38. Schaerlaekens, S.; Jacobs, L.; Stobbelaar, K.; Cos, P.; Delputte, P. All eyes on the prefusion-stabilized F construct, but are we
missing the potential of alternative targets for respiratory syncytial virus vaccine design? Vaccines 2024, 12, 97. [CrossRef]

39. Meng, J.; Stobart, C.C.; Hotard, A.L.; Moore, M.L. An overview of respiratory syncytial virus. PLoS Pathog. 2014, 10, e1004016.
[CrossRef]

40. Graham, B.S.; Modjarrad, K.; McLellan, J.S. Novel antigens for RSV vaccines. Curr. Opin. Immunol. 2015, 35, 30–38. [CrossRef]
41. Krivitskaya, V.; Komissarova, K.; Pisareva, M.; Sverlova, M.; Fadeev, A.; Petrova, E.; Timonina, V.; Sominina, A.; Danilenko, D.

Respiratory syncytial virus G protein sequence variability among isolates from St. Petersburg, Russia, during the 2013–2014
epidemic season. Viruses 2021, 13, 119. [CrossRef]

42. Mas, V.; Nair, H.; Campbell, H.; Melero, J.A.; Williams, T.C. Antigenic and sequence variability of the human respiratory syncytial
virus F glycoprotein compared to related viruses in a comprehensive dataset. Vaccine 2018, 36, 6660–6673. [CrossRef]

43. Ngwuta, J.O.; Chen, M.; Modjarrad, K.; Joyce, M.G.; Kanekiyo, M.; Kumar, A.; yassine, H.M.; Moin, S.M.; Killikelly, A.M.; Chuang,
G.Y.; et al. Prefusion F-specific antibodies determine the magnitude of RSV neutralizing activity in human sera. Sci. Transl. Med.
2015, 7, 309ra162. [CrossRef]

44. Mousa, J.J.; Kose, N.; Matta, P.; Gilchuk, P.; Crowe, J.E. A novel pre-fusion conformation-specific neutralizing epitope on the
respiratory syncytial virus fusion protein. Nat. Microbiol. 2017, 2, 16271. [CrossRef] [PubMed]

45. Ruckwardt, T.J.; Morabito, K.M.; Graham, B.S. Immunological lessons from respiratory syncytial virus vaccine development.
Immunity 2019, 51, 429–442. [CrossRef] [PubMed]

46. Ruckwardt, T.J. The road to approved vaccines for respiratory syncytial virus. npj Vaccin. 2023, 8, 138. [CrossRef] [PubMed]
47. Capella, C.; Chaiwatpongsakorn, S.; Gorrell, E.; Risch, Z.A.; Ye, F.; Mertz, S.E.; Johnson, S.M.; Moore-Clingenpeel, M.; Ramilo, O.;

Mejias, A.; et al. Prefusion F, postfusion F, G antibodies, and disease severity in infants and young children with acute respiratory
syncytial virus infection. J. Infect. Dis. 2017, 216, 1398–1406. [CrossRef]

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1016/j.idnow.2021.05.004
https://doi.org/10.1016/j.eclinm.2023.102089
https://www.ncbi.nlm.nih.gov/pubmed/37483545
https://doi.org/10.1126/science.1243283
https://www.ncbi.nlm.nih.gov/pubmed/24179220
https://doi.org/10.7150/ijbs.64762
https://www.ncbi.nlm.nih.gov/pubmed/34671221
https://doi.org/10.3389/fimmu.2023.1329426
https://doi.org/10.1007/978-3-642-38919-1_1
https://doi.org/10.1086/512615
https://doi.org/10.1002/path.4462
https://doi.org/10.3389/fcimb.2022.858629
https://doi.org/10.1093/infdis/jiy496
https://doi.org/10.1093/infdis/jiy498
https://www.ncbi.nlm.nih.gov/pubmed/30215722
https://doi.org/10.1086/421779
https://www.ncbi.nlm.nih.gov/pubmed/15307047
https://doi.org/10.1136/thx.2003.017343
https://www.ncbi.nlm.nih.gov/pubmed/15170038
https://doi.org/10.1371/journal.ppat.1001336
https://doi.org/10.1136/thoraxjnl-2020-216291
https://doi.org/10.3390/vaccines12010097
https://doi.org/10.1371/journal.ppat.1004016
https://doi.org/10.1016/j.coi.2015.04.005
https://doi.org/10.3390/v13010119
https://doi.org/10.1016/j.vaccine.2018.09.056
https://doi.org/10.1126/scitranslmed.aac4241
https://doi.org/10.1038/nmicrobiol.2016.271
https://www.ncbi.nlm.nih.gov/pubmed/28134924
https://doi.org/10.1016/j.immuni.2019.08.007
https://www.ncbi.nlm.nih.gov/pubmed/31533056
https://doi.org/10.1038/s41541-023-00734-7
https://www.ncbi.nlm.nih.gov/pubmed/37749081
https://doi.org/10.1093/infdis/jix489
https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 29 of 32

48. Mazur, N.I.; Terstappen, J.; Baral, R.; Bardají, A.; Beutels, P.; Buchholz, U.J.; Cohen, C.; Crowe, J.E., Jr.; Cutland, C.L.; Eckert, L.;
et al. Respiratory syncytial virus prevention within reach: The vaccine and monoclonal antibody landscape. Lancet Infect. Dis.
2023, 23, e2–e21. [CrossRef]

