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Respiratory Syncytial 
Virus
• RSV is a negative-sense single-stranded RNA virus (family 

Pneumoviridae) with a 15 kb genome that encodes 10 
proteins. 

• Two distinct antigenic subgroups have been identified, 
subtypes A and B (RSVA and RSVB, respectively) that show 
clear phylogenetic divergence. 

• The glycoprotein (G), responsible for attachment to the host 
cell, exhibits the greatest genetic diversity within and 
between the subtypes. This is thought to reflect strong 
immune pressure and the subsequent generation of escape 
variants in a process analogous to antigenic drift in the 
hemagglutinin (HA) protein of the influenza A virus. 

• Hence, reinfection with RSV is common.

• F – responsible for membrane fusion

Di Giallonardo et al.: Evolution of Human Respiratory Syncytial Virus (RSV) over Multiple Seasons in 
New South Wales, Australia. Viruses 2018;10:476; doi:10.3390/v10090476
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1Beeler et al, Neutralization Epitopes of the F Glycoprotein of Respiratory Syncytial Virus: Effect of Mutation upon Fusion Function. J Virol, 1989

RSV F-Protein Presents Multiple Conserved Sites

Site II

Site IV

Site IRSV Surface Proteins

• G protein: Variable
• F protein: Conserved

Antigenic site I, Antigenic site IV
• Known broadly neutralizing antibodies
• Likely to contribute to protection1

• Also poorly elicited by natural infection

Antigenic site II
• Targeted by palivizumab (Synagis®) and motavizumab
• Antibodies shown to prevent RSV disease in infants in 5 

randomized clinical trials
• RSV F Vaccine induces antibodies with similar activity
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The Disease

5

Ciliated epithelium and Type 1 Pneumocyte

Obstructed airway

Mucus

RSV Pathogenesis and Virology

Johnson JE, Graham BS, et al. Mod Pathol 2007; 20:108-19.
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Enhanced RSV 
disease with 

formalin-
inactivated 

RSV vaccines

• In the late sixties, following initial encouraging results in small 
clinical trials, field evaluation trials of a formalin inactivated vaccine 
targeting RSV, called FI-RSV, were initiated in the United States. FI-
RSV was cultured on monkey kidney cells, harvested, inactivated 
with formalin and aluminum-precipitated (FI-RSV lot 100). 

• Four clinical studies in different age groups were conducted in in 
1965-1967 [Chin, 1969; Fulginiti, 1969; Kapikian, 1969; Kim, 1969]. 
Results indicated that the FI-RSV vaccine did not protect against RSV 
infection. 

• More importantly, children who had been vaccinated with the FI-
RSV vaccine developed more severe clinical symptoms upon 
subsequent natural infection with RSV compared to the children 
who had not been vaccinated with the FI-RSV vaccine (resulting in 2 
deaths in the study in which the youngest children were vaccinated 
[Kim, 1969]). In the study where the youngest subjects were 
vaccinated [Kim, 1969], 2 of the vaccinated children died, one at the 
age of 14 months, the other at the age of 16 months. 
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Pathophysiology 
of FI-RSV 

enhanced RSV 
disease 

Based on the clinical and pathological observations in the vaccinated children in 
combination with a large body of data from animal models, two (non-mutually 
exclusive) hypotheses on the immunological factors that contributed to FI-RSV 
enhanced RSV disease have been proposed:

• Induction of low-quality, non-neutralising antibodies. Murphy et al
observed that upon natural RSV infection, the FI-RSV vaccinated subjects 
produced high amounts of poorly neutralising antibodies, indicating that 
natural infection boosted the low-quality antibody response induced by the 
FI-RSV vaccine [Murphy, 1986]. These antibodies did not neutralise RSV 
replication and contributed to the formation of immune complexes that may 
have contributed to the severe clinical symptoms and potentially 
immunopathology [Polack, 2002].

