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• Discovered in 1956
• Enveloped RNA virus

• Common & ubiquitous 
respiratory virus

• North hemisphere :
Annual epidemics during the 
cold season (nov-march)

• A & B subtypes

Respiratory syncytial virus (RSV)



Seasonality of RSV infection 

Alberta, Canada
2008-2015
Proportion of RSV positive assay by luminex Assay

Griffiths CMR 2017



Age as a major determinant of RSV disease

Openshaw Annual Rev Immunol 2017

Most common respiratory infection in infants
95% infected before 2 years
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Pathways leading to antiviral defense & immunopathology during RSV infection
Protective vs Harmful immunity

Openshaw, Annual Rev Immunol  2017



Impact of aging on systemic immune functions

Inflammaging

Lower effector functions
Reduced proliferation

Defective 
phagocytosis

Reduced 
functions

Defective 
phagocytosis



The ageing lung

Bowdish Chest 2019

Pro-Inf. Cytokines
Neutrophils

Functionality

Alveolar epithelial cells



Mechanisms of diseases in the elderly

• Lower frequency of RSV-specific CD8 T cells
– Associated with higher viral load in animal models

• Lower frequency of IFN-gamma producing T cells 
• Higer production of IL-10 and IL-13
• Low concentration of neutralizing antibodies

– Higher risk of infection
– Higher severity

• Inflammaging of the elderly
– High IL-6 and MIP1-alpha associated with severe RSV 

disease

Openshaw, Annual Rev Immunol  2017



Mechanisms of diseases in the elderly

RSV-specific CD8+ T cells

RSV neutralizing IgG

IFN-γ production 
by CD4+ T cells

IL-6 and MIP1-α

IL-13

Openshaw, Annual Rev Immunol  2017

Neutrophil infiltration
Tissue Inflammation

RSV mucosal IgA



1. Introduction
2. Mechanisms of RSV disease in elderly
3. Epidemiology and burden
4. Future therapeutical intervention
5. Prevention : vaccination



13

RSV infection in the Elderly & High-Risk adults
Prospective study during 4 consecutive winters (New York)
• Healthy elderly patients (>65 y)
• High risk adults (chronic lung or heart disease)
• Patients hospitalized with acute cardiopulmonary conditions

RSV infection annually :
• 3-7 % of healthyelderly patients
• 4-10% of high risk adults

• In hospitalized subjects (n=1388) :
• 142/1471 cases of illness (9,6%)
• Similar LOS, ICU admission (15% vs 12%), pneumonia, intubation & 

mortality (8% vs 7%) as compared to influenza

Falsey NEJM 2005



Observational retrospective cohort study
01/2011-06/2015

15 hospitals insurance-owned (KPSC) in South-California
• 4.4 106 members

Comparison of RSV (n=645) and influenza (n=1878) positive 
hospitalized adults > 60 years (PCR)

Ackerson, CID 2018



RSV (%) Influenza (%) P-value

Length of stay > 7 days 34,4 25 0,001

Pneumonia 47,4 25,8 <0,001

Antibiotic use 94,1 88,9 <0,001

Steroids use 64,5 47,9 <0,001

Complications cardiovasculaires 37,7 32,8 0,084

Bacteremia/sepsis 29,1 30 0,75

Acute renal failure 18,9 19,9 0,73

ICU admissison 18,1 14,1 0,023

Mortality 30 days 8,7 7,1 0,49

Home health service 31 25.9 0,037

Ackerson, CID 2018



Ackerson, CID 2018

RSV (%) Influenza (%) P-value

Highest measured respiratory
rate >22 / min

77.7 67.7 <0.001

Greatest level of O2 
supplementation >5L

23.3 20.7 <0,001

Lowest oxygen saturation <93% 74.9 65.7 <0,001

Exacerbation of COPD 16.9 10.6 <0,001

Exacerbation of asthma 16.9 10.6 <0,001

Higher rate of respiratory complication in RSV-infected older adults



Long term consequence of RSV infection
in older hospitalized adults

Mortality 1 year 25,6% 15,9% 0,019

Ackerson, CID 2018



Estimates of global burden of RSV
Global burden of disease, 2016
• Number of deaths globally (>70 years)

– RSV : 22,009
– Influenza : 24,803
– S. pneumoniae : 494,340

Systematic review of laboratory-confirmed RSV cases, 2015 :
• 1,5 106 cases worldwide
• 336,000 cases hospitalized (186,000-614,000)
• 14,000 in-hospital deaths (5000-50,000)
• Higher hospitalization rate >65 years