49. Walsh, E.E.; Pérez Marc, G.; Zareba, A.M.; Falsey, A.R.; Jiang, Q.; Patton, M.; Polack, F.P.; Llapur, C.; Doreski, P.A.; Ilangovan, K.;
et al. Efficacy and safety of a bivalent RSV prefusion F vaccine in older adults. N. Engl. J. Med. 2023, 388, 1465–1477. [CrossRef]

50. Papi, A.; Ison, M.G.; Langley, J.M.; Lee, D.-G.; Leroux-Roels, I.; Martinon-Torres, F.; Schwarz, T.F.; van Zyl-Smit, R.N.; Campora,
L.; Dezutter, N.; et al. Respiratory syncytial virus prefusion F protein vaccine in older adults. N. Engl. J. Med. 2023, 388, 595–608.
[CrossRef]

51. Wilson, E.; Goswami, J.; Baqui, A.H.; Doreski, P.A.; Perez-Marc, G.; Zaman, K.; Monroy, J.; Duncan, C.J.A.; Ujiie, M.; Rämet, M.;
et al. Efficacy and safety of an mRNA-based RSV PreF vaccine in older adults. N. Engl. J. Med. 2023, 389, 2233–2244. [CrossRef]

52. Griffin, M.P.; Yuan, Y.; Takas, T.; Domachowske, J.B.; Madhi, S.A.; Manzoni, P.; Simões, E.A.F.; Esser, M.T.; Khan, A.A.; Dubovsky,
F.; et al. Single-dose nirsevimab for prevention of RSV in preterm infants. N. Engl. J. Med. 2020, 383, 415–425. [CrossRef]

53. Buchwald, A.G.; Graham, B.S.; Traore, A.; Haidara, F.C.; Chen, M.; Morabito, K.; Lin, B.C.; Sow, S.O.; Levine, M.M.; Pasetti, M.F.;
et al. Respiratory syncytial virus (RSV) neutralizing antibodies at birth predict protection from RSV illness in infants in the first 3
months of life. Clin. Infect. Dis. 2021, 73, e4421–e4427. [CrossRef] [PubMed]

54. Taleb, S.A.; Al-Ansari, K.; Nasrallah, G.K.; Elrayess, M.A.; Al-Thani, A.A.; Derrien-Colemyn, A.; Ruckwardt, T.J.; Graham, B.S.;
Yassine, H.M. Level of maternal respiratory syncytial virus (RSV) F antibodies in hospitalized children and correlates of protection.
Int. J. Infect. Dis. 2021, 109, 56–62. [CrossRef] [PubMed]

55. Moline, H.L.; Tannis, A.; Toepfer, A.P.; Williams, J.V.; Boom, J.A.; Englund, J.A.; Halasa, N.B.; Staat, M.A.; Weinberg, G.A.;
Selvarangan, R.; et al. Early estimate of nirsevimab effectiveness for prevention of respiratory syncytial virus-associated
hospitalization among infants entering their first respiratory syncytial virus season—New vaccine surveillance network, October
2023–February 2024. MMWR Morb. Mortal. Wkly. Rep. 2024, 73, 209–214. [CrossRef] [PubMed]

56. Kampmann, B.; Madhi, S.A.; Munjal, I.; Simões, E.A.F.; Pahud, B.A.; Llapur, C.; Baker, J.; Pérez Marc, G.; Radley, D.; Shittu, E.;
et al. Bivalent prefusion F vaccine in pregnancy to prevent RSV illness in infants. N. Engl. J. Med. 2023, 388, 1451–1464. [CrossRef]

57. Jenkins, V.A.; Hoet, B.; Hochrein, H.; De Moerlooze, L. The quest for a respiratory syncytial virus vaccine for older adults:
Thinking beyond the F protein. Vaccines 2023, 11, 382. [CrossRef]

58. Krarup, A.; Truan, D.; Furmanova-Hollenstein, P.; Bogaert, L.; Bouchier, P.; Bisschop, I.J.M.; Widjojoatmodjo, M.N.; Zahn, R.;
Schuitemaker, H.; McLellan, J.S.; et al. A highly stable prefusion RSV F vaccine derived from structural analysis of the fusion
mechanism. Nat. Commun. 2015, 6, 8143. [CrossRef]

59. Qiu, X.; Xu, S.; Lu, Y.; Luo, Z.; Yan, Y.; Wang, C.; Ji, J. Development of mRNA vaccines against respiratory syncytial virus (RSV).
Cytokine Growth Factor Rev. 2022, 68, 37–53. [CrossRef]

60. Alandijany, T.A.; Qashqari, F.S. Evaluating the efficacy, safety, and immunogenicity of FDA-approved RSV vaccines: A systematic
review of Arexvy, Abrysvo, and mResvia. Front. Immunol. 2025, 16, 1624007. [CrossRef]

61. Dieussaert, I.; Hyung Kim, J.H.; Luik, S.; Seidl, C.; Pu, W.; Stegmann, J.-U.; Swamy, G.K.; Webster, P.; Dormitzer, P.R. RSV
prefusion F protein-based maternal vaccine–Preterm birth and other outcomes. N. Engl. J. Med. 2024, 390, 1009–1021. [CrossRef]

62. Ober, R.J.; Martinez, C.; Lai, X.; Zhou, J.; Ward, E.S. Exocytosis of IgG as mediated by the receptor, FcRn: An analysis at the
single-molecule level. Proc. Natl Acad. Sci. USA 2004, 101, 11076–11081. [CrossRef]