• An unbalanced cellular immune response. Another potential explanation is 
the induction of an unbalanced cellular immune response skewed towards 
Th2 (disturbed Th1/Th2 balance) [Connors, 1992; Connors, 1994; Waris, 
1996]. This latter hypothesis is however mainly based on preclinical data in 
mouse models and is not consistently supported by data from other model 
animals [Antonis, 2003; Castilow, 2008; Phipps, 2007] and more likely a 
cytokine storm (irrespective of Th balance) has been contributing to FI-RSV 
enhanced RSV disease [Boukhvalova, 2006].
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Epidemiology
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RSV 
Epidemiology

• 35 million lower respiratory tract disease
• 3.5 million hospitalizations
• ~118,000 deaths
• Everyone infected by 2-3 years of age
• Recurrent infections every 3-10 years
• Severe disease associated with wheezing and 

asthma
• Major vaccine target populations: pediatric, 

maternal, older adults

Lancet 2010; 375: 1545–55
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Global burden of RTIs 
in elderly

• In 2015, there were 2.74 million deaths and 
103 million DALYs (Disability Adjusted Life 
Years) attributable to RTI

• 1.27 million deaths in adults >70 years

• LRIs were the second-leading cause of 
DALYs globally after ischaemic heart disease

• Pneumococcal pneumonia caused 55% of 
LRI deaths in all ages; 693K in adults >70 
years

• Between 2005 - 2015: number of deaths 
due to LRI decreased by 3.2% (from 2.83 to 
2.74 million)

• 14% decrease in mortality rate in all ages, 
offset by population growth and ageing
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RSV seasonality

Bloom-Feshbach K, Alonso WJ, Charu V, Tamerius J, Simonsen L, et al. (2013) Latitudinal Variations in Seasonal Activity of Influenza and Respiratory 
Syncytial Virus (RSV): A Global Comparative Review. PLoS ONE 8(2): e54445. doi:10.1371/journal.pone.0054445

Global seasonal patterns of influenza and RSV are broadly 
similar, with temperate locations of the Northern and Southern 
Hemisphere characterized by focused peaks of activity during 
their respective winters, and a wide range in the timing and 
duration of epidemics in the tropics. 

RSV not prevalent year-round in the tropics – 80% of tropical 
locations experienced distinct RSV seasons lasting 6 months or 
less. 
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Respiratory Syncytial Virus Infection
in Elderly and High-Risk Adults

Falsey et al.  NEJM 2005;352:1749-59
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RSV and Respiratory Viruses in Older Adults • JID 2014;209:1873-81.

Take home message:
In a prospective study of relatively healthy community 
living or in retirement homes elderly, about 1 in 13 
moderate to severe ILI episodes were associated with 
RSV. Bedridden elderly individuals were not eligible for 
enrolment in this study.
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RSV Hospitalisations in Australia, 2006-15

• In the UK, the estimated hospitalisation rate for adults aged 65 or more was 156 per 100,000 
population (1995–2009). Australian estimates, based on RSV-specific codes, were lower, but there 
was a 20-fold increase in RSV-coded hospitalisations in this age group during 2006–2015, probably 
reflecting increased recognition of and testing for RSV disease in older adults; RSV-associated 
hospitalisations in this age group may still be under-recognised.

• Compared with other age groups, we found that adults over 65 had longer hospital stays, and the 
proportion of in-hospital deaths was greater. This is consistent with overseas findings of longer 
hospital stays and high mortality rates for older adults hospitalised with RSV infections. Older people 
are a recognised target group for preventing RSV disease, and further investigation of  their disease 
burden is needed.

• the risk of RSV-associated Hospitalisation was 2.9–4.3 times as high for Indigenous adults aged 35–54 
years as for non-Indigenous adults of corresponding age.

G. Saravanos et al. MJA 2019;210(10):447-53.
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RSV hospitalisations 2006-15
Australia

G. Saravanos et al. MJA 2019;210(10):447-53.
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RSV Hospitalisations, 
2006-15, Australia

G. Saravanos et al. MJA 2019;210(10):447-53.

17

A Vaccine
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Rationale for 
an RSV 

vaccine

• The humoral immune response is capable of neutralizing the virus 
and inhibiting viral replication, thereby playing a major role in 
protection against lower RSV infection and severe disease. Passive 
immunization with RSV-specific monoclonal antibodies (palivizumab 
– Synagis), when given prophylactically, has been shown to reduce 
RSV disease in premature infants and newborns with 
bronchopulmonary dysplasia or underlying cardiopulmonary 
disease.

