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RSV Overview

Lancet Respir Med 2015 



Problem: 



• Respiratory syncytial virus (RSV) is the leading 

viral cause of severe lower respiratory tract 

disease in infants and young children 

worldwide. 

• WHO has estimated that the global annual 

RSV Disease

• WHO has estimated that the global annual 

burden of infections and mortality due to 

human RSV are 64 million and 160,000, 

respectively [WHO 2009]. 

• Almost all children will have had an RSV 

infection by their second birthday. 



• When infants and children are exposed to RSV for 

the first time,

– 25 to 40 out of 100 of them have signs or symptoms of 

bronchiolitis or pneumonia.

– Children hospitalized for RSV infection are usually 

younger than 6 months of age. The most severe disease 

RSV Disease(2)

younger than 6 months of age. The most severe disease 

occurs within the first 2 to 6 months of life, particularly 

in infants born prematurely and infants with underlying 

chronic lung and congenital heart diseases. 

– Highest morbidity and mortality in the first two 

months of life

• RSV bronchiolitis in early life is associated with an 

increased risk of reactive airway disease later.



RSV Impact on the Lung



RSV Disease Burden in the US  



Risk of Hospitalization and Gestational Age

The burden of respiratory syncytial virus (RSV) and the value of prevention.  Welliver in Journal of Pediatrics

Volume 143, Issue 5, Supplement, November 2003, Pages 112–117



RSV Hospitalization and Underlying Risk Favors

Source AAP RSV Report 2014



RSV in Adults

Clin Microbiol Rev. 2000 Jul; 13(3): 371–384.



RSV Seasonality
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CDC Viral Disease Surveillance Network



RSV is a Global Problem

JID 2013:208 (Suppl 3) • Haynes et al



• Lower respiratory tract infections, in which RSV is a 

frequent pathogen in children under 2 years of age 

[Marguet 2009], are the second leading cause of 

death in children under 5 years of age in Argentina 

[Marconi 2010]. 

• Ferolla and coworkers confirmed the incidence of 

RSV in Argentina

• Ferolla and coworkers confirmed the incidence of 

severe RSV infections as a major burden of respiratory 

illness among young children in Argentina [Ferolla

2013], in agreement with similar studies [Moisi 2011, 

Nair 2010], and stressed the central role of RSV in 

hospital admissions among children younger than 2 

years. 



• Specifically, this study revealed that over 60% of the 

respiratory infections in 1,293 hospitalized children in Buenos 

Aires within a catchment population of over 360,000 children, 

were due to RSV. 

• Almost 20% of these children had life-threatening disease (as 

assessed by oxygen saturations below 87%), a finding that 

helps explain the high mortality rates associated with RSV.  

RSV in Argentina (2)

helps explain the high mortality rates associated with RSV.  

• The attributable mortality rate for RSV was estimated to be 

7% in this study sample. 

• In the Buenos Aires metropolitan area, the burden of illness 

due to RSV in 2011 outweighed that of 2009 H1N1 influenza A 

virus during the pandemic year: 14-fold in hospitalizations and 

4-fold in virus-confirmed deaths 

[Libster 2010]. 



RSV & Severe LRTI in Argentina

Mortality due to Respiratory Syncytial Virus Burden and Risk Factors

Sarah Geoghegan et al American Journal of Respiratory and Critical Care Medicine 

January 1 2017



RSV in Argentina

Mortality due to Respiratory Syncytial Virus Burden and Risk Factors

Sarah Geoghegan et al American Journal of Respiratory and Critical Care Medicine 

January 1 2017



RSV Mortality  in Argentina

Mortality due to Respiratory Syncytial Virus Burden and Risk Factors

Sarah Geoghegan et al American Journal of Respiratory and Critical Care Medicine 

January 1 2017



The RSV VirusThe RSV Virus



• RSV is a pleomorphic virus belonging to the 

Paramyxoviridae family.

• Two major subtypes, A and B, that co-circulate. 

– The two major surface glycoproteins of RSV, F and G, 

are the primary targets of neutralizing antibodies, 

which are associated with protection [Graham 2011] 

RSV: The Virus

which are associated with protection [Graham 2011] 

– The F protein mediates fusion of the viral envelope 

with the plasma membrane and syncytium formation.

• There is a high degree of genetic and antigenic homology in 
the F proteins across RSV/A and B

– G protein is essential for viral attachment and is much 

more variable. 