63. Simister, N.E.; Story, C.M.; Chen, H.L.; Hunt, J.S. An IgG-transporting Fc receptor expressed in the syncytiotrophoblast of human
placenta. Eur. J. Immunol. 1996, 26, 1527–1531. [CrossRef] [PubMed]

64. Radulescu, L.; Antohe, F.; Jinga, V.; Ghetie, V.; Simionescu, M. Neonatal Fc receptors discriminates and monitors the pathway of
native and modified immunoglobulin G in placental endothelial cells. Hum. Immunol. 2004, 65, 578–585. [CrossRef] [PubMed]

65. Akilesh, S.; Petkova, S.; Sproule, T.J.; Shaffer, D.J.; Christianson, G.J.; Roopenian, D. The MHC class I like Fc receptor promotes
humorally mediated autoimmune disease. J. Clin. Investig. 2004, 113, 1328–1333. [CrossRef] [PubMed]

66. Saji, F.; Koyama, M.; Matsuzaki, N. Current topic: Human placental Fc receptors. Placenta 1994, 15, 453–466. [CrossRef]
67. Malek, A.; Sager, R.; Kuhn, P.; Nicolaides, K.H.; Schneider, H. Evolution of maternofetal transport of immunoglobulins during

human pregnancy. Am. J. Reprod. Immunol. 1996, 36, 248–255. [CrossRef]
68. Saji, F.; Samejima, Y.; Kamiura, S.; Koyama, M. Dynamics of immunoglobulins at the feto-maternal interface. Rev. Reprod. 1999, 4,

81–89. [CrossRef]
69. Doroudchi, M.; Samsami Dehaghani, A.S.; Emad, K.; Ghaderi, A. Placental transfer of rubella-specific IgG in fullterm and preterm

newborns. Int. J. Gynaecol. Obstet. 2003, 81, 157–162. [CrossRef]
70. Munoz, F.M.; Englund, J.A. A step ahead: Infant protection through maternal immunization. Pediatr. Clin. N. Am. 2000, 47,

449–463. [CrossRef]
71. Munoz, F.M.; Englund, J.A. Vaccines in pregnancy. Infect. Dis. Clin. N. Am. 2001, 15, 253–271. [CrossRef]

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1016/S1473-3099(22)00291-2
https://doi.org/10.1056/NEJMoa2213836
https://doi.org/10.1056/NEJMoa2209604
https://doi.org/10.1056/NEJMoa2307079
https://doi.org/10.1056/NEJMoa1913556
https://doi.org/10.1093/cid/ciaa648
https://www.ncbi.nlm.nih.gov/pubmed/32463443
https://doi.org/10.1016/j.ijid.2021.06.015
https://www.ncbi.nlm.nih.gov/pubmed/34118428
https://doi.org/10.15585/mmwr.mm7309a4
https://www.ncbi.nlm.nih.gov/pubmed/38457312
https://doi.org/10.1056/NEJMoa2216480
https://doi.org/10.3390/vaccines11020382
https://doi.org/10.1038/ncomms9143
https://doi.org/10.1016/j.cytogfr.2022.10.001
https://doi.org/10.3389/fimmu.2025.1624007
https://doi.org/10.1056/NEJMoa2305478
https://doi.org/10.1073/pnas.0402970101
https://doi.org/10.1002/eji.1830260718
https://www.ncbi.nlm.nih.gov/pubmed/8766556
https://doi.org/10.1016/j.humimm.2004.02.029
https://www.ncbi.nlm.nih.gov/pubmed/15219377
https://doi.org/10.1172/JCI18838
https://www.ncbi.nlm.nih.gov/pubmed/41480762
https://doi.org/10.1016/S0143-4004(05)80415-1
https://doi.org/10.1111/j.1600-0897.1996.tb00172.x
https://doi.org/10.1530/ror.0.0040081
https://doi.org/10.1016/S0020-7292(02)00442-3
https://doi.org/10.1016/S0031-3955(05)70217-0
https://doi.org/10.1016/S0891-5520(05)70278-6
https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 30 of 32

72. Simões, E.A.F.; Pahud, B.A.; Madhi, S.A.; Kampmann, B.; Shittu, E.; Radley, D.; Llapur, C.; Baker, J.; Pérez Marc, G.P.; Barnabas,
S.L.; et al. Efficacy, safety, and immunogenicity of the MATISSE (Maternal Immunization Study for Safety and Efficacy) maternal
respiratory syncytial virus prefusion F protein vaccine trial. Obstet. Gynecol. 2025, 145, 157–167. [CrossRef]

73. European Medicines Agency (EMA). Abrysvo. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/
abrysvo (accessed on 19 December 2025).

74. FDA. Respiratory Syncytial Virus (RSV). Available online: https://www.fda.gov/consumers/covid-19-flu-and-rsv/respiratory-
syncytial-virus-rsv (accessed on 19 December 2025).

75. Respiratory Syncytial Virus: The Green Book, Chapter 27a. Available online: https://assets.publishing.service.gov.uk/media/
69823003e8900d4c455f37d3/Green_Book_Chapter27a_RSV.pdf (accessed on 19 December 2025).

