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Abstract
Respiratory syncytial virus (RSV) is an enveloped, negative-sense, single-stranded RNA virus of the Orthopneumovirus genus 
of the Pneumoviridae family in the order Mononegavirales. RSV can cause acute upper and lower respiratory tract infections, 
sometimes with extrapulmonary complications. The disease burden of RSV infection is enormous, mainly affecting infants and 
older adults aged 75 years or above. Currently, treatment options for RSV are largely supportive. Prevention strategies remain a 
critical focus, with efforts centered on vaccine development and the use of prophylactic monoclonal antibodies. To date, three RSV 
vaccines have been approved for active immunization among individuals aged 60 years and above. For children who are not eligi-
ble for these vaccines, passive immunization is recommended. A newly approved prophylactic monoclonal antibody, Nirsevimab, 
which offers enhanced neutralizing activity and an extended half-life, provides exceptional protection for high-risk infants and 
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young children. This review provides a comprehensive and detailed exploration of RSV’s virology, immunology, pathogenesis, 
epidemiology, clinical manifestations, treatment options, and prevention strategies.
Keywords: Respiratory syncytial virus; Vaccine; Lower respiratory tract infections; Niservimab; Epidemiology

Introduction

Respiratory syncytial virus (RSV) represents a significant 
cause of respiratory infections. It is the principal viral 
pathogen responsible for acute lower respiratory tract 
infections (ALRTIs) in children under five.[1,2] The high 
viral transmission rates, coupled with its propensity for 
severe disease, have elevated RSV to a significant public 
health concern.[3] Due to the lack of effective antiviral drugs, 
current treatments for RSV primarily involve supportive 
care.[4] Developing safe and effective vaccines remains an 
unmet need, especially for high-risk populations such as 
infants, young children with immunosuppression, and the 
elderly.[5] This review provides a comprehensive overview 
of RSV, covering virology, immunology, pathogenesis, 
epidemiology, clinical manifestations, treatment options, 
and prevention strategies.

Virology

RSV is an enveloped, non-segmented, negative-sense 
RNA virus with a spherical or filamentous shape and a 
helical ribonucleoprotein (RNP)  core. The International 
Committee on Taxonomy of Viruses (ICTV)  classifies 
it as belonging to the  Orthopneumovirus  genus of the 
Pneumoviridae family in the order Mononegavirales.[6–8] 
RSV has one serotype and two antigenic subtypes, RSV A 
and RSV B. Its genome is approximately 15.2 kb. RSV has 
10 genes encoding 11 proteins, including three structural 
proteins fusion protein (F), attachment glycoprotein (G), 
small hydrophobic protein (SH), six nucleocapsid-as-
sociated proteins nucleoprotein (N), phosphoprotein 
(P), large polymerase protein (L), matrix protein (M), 
matrix protein 2-1 (M2-1), matrix protein 2-2 (M2-2), 
and non-structural proteins 1 (NS1) and 2 (NS2).[9–12] 
RSV’s most essential surface glycoproteins are the G and 
F proteins, which play crucial roles in virus attachment 
to host cells and cell fusion and are vital transmembrane 
proteins on the virus surface. Antibodies against either 
the G or F proteins can block infection [Figure 1]. They 
are critical in virion entrance and antibody production 
as primary targets for vaccine and monoclonal antibody 
development.[13–16]

Variations in the G gene are the most significant among 
the whole genome. It contains approximately 298 amino 
acids and primarily comprises the cytoplasmic tail, 
transmembrane, and extracellular domains. It exhibits 
the highest nucleotide and amino acid variations among 
different subtypes or genotypes of RSV and the most 
remarkable diversity in secondary and tertiary struc-
tures.[10,17] In particular, the second-highest variable region 
of the G gene in its (G-HVR2) extracellular domain, with 
its 3′ end nucleotide sequence, exhibits high genetic var-
iability and is widely used in the genetic variation and 
molecular evolution studies of RSV.[17–19] Currently, up to 
22 RSV A and 37 genotypes RSV B subtypes have been 

identified.[20–22] The ON1 genotype of subtype A, contain-
ing a 72-nucleotide repeat insertion sequence, and the BA9  
genotype of subtype B, containing a 60-nucleotide repeat 
insertion sequence, have become the prevalent dominant 
genotypes worldwide.[23–25]

Due to the significant variability of the G protein, it is 
challenging to induce the production of broad-spectrum 
neutralizing antibodies by the host. In contrast, the F 
gene exhibits high conservation both between and within 
A and B subtypes, with amino acid sequence identity 
exceeding 90%, demonstrating relative genetic and anti-
genic stability, making it the most suitable protein for 
vaccine and monoclonal antibody design.[26–29] F protein 
comprises approximately 574 amino acids. It exists in 
two conformations, pre-fusion and post-fusion, with a 
total of six antigenic sites, designated as I, II, III, IV, V, and 
Ø.[29,30] The antigenic sites V and Ø, present only in the 
pre-fusion conformation, generate antibodies that neu-
tralize RSV more effectively than those produced against 
antigenic sites common to pre-fusion and post-fusion con-
formations. Most variations in the F protein are located 
on the antigenic site Ø at the apex of the pre-fusion con-
formation trimer, which may be the determinant site for 
the specificity of the F protein.[31–34] Genetic monitoring 
studies of RSV have observed variations in the antigenic 
sites of the F protein in both A and B subtypes.[30,35–43] 
The mutation sites observed in the RSV A subtype are 
mostly low-frequency.[44,45] In contrast, the amino acid 
mutations in the RSV B subtype genome sequence mostly 
show high frequency, impacting the virus’s antigenicity 
and promoting immune evasion.[46,47]  An evaluation of 
the conservation of Nirsevimab binding sites showed that 
from 2015 to 2021, the amino acid mutation rate within 
the nirsevimab binding sites was 0 in RSV A and 12% in 
RSV B. The double mutations I206M and Q209R in the 
RSV B subtype were observed to be very prevalent.[39,42] 
In many countries, consistent sequence site mutations 
have also been observed in RSV F gene surveillance  
studies.[30,35–41] In addition to the I206M and Q209R dou-
ble mutations, common amino acid site mutations include 
R42K, I64T, L172Q, S173L, S190N, K191R, S211N, 
and S389P. In contrast, RSV A subtype sequences are  
relatively conserved, with lower frequency mutations such 
as I57V, K68N, T122A, L204S/I, S276N, L381I, P389S, 
and the double mutation A103T and T122A.[42,43,45,48,49] 
During the co-circulation of RSV and coronavirus disease 
2019 (COVID-19), there has been an increased frequency 
of mutations at the S190N, S211N, and S389P sites, 
followed by the R42K mutation.[50]  Although some 
mutation sites in important antigenic epitopes currently 
appear at low frequencies, they may gradually become 
prevalent or immune escape sites.[43] Related research 
shows that certain amino acid mutation sites in the F 
protein antigen epitopes can lead to reduced neutraliz-
ing activity of monoclonal antibodies.[42,44,51–54] For 
example, like I206M and Q209R, the S211N mutation 
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(RhoA), and cellular glycosaminoglycans (GAGs, such 
as heparan sulfate and chondroitin sulfate B).[3,59] RSV 
will adaptively select the primary receptor to infect 
different types of cells, mediated by the F protein.[60,61] 
During this process, the F protein trimer undergoes an 
irreversible conformational change, followed by the viral 
ribonucleoprotein complex (RNP) being released into the 
cytoplasm and carrying out replication and transcription 
without nuclear involvement. RSV sequentially tran-
scribes 10 genes according to nucleic acid-based gene start 
(GS) and gene end (GE) signals.[62] In vitro experiments 
revealed that RSV mRNAs and proteins could reach 
detectable levels 4 to 8 h post-infection (hpi), and prog-
eny virions begin to be produced at 10 hpi.[63] The dense 
structure in cytoplasm named “inclusion bodies” contain 
viral nucleic acids and their binding proteins.[64] Viral rep-
lication, transcription, and nucleocapsid assembly occur 
within these structures.[65] The inclusion bodies sequester 
specific host proteins to weaken the infection response 
[Figure  2].[66] The involvement of RhoA and actin pro-
motes the formation of filamentous structures.[67] Lipid 
raft regions modified by F, G, SH, and M serve as specific 
budding sites for RSV.[68] Besides this extracellular infec-
tion route, viral particles can also utilize the F protein on 
the cell surface and the host cell’s cytoskeletal structures 
to fuse with (syncytia conformation) or closely connect 
to neighboring cells, enabling cell-to-cell transmission and 
evading neutralizing antibodies.[69]