• T-cells are also involved in the control of RSV disease. Lethal RSV 
infections have been described in patients with low CD8 T-cells 
counts as in the case of severe combined immunodeficiency, bone 
marrow and lung transplant recipients. 

• A vaccine based on recombinant viral vectors carrying relevant RSV 
antigens, mobilizing both humoral and cellular arms of the immune 
response, offers a balanced and more effective immune response 
against the RSV virus in a naïve population. Adenoviral vector-based 
vaccines have been shown to be potent inducers of CD8 T-cells 
producing IFN-g and antibodies against expressed antigens.

19
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RSV Vaccine Candidates
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RSV vaccine candidates

Novavax: Purified, recombinant near-full-length RSV F fusion glycoprotein trimers. 
Trimers spontaneously assemble into 40-60 nm nanoparticle structures. Present 
neutralizing sites such as Site II, palivizumab binding site, in a multimeric format.

GSK: Based on the RSV viral proteins F, N and M2-1 encoded by a chimpanzee-derived 
adenovector (ChAd155-RSV). 

Janssen: adenovirus-vectored vaccine candidate 

Ad26.RSV.preF (JNJ-64400141-AAA), a replication-incompetent adenovirus serotype 
26 (Ad26) containing a deoxyribonucleic acid (DNA) transgene that encodes for the 
pre-fusion conformation-stabilized F protein (pre-F) derived from the respiratory 
syncytial virus (RSV) A2 strain.

The F protein of RSV F undergoes a conformation transition from a metastable pre-
fusion conformation to a stable post-fusion conformation. Neutralizing sensitive 
epitopes reside on both proteins, but recent evidence indicates that those epitopes 
specific to the pre-F protein seem to be more potent than those previously 
identified and present on the post-F protein.

NIH: pre-F target, DS-Cav1

Fusion (F)
RSV virus

22
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NIH candidate: pre-F target, DS-Cav1
Antibodies Targeting the Apex of Pre-F are the Most Potent

Gilman, McLellan, Walker et al. Science Immunology 2017

23

NIH RSV vaccine candidate DS-Cav1

A proof of concept for structure-based vaccine design targeting RSV in humans. Michelle C. Crank, … Barney S. Graham, the VRC 317 Study Team. Science 2019:365(6452):505-9.

Clinical proof-of-concept for structure-based vaccine design
• Atomic-level resolution of the RSV pre-F structure enabled the stabilization 

and development of the DS-Cav1 subunit vaccine, which preserved the 
most neutralization-sensitive antigenic sites.

• DS-Cav1 boosted neutralization by >10-fold, with a robust increase at all 
doses with and without adjuvant.

• Serologic and cellular readouts demonstrated highly potent neutralizing 
antibodies, and stimulation of both dual-binding and pre-F exclusive IgG+ 
and IgA+ B cells.

• DS-Cav1 immunization stimulated CD4+ T cells with a Th1-type profile

24
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Clinical Trials
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Novavax E-301 Results from elderly Phase 3 RCT: 
RSV moderate to severe lower respiratory tract disease (RSV-msLRTD).
Efficacy Primary endpoint

Placebo RSV-F Vaccine Efficacy % (95% CI) P-value

Per protocol Efficacy N 5917 5892

RSV msLRTD n (%) 26/5905 (0.44%) 28/5885 (0.48%) -7.9% (-84, 37) 0.779

60-75 years 23/4517 (0.51%) 25/4519 (0.55%) -8.6% NS

>75 years 3/1392 (0.22%) 3/1379 (0.22%) -0.9% NS

With COPD or CHF 1/426 (0.23%) 4/456 (0.88%) -273.7% NS

No COPD or CHF 25/5484 (0.46%) 24/5497 (044%) 3.3% NS

IIV administered Day 0 6/2142 (0.28%) 9/2115 (0.43%) -52% NS

IIV NOT administered Day 0 20/3768 (0.53%) 19/3782 (0.50%) 5.4% NS

ITT efficacy N 5935 5921

E-301 RSV-msLRTD n (%) 26 (0.44%) 28 (0.47%) -7.9% (-84, 37) 0.778

Source: Novavax NOTE: In a post-hoc subgroup analysis, the vaccine candidate showed efficacy against hospital admissions for 
all-cause chronic obstructive pulmonary disease (COPD) exacerbations.