76. Pharmaceuticals and Medical Devices Agency. Abrysvo. Available online: https://www.pmda.go.jp/PmdaSearch/iyakuDetail/
ResultDataSetPDF/672212_631350AE1028_1_06 (accessed on 19 December 2025). (In Japanese)

77. Ford, N.D.; Cox, S.; Ko, J.Y.; Ouyang, L.; Romero, L.; Colarusso, T.; Ferre, C.D.; Kroelinger, C.D.; Hayes, D.K.; Barfield, W.D.
Hypertensive disorders in pregnancy and mortality at delivery hospitalization—United States, 2017–2019. MMWR Morb. Mortal.
Wkly. Rep. 2022, 71, 585–591. [CrossRef] [PubMed]

78. Madhi, S.A.; Kampmann, B.; Simões, E.A.F.; Zachariah, P.; Pahud, B.A.; Radley, D.; Sarwar, U.N.; Shittu, E.; Llapur, C.; Pérez
Marc, G.P.; et al. Preterm birth frequency and associated outcomes from the MATISSE (maternal immunization study for safety
and efficacy) maternal trial of the bivalent respiratory syncytial virus prefusion F protein vaccine. Obstet. Gynecol. 2025, 145,
147–156. [CrossRef] [PubMed]

79. US Centers for Disease Control and Prevention. RSV Vaccine Guidance for Pregnant Women. Available online:
http://www.cdc.gov/rsv/hcp/vaccine-clinical-guidance/pregnant-people.html (accessed on 19 December 2025).

80. US Centers for Disease Control and Prevention. Immunizations to Protect Infants. Available online: https://www.cdc.gov/rsv/
vaccines/protect-infants.html (accessed on 19 December 2025).

81. Public Health Agency of Canada. Statement on the Prevention of Respiratory Syncytial Virus Disease in Infants. Available
online: https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-
immunization-statement-prevention-respiratory-syncytial-virus-disease-infants.html (accessed on 19 December 2025).

82. Public Health Agency of Canada. Respiratory Syncytial Virus (RSV) Vaccines: Canadian Immunization Guide. Available
online: https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-
4-active-vaccines/respiratory-syncytial-virus.html (accessed on 19 December 2025).

83. Haute Autorité de Santé. RSV Infection Vaccination Recommendation for Pregnant Women. 14 October 2024. Available online:
https://www.has-sante.fr/jcms/p_3505344/en/rsv-infection-vaccination-recommendation-for-pregnant-women (accessed on 19
December 2025).

84. Haute Autorité de Santé. Bronchiolitis: Comment Protéger Votre Future Bébé Ďune Forme Grave? 28 August 2025. Available
online: https://www.has-sante.fr/jcms/p_3537893/fr/bronchiolite-comment-proteger-votre-futur-bebe-d-une-forme-grave
(accessed on 6 February 2026). (In French)

85. Robert Koch Institute. Antworten Auf Häufig Gestellte Fragen Zur Schutzimpfung Gegen RSV. 10 April 2025. Available online:
https://www.rki.de/SharedDocs/FAQs/DE/Impfen/RSV/FAQ_Liste_RSV.html?nn=16776928#entry_16920278 (accessed on 19
December 2025).

86. Robert Koch Institute. Antworten Auf Häufig Gestellte Fragen–RSV-Prophylaxe Mit Nirsevimab (Beyfortus von Sanofi) Bei
Neu-Goborenen und Säuglingen. 9 May 2025. Available online: https://www.rki.de/SharedDocs/FAQs/DE/Impfen/RSV-
Prophylaxe/FAQ_Liste_gesamt.html?nn=16776928# (accessed on 19 December 2025).

87. Australian Government Department of Health and Aged Care. Respiratoty Syncytial Virus (RSV): Australian Immunization
Handbook. Available online: https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/respiratory-
syncytial-virus-rsv. (accessed on 5 February 2026).

88. Patel, D.; Chawla, J.; Blavo, C. Use of the Abrysvo vaccine in pregnancy to prevent respiratory syncytial virus in infants: A review.
Cureus 2024, 16, e68349. [CrossRef] [PubMed]

89. Son, M.; Riley, L.E.; Staniczenko, A.P.; Cron, J.; Yen, S.; Thomas, C.; Sholle, E.; Osborne, L.M.; Lipkind, H.S. Nonadjuvanted
bivalent respiratory syncytial virus vaccination and perinatal outcomes. JAMA Netw. Open 2024, 7, e2419268. [CrossRef]

90. Gabet, A.; Bertrand, M.; Jabagi, M.J.; Kolla, E.; Olié, V.; Zureik, M. Maternal and neonatal outcomes after respiratory syncytial
virus prefusion F protein vaccination puring Pregnancy. Analysis from the 2024–2025 immunization campaign in France. Obstet.
Gynecol. 2025, 147, 118–126. [CrossRef]

91. Hsieh, T.Y.J.; Wei, J.C.C.; Collier, A.R. Investigation of maternal outcomes following respiratory syncytial virus vaccination in the
third trimester: Insights from a real-world United States electronic health records database. Am. J. Obstet. Gynecol. 2025, 233,
e181–e190. [CrossRef]

92. Solsman, A.M.; Metz, T.D.; Benton, J.; Godfred-Cato, S. Maternal respiratory syncytial virus vaccination and preterm birth: A
Utah statewide retrospective cohort study. Obstet. Gynecol. 2026, 147, 127–130. [CrossRef]