Host restriction factors against RSV replication

Host factors directly or indirectly intervene or block dif-
ferent stages of the RSV life cycle. Chemokine ligand 4 

retains sensitivity to nirsevimab. In contrast, the K68E 
mutation in RSV A and the K68Q and N201T muta-
tions in RSV B subtypes reduce sensitivity to nirsevimab 
neutralization.[42,44,51,54]  Palivizumab-resistant strains 
with single mutations of the F protein of K272E and 
S275F exhibited no inhibition of cell fusion with   
palivizumab.[53] However, the N276S mutation, which 
is prevalent in circulating RSV variants, does not exhibit 
resistance to palivizumab,[55–57] while L258E/K, N262D, 
and S275H/R mutations all escape with varying degrees 
from palivizumab.[57,58] Specific escape mutations at two 
amino acid positions, L172Q and S173L, in RSV B have 
been identified to confer resistance to the suptavumab 
monoclonal antibody, leading to the failure of Regeneron’s 
phase III clinical trial of suptavumab to meet its primary 
endpoint.[52] Therefore, continuous genetic surveillance 
and monitoring of the resistance to the monoclonal anti-
body and vaccines, especially for antigenic site mutations 
of F protein, are crucial.

Immunology and Pathogenesis

RSV entry and replication

The process of RSV entry can be divided into two major 
steps: (a) attachment and (b) fusion. The former primarily 
relies on the binding of the viral G and F glycoproteins to 
various cell surface receptors, including CX3C-chemokine 
receptor 1 (CX3CR1), intercellular adhesion molecule-1 
(ICAM-1), insulin-like growth factor-1 receptor (IGF1R), 
nucleolin, epidermal growth factor (EGFR), CD14–Toll-
like receptor 4 (TLR4), ras homolog family member A 

Figure 1: Structure and genome of RSV virus. (A) Structure of RSV virus. (B) Genome structure of RSV, the six major antigenic sites of the F protein, and the location of G-HVR2. RSV: 
Respiratory syncytial virus.
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(CXCL4), a member of the chemokine family primarily 
involved in hematopoiesis and inflammation, has been 
found to inhibit viral attachment by competitively binding 
to heparan sulfate proteoglycan (HSPGs). Its concentra-
tion in the airway can also serve as a marker for viral 
load and disease severity.[70] L13a, a ribosomal protein, 
is released upon RSV infection and mediates the forma-
tion of respiratory syncytial virus-activated inhibitor of 
translation (VAIT) complexes. It binds to the untranslated 
regions of RSV M gene mRNA to silence its translation.[71] 
The other factors belong to interferon-stimulated genes 
(ISGs), which were previously reported to have restrictive 
effects on various pathogens and also found to exhibit 
anti-RSV activities. Knockout of interferon-inducible 
transmembrane (IFITM)1 and IFITM3, both members 
of interferon-induced transmembrane protein family, 
significantly aggravated RSV infection in mice.[72,73] IFI44 
and IFI44L were upregulated after RSV infection and 
were thought to restrict RSV genome replication or 
transcription.[74,75] GBP5 could interact with SH protein 
and mediate its secretion into the extracellular space, 
disrupting viral components.[76] The restriction factors 
mentioned above are antagonistic in multiple steps of 
the infection process. However, the specific mechanisms 
of their interactions with RSV remain unclear, and their 
application prospects require further investigation.

Host immune responses and pathogenesis

Epithelial cells can recognize single-stranded RNA (ssRNA)  
or double-stranded RNA (dsRNA) intermediates of RSV 
through pattern recognition receptors (PRRs), including 
retinoic-acid-inducible gene I (RIG-I)-like receptors (RLRs) 
and toll-like receptors (TLRs) family members, inducing 
early innate immune responses.[77] RIG-I mediates early 
activation of nuclear factors κB (NF-κB) and interferon 
response factor 3 (IRF3), while TLR3 mainly affects the 
late stage of infection.[78] The nuclear translocation of 
transcription factors NF-κB and IRF3 leads to the expres-
sion of cytokines, chemokines, and antigen-presenting 
receptors, triggering the recruitment of innate and adap-
tive immune cells and their interaction with epithelial 
cells.[77]

During this infection, RSV induces epithelial cell slough-
ing, cilia loss, sporadic syncytial body formation, and 
excessive mucus secretion.[79] The destruction of such 
epithelial cells usually manifests as discontinuity, with 
individual or small groups of epithelial cells infected in 
the respiratory tract.[80] The gain-of-function experiments 
with recombinant RSV NS2-expressing parainfluenza 
virus 3 in human airway epithelial cells (AECs) have con-
firmed that RSV NS2 can directly induce the cell rounding 
phenotype.[81] The loss of cilia may be mainly associated 
with microtubule damage, as the virus replicated in the 
apical cell surface.[82] The presence of F protein in the cilia 
correlated with cellular changes and reduced cilia func-
tion.[83] These detached cellular debris move down into 
the narrow-diameter bronchiolar airway lumen, leading 
to the accumulation of debris and acute obstruction in the 
distal airways.[77]

Cystic fibrosis transmembrane conduction regulator 
(CFTR) is an apical membrane chloride channel that 
regulates epithelial fluid, chloride ions, and bicarbonate 
transport.[84] Down-regulation of CFTR in airway epi-
thelial cells in an RSV-infected mouse model has been 
observed. This leads to changes in bronchial secretions 
and impairs mucus clearance, which relates to airway 
inflammation.[84] The airway epithelial barrier functions 
as the front line of host defense against virus threats, and 
its integrity is essential for regulating innate immunity.[85] 
RSV-induced airway epithelial barrier disruption involves 
protein kinase D-dependent actin cytoskeletal remode-
ling, possibly dependent on cortactin activation.[86] The 
increased permeability of the airway epithelial barrier may 
significantly contribute to developing mucosal inflamma-
tion.[87] In addition, the interplay between the immune 
and nervous systems has been acknowledged in the past. 
Still, only several recent studies have started to unravel the 
cellular and molecular players of such interactions.[88] The 
post-viral wheezing phenotypes might be associated with 
the dysregulation of the nonadrenergic-noncholinergic 
(NANC) system via upregulation of neurotransmitters, 
typically Substance P.[89] This may offer future specific 
targets for treating RSV infection.

RSV is a poor inducer of interferon (IFN). It has been 
described that infants and neonatal mice cannot induce 
a robust type I IFN immune response. RSV NS1 and NS2 

Figure 2: The life cycle of the RSV. RSV can attach to cells by binding to receptors such 
as CX3CR1, IGF1R, EGFR, nucleolin, ICAM-1, TLR4-CD14, and cellular GAGs, followed by 
membrane fusion mediated by F-glycoproteins or by the macropinocytosis to complete 
entry. Viral replication, transcription, and translation occur in the cytoplasm, during which 
dense inclusion bodies are formed. A portion of the translated viral proteins are exported 
with the genome directly to the vicinity of the cell apical surface and are assembled with 
another portion that is transported to the endoplasmic reticulum and Golgi apparatus 
for further processing. Afterward, the virus can be released extracellularly by budding 
and infecting other cells or directly spreading to neighboring cells utilizing F proteins 
and cytoskeleton. CX3CR1: CX3C-chemokine receptor 1; EGFR: Epidermal growth factor; 
GAGs: Glycosaminoglycans; IGF1R: insulin-like growth factor-1 receptor; ICAM-1: Inter-
cellular adhesion molecule-1; RSV: Respiratory syncytial virus; TLR4: Toll-like receptor 4.
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inhibit the expression of type I IFN, which could promote 
upregulation of over 300  genes that contribute to an 
antiviral response in infected and neighboring uninfected 
cells.[90] In addition, the G protein from RSV inhibits 
TLR3/4-mediated activation of interferon-stimulated 
response elements (ISREs) and blocks IFN-β production 
in epithelial cells.[91] Type I IFNs are essential in modu-
lating the adaptive immune response since they activate 
cellular natural killer (NK) and cytotoxic T-cell responses. 
This leads to the up-regulation of the presentation of 
peptide-MHC class I complexes and the maturation 
of DCs. Blocking type I IFN production in AECs upon 
RSV infection can inhibit MHC class I expression.[92] 
Thus, RSV uses NS1 and NS2 proteins to avoid anti-viral 
response in AECs and the subsequent lysis by RSV-specific 
CD8 T cells via the inhibition of type I IFNs.[93] RSV F 
inhibits the production of interferon-λ (IFN-λ) by induc-
ing EGFR activation, leading to a continuous increase in 
viral infection.[94] This inhibition of interferon can skew 
the immune response away from antiviral activity and 
towards a Th2 response, subsequently decreasing the Th1 
pro-inflammatory response.[94]