27

Falloon J et al. J Infect Dis 2017

An Adjuvanted, Post-fusion F Protein–Based Vaccine Did Not 
Prevent Respiratory Syncytial Virus Illness in Older Adults

Phase 2b study evaluated 
MedImmune’s (MEDI7510) 
RSV post-fusion F protein 
with glucopyranosyl lipid 
adjuvant (Toll-like receptor 4 
agonist in a squalene-based 
oil-in-water emulsion). 
Subjects aged ≥60 years were 
randomly assigned 1:1 to 
vaccine or placebo. (N=1894)
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M-301 Novavax RSV-F vaccine 
Pregnancy
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Maternal Immunization to Address Infant LRTI

• Young age at infection is the most significant factor predicting severity of acute LRTI1, probably due 
to:

• Small calibre airways
• Immature immune system

• Achieving timely immunity via active immunization in the first few months of life is challenging, but

• Immunization of pregnant women could provide protection to their infants in the first months of life 
via transplacental transfer of maternal antibody

• Influenza, pertussis, and tetanus vaccines in pregnancy are successful precedents

1. Prasad N.  Epidemiol Infect 2018; 146:1861
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The RSV F Nanoparticle Vaccine Trial: Study Design

Design

Randomized, Observer-Blind, Placebo-Controlled

Participants • 4,636 third trimester pregnant women randomized 2:1 (vaccine:placebo) at 87 
sites in 11 countries

Length of Study 
Participation 

• Mothers: up to 9 months
• Infants: 1 year after delivery

Dosing • 1 intramuscular (IM) Injection of RSV F vaccine or placebo at 28-36 weeks 
Estimated Gestational Age (EGA)

Safety Assessment • Through 6 months post-partum in mothers
• Through 1 year in infants

Efficacy Assessment

• Active/passive surveillance in mothers and infants
• Confirmation of RSV infection by RT-PCR
• Medically significant tachypnea or pulse oximetry (infants only)
• Confirmation of LRTI (infants only)

Determine the efficacy of maternal immunization with the RSV F vaccine against 
medically significant RSV lower respiratory tract infection (LRTI) through 90, 120, 150 
and 180 days of life in infants.

Primary 
objective

31

31

Per protocol population

1.  (97.5% Cl);  2.  (95.0% Cl) Madhi SA/Munoz F et al ESPID; Ljubljana, Slovenia | May 6 – 11, 2019; Abstract 19-1046
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Effect Modification by Country: Primary and Secondary Endpoints

0 to 90 days USA S. Africa ROW3

MS RSV LRTI (primary) 11.6%
6/346 (1.7%) vs 10/652 (1.5%)

42.5%
22/732 (3.0%) vs 25/1447 (1.7%)

54.7%
7/352 vs 6/666

LRTI w/ severe hypoxemia 46.9%
2/346 (0.6%) vs 2/652 (0.3%) 

49.4%
9/732 (1.2%) vs 9/1447 (0.6%)

47.1%
3/352 vs 3/666

LRTI w/ hospitalization -112.3%
2/346 (0.6%) vs 8/652 (1.2%)

58.5%
39/732 (5.3%) vs 32/1447 (2.2%)

25.1%
12/352 vs 17/666

Vaccine Efficacy Estimates by Place (PP, Site Data)1

1 Display format:                         VE
Placebo vs Vaccine, cases/N (rate%)

Note the control group rates in US 
subjects much lower than South Africa. 
There was not enough RSV-related 
disease except in ZA to permit a 
reliable estimate of vaccine effect.