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1097/AOG.0000000000005816
https://www.ema.europa.eu/en/medicines/human/EPAR/abrysvo
https://www.ema.europa.eu/en/medicines/human/EPAR/abrysvo
https://www.fda.gov/consumers/covid-19-flu-and-rsv/respiratory-syncytial-virus-rsv
https://www.fda.gov/consumers/covid-19-flu-and-rsv/respiratory-syncytial-virus-rsv
https://assets.publishing.service.gov.uk/media/69823003e8900d4c455f37d3/Green_Book_Chapter27a_RSV.pdf
https://assets.publishing.service.gov.uk/media/69823003e8900d4c455f37d3/Green_Book_Chapter27a_RSV.pdf
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/672212_631350AE1028_1_06
https://www.pmda.go.jp/PmdaSearch/iyakuDetail/ResultDataSetPDF/672212_631350AE1028_1_06
https://doi.org/10.15585/mmwr.mm7117a1
https://www.ncbi.nlm.nih.gov/pubmed/35482575
https://doi.org/10.1097/AOG.0000000000005817
https://www.ncbi.nlm.nih.gov/pubmed/39746206
http://www.cdc.gov/rsv/hcp/vaccine-clinical-guidance/pregnant-people.html
https://www.cdc.gov/rsv/vaccines/protect-infants.html
https://www.cdc.gov/rsv/vaccines/protect-infants.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-prevention-respiratory-syncytial-virus-disease-infants.html
https://www.canada.ca/en/public-health/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-prevention-respiratory-syncytial-virus-disease-infants.html
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/respiratory-syncytial-virus.html
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-immunization-guide-part-4-active-vaccines/respiratory-syncytial-virus.html
https://www.has-sante.fr/jcms/p_3505344/en/rsv-infection-vaccination-recommendation-for-pregnant-women
https://www.has-sante.fr/jcms/p_3537893/fr/bronchiolite-comment-proteger-votre-futur-bebe-d-une-forme-grave
https://www.rki.de/SharedDocs/FAQs/DE/Impfen/RSV/FAQ_Liste_RSV.html?nn=16776928#entry_16920278
https://www.rki.de/SharedDocs/FAQs/DE/Impfen/RSV-Prophylaxe/FAQ_Liste_gesamt.html?nn=16776928
https://www.rki.de/SharedDocs/FAQs/DE/Impfen/RSV-Prophylaxe/FAQ_Liste_gesamt.html?nn=16776928
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/respiratory-syncytial-virus-rsv.
https://immunisationhandbook.health.gov.au/contents/vaccine-preventable-diseases/respiratory-syncytial-virus-rsv.
https://doi.org/10.7759/cureus.68349
https://www.ncbi.nlm.nih.gov/pubmed/39355078
https://doi.org/10.1001/jamanetworkopen.2024.19268
https://doi.org/10.1097/AOG.0000000000006121
https://doi.org/10.1016/j.ajog.2025.04.067
https://doi.org/10.1097/AOG.0000000000006130
https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 31 of 32

93. Razai, M.S.; Kalafat, E.; Prasad, S.; Lee-Wo, C.; Heath, P.T.; Khalil, A. Perinatal outcomes and uptake of RSV vaccine during
pregnancy in South London: A cross-sectional study. BMJ Open 2025, 15, e101592. [CrossRef]

94. DeSilva, M. Prenatal RSVpreF Vaccine Safety 2023–2024 Respiratory Season The Vaccine Safety Datalink (VSD). Available online:
https://www.cdc.gov/acip/downloads/slides-2025-06-25-26/04a-DeSilva-Mat-Peds-RSV-508.pdf (accessed on 13 January 2026).

95. Pérez Marc, G.; Vizzotti, C.; Fell, D.B.; Di Nunzio, L.; Olszevicki, S.; Mankiewicz, S.W.; Braem, V.; Rearte, R.; Atwell, J.E.; Bianchi,
A.; et al. Real-world effectiveness of RSVpreF vaccination during pregnancy against RSV-associated lower respiratory tract
disease leading to hospitalisation in infants during the 2024 RSV season in Argentina (BERNI study): A multicentre, retrospective,
test-negative, case-control study. Lancet Infect. Dis. 2025, 25, 1044–1054. [CrossRef]

96. Williams, T.C.; Marlow, R.; Cunningham, S.; Drysdale, S.B.; Groves, H.E.; Hunt, S.; Iskander, D.; Liu, X.; Lyttle, M.D.; Mpamhanga,
C.D.; et al. Bivalent prefusion F vaccination in pregnancy and respiratory syncytial virus hospitalisation in infants in the UK:
Results of a multicentre, test-negative, case-control study. Lancet Child Adolesc. Health 2025, 9, 655–662. [CrossRef]

97. McLachlan, I.; Robertson, C.; Morrison, K.E.; McQueenie, R.; Hameed, S.S.; Gibbons, C.; Wood, R.; Merrick, R.; Pollock, L.; Ho, A.;
et al. Effectiveness of the maternal RSVpreF vaccine against severe disease in infants in Scotland, UK: A national, population
based case–control study and cohort analysis. Lancet Infect. Dis. 2025. [CrossRef] [PubMed]

98. Jabagi, M.J.; Bertrand, M.; Gabet, A.; Kolla, E.; Olié, V.; Zureik, M. Nirsevimab vs RSVpreF vaccine for respiratory syncytial
virus-related hospitalization in newborns. JAMA 2025, e2524082. [CrossRef] [PubMed]