Cytokines associated with a Th2-like response, such as 
IL-4 IL-6, IL-9, IL-10, and IL-13, are elevated in nasal 
washes and lungs of RSV-infected pediatric patients.[95] 
The innate lymphoid 2 cells (ILC2) are induced by innate 
cytokines (HMGB1, TSLP, IL-25, and IL-33) in RSV-in-
fected murine and human airway epithelial cells.[96] ILC2 
is thought even more effective in inducing type 2 cytokines 
than CD4+T cells.[97] TSLPR knockout mice did not 
mount an IL-13-producing ILC2 response to RSV infec-
tion compared with wild-type mice.[98] ILC2s myeloid 
cell-derived IL-33 was required for airway inflammation, 
hyperresponsiveness, IL-13 production, and local and 
peripheral eosinophilia.[99] HMGB1 expression was localized 
to bronchiolar low columnar/cuboidal cells found in the 
small airways. Treatment with an anti-HMGB1 antibody 
significantly reduced HMGB1 levels and IL-4, IL-5, and 
IL-13 concentrations, suppressed inflammatory cell infil-
tration, and decreased severity scores.[100] Current research 
indicates that Th2 immune responses are associated with 
severe RSV disease, as well as various lung lesions such 
as asthma and airway hyperresponsiveness. Th9 secreted 
IL-9 during RSV infection, which has been shown to stimu-
late mucus production in humans and mice.[101] Human 
IL-9 polymorphism is associated with increased severity 
of RSV disease.[102] The Th17 subgroup has been shown 
to induce airway hyperresponsiveness during asthma.[103] 
Increased IL-17 levels were found in tracheal aspirates 
rather than nasal washes of RSV-infected infants,[104] 
indicating that IL-17 effect may be more important in the 
lower respiratory tract.[105]

Inappropriate immune responses cause the development of 
pathologic reactions. The immune response to RSV infection 
is characterized by an exacerbated inflammatory response  
in the lung. The inflammatory response to RSV infection 
acts as a “double-edged sword”. It contains various antiviral 
properties, limiting viral replication and spread. However, it 
also has inappropriate or dysregulated responses that can 
be pathogenic, causing disease-enhancing inflammation 
that contributes to short- and long-term effects.

The airway epithelium is the source of over 20 pro-in-
flammatory cytokines, chemokines, and growth factors 
during RSV infection. Neutrophils are the most common 
cell type found in the lumen of the airways during RSV 
infection in infants; CXCL8 secreted from the airway epi-
thelium is the main chemokine associated with neutrophil 
trafficking.[106] The influx of neutrophils in the airways 
and their subsequent action are thought to play a substan-
tial role in the pathology of RSV disease.[107] Neutrophils 
increase the expression of neutrophil effector proteins, 
including releasing antimicrobial mediators that are cyto-
toxic to host cells[108] and disrupts the lung extracellular 
matrix.[109] The formation of neutrophil extracellular 
traps (NETs) by neutrophils can capture and inactivate 
viral particles but also damage healthy bystander cells.[110] 
Many of the NET components, including elastase and 
histones, are cytotoxic, leading to endothelial damage, 
exposure of the sub-endothelium, coagulation, and exac-
erbated inflammation.[111,112]

During the early phase, IL-6, IL-8, CCL2, CCL5, and 
macrophage inflammatory protein 1 (MIP-1)-1α derived 
from infected AECs and macrophages recruit mono-
cytes to the site of infection.[113] Recruiting functional 
monocytes to the lungs in response to stimuli is pivotal 
for protection and immune regulation.[114]  However, a 
modified cytokine expression following lung infection 
may shift monocyte differentiation toward an anti-in-
flammatory, M2-like phenotype, resulting in delayed 
viral clearance.[114] Expression of HLA-DR on the surface 
of monocytes isolated from RSV-infected infants was 
reduced and correlated with increased disease severity,  
underlining their importance in antigen presentation 
and the initiation of adaptive immunity [Figure  3].[115] 
Macrophage responses during RSV infections also follow 
a biphasic course. A recent study indicated RSV induces 
necroptosis, suggesting an enhancement of viral replica-
tion by M2-like macrophages, thus contributing to disease 
severity and lung pathology.[114,116]

Disease Burden and Epidemiology

Although RSV can infect populations of all ages, its disease  
burden is most substantial at the extremes of age. RSV-as-
sociated hospitalization and mortality rates both show a 
U-shaped age pattern, with infants and adults 75 years 
or above having the highest hospitalization and mortality 
rates [Figure 4].[117]

Children

RSV is the most common pathogen identified in infants 
and young children with acute lower respiratory infection 
(ALRI), accounting for about 30% of all respiratory tract 
pathogens. It has caused disproportionately high morbidity 
and mortality in low-income and middle-income countries 
(LMICs).[118,119] In 2019, it was estimated that there were 
33.0  million RSV-associated ALRI episodes, 3.6  million  
RSV-associated ALRI hospital admissions, 26,300 RSV- 
associated ALRI in-hospital deaths, and approximately 
101,000 overall deaths in children under five years glob-
ally.[119] The top five countries with the highest RSV-ALRI 
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Figure 3: Pathogenesis of RSV. RSV induces rounding and shedding of ciliated cells, and neutrophils release NETs in response to RSV infection. RSV infection of epithelial cells causes the 
release of TSLP, IL-33, HMGB1, and IL-25, activating ILC2 to produce the type 2 cytokines. Type 2 cytokines have many immunologic and physiologic effects, including promoting airway 
responsiveness and mucous cell metaplasia. TSLP can induce the dendritic cells to migrate to the lymph nodes, interacting with naïve CD4+ T cells, resulting in the Th2 polarization of 
CD4+ T cells. RSV can lead to apical junctional complex disruption, allowing the pathogens to invade and activate dendritic cells. Low IFN-I can suppress the DC response, leading to a 
Th2/Th17 response and a low Th1 response. Impaired Tfh activation may lead to poor B cell memory and inhibition of antibody production. Alveolar macrophages express IL-1β and TNF-α 
to activate inflammatory responses. All these events lead to poorly protective and dysregulated immune responses in infants. Chemokines facilitate the recruitment of immune cells from 
the periphery to the lung (e.g., eosinophils, monocytes, neutrophils, and NK cells), where they implement pathogenic mechanisms. CCL: Chemokine (C-C motif) ligand; CXCL:  C-X-C motif 
chemokine ligand; DC: Dendritic cell; HMGB1: High mobility group box 1 protein; IFN: Interferon; IgE: Immunoglobulin E; IL: Interleukin; ILC2: Innate lymphoid 2 cells; NK: Natural killer; 
RSV: Respiratory syncytial virus; Tfh: Follicular helper T cell; Th: T helper cell; TSLP: Thymic stromal lymphopoietin; TSLPR: Thymic stromal lymphopoietin receptor.

Figure 4: Reported rates estimates of RSV-associated hospitalization (A) and RSV-associated mortality (B) by age group across modeling studies.[106] The box top represents the upper 
IQR, the middle represents the median IQR, and the bottom represents the lower IQR. The top end of the whisker represents the highest value, excluding outliers (defined as any points 
with a longer distance than 1.5 times IQR from the box). The bottom end of the whisker represents the lowest value, excluding outliers. Dots represent outliers. ARI: Acute respiratory 
infection; IQR: Interquartile range; RSV: respiratory syncytial virus.
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episodes (India, China, Nigeria, Pakistan, and Indonesia) 
accounted for nearly half the global RSV-ALRI burden.[120] 
Children with pre-existing medical conditions are gener-
ally at a higher risk for severe RSV diseases. A global-level 
analysis found that preterm-born infants (about 10% of 
live births) accounted for 25% (95% confidence interval 
(CI): 16–37%) of RSV-associated ALRI hospitalizations 
in all infants. Specifically, early preterm infants (i.e. <32 
weeks of gestation) had higher rates of RSV-associated 
ALRI incidence and hospitalization than the general infant 
population (rate ratio [RR] ranging from 1.69 to 3.87); 
more importantly, the higher risk of hospitalization 
persisted into the second year of life.[121] In addition to 
prematurity, several systematic reviews and meta-analyses 
revealed that the risk of hospitalization associated with 
RSV was higher among children with bronchopulmonary 
dysplasia (OR: 2.6, 95% CI: 1.7–4.2),[122] Down syn-
drome (OR: 6.8, 95% CI: 5.5–8.4),[123] and congenital 
heart disease (OR: 2.8, 95% CI: 1.9–4.1)[124] compared 
to those without these conditions.