3 ROW = rest of world
Source: Novavax
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Impact of Maternal RSV Immunization on 
Pneumonia over One Year of Life

Counts (%)
Endpoint Time Interval Placebo

(N = 1562)
Vaccine

(N = 3010)
Efficacy 95% CI

Clinical pneumonia 
reported 
(All Cause)

0 to 90 days 51 (3.27) 45 (1.50) 54.2% 32.0, 69.2

0 to 180 days 66 (4.23) 65 (2.16) 48.9% 28.4, 63.5

0 to 364 days 80 (5.12) 78 (2.59) 49.4% 31.3, 62.7

Clinical pneumonia 
with CXR positive 
(All Cause)

0 to 90 days 33 (2.11) 24 (0.80) 62.3% 36.4, 77.6

0 to 180 days 42 (2.69) 34 (1.13) 58.0% 34.2, 73.2

0 to 364 days 47 (3.01) 39 (1.30) 56.9% 34.5, 71.7

Clinical pneumonia 
with positive CXR and 
RSV+ by PCR

0 to 90 days 21 (1.34) 11 (0.37) 72.8% 43.8, 86.9

0 to 180 days 23 (1.47) 12 (0.40) 72.9% 45.7, 86.5

0 to 364 days* 23 (1.47) 12 (0.40) 72.9% 45.7, 86.5

Data on all SAEs coded as “pneumonia,” excepting “congenital pneumonia” in first 24 hours.  Based on safety database as of 09 Jul 19.
*No active surveillance for RSV post day 180
**Pneumococcal vaccine NNV calculated from Cutts FT.  Lancet 2005; 365:1139 and Palmu A. Vaccine 2018; 36:1826

• Clear post-hoc 
observation of efficacy 
against infant pneumonia 
through one year.

• Number-needed-to-
vaccinate (NNV) to 
prevent one hospitalized 
case of pneumonia ~40, 
(All Cause).

• NNV for pneumococcal 
conjugate vaccines to 
prevent one case of 
clinical or x-ray 
confirmed  all-cause 
pneumonia 47 to 185**

Source: Novavax
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Monoclonal antibodies
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Medimmune – RSV preF mAb (Nirsevimab)

• Passive RSV vaccine strategy using RSV F mAb
• Fully human, high potency IgG1 mAb derived from human B-cells
• Targets site on RSV prefusion F site O
• Neutralizes RSV A and B clinical isolates
• Single fixed IM dose given; expected to protect up to 6 months
• Given at birth or at onset of RSV season

36
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Monoclonal antibody – Nirsevimab

Phase 2b Overview
• Single dose of 50 mg IM Nirsevimab: statistically significant 70% relative 

reduction in the incidence of RSV-confirmed LRTI (in and outpatients) 
through 150 days in healthy preterm infants

• Nirsevimab also demonstrated a statistically significant 78% relative 
reduction in the incidence of RSV LRTI hospitalization through 150 days 
post dose

• Nirsevimab was effective in preventing both RSV A and RSV B subtypes
• In healthy preterm infants, the safety profile of Nirsevimab was favorable

with similar types and frequencies of adverse events reported in 
Nirsevimab and placebo recipients.

From Renato Stein (ESCMID Vaccines, Bilbao 2019); and Pam Griffin (Medimmune)
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Conclusions
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Conclusions

• Epidemiologic data for elderly still not good enough to evaluate cost effectiveness of an 
RSV vaccine. Urgent need for better studies with RSV-related disease identification.

• 3 clinical trial ‘failures’, need careful interpretation – evidence of VE is there in part. 
‘Failure’ of the clinical trial  as opposed to failure of the vaccine.

• Pipeline of several promising candidates based on very strong science (especially 
structural biology) means that a licensed vaccine is probably not far off.

• Safety is always a concern, but vaccine-responsible enhanced respiratory disease possibly 
of historical interest only, but in any case, should not be an issue for seropositive 
vaccinees.

• Long-acting monoclonal antibody may be an attractive option for elderly with significant 
risk factors, depending on cost.
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Thank you.
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