99. Moline, H.L.; Tannis, A.; Goldstein, L.; Englund, J.A.; Staat, M.A.; Boom, J.A.; Selvarangan, R.; Michaels, M.G.; Weinberg, G.A.;
Halasa, N.B.; et al. Effectiveness and impact of maternal RSV immunization and nirsevimab on medically attended RSV in US
children. JAMA Pediatr. 2025, e255778. [CrossRef] [PubMed]

100. Simonich, C.A.L.; McMahon, T.E.; Ju, X.; Yu, T.C.; Brunette, N.; Stevens-Ayers, T.; Boeckh, M.J.; King, N.P.; Greninger, A.L.; Bloom,
J.D. RSV F evolution escapes some monoclonal antibodies but does not strongly erode neutralization by human polyclonal sera. J.
Virol. 2025, 99, e0053125. [CrossRef]

101. Goya, S.; Ruis, C.; Neher, R.A.; Meijer, A.; Aziz, A.; Hinrichs, A.S.; Von Gottberg, A.; Roemer, C.; Amoako, D.G.; Acuña, D.; et al.
Standardized phylogenetic classification of human respiratory syncytial virus below the subgroup level. Emerg. Infect. Dis. 2024,
30, 1631–1641. [CrossRef]

102. World Health Organization. Weekly Epidemiological Record—Meeting of the Strategic Advisory Group of Experts on Im-
munization. September 2024: Conclusions and Recommendations–Respiratory Syncytial Virus. 2024. Available online:
https://iris.who.int/server/api/core/bitstreams/4f8b7520-1d1c-471d-b584-8dd16cb79bed/content (accessed on 19 Decem-
ber 2025).

103. World Health Organization. WHO Position Paper on Immunization to Protect Infants Against Respiratory Syncytial Virus Disease.
May 2025. Available online: https://iris.who.int/server/api/core/bitstreams/96ec533a-de56-4e1a-8e01-420afda0b683/content
(accessed on 19 December 2025).

104. Haute Autorité de Santé. BEYFORTUS (Nirsévimab)–Virus Respiratoire Syncytial. 20 November 2024. Available online:
https://www.has-sante.fr/jcms/p_3556743/fr/beyfortus-nirsevimab-virus-respiratoire-syncytial (accessed on 19 December
2025).

105. Razzaghi, H.; Garacci, E.; Kahn, K.E.; Lindley, M.C.; Jones, J.M.; Stokley, S.; Calhoun, K.; Black, C.L. Maternal respiratory syncytial
virus vaccination and receipt of respiratory syncytial virus antibody (nirsevimab) by infants aged <8 months—United States,
April 2024 . MMWR Morb. Mortal. Wkly. Rep. 2024, 73, 837–843. [CrossRef]

106. Walsh, E.E.; Falsey, A.R.; Scott, D.A.; Gurtman, A.; Zareba, A.M.; Jansen, K.U.; Gruber, W.C.; Dormitzer, P.R.; Swanson, K.A.;
Radley, D.; et al. A randomized phase 1/2 study of a respiratory syncytial virus prefusion F vaccine. J. Infect. Dis. 2022, 225,
1357–1366. [CrossRef]

107. Abu-Raya, B.; Giles, M.L.; Kollmann, T. Co-administration of vaccines in pregnancy: Unique challenges and knowledge gaps.
Vaccine 2025, 60, 127309. [CrossRef]

108. An Advisory Committee Statement (ACS) National Advisory Committee on Immunization (NACI) Statement on the Prevention
of Respiratory Syncytial Virus (RSV) Disease in Infants. Available online: https://www.canada.ca/content/dam/phac-
aspc/documents/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-
prevention-respiratory-syncytial-virus-disease-infants/naci-statement-2024-05-17.pdf (accessed on 19 December 2025).

109. Getaneh, A.M.; Li, X.; Mao, Z.; Johannesen, C.K.; Barbieri, E.; van Summeren, J.; Wang, X.; Tong, S.; Baraldi, E.; Phijffer, E.;
et al. Cost-effectiveness of monoclonal antibody and maternal immunization against respiratory syncytial virus (RSV) in infants:
Evaluation for six European countries. Vaccine 2023, 41, 1623–1631. [CrossRef]

110. Shoukat, A.; Abdollahi, E.; Galvani, A.P.; Halperin, S.A.; Langley, J.M.; Moghadas, S.M. Cost-effectiveness analysis of nirsevimab
and maternal RSVpreF vaccine strategies for prevention of respiratory syncytial virus disease among infants in Canada: A
simulation study. Lancet Reg. Health Am. 2023, 28, 100629. [CrossRef]

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1136/bmjopen-2025-101592
https://www.cdc.gov/acip/downloads/slides-2025-06-25-26/04a-DeSilva-Mat-Peds-RSV-508.pdf
https://doi.org/10.1016/S1473-3099(25)00156-2
https://doi.org/10.1016/S2352-4642(25)00155-5
https://doi.org/10.1016/S1473-3099(25)00624-3
https://www.ncbi.nlm.nih.gov/pubmed/41325764
https://doi.org/10.1001/jama.2025.24082
https://www.ncbi.nlm.nih.gov/pubmed/41428474
https://doi.org/10.1001/jamapediatrics.2025.5778
https://www.ncbi.nlm.nih.gov/pubmed/41428480
https://doi.org/10.1128/jvi.00531-25
https://doi.org/10.3201/eid3008.240209
https://iris.who.int/server/api/core/bitstreams/4f8b7520-1d1c-471d-b584-8dd16cb79bed/content
https://iris.who.int/server/api/core/bitstreams/96ec533a-de56-4e1a-8e01-420afda0b683/content
https://www.has-sante.fr/jcms/p_3556743/fr/beyfortus-nirsevimab-virus-respiratoire-syncytial
https://doi.org/10.15585/mmwr.mm7338a2
https://doi.org/10.1093/infdis/jiab612
https://doi.org/10.1016/j.vaccine.2025.127309
https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-prevention-respiratory-syncytial-virus-disease-infants/naci-statement-2024-05-17.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-prevention-respiratory-syncytial-virus-disease-infants/naci-statement-2024-05-17.pdf
https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/vaccines-immunization/national-advisory-committee-immunization-statement-prevention-respiratory-syncytial-virus-disease-infants/naci-statement-2024-05-17.pdf
https://doi.org/10.1016/j.vaccine.2023.01.058
https://doi.org/10.1016/j.lana.2023.100629
https://doi.org/10.3390/vaccines14030232