While the RSV-positive proportion in hospitalized acute 
respiratory infection (ARI) cases was relatively high in 
young children (23–29%), it declined rapidly beyond five 
years of age; in children and adolescents aged 5–19 years, 
it was estimated to be 3.9–4.5%.[119,125] A modeling study 
estimated that the annual global number of RSV-asso-
ciated ALRI hospital admissions was 231,800 (95%CI: 
142,700–373,200) among 5–19 years.[125]

Evidence regarding the RSV disease burden in China is 
limited, partly due to the need for robust RSV surveillance 
and the challenges in ascertaining the catchment popula-
tion of healthcare facilities. A modeling analysis estimated 
that the annual incidence of RSV-associated ALRI in 
children under five years in China was 40 (95% CI:  
30–55) per 1000 children, which was higher than that in 
high-income countries (24 per 1000 children; 95% CI: 
14–43 per 1000 children).[119] In another modeling anal-
ysis, it was estimated that the annual RSV hospitalization 
rate in China was 7 to 11 per 1000 for children under five 
years.[126]

Adults

RSV disease burden in adults started to be appreciated 
just recently due to several challenges in estimating RSV 
disease burden in general. First, following an RSV infec-
tion, the development of symptoms and signs is less rapid 
in adults than in children, and it can take up to a week 
for an adult with RSV to seek medical care (compared to 
2–4 days among children).[127,128] This leads to a potential 
underestimation of the RSV disease burden if RSV viral 
loads decline substantially when seeking healthcare.  
Second, adults are less likely to be ordered to do RSV test-
ing in clinical settings than children. Third, even though 
RSV testing is ordered, using certain approaches of RSV 
testing regarding clinical specimens and diagnostic tests is 
associated with lower sensitivity in detecting RSV cases in 
adults, leading to case under-ascertainment.[129]

RSV disease burden in older adults is substantial. Globally,  
an estimated 336,000 (95% CI: 186,000–614,000) 

RSV-ARI hospitalizations for older adults aged 65 years or 
above occurred in 2019. However, this was likely underes-
timated as it did not account for the under-ascertainment 
related to RSV testing.[130] A recently published modeling 
analysis in high-income countries, adjusted for under- 
ascertainment, revealed that the RSV-associated ARI 
hospitalization rate was 347 per 100,000 after adjusting 
for adults 65 years or older, approximately 2.2 times the 
unadjusted rate. In addition to the hospitalization burden, 
the mortality burden of RSV among older adults is also 
substantial, with 6.1% (95% CI: 3.3–11.0%) of RSV hos-
pitalized cases dying in hospital.[131] No global or regional 
reports were available that estimated the burden of RSV 
disease in younger adults.

Similar to children, adults with pre-existing conditions are at 
higher risk for severe RSV diseases.[132] A population-based 
prospective study in the US compared the hospitalization 
rates between adults with specific comorbidities and 
those without, showing that chronic obstructive pulmo-
nary disease (COPD), asthma, diabetes, coronary artery 
disease, and congestive heart failure were individually 
associated with higher risks for RSV hospitalization; the 
corresponding incidence rate ratio (IRR) ranged 3–13 in 
18–49 years to ≥65 years, 4–7 in 50–64 years to 18–49 
years, and 4–33 in ≥80 years to 20–39 years. Notably, the 
RSV hospitalization rate in younger age groups (<50 years) 
with comorbidities was even higher than that in the older 
age groups (≥65 years) without comorbidities.[133] When 
writing the review, no reports were available to estimate 
the RSV disease burden in adults in China.

Seasonality

RSV seasonality is essential for healthcare services plan-
ning and recommending immunization strategies. RSV 
generally has a clear seasonality of circulation in most 
parts of the world, with more than three-quarters of the 
annual cases occurring within five months of a year. RSV 
seasonality is distinct from that of other common res-
piratory viruses, such as influenza, and the timing of RSV 
circulation does not fully overlap with that of other res-
piratory viruses.[134] In temperate regions, RSV typically 
circulates from late autumn to early spring, with a latitu-
dinal gradient in the timing of circulation; in subtropical 
and tropical areas, RSV usually has a longer circulation 
duration, with the peak occurring during the rainy sea-
sons [Figure  5].[134,135] RSV seasonality patterns have 
been demonstrated to be associated with geographical 
location (e.g., latitude and longitude)[134,136] and meteor-
ological factors (e.g., temperature, relative humidity, and 
rainfall).[136,137] RSV seasonality was also reported to vary 
locally by subgroup predominance (subgroup A vs. B),[138] 
although global analyses did not yield consistent findings 
on the association between subgroup predominance and 
RSV seasonality.[139,140]

In China, RSV circulation usually occurs from November 
to March next year in most provinces; provinces that 
are on or near the Tropic of Cancer (e.g., Fujian, Guang-
dong, Yunnan, and Hunan) have more extensive RSV 
circulating duration and less clear RSV seasonality.[141] 
In provinces with clear RSV seasonality (duration of 
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RSV season ≤5  months), minor year-on-year variations 
and within-province variations in the season onset 
are observed, whereas in provinces without clear RSV 

seasonality, RSV activity varies substantially from year to 
year and within a province.[141] In provinces with clear 
RSV seasonality, the onset of the RSV season precedes that 
of the influenza season by 1–2 months.[141]

Impact of the COVID-19 pandemic on RSV epidemiology

During the COVID-19 pandemic, non-pharmacologic 
interventions (NPIs) implemented to mitigate SARS-
CoV-2 transmission also reduced the transmission of 
other respiratory viruses, including RSV. This resulted 
in changes in RSV epidemiology in terms of seasonality, 
disease burden, and distribution of RSV cases by age. Due 
to the implementation of NPIs, most countries did not 
observe RSV circulation during the usual RSV season. 
After the relaxation of NPIs, unprecedented out-of-sea-
son resurgence and year-round circulation of RSV was 
observed in some countries.[142,143] A recent global-level 
analysis revealed that patterns of RSV activity have generally 
returned to normal following successive waves in the 
post-pandemic era.[144]

In 2020, the annual rate of RSV-associated ALRI hospi-
talization in children under five decreased by 14–80% in 
different country income strata compared to 2019.[145] 
However, after the relaxation of NPIs, the hospitalization 
rate increased at varied levels according to the country’s 
income strata. In high-income countries, the annualized 
RSV-associated ALRI hospitalization rate returned to a 
level similar to the pre-pandemic period. In contrast, in 
middle-income countries, the hospitalization rate remained 
lower than that of the pre-pandemic period, suggesting 
a persistent negative impact of the pandemic on health-
care systems and healthcare access in the middle-income 
region.[145] Notably, some countries such as Denmark 
and the US reported even more RSV cases and hospital 
admissions during the out-of-season RSV epidemics than 
during the typical winter peaks, which could not be solely 
explained by changes in RSV testing activity.[146,147]

During the COVID-19 pandemic, there were also changes 
in the distribution by age among RSV hospitalized cases in 
young children. While infants continued to have the highest 
RSV hospitalization rate, a significantly increased proportion 
of children beyond one year were hospitalized compared to 
the pre-pandemic period.[145,148,149] The changes in the age 
distribution could be explained by the “immunity debt”.[150] 
Further monitoring of RSV epidemiology is essential to 
examine whether it will return to the pre-pandemic pattern 
as RSV immunization products targeting young children are 
implemented in many countries.

Complications

RSV has a wide range of pathological impacts that extend 
beyond the respiratory system, potentially affecting 
multiple organs and leading to various complications. 
In terms of respiratory complications, potential issues 
include respiratory failure, acute respiratory distress syn-
drome (ARDS), pulmonary consolidation, and atelectasis. 
Additionally, RSV can impact the cardiovascular system, 
causing myocardial damage and heart failure, among 
other severe conditions. Some cases may also present with 

Figure 5: Heat maps of global monthly respiratory syncytial virus activity arranged by 
latitude.[123] “+” indicates primary season onset. AAP: Annual average percentage, as a 

measurement of the strength of virus activity by the formula:                                                                , 

where i denotes the month and n denotes the number of cases.
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rashes, conjunctivitis, and immunocompromising. The 
occurrence of these complications further underscores 
the complexity and severity of RSV infections. Reports 
indicate that the primary complications of RSV in adults, 
the elderly, and individuals with compromised immune 
systems include pneumonia, respiratory failure, exacerba-
tions of chronic obstructive pulmonary disease (COPD), 
exacerbations of congestive heart failure, exacerbations 
of asthma, and hypoxemia.[151] We conducted a review of 
the relevant literature, identifying the following compli-
cations with high incidence rates as shown in the Table 1.