[Johnson 1987].
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Prevention and Treatment of RSV 

The Past, the Present and the Future



RSV Therapy

• Supportive care 

• Antibodies as therapeutic agents

• Antivirals



Therapy:  Less is More 

for Most Children



Therapy: Antibodies
Lancet Respir Med 2015 



Therapy: Antivirals

• Antisense

– Small interfacing RNAs

– In phase 2 with moderate effect

• Fusion inhibitors• Fusion inhibitors

– Prohibits cell entry by virus

– Lower viral load in phase 1-2 trials

• RSV RNA polymerase inhibitors

– In phase 1 and 2

– Rapid decline in viral load and symptoms in adults

– Studies in children ongoing
Lancet Respir Med 2015 



• Passive antibody

• Immunization of young infants

Approaches to Prevention

• Immunization of young infants

• Maternal immunization



• Passive immunization with monoclonal antibody 
to F protein
– Highly effective

– Very expensive

– Currently limited to high risk infants

Approaches to Prevention

– Currently limited to high risk infants

– Demonstrated that anti-F protein antibodies are 
protective

• Immunization of young infants
– Fusion protein vaccines have required multiple doses 

for immunogenicity – misses the high risk period

• Maternal immunization
– Offers the most promise for protection early in life.  



Passive Antibody 

for Prevention and Treatment
• Palivizumab (Synagis) has been shown to be effective to prevent disease 

– Prevents hospitalization by ~ 45% in high risk infants

– Due to its cost, use is limited to high risk infants

– Requires monthly dosing during RSV season.

– High risk includes: 

• Infants younger than one year of age with hemodynamically significant 
congenital heart disease

• Children younger than one year of age with neuromuscular disorders

• Children younger than two years of age who are immunocompromised (e.g. • Children younger than two years of age who are immunocompromised (e.g. 
those with severe combined immunodeficiency; those younger than two years 
of age who have undergone lung transplantation or hematopoietic stem cell 
transplantation) during the RSV season.

• Children with Down syndrome

• Motavizumab not approved for licensure due to concerns related to hypersensitivity.   It 
required lower dose and potentially lower cost.

• Although Motavizumab is not being further developed for prophylaxis of severe RSV 
disease, its therapeutic potential in young children is under evaluation.1

• MEDI-557, a high-affinity anti-F monoclonal antibody with an extended half-life, 
recently completed phase 1 clinical therapeutic evaluation2.

1. (ClinicalTrials.gov; identifier# NCT00435227)

2.  ClinicalTrials.gov; identifier# NCT01562938



Another Possible Approach 





Vaccines

It has been a long road



Prior Vaccine 

Development History

• In the 1960s, a formalin activated F protein 
vaccine was given to naïve children.

– This vaccine was associated with an increased risk – This vaccine was associated with an increased risk 

of severe disease and mortality in vaccine 

recipients.

– Subsequently a cotton rat model of this enhanced 

disease has been used to screen vaccine 

candidates

– This prior history has slowed development of 

vaccines.





Formalin Killed RSV Vaccine:

Impact of Prior Vaccine History





New Vaccines in Development





Assessing Toxicity 

Prior to Use in Humans

• Because of the excess mortality and toxicity seen 

after the formalin inactivated vaccine, safety 

assessment prior to use in humans has been an 

important challengeimportant challenge

• The cotton rat model of RSV disease has been 

used as the enhanced toxicity seen with formalin 

inactivated vaccine is also seen in this model.

• All current candidates have been evaluated in this 

model prior to use in humans.





Two vaccine programs 

are the most advanced

• Novavax recombinant near full-length RSV 

fusion (F) glycoprotein. 

• GSK candidates• GSK candidates

– Recombinant pre-F protein vaccine

– Self replicating RNA vaccine producing F fusion 

protein.



• Novavax’ has developed an RSV F vaccine.

– Based on a purified, recombinant near full-length RSV 
fusion (F) glycoprotein. 

– The RSV F is produced using the baculovirus/Spodoptera
frugiperda (Sf9) insect cell system, and assembles into 
trimers, which further associate via hydrophobic 

Candidate: 

Novavax F protein vaccine

trimers, which further associate via hydrophobic 
interactions into nanoparticles resembling the previously-
described 40nm protein-protein micelles of isolated RSV F 
protein [Calder 2000]. 

– The purified F protein is adsorbed to aluminum phosphate 
and contains 120μg of RSV F protein and 0.4mg of 
aluminum per 0.5mL injection. 

– The vaccine contains no viable viruses. 



Novavax F protein vaccine







• More than one candidate in development

– One candidate utilizes a self replicating RNA 

platform to induce early immunity to post fusion F 

GSK RSV Vaccines

platform to induce early immunity to post fusion F 

protein

– Also recombinant subunit vaccine of pre-fusion F 

protein





Other vaccines in development



• RSV is a very significant cause of respiratory 
disease morbidity and mortality globally

• Current treatment and prevention strategies are 
suboptimal

• Toxicity with a prior vaccine candidate has slowed 
the field as has the need to provide protection to 
very young infants.

RSV Summary & Questions for the future

very young infants.

• Remaining questions:
– Will maternal immunization provide protection in the 

first months of life for infants?

– Can an effective infant immunization strategy be 
developed?

– Will vaccines work for older children and adults





RSV Virus Structural Proteins
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Clin Microbiol Rev. 2000 Jul; 13(3): 371–384.