Vaccines 2026, 14, 232 32 of 32

111. Álvarez Aldean, J.; Rivero Calle, I.; Rodríguez Fernández, R.; Aceituno Mata, S.; Bellmunt, A.; Prades, M.; Law, A.W.; López-
Ibáñez de Aldecoa, A.; Méndez, C.; García Somoza, M.L.; et al. Cost-effectiveness analysis of maternal immunization with
RSVpreF vaccine for the prevention of respiratory syncytial virus among infants in Spain. Infect. Dis. Ther. 2024, 13, 1315–1331.
[CrossRef] [PubMed]

112. Gebretekle, G.B.; Yeung, M.W.; Ximenes, R.; Cernat, A.; Simmons, A.E.; Killikelly, A.; Siu, W.; Rafferty, E.; Brousseau, N.; Tunis, M.;
et al. Cost-effectiveness of RSVpreF vaccine and nirsevimab for the prevention of respiratory syncytial virus disease in Canadian
infants. Vaccine 2024, 42, 126164. [CrossRef] [PubMed]

113. Hutton, D.W.; Prosser, L.A.; Rose, A.M.; Mercon, K.; Ortega-Sanchez, I.R.; Leidner, A.J.; McMorrow, M.L.; Fleming-Dutra, K.E.;
Prill, M.M.; Pike, J.; et al. Cost-effectiveness of maternal vaccination to prevent respiratory syncytial virus illness. Pediatrics 2024,
154, e2024066481. [CrossRef] [PubMed]

114. Ishiwada, N.; Akaishi, R.; Kobayashi, Y.; Togo, K.; Yonemoto, N.; Matsuo, M.; Kaneko, S.; Law, A.W.; Kamei, K. Cost-effectiveness
analysis of maternal respiratory syncytial virus vaccine in protecting infants from RSV infection in Japan. Infect. Dis. Ther. 2024,
13, 1665–1682. [CrossRef]

115. Rey-Ares, L.; Averin, A.; Zuccarino, N.; Vega, C.G.; Kutrieb, E.; Quinn, E.; Atwood, M.; Weycker, D.; Law, A.W. Cost-effectiveness
of bivalent respiratory syncytial virus prefusion F (RSVpreF) vaccine during pregnancy for prevention of respiratory syncytial
virus among infants in Argentina. Infect. Dis. Ther. 2024, 13, 2363–2376. [CrossRef]

116. Huerta, J.L.; Kendall, R.; Ivkovic, L.; Molina, C.; Law, A.W.; Mendes, D. Economic and clinical benefits of bivalent respiratory
syncytial virus prefusion F (RSVpreF) maternal vaccine for prevention of RSV in infants: A cost-effectiveness analysis for Mexico.
Vaccines 2025, 13, 77. [CrossRef]

117. Nazareno, A.L.; Wood, J.G.; Muscatello, D.J.; Homaira, N.; Hogan, A.B.; Newall, A.T. Estimating the cost-effectiveness of maternal
respiratory syncytial virus (RSV) vaccination in Australia: A dynamic and economic modelling analysis. Vaccine 2025, 46, 126651.
[CrossRef]

118. Jones, J.M.; Fleming-Dutra, K.E.; Prill, M.M.; Roper, L.E.; Brooks, O.; Sánchez, P.J.; Kotton, C.N.; Mahon, B.E.; Meyer, S.; Long,
S.S.; et al. Use of nirsevimab for the prevention of respiratory syncytial virus disease among infants and young children:
Recommendations of the Advisory Committee on Immunization Practices—United States, 2023. MMWR Morb. Mortal. Wkly. Rep.
2023, 72, 920–925. [CrossRef]

119. Zhu, Q.; McLellan, J.S.; Kallewaard, N.L.; Ulbrandt, N.D.; Palaszynski, S.; Zhang, J.; Moldt, B.; Khan, A.; Svabek, C.; McAuliffe,
J.M.; et al. A highly potent extended half-life antibody as a potential RSV vaccine surrogate for all infants. Sci. Transl. Med. 2017,
9, eaaj1928. [CrossRef]

120. Mac, S.; Sumner, A.; Duchesne-Belanger, S.; Stirling, R.; Tunis, M.; Sander, B. Cost-effectiveness of palivizumab for respiratory
syncytial virus: A systematic review. Pediatrics 2019, 143, e20184064. [CrossRef]

121. Drysdale, S.B.; Cathie, K.; Flamein, F.; Knuf, M.; Collins, A.M.; Hill, H.C.; Kaiser, F.; Cohen, R.; Pinquier, D.; Felter, C.T.; et al.
Nirsevimab for prevention of hospitalizations due to RSV in infants. N. Engl. J. Med. 2023, 389, 2425–2435. [CrossRef]