RSV and the respiratory system

Within the respiratory system, an increase in intrathoracic 
negative pressure combined with hypoxia/hypercapnia 
may be a common factor leading to various clinical 
manifestations such as respiratory failure, pulmonary 
edema, and pneumothorax. Changes in intrathoracic 
pressure induced by hypoxia and damage to the capil-
lary endothelium can lead to pulmonary edema.[159] The 
primary mechanisms for pneumothorax may include 
(1) destructive parenchymal lung disease and (2) alveolar 
rupture secondary to obstruction of the proximal airways. 
In RSV bronchiolitis, inflammatory responses followed 
by bronchial mucosal edema, secretion accumulation, 
inflammatory cell infiltration, and epithelial cell necrosis 
may cause partial bronchial airway obstruction, where 
intrathoracic negative pressure can lead to bronchial rup-
ture and pneumothorax.[202] Additionally, the severity of 

pulmonary dysfunction is associated with severe hypona-
tremia, which is related to elevated levels of antidiuretic 
hormone.[159] Numerous clinical and cohort studies have 
demonstrated that severe RSV infections in infancy are 
associated with an increased risk of recurrent wheezing in 
childhood. The relationship between RSV and childhood 
wheezing is complex, and the specific causal mechanisms 
remain unclear.[96,203–204]

RSV and the cardiovascular system

The mechanisms of cardiovascular complications following 
RSV infection include: (1) Genetic factors predispose the 
host to an excessive immune response, leading to extrapul-
monary tissue damage. (2) Severe pulmonary parenchymal 
pathology causes hypoxia or pulmonary arterial hyper-
tension, which leads to right ventricular decompensation. 
Sufficient data indicate that cardiovascular involvement is 
significant during severe episodes of RSV bronchiolitis.

RSV and the digestive system

The mechanisms by which RSV infection causes liver 
injury remain unclear. Liver damage induced by infectious 
diseases is primarily a result of direct assault by toxins 
from pathogens such as viruses and bacteria or indirectly 
through inflammatory mediators such as tumor necrosis 
factor and interleukins, which impair liver function by 
affecting the uptake and excretion of bile in the capillaries.

RSV and the central nervous system

RSV has been demonstrated to release several neurotoxic 
mediators, both directly and indirectly, and to induce 
encephalopathy associated with respiratory diseases.[205] 
RSV can spread from the lungs to the central nervous 
system (CNS) via the hematogenous route, altering local 
homeostasis. For instance, elevated levels of IL-6, IL-8, 
CCL2, CCL4, and brain-derived neurotrophic factor 
(BDNF) have been found in infected children’s cerebro-
spinal fluid (CSF).

Others

The pathogenesis of RSV complications varies across 
different systems. For example, platelet increase may be 
associated with releasing a series of inflammatory factors 
and mediators, such as platelet-derived growth factor, fol-
lowing airway inflammation caused by RSV infection.[175] 
RSV-associated otitis media is more common in infants 
than in older children,[194] likely due to the ease with 
which local infections in the nasopharynx can spread to 
adjacent organs. RSV causes nasopharynx and Eustachian 
tube inflammation, triggering host immune and inflam-
matory responses.[191]

Treatment for RSV Infection

Currently, no specific antiviral drugs are available for 
RSV infection. The treatment is mainly symptomatic 
and supportive, including hydration, supplemental 
oxygen, suctioning of airways, and adequate liquid and 

Table 1: Respiratory syncytial virus infection-associated complica-
tions.

System category Complications

Respiratory system Respiratory failure[152–162]

Acute respiratory distress  
syndrome [153,163–165]

Lung consolidation[156,166]

Pulmonary atelectasis[156,166–168]

Cardiovascular 
system

Sinus bradycardia [169,170]

Increased myocardial enzyme  
spectrum[152,169,171–174]

Atrial premature beats[169,174]

Heart failure[5,16,23,27,30–32]

Digestive system Vomiting[172]

Diarrhea[167,172]

Liver damage[153,175–178]

Elevated liver enzymes (ALT, AST)[172,178]

Nervous system Toxic encephalopathy[153,165,167,179–184]

Febrile convulsion[157,182,185,186]

Others Secondary thrombocytosis[166,172,175,187]

Otitis media[158,172,188–200]

Conjunctivitis[158,189,201]

Immunocompromised[153,163]

Hyponatremia[160,161,175,179–181]

Low pH[172]

ALT: Alanine aminotransferase; ARDS: Acute respiratory distress syndrome;  
AST: Aspartate aminotransferase.
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nutrition.[205,206] However, antiviral therapy with 
ribavirin is beneficial for RSV-infected patients with 
immunodeficiency. Some new and promising anti-RSV 
drugs are undergoing clinical trials. Approved and in  
clinical development anti-RSV drugs are listed in Table 2.

Current antiviral therapy for RSV infection

Ribavirin

Ribavirin is a nucleotide analog with broad-spectrum anti-
viral activity against various viruses.[207,208]  Aerosolized 
ribavirin is the only licensed antiviral therapy available for 
RSV disease, by FDA in 1985.[209] However, its clinical use 
is limited by its uncertain efficacy, potential side effects, 
and high cost. Ribavirin is currently limited to life-threaten-
ing RSV infections in immunocompromised patients.

Ribavirin does not yield significant clinical benefits in 
immunopotent children with RSV infection. A meta-anal-
ysis reviewed several randomized controlled trials and 
concluded that there is insufficient evidence to support 
a substantial benefit of ribavirin in reducing mortality or 
the need for mechanical ventilation in children with RSV 
bronchiolitis.[210] Another systematic review found that 
while ribavirin may have some benefits in reducing RSV 
viral load, its overall impact on clinical outcomes, such as 
duration of mechanical ventilation and length of hospital 
stay, remains uncertain.[211]

However, ribavirin shows reasonable efficacy against 
RSV for patients in immunosuppression conditions (such 
as hematopoietic cell transplant recipients). In a multi-
center prospective trial, RSV-infected hematopoietic cell 
transplant recipients were randomized to receive either 
ribavirin aerosol (2 g at 60 mg/mL) three times daily or 
supportive care only for 10 d. After 10 d of treatment, 
the average viral load in ribavirin recipients decreased 
by 0.75 log10 copies/mL, whereas untreated patients 

experienced a viral load increase of 1.26 log10 copies/mL.  
A meta-analysis and systemic review demonstrated that 
ribavirin could significantly reduce the mortality of 
RSV-LRTIs in hematological patients.[212] Thus, ribavirin 
may be an alternative option for treating RSV-LRTIs in 
hematological patients.[213]

Interferons

Interferons (IFNs) produce broad-spectrum antiviral 
effects by upregulating interferon-stimulated genes 
(ISGs).[214] Some studies have investigated the therapeu-
tic value of IFNs against RSV infection. A multicenter, 
randomized, prospective study evaluated the therapeutic 
effects and safety of IFNα1b nebulization in infants with 
bronchiolitis, primarily caused by RSV, and found that 
IFNα1b nebulization effectively alleviated coughing and 
wheezing symptoms and shortened their duration. The 
study reported significant improvements in coughing 
severity between days one and three and in wheezing 
severity between days three and five for the nebulization 
groups compared to the control group. No severe com-
plications were observed during the treatment period, 
indicating the safety of IFNα1b nebulization.[215] A retro-
spective study evaluated the efficacy and safety of IFNα1b 
in treating neonates with RSV LRTIs. The results showed 
that the treatment group experienced significantly shorter 
remission times for significant symptoms such as cough, 
tachypnea, choking on milk, prebilabial cyanosis, moist 
rales, and reduced oxygen inhalation time. There were 
minimal adverse effects, with only two cases of mild fever 
following IFNα1b administration.[216]

Palivizumab

Palivizumab is the first FDA-approved humanized monoclo-
nal antibody targeting a conserved epitope in the antigenic 
site II of the RSV F protein.[217] While it could protect in 
the prophylactic context, several studies have investigated 

Table 2: Approved and in clinical-development anti-RSV drugs.

