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Respiratory syncytial virus (RSV)

• Respiratory syncytial virus
(RSV) was discovered in
1956 and was initially dubbed
“chimpanzee coryza agent”

• In 1957, it was found to be
the cause of bronchiolitis

Scanning electron micrograph of RSV virions (colorized blue) and

labeled with anti-RSV F protein/gold antibodies (colorized yellow)

shedding from the surface of human lung epithelial A549 cells.
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Respiratory syncytial virus (RSV)

• PreF is the active form of the F protein

on the virion surface; it is metastable,

meaning that is triggered easily and

unpredictably to refold to its postF

conformation

• PostF is extremely stable and cannot

return to its functional preF form

• Briefly, once a virion is bound to a target

cell via its G protein, preF is triggered

and refolds in a dramatic structural

rearrangement that links and fuses the

virion and host cell membranes,

becoming postF

Mejias et al, Ann Allergy Asthma Immunol 2020
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Respiratory syncytial virus (RSV)

• RSV infects everyone by 3 years of age and repeatedly infects
people every few years throughout life

• Although most infections result in mild or no disease, 2–3% of
infants are hospitalized with RSV during their first year of life,
which makes RSV a leading cause of hospitalization in children
younger than 5 years of age

• It is also a major cause of death, rivaling seasonal influenza,
among frail older adults

Graham, NEJM 2023



The burden of 
RSV disease

Langedijk et al, Nat Rev Microbiol 2023



The burden of RSV disease in elderly

• RSV illness develops in approximately 3–7% of healthy older adults in the
United States and Europe each year, with an estimated 177,000
hospitalizations and 14,000 deaths each year in the United States

• The severity of illness among older adults who are hospitalized with RSV
disease is substantial: 18% are admitted to an intensive care unit, 31%
receive home health services at discharge, and 26% die within 1 year after
admission

• Older adults are at increased risk for RSV-related complications and death
owing to age-related immunosenescence and a higher prevalence of
underlying conditions

• RSV shedding also occurs at higher levels and for a longer duration in
older adults than in younger adults

Falsey et al, NEJM 2005

Korsten et al, Eur Respir J 2021

Ackerson et al, Clin Infect Dis 2019



The journey to RSV vaccines

• To address the disease burden, especially in infants younger than 6
months of age, vaccine-development efforts began within a few years
after the virus was discovered

• At the time, the whole-inactivated polio vaccine developed by Salk was
a new and promising intervention. It had been licensed in 1955, and by
the early 1960s, cases of paralytic polio in the United States had dropped
from tens of thousands to a few dozen per year

Graham, NEJM 2023



The journey to RSV vaccines

• Informed and encouraged by that success, researchers developed a
whole-inactivated RSV vaccine and conducted four large studies in 1965
and 1966

• The youngest cohort of children was immunized before 6 months of age
and before their first RSV infection. During the winter of 1966–1967, there
was an outbreak of RSV in the youngest age group, and of the 31
vaccinated infants, 20 were infected, 16 were hospitalized, and 2 died

• This tragedy put an end to RSV vaccine development for decades

Graham, NEJM 2023



Vaccine-associated enhanced disease (VAED)

Su et al, Nat Rev Microbiol 2020



The journey to RSV vaccines

• After nearly 30 years of work to elucidate the immunologic
events that resulted in RSV-vaccine–enhanced disease,
vaccine development efforts were cautiously reinitiated

• Greater understanding of how to avoid RSV-vaccine–
enhanced disease, along with the availability of new
technologies, led to the exploration of multiple vaccine
approaches, including live virus, chimeric viruses, vector-based
delivery, subunit proteins, peptides, virus-like particles, and
nanoparticle display

Graham, NEJM 2023



The journey to RSV vaccines

• Five phase 3 trials were conducted using F protein in the
postfusion conformation, which was known to be a target of
neutralizing antibodies

• Two trials used virus-derived protein, and three were based
on recombinant proteins, one from insect cells and two from
Chinese hamster ovary cells

• None of these candidate vaccines boosted neutralizing activity
by more than a factor of five, and trials did not achieve their
primary efficacy objectives

Graham, NEJM 2023



The journey to RSV vaccines

• In vitro studies conducted by Melero and colleagues suggested
that antibodies specific for the prefusion form of F (preF)
may be responsible for most of the neutralizing activity in
human serum

• Collectively, these studies suggested that the protein structure
of F could be a key factor in the antigenicity of RSV

Graham, NEJM 2023
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The journey to RSV vaccines

• Obtaining RSV preF crystals was difficult, because the
unmodified and untethered protein spontaneously
rearranges into its highly stable postfusion conformation

• Ultimately, a trimerization domain derived from the fibritin
protein from T4 phage was used at the C-terminal domain,
and antibody Fab fragments that could form a complex by
binding the apex of preF were used to stabilize the trimer

• Having preF as a reagent allowed detailed mapping of the
antigenic surface of F in all its conformations, defining of the
contribution of each epitope to virus neutralization

Graham, NEJM 2023
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]Apex of the preF trimer



Randomized, open-label phase I dose-escalation clinical trial

[Vaccine Research Center (VRC) 317] to evaluate two

administrations of DS-Cav1 (stabilized subunit vaccine candidate)

with and without aluminum hydroxide (alum) formulation at three

different dose levels in healthy adults between 18 and 50 years

of age

Interim analysis, evaluating immune responses to the first

administration of 50 or 150 μg of DS-Cav1 with or without alum (n

= 10 subjects per group)











Conclusions

• One RSVPreF3 OA dose was efficacious against RSV-LRTD (RSV-related

lower respiratory tract disease) over 2 RSV seasons in ≥60-year-olds

• Revaccination 1 year post–dose 1 was well tolerated but did not seem to

provide additional efficacy benefit in the overall study population



Conclusions

• A single RSVPreF3 OA dose was efficacious against

RSV-LRTD over three RSV seasons in people aged 60

years or older, despite a decrease in efficacy over time

• Efficacy over three seasons of a first RSVPreF3 OA dose

followed by revaccination 1 year later was in the same

range as that of a single dose

• Further research is needed to establish the optimal

revaccination strategy



These data indicate that bivalent RSVpreF vaccine remains 

efficacious against more severe lower respiratory tract illness 

due to RSV A and RSV B over two RSV seasons



Vaccine effectiveness studies can help address limitations of clinical trials data



Overview of RSV vaccine effectiveness studies: study design and
demographic characteristics



Overview of RSV vaccine effectiveness studies: study populations



Vaccine effectiveness against RSV-associated hospitalization



Estimated vaccine effectiveness against respiratory syncytial virus-associated 

hospitalization among adults aged at least 60 years

Estimated vaccine effectiveness against respiratory syncytial virus-associated 

emergency department encounters among adults aged at least ≥60 years without 

documented immunocompromise





30% reduction (95% CI 18–40, p<0.0001) in

hospitalization rates in individuals aged 75–79

years and eligible for RSV vaccine

62.1% (95% CI 35·0–79·8)

reduction in RSV-related

hospitalizations among the

eligible age group



National recommendations for RSV vaccination in adult population