Shi et al JID 2019

GBD 2016 LRI Collaborators Lancet Inf Dis 2018



RSV infection in hospitalized adults with severe acute 
respiratory infection during four influenza seasons in 
Belgium: prevalence, subtype distribution, risk factors & 
outcome

Nicolas Dauby1, Michèle Gérard1, Marc Bourgeois2, Bénédicte Delaere2, Koen 
Magerman3, Door Jouck3, Marijke Reynders4, Evelyn Petit4, Patrick Lacor5, Xavier 
Holemans6, Bénédicte Lissoir6, Isabelle Thomas7, Cyril Barbezange7, Nathalie 
Bossuyt8

ECCMID 2019 Amsterdam 04/2019



Aim :

• Surveillance of severe influenza infection (NRC Influenza, Sciensano)

Case definition

• Acute respiratory syndrome in the last 7 days with fever >38°C and cough or dyspnea and 
requiring hospitalization >24h – no age restriction

Exclusion :
• Noscomial cases

Surveillance begins from the start of the epidemic and ends at least 3 weeks after the end of the 
epidemic

All subjects underwent nasopharyngeal swab after oral consent
Prospective collection of clinical data : severity, duration of symptoms, vaccinal status, 
complications, death, LOS, antiviral & antibiotic treatment

Testing for influenza & multiples respiratory viruses (including RSV)

The Belgian « SARI » network



The Belgian « SARI » network

Network of sentinel hospitals located in the 3 regions
• Brussels Capital Region

• CHU Saint-Pierre
• UZ Brussel

• Flanders
• Jessa Ziekenhuis Hasselt
• AZ Sint-Jan Brugge-Oostende

• Wallonia
• CHU UCL Namur site Godinne
• Grand Hôpital de Charleroi

Estimated catchment population : 908.910 (8%)



Aims of the study

1. Assess the prevalence of RSV among SARI cases
2. Substype distribution

3. Risk factors & outcome of RSV cases with
comparision with influenza confirmed cases

Contribute to report the burden of RSV infection in 
adults & provide prevaccination data



Results

Four seasons analysed : 
2012-2013, 2015-2016, 2016-2017 & 2017-2018

Overall RSV prevalence during the 4 seasons : 
5.5% (165/3001)



2012-2013
37/448

8.3%

2015-2016
8/389
2.1%

2016-2017
79/863

9.2%

2017-2018
38/1262

3%



RSV subtype distribution accross seasons (absolute numbers)



Risk factors and clinical features
Influenza
No. 1,354

RSV
No. 148 P-value

Age 70.0 (±17.5) 71.8 (±16.4) 0.32
Age over 65 432 (32.0%) 37 (25.0%) 0.093
Sex 0.93
NA 57 (4.2%) 5 (3.4%)
Female 655 (48.4%) 71 (48.0%)
Male 642 (47.4%) 72 (48.6%)

Time since symptoms 2.9 (±2.2) 2.6 (±2.1) 0.11

Fever at admission 257 (19.0%) 32 (21.6%) 0.44
History of Fever 1,118 (82.6%) 104 (70.3%) 0.0005
Cough 1,142 (84.3%) 127 (85.8%) 0.72
Dyspnea 869 (64.2%) 110 (74.3%) 0.014
Diabetes 175 (12.9%) 22 (14.9%) 0.52
Obesity 122 (9.0%) 17 (11.5%) 0.30
Lung disease 371 (27.4%) 46 (31.1%) 0.34
Heart Disease 427 (31.5%) 59 (39.9%) 0.042

Immunosuppression 269 (19.9%) 27 (18.2%) 0.74

Asthma 100 (7.4%) 13 (8.8%) 0.51

17 cases co infected excluded



Outcome : higher LOS in RSV-infected subjects

Influenza
No. 1,354

RSV
No. 148

Pneumonia on Rx 318 (23.5%) 37 (25.0%) 0.68

ARDS 46 (3.8%) 5 (3.5%) 1.0

ICU Admission 140 (10.3%) 14 (9.5%) 0.89

LOS 11.6 (±12.9) 12.7 (±12.0) 0.042

Death 0.73

Yes 99 (7.3%) 11 (7.4%)

No 1,167 (86.2%) 115 (77.7%)

Missing 88 (6.5%) 22 (14.9%)
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RSV replication cycle & therapeutics targets

Fearns & Deval Antiviral Res 2016



EMA Guidelines on the clinical evaluation of 
medicinal products for the treatment of RSV 
disease

• Antiviral activity should be documented in vitro
• Specific activity (vs other viruses)