Compounds Target Mode of action Clinical trial phase References

Entry
Palivizumab Site II of F protein Neutralizing the virus Approved by FDA in 

1998

[217–219]

Nirsevimab Site Ø of F protein Blocking the conformational change of F protein 
necessary for viral entry into host cells

Approved by FDA in 
2023

[40, 220]

Ziresovir (RO-0529, 
AK0529)

F protein Targeting the RSV F protein by binding to its 
HRC region

NDA in China in 
2022

[221–223]

Sisunatovir (RV521) F protein Targeting a central region created by the trimeric 
structure of the F protein

Phase 2a [224, 225]

Post-entry
Ribavirin RdRp Incorporating into the viral RNA chain and caus-

ing premature termination of RNA synthesis
Approved by FDA in 

1985

[207, 208, 

210–215]

PC786 L protein Inhibiting the RSV polymerase function Phase 1b/2a [226–228]

EDP-323 L protein Inhibiting the RSV L protein by binding to the 
capping domain of the L protein

Phase 2a [229,230]

EDP-938 N protein Inhibiting RSV primary transcription and pro-
cesses before the onset of primary transcription

Phase 2b [233–235]

FDA: Food and drug administration; HRC: Heptad repeat C; NDA: New Drug Application; RdRp: RNA-dependent RNA polymerase; RSV: 
Respiratory syncytial virus.
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its potential role in treating RSV infection. However, these 
studies yielded disappointing results.[218,219]

Nirsevimab

Nirsevimab, a highly potent monoclonal antibody, was 
developed by MedImmune/AstraZeneca (Gaithersburg, 
USA) as a potential RSV vaccine surrogate. It targets a 
highly conserved epitope on the pre-fusion form of the 
RSV F protein of both subtypes A and B.[42] The binding 
involves extensive interactions with the F1 and F2 subu-
nits, blocking the conformational change necessary for 
viral entry into host cells.

FDA approved Beyfortus (Nirsevimab-clip, Sanofi/Astra-
Zeneca) in July 2023 for preventing lower respiratory 
tract disease caused by RSV in neonates and infants 
who are either born during or entering their first RSV 
season. Additionally, this approval extends to children 
up to 24 months old who are still at risk for severe RSV 
disease during their second RSV season.[220] Given its 
cheering prophylactic effects against RSV, further studies 
are warranted to explore its potential role in treating RSV 
infection.

New anti-RSV drug candidates in clinical development

Fusion inhibitor

Ziresovir

Ziresovir (RO-0529, AK0529, Shanghai Ark Biopharma-
ceutical, China), an RSV F protein inhibitor, targets the 
RSV F protein to prevent the fusion of viruses and cell 
membranes by binding to the heptad repeat C (HRC) 
region. Ziresovir showed high potency with EC50 of 
0.02–0.04 µmol/L in the CPE assay against both labora-
tory strains of RSV (Long, A2, and B18537) and clinical 
RSV strains.[233]

In a randomized, double-blind, placebo-controlled, two-
part phase 2 proof-of-concept trial (VICTOR Study, 
ClinicalTrials.gov Identifier: NCT02654171),[234] 72 hos-
pitalized infants aged 1–24  months with RSV infection 
were randomly assigned to receive either single or mul-
tiple doses of AK0529 or placebo. In Part 1, 24 patients 
received a single dose of up to 4  mg/kg of AK0529 or 
placebo. The results indicated that the reductions in viral 
load at 24 h post-dose were less than 1 log10 PFUe/mL 
compared to placebo. In Part 2, 48 patients received up to 
2 mg/kg of AK0529 twice daily or placebo for 5 d. The 
results for viral load demonstrated a 1.25 log10 PFUe/
mL and 1.73 log10 PFUe/mL more significant reduction 
at 72 h and 96 h post-dose, respectively, for the 2 mg/kg 
twice daily dose compared to placebo. The latest phase 3 
trial of Ziresovir (AIRFLO Study, ClinicalTrials.gov Iden-
tifier: NCT04231968) in China has been completed, but 
its results have yet to be officially announced. In December 
2022, China’s National Medical Products Administration 
(NMPA) accepted and granted Priority Review to the New 
Drug Application (NDA) for the clinical use of Ziresovir 
in treating RSV infection.[223]

Sisunatovir (RV521)

RV521 (Pfizer, NY, USA) targets a central region created 
by the trimeric structure of the F protein. Fundamen-
tal interactions include π-bonding with phenylalanine 
residues (Phe140 and Phe488) from two different mon-
omers and a hydrogen bond with the backbone carbonyl 
of threonine 397 from the third monomer. In vitro, 
RV521 showed a mean IC50 of 1.2 nmol/L against a range 
of RSV A and B laboratory strains and clinical isolates.[224] 
In a randomized, double-blind, placebo-controlled phase 
2a trial (ClinicalTrials.gov Identifier: NCT03258502),[225] 
and 66 healthy adults were inoculated with RSV-A Mem-
phis-37b and randomly assigned to receive either 200 mg 
or 350  mg of RV521 or a placebo twice daily for five 
days. The viral load results demonstrated a 63.05% and 
55.25% reduction for the 350  mg and 200  mg doses, 
respectively. In addition, RV521  significantly reduced 
total symptom scores and nasal mucus weight compared 
to placebo. No treatment-related serious adverse events 
were reported. Pharmacokinetic assessments revealed 
that RV521 plasma concentrations achieved the target 
trough levels necessary for efficacy. However, a multi-
center, 3-part, phase 2  study in infants hospitalized due 
to RSV LRTIs (REVIRAL 1, ClinicalTrials.gov Identifier: 
NCT04225897) was terminated due to strategic considera-
tion. Another phase 2 study (ClinicalTrials.gov Identifier: 
NCT04267822) in the treatment of adult subjects who 
have undergone hematopoietic cell transplantation with 
RSV-related URTIs has been withdrawn for unknown 
reasons.

Replication inhibitor

PC786

PC786 (Pulmocide Ltd, Boston, USA) a potent non-nu-
cleoside inhibitor of the RSV L protein,[226] PC786 
inhibits RSV RNA-dependent RNA polymerase (RdRp) 
activity and exhibits potent antiviral activity against 
both RSV-A and RSV-B, with IC50 values ranging from 
0.09 to 0.71 nmol/L for RSV-A and 1.3 to 50.6 nmol/L 
for RSV-B. PC786 primarily inhibits the replication and 
transcription activities of the RSV polymerase. It showed 
high potency for late therapeutic intervention in a human 
airway epithelium model.[227] The administration of 
PC786 (700 nmol/L), initiated on day three post-inocu-
lation, reduced the viral load to below detectable limits 
by day six. In a randomized, double-blind, placebo-con-
trolled phase 1b/2a trial (ClinicalTrials.gov Identifier: 
NCT03382431),[228] nebulized PC786 was found to be 
safe and effective in reducing RSV viral load by 32–34% 
and alleviating symptoms compared to the placebo group.

EDP-323

EDP-323 (Enanta Pharmaceuticals, Inc, MA, USA) is 
a small molecule that inhibits the RSV L protein by 
binding to the capping domain of the L protein.[229] EDP-
323  demonstrated potent antiviral activity with EC50 
values ranging from 0.11 to 0.44 nmol/L across different 
RSV strains and cell lines. A randomized, double-blind, 
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placebo-controlled phase 1  study has been completed 
(ClinicalTrials.gov Identifier: NCT05587478).[230] The 
results indicated that EDP-323 was well-tolerated at doses 
up to 800 mg once daily for seven days. Pharmacokinetic 
analysis showed that EDP-323 was rapidly absorbed and 
supported once-daily dosing. Enanta Pharmaceuticals is 
currently recruiting for a randomized, phase 2a (Clini-
calTrials.gov Identifier: NCT06170242), double-blind, 
placebo-controlled study to evaluate the safety, phar-
macokinetics, and antiviral activity of multiple doses of 
orally administered EDP-323 against respiratory syncytial 
virus infection.