122. Wilkins, D.; Yuan, Y.; Chang, Y.; Aksyuk, A.A.; Núñez, B.S.; Wählby-Hamrén, U.; Zhang, T.; Abram, M.E.; Leach, A.; Villafana,
T.; et al. Durability of neutralizing RSV antibodies following nirsevimab administration and elicitation of the natural immune
response to RSV infection in infants. Nat. Med. 2023, 29, 1172–1179. [CrossRef]

123. Ezpeleta, G.; Navascués, A.; Viguria, N.; Herranz-Aguirre, M.; Juan Belloc, S.E.; Gimeno Ballester, J.; Muruzábal, J.C.; García-
Cenoz, M.; Trobajo-Sanmartín, C.; Echeverria, A.; et al. Effectiveness of nirsevimab immunoprophylaxis administered at birth to
prevent infant hospitalisation for respiratory syncytial virus infection: A population-based cohort study. Vaccines 2024, 12, 383.
[CrossRef]

124. Tang, A.; Chen, Z.; Cox, K.S.; Su, H.P.; Callahan, C.; Fridman, A.; Zhang, L.; Patel, S.B.; Cejas, P.J.; Swoyer, R.; et al. A potent
broadly neutralizing human RSV antibody targets conserved site IV of the fusion glycoprotein. Nat. Commun. 2019, 10, 4153.
[CrossRef]

125. Zar, H.J.; Simões, E.A.F.; Madhi, S.A.; Ramilo, O.; Senders, S.D.; Shepard, J.S.; Laoprasopwattana, K.; Piedrahita, J.; Novoa, J.M.;
Vargas, S.L.; et al. Clesrovimab for prevention of RSV disease in healthy infants. N. Engl. J. Med. 2025, 393, 1292–1303. [CrossRef]

126. Moulia, D.L.; Link-Gelles, R.; Chu, H.Y.; Jamieson, D.; Brooks, O.; Meyer, S.; Weintraub, E.S.; Shay, D.K.; Prill, M.M.; Thomas,
E.S.; et al. Use of clesrovimab for prevention of severe respiratory syncytial virus-associated lower respiratory tract infections in
infants: Recommendations of the Advisory Committee on Immunization Practices—United States, 2025. MMWR Morb. Mortal.
Wkly. Rep. 2025, 74, 508–514. [CrossRef]

127. Bundy, D.G.; Shore, A.D.; Morlock, L.L.; Miller, M.R. Pediatric vaccination errors: Application of the “5 rights” framework to a
national error reporting database. Vaccine 2009, 27, 3890–3896. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vaccines14030232

https://doi.org/10.1007/s40121-024-00975-6
https://www.ncbi.nlm.nih.gov/pubmed/38733493
https://doi.org/10.1016/j.vaccine.2024.126164
https://www.ncbi.nlm.nih.gov/pubmed/39079810
https://doi.org/10.1542/peds.2024-066481
https://www.ncbi.nlm.nih.gov/pubmed/39582303
https://doi.org/10.1007/s40121-024-01000-6
https://doi.org/10.1007/s40121-024-01055-5
https://doi.org/10.3390/vaccines13010077
https://doi.org/10.1016/j.vaccine.2024.126651
https://doi.org/10.15585/mmwr.mm7234a4
https://doi.org/10.1126/scitranslmed.aaj1928
https://doi.org/10.1542/peds.2018-4064
https://doi.org/10.1056/NEJMoa2309189
https://doi.org/10.1038/s41591-023-02316-5
https://doi.org/10.3390/vaccines12040383
https://doi.org/10.1038/s41467-019-12137-1
https://doi.org/10.1056/NEJMoa2502984
https://doi.org/10.15585/mmwr.mm7432a3
https://doi.org/10.1016/j.vaccine.2009.04.005
https://www.ncbi.nlm.nih.gov/pubmed/19442422
https://doi.org/10.3390/vaccines14030232

	Introduction 
	Epidemiology and Disease Burden 
	Disease Burden 
	Epidemic Outbreak 
	Shift and Expansion of Age Structure 

	Pathophysiology 
	Structure of Virus 
	Mechanism of Severe RSV Infection 
	Viral Tropism 

	Passive Immunity Against RSV 
	Surface Proteins of RSV and Antibody Targets 
	Licensed RSV Vaccines 

	Maternal RSV Pre-F Protein Vaccine 
	Immunoglobulin G Placental Transfer During Healthy Pregnancy 
	Robust Immune Responses Induced by RSVpreF 
	MATISSE Trial 
	Maternal RSV Vaccination Timing and Effectiveness 
	Postmarketing Safety Data Regarding RSVpreF Vaccination (Abrysvo®) 
	Preterm Birth 
	Hypertensive Disorders of Pregnancy 

	Real-World Effectiveness of RSVpreF Vaccination 
	Comparative Effectiveness and Methodological Considerations 
	Population-Level Impact 

	Future Outlook and Challenges 
	Concerns Regarding Pathogenic Strains and Variants 
	RSV Infection Control Measures for Infants and Young Children in Different Countries 
	Revaccination During Subsequent Pregnancies 
	Concurrent Administration with Other Vaccines 
	A Health Economic Perspective 

	RSV Monoclonal Antibodies 
	Conclusions 
	References