• Safety & pharmacokinetics evaluated in healthy adults

• Human challenge study should be considered in healthy adults
• Relatonship between dose, plasma exposure, effect on clinical signs and 

symptoms
• Confirmatory trials should demonstrate superiority over untreated

control group

EMA 18 october 2018



Oral JNJ-53718678

• Targets Fusion protein (prefusion F)
• Animal model (cotton rats & lambs)



Oral JNJ-53718678

• Challenge study (phase 2a)
• Three doses (75mg, 200mg, 500mg) vs placebo, orally, 7 days

• Mean VL, duration of viral shedding and mean overall 
symptom score lower in each group

• Ongoing multicentric phase 2b in RSV infected non 
hospitalized adults (ROSE study)

Stevens JID 2018



Presatovir - GS-5806 (Gilead)

• Allosteric inhibitor of F protein
• Block viral entry by inhibiting fusion of the viral enveloppe with host cell 

membrane



Slide from Gilead



Doses : 50 mg D1 then 25 mg/d during 4 days
Mean age (all cohorts) : 25 years



Presatovir – Trials (NCT02135614)

A Phase 2b, Randomized, Double-Blind, Placebo-Controlled Trial of
Presatovir (GS-5806), a Novel Oral RSV Fusion Inhibitor, for the
Treatment of Respiratory Syncytial Virus (RSV) in Hospitalized Adults 
189 subjects worldwide
• 3 days after symptoms
• 200 mg vs placebo (one dose)
• Plasma levels above 4-fold PaEC95 up to day 5
• No effect on viral load or clinical outcome

Hanfelt Goade ATS Conference 2018



Baseline Demographics & Key Characteristics

SD, standard deviation.

38

Presatovir, n=92 Placebo, n=94

Mean age, y (SD) 69.4 (14.24) 65.9 (13.87)

Male, n (%) 42 (46) 42 (45)

Lung disease classification, n (%)

No chronic lung disease 31 (34) 31 (33)

Asthma 22 (24) 22 (23)

COPD 27 (29) 30 (32)

Other chronic lung disease 12 (13) 11 (12)

Mean baseline O2 saturation %, (SD) 93 (3.5) 93 (3.7)

Mean baseline Flu-PRO Score, (SD) 1.11 (0.553) 1.04 (0.566)

Smoking history, n (%)

Current smoker 10 (11) 17 (18)

Former smoker 42 (46) 35 (37)

Never 39 (42) 39 (42)

Missing 1 (1) 3 (3)
Median duration of hospitalization prior to 1st study drug 
dose, days (Q1, Q3) 2.0 (2.0, 3.0) 2.0 (1.0, 3.0)



Primary Endpoint: DAVG5

39

Presatovir, n=80 Placebo, n=74 p-Value
Mean DAVG5 (SD) -0.78 (1.069) -0.90 (0.872) p=0.46

Treatment difference 0.12 

Viral Load Change in Viral Load
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RSV Discovered in 1957
During 50 years : only 2 products licensed to 
prevent RSV
• RSV-IVIG
• Palivizumab





What immunological endpoints for RSV 
vaccine studies ?

• Critical role of serum neutralizing antibodies
• Variability of neutralisation assay

• Protective role of mucosal IgA

• No definitive treshold of protection defined
• Only clinical trials will inform !

Mazur Lancet Inf Dis 2018



Ngwuta STM 2015



Mazur Lancet Inf Dis 2018







Recent vaccine candidates that failed…

Mazur Lancet Inf Dis 2018







E-205 RSV Phase 2 trial (2017)

• 300 healthy older adults
• Effect of doses & adjuvant 

on immune responses



E-205 RSV Phase 2 trial (2017)

4 months post injection



Resolve Trial (E-301, Novavax)

Summary of Primary and Secondary Objectives – Vaccine Efficacy
Number of Participants - ITT Population (11,856)

Primary and 
Secondary
Objectives

Placebo
(5,935)

Vaccine
(5,921)

Vaccine
Efficacy (CI)

P-Value

Primary: RSV msLRTD, 
N(%)

26 (0.44%) 28 (0.47%) -7.9 % (-84, 37) 0.78

Secondary: RSV ARD, 
N(%)

117 (1.97%) 102 (1.72%) 12.6 % (-14, 33) 0.32

135µg IM







• Frequent in elderly adults
• Burden similar to influenza infection
• High morbidity & mortality in subjects with risk factors

– Heart diseases
– COPD-Asthma

• Probably still underdiagnosed
– Molecular testing are required !
– Antigenic test only validated for children !

• Treatment & prophylactic vaccines soon available
– Critical to identify high-risk gourp
– Use appropriate diagnosis tests

• Upcoming vaccine trials should include various seasons

RSV : Conclusions
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