EDP-938

EDP-938 (Enanta Pharmaceuticals) was identified through 
a series of chemical optimizations based on 1,4-benzo-
diazepine inhibitors of RSV.[233] EDP-938 was effective 
against multiple RSV-A and RSV-B strains, with EC50 
values ranging from 28–72 nmol/L for CPE inhibition and 
54–110  nmol/L for viral load reduction in various cell 
lines, including HEp-2, A549, Vero, and BHK cells.[233] A 
phase 2a, randomized, double-blind, placebo-controlled 
trial (ClinicalTrials.gov Identifier: NCT03691623)[234] 
evaluated the efficacy and safety of EDP-938. In part 1, 
115 participants received 600 mg once daily, 300 mg twice 
daily after a 500 mg loading dose, or placebo. In part 2, 
63 participants received 300 mg once daily after a 600 mg 
loading dose, 200 mg twice daily after a 400 mg loading 
dose, or placebo. Both parts showed significant reduc-
tions in RSV viral load (72.5–80.2%) and total symptom 
score (62.0–79.3%) with EDP-938 compared to placebo. 
In another phase 2a trial (ClinicalTrials.gov Identifier: 
NCT04196101),[235] participants receiving 800 mg once 
daily for 5 d demonstrated a significant reduction in RSV 
viral load and symptoms. The mean viral load AUC was 
37.00 d × log10 copies/mL for the EDP-938 group com-
pared to 46.96 for placebo. Symptom severity was also 
lower, with a higher percentage of participants achieving 
undetectable viral loads by Day 5 (16.7% for EDP-938 
vs. 6.3% for placebo). Currently, a phase 2 trial (Clini-
calTrials.gov Identifier: NCT04816721) and a phase 2b 
trial (ClinicalTrials.gov Identifier: NCT05568706) are 
recruiting.

Prevention

The preventative strategy for RSV encompasses a mul-
tifaceted approach that incorporates NPIs as the most 
readily accessible modalities,[231] alongside potential phar-
macological prevention candidates such as monoclonal 
antibodies (mAbs) and vaccines.

Research progress and immunization strategy for RSV 
prevention candidates

RSV vaccine development began in the 1960s with an 
unsuccessful formalin-inactivated RSV (FI-RSV) vaccine 
that induced a severe and, in two cases, lethal-lung 
inflammatory response during the first natural RSV infec-
tion after vaccination of RSV-naive infants. This adverse 
reaction to natural RSV infection has been designated as 

vaccine-associated enhanced respiratory disease (ERD). 
The concerns over the FI-RSV vaccine hindered the devel-
opment of alternative RSV vaccines for many years.[232] 
However, recently, a more profound comprehension of 
RSV biology and concomitant technological advance-
ments have propelled the inclusion of numerous vaccine 
candidates in clinical development, particularly RSV 
vaccines tailored for older adults and maternal populations, 
along with RSV mAbs intended for infants and young 
children.

RSV vaccines

The primary target populations for RSV vaccination 
comprise children, maternal populations, and elderly 
individuals. Currently, three vaccines for older adults 
(RSV prefusion F3, RSVPreF, and mRNA-1345) and one 
for maternal populations (RSVPreF) have been author-
ized for use in select regions. Furthermore, as of May 31, 
2024, over 36 RSV prevention candidates are undergoing 
clinical development, many of which are grounded in 
cutting-edge technologies, including intranasal adminis-
tration and combined vaccine formulations [Table 3].

RSVPre-F3 (GSK, London, UK), a vaccine designed for 
intramuscular administration, is intended for active 
immunization in individuals aged 60 and above. It is 
aimed at preventing RSV-associated lower respiratory 
tract disease (RSV-LRTD).[236,237]  An ongoing Phase 3 
clinical study conducted in 17 countries showed that, 
compared with a placebo, RSVPre-F3  significantly 
reduced the risk of developing RSV-LRTD in participants 
60 years of age and older.[238] On May 3, 2023, RSVPre-F3 
obtained FDA authorization for RSV-LRTD prevention 
in adults over 60, marking it as the first registered RSV 
vaccine.[239] Subsequently, it garnered approval from the 
European Medicines Agency (EMA) on June 6, 2023,[240] 
the United Kingdom Medicines and Healthcare Products 
Regulatory Agency (MHRA) on July 10, 2023,[241] Can-
ada in August 2023,[242] the Japanese Ministry of Health, 
Labour, and Welfare (MHLW) in September 2023,[243] 
and Australia in January 2024.[244]  Another authorized 
product designed for intramuscular administration, the 
RSVPreF (PF-06928316; Pfizer, New York, US) vaccine, 
is intended for active immunization in individuals aged 
60 and above and pregnant women between 32 and 36 
weeks of gestation.[237,245] Interim results from an ongo-
ing Phase 3 clinical study assessing the efficacy and safety 
of RSVPreF in preventing RSV-LRTD among individuals 
aged 60 and older have demonstrated that the study met 
pre-set criteria for establishing the vaccine’s efficacy in 
preventing RSV-LRTD with ≥2 symptoms and RSV-LRTD 
with  ≥3  symptoms.[245] The vaccine was approved for 
people aged 60 years and older in Canada, the United 
States, the European Union, the United Kingdom (UK), 
Japan, and Australia on January 4, 2023,[246] May 31, 
2023,[247] August 23, 2023,[248] November 23, 2023,[241] 
18 January 2024,[249] and March 20, 2024,[250] respec-
tively. Additionally, interim results from a Phase III clinical 
study evaluating maternal vaccination with RSVPreF in 18 
countries have shown its effectiveness in preventing severe 
RSV-LRTD in infants with favorable safety profiles.[251] 
Consequently, in 2023, RSVPreF received FDA approval 
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for use in pregnant women between 32 and 36 weeks of 
gestation to prevent acute LRTI and severe LRTI caused 
by RSV in infants up to 6 months of age.[252] On May 31, 
2024, the FDA approved mRNA-1345 (Moderna, Massa-
chusetts, US), marking the first authorization of an mRNA 
vaccine to prevent RSV-LRTD in adults aged 60 years and 
older. Several clinical trials are underway for combined 
vaccines utilizing nucleic acid technology. These include 
mRNA-1230, aimed at preventing influenza, COVID-19, 
and RSV, and mRNA-1365, designed to avoid RSV and 
human metapneumovirus (hMPV). These endeavors rep-
resent a promising direction in developing multifaceted 
vaccines with broader protective capabilities.

RSV monoclonal antibodies

Using mAbs as a means of passive immunization for 
high-risk populations has exhibited noteworthy success, 
mainly when RSV vaccines for children are unavailable. 
Two mAbs, nirsevimab, which gained authorization in 
China in January 2024, and palivizumab, have secured 
regulatory approval in select regions. Seven mAbs are cur-
rently undergoing clinical investigation [Table 3]. The first 
licensed mAb for RSV prevention is palivizumab, which 
the FDA approved in 1998. Real-world evidence has 
confirmed that palivizumab immunoprophylaxis is asso-
ciated with a low incidence of severe RSV infection.[253,254]  
However, due to its half-life of 28 days, monthly administra-
tion throughout the RSV season is necessary. Palivizumab 
is recommended for monthly dosing by intramuscular 
injection during the RSV season for the prevention of 
severe RSV disease in specific high-risk children, including 
those born very prematurely or those with moderate to 
severe bronchopulmonary dysplasia or hemodynamically 
significant congenital heart disease.[255,256] Palivizumab is 
used in most countries in a restricted manner among very 
high-risk infants, in part due to its high cost. As of late 
2019, it is registered in no low-income countries, three 
lower-middle-income countries, 18 upper-middle-income 
countries, and 44 high-income countries.[257]

Because of its YTE amino acid substitutions, nirsevimab 
has high neutralizing activity and an extended half-life 
compared to palivizumab. Phase I studies have shown 
that the half-life of nirsevimab in healthy adults is 85 
to 117 days, about three times longer than palivizumab. 
This provides the possibility of long-term prevention 
after a single vaccination (a single intramuscular injection 
protects infants for an entire season).[258] Multicenter 
clinical trials have validated the safety and efficacy of 
nirsevimab.[259–262] Real-world data further suggests that 
nirsevimab effectively mitigates the risk of RSV-associ-
ated hospitalizations among infants during their first 
RSV season.[263] Notably, the most salient advantages of 
nirsevimab over palivizumab are its single-dose adminis-
tration and reduced costs, which enable its administration 
to all infants, not just high-risk children.[16] In October 
2022, April 2023, July 2023, March 2024, and April 
2024, nirsevimab received regulatory approval from 
the European Union, Canada, the United States, Japan, 
and South Korea, respectively. And it is the first licensed 
human monoclonal antibody (mAb) to prevent RSV 
disease in infants and young children in China.[264] The 

target population for nirsevimab encompasses newborns 
and infants approaching or born during their first RSV 
infection season, including healthy full-term infants, late 
and preterm infants, and infants with specific health con-
ditions predisposing them to severe RSV infections.

Immunization strategy for RSV prevention candidates

Currently, the three registered RSV vaccines are indicated 
for active immunization to prevent LRTD caused by RSV 
in individuals 60 years of age and older. As of the June 26, 
2024, Advisory Committee on Immunization Practices 
(ACIP) meeting, the work group issued a transition from 
shared clinical decision-making (SCDM) to a universal 
recommendation among adults 75 years and older and 
a risk-based recommendation among adults aged 60 to 
74 years to be vaccinated by RSV vaccines: (1) All adults 
aged 75 years and older should receive a single dose of 
RSV vaccination. (2) All adults aged 60 to 74 years with 
certain chronic medical conditions or other factors that 
increase the risk of severe RSV disease should receive a 
single dose of RSV vaccination. These recommendations 
replace the SCDM recommendation, meaning that adults 
aged 60 to 74 without risk factors for severe RSV disease 
are no longer recommended to receive RSV vaccination. 
The meeting concluded that insufficient evidence exists 
to recommend RSV vaccination in adults 50 to 59. RSV 
vaccination will have the most benefit if given in late 
summer or early fall. Adults who have already received an 
RSV vaccine dose do not need another dose in the same 
year. Per General Best Practice Guidelines for Immuniza-
tion, co-administration of RSV vaccines with other adult 
vaccines is acceptable. This includes giving RSV vaccines 
simultaneously with seasonal influenza, COVID-19, 
pneumococcal, Td/Tdap, and recombinant zoster (Shin-
grix, GSK) vaccines.[237]

For infants, WHO documented two preventive strategies 
in 2017: (1) the development of vaccines for pediatric 
immunization to prevent RSV disease in infants and 
young children and (2) the development of vaccines for 
maternal immunization during pregnancy, leading to 
trans-placental antibody transfer and the prevention of 
severe RSV disease in neonates and young infants.[257] 
Due to the lingering concerns over the safety of pediatric 
vaccination, the existing RSV vaccines employing cur-
rent technical approaches are primarily administered to 
adults. In recent years, based on the active-passive immu-
nization approach, a breakthrough has been made in the 
maternal vaccine and the long-acting mAb. In 2021, the 
WHO updated the preventive strategies and pointed out 
that public health needs should be prioritized. The ideal 
mAb product would be a high-quality, safe, and effective 
RSV immunoprophylaxis product that could be used to 
prevent severe RSV illness and death in infants under 
12  months of age and to reduce morbidity in children 
under five years of age. It should be affordable, acces-
sible, and could be used globally, including in low-and 
middle-income countries.[265]  As of March 2024, more 
than 10 countries have endorsed using RSV long-acting 
mAbs for RSV prevention in infants and young children 
through their respective national ACIP. These countries 
are gradually evaluating the inclusion of these mAbs in 
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their immunization programs, aiming to ensure accessi-
bility for healthy infants and young children.[266–275]

The ACIP documented that most infants do not need to 
receive both maternal vaccine and mAb, and recommends 
that one of the two strategies be selected for immuni-
zation.[276] In 2023, the British Society of Maternal and 
Infant Medicine’s clinical instructions stated that admin-
istering both the vaccine to the pregnant woman and the 
mAb to the infant is not recommended. All infants should 
be protected against RSV using one of these strategies.[277] 
The RSVpreF maternal vaccine to be administered sea-
sonally to pregnant women between 32–36 weeks of 
gestation and the nirsevimab are recommended in the fol-
lowing scenarios: (a) infants whose pregnant parent either 
did not receive the RSV preF vaccine or whose vaccine 
history is not known; (b) pregnant patients vaccinated 
within 14 days of delivery; (c) infants and children aged 8 
to 19 months at increased risk for severe RSV disease and 
entering their second RSV season, irrespective of the vac-
cine status of the pregnant person. Nirsevimab may also 
be considered for infants when there is a potential incre-
mental benefit despite vaccination, including (1) maternal 
conditions resulting in inadequate immune response and/
or decrease in transplacental transfer (i.e., infants born 
to pregnant people with chronic immunosuppression with 
anticipated diminished immune responses to vaccination 
[e.g., those with an organ transplant or for chronic steroid 
use]); (2) infants with loss of maternal antibodies (i.e., 
those who have undergone cardiopulmonary bypass or 
extracorporeal membrane oxygenation); (3) infants with 
substantially increased risk for severe RSV disease (i.e., 
hemodynamically significant congenital heart disease).[277]

In the wake of the approval of nirsevimab and the advanc-
ing development of other RSV prevention candidates, it is 
imperative to conduct clinical trials and real-world studies 
to complement the assessment of their safety and efficacy 
in the Chinese population. There is a need to standardize 
immunization strategies; currently, there is a lack of official 
documentation outlining vaccination schedules for diverse 
demographic groups. To this end, efforts should prioritize 
enhancing the RSV surveillance system, providing scientific 
evidence to guide the implementation of immunization 
strategies tailored to different populations and prevention 
candidates during the applicable seasons. Concurrently, 
emphasis should be placed on elevating the awareness of 
professionals and the public regarding RSV infection and 
the value of vaccination. The formulation and introduc-
tion of national policies, laws, and regulations governing 
the management and application of RSV prevention can-
didates, particularly long-acting mAbs, must be expedited 
to ensure standardized market management and oversight. 
While effective RSV prevention candidates exist, their global 
promotion and utilization remain limited. Future efforts 
should continuously promote evidence-based studies,  
encompassing clinical trials and real-world research related 
to RSV prevention candidates. Developing scientifically 
feasible policy initiatives while raising public awareness 
of RSV infection and prevention candidates will facilitate 
the integration of RSV prevention candidates into public 
health programs across all regions, ultimately alleviating 
the RSV disease burden in the population.

NPI

NPIs, colloquially referred to as public health and social 
measures, encompass a range of behaviors with a pre-
ventive impact on transmitting infectious diseases. These 
encompass personal protective measures, environmental 
measures, social distancing measures, and travel restric-
tions, all aimed at reducing the infection rate, mitigating 
the epidemic peak, and securing crucial vaccine devel-
opment and treatment preparation time.[278] During the 
COVID-19 pandemic, NPIs effectively slowed down and 
suppressed the spread of the epidemic.[279] These meas-
ures reduced the number of patients infected with other 
respiratory pathogens, such as RSV.[280,281]

At the personal level[282–284]

1. Utilization of facial masks is especially advised during 
the RSV outbreak season. Masks are recommended in 
regions with confirmed or suspected respiratory virus 
transmission, particularly in poorly ventilated areas or 
where maintaining a one-meter social distance is not 
feasible.[285]

2. Maintaining optimal respiratory hygiene and proper 
cough etiquette is crucial. When coughing or sneezing, 
individuals must cover their mouth and nose with a tissue 
or elbow to prevent the spread of respiratory droplets and 
facilitate immediate disposal.

3. Ensuring air cleanliness through measures such as 
outdoor air intake and indoor air purification is critical. 
Natural ventilation, weather permitting, should occur 
two to three times daily for at least 30 minutes; air-con-
ditioned spaces should be ventilated at least twice hourly.

4. Frequent hand washing or sanitization is crucial, as is 
avoiding touching the eyes, nose, or mouth with unclean 
hands. Additionally, regular disinfection of frequently 
touched surfaces is advised.

5. Maintaining appropriate physical distances is recom-
mended to minimize the risk of transmission. It is also 
advised to avoid proximity with individuals exhibiting 
symptoms of illness and to self-isolate and avoid contact 
with others when ill.

6. Healthcare professionals must adhere to the prescribed 
guidelines for personal protective equipment (PPE) and 
engage in hand disinfection practices before and after interac-
tions with patients confirmed to be infected with RSV.

At the community level[282–284]

1. Relevant information regarding public health and 
social interventions for RSV and other respiratory viral 
infections must be disseminated through systematic health 
education.

2. In medical institutions, where feasible, dedicated infec-
tion control units and wards are recommended to facilitate 
the isolation of patients, individually or in centralized 
settings, mitigating the spread of infectious agents.
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3. In the advent of an outbreak or epidemic involving 
RSV and other respiratory infectious diseases, a prompt 
and comprehensive assessment should be conducted to  
evaluate the necessity of implementing measures such 
as school closures, curtailment of social gatherings, and 
imposition of movement restrictions to curb the transmis-
sion dynamics.
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