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Classified as ECDC NORMAL

Virus Number of serotypes     % of colds   

Modified from Feigin D, Cherry. Textbook of pediatric infectious diseases (2nd Edn). WB Saunders Co, 1987

Atypical bacteria Number of serotypes % of colds
Mycoplasma 1 <10 5 yearly cycle
Chlamydia 1 <10 Unknown

Virus Number of serotypes % of colds

Rhinovirus 100+ 60 All year (peaks)
Coronaviruses 2 15 All year (peaks)
Influenza viruses 3 <10 Epidemics
Parainfluenza viruses 4 <10 All year (peaks)

Respiratory syncytial virus 2 <10 Epidemics
Adenoviruses 47 <10 Sporadic
Enteroviruses 40+ <10 Sporadic

Common cold agents “I contain multitudes”
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Global changes in RSV and flu 
prevalence month by month

RSV

Flu
D1.10 Global patterns in monthly 
activity of influenza virus, respiratory 
syncytial virus, parainfluenza virus, 
and meta-pneumovirus: a systematic 
analysis

WP1 – Systematic literature 
review on RSV and current 
estimates of burden of disease
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Respiratory Syncytial Virus

Global pathogen affecting infants, vulnerable adults and frail elderly

• Each winter, 1 in 6 paediatric beds are occupied by cases of bronchiolitis
• 80% of cases of bronchiolitis are caused by RSV
• Between 2 and 6% of cases of bronchiolitis need paediatric intensive care
• in LMICs, RSV is 2nd only to malaria in infant mortality 

• In stem cell transplant patients, mortality approximately 80% 
• In frail elderly persons, RSV infection has a 10% mortality; winter 

hospitalization and deaths caused by RSV are comparable to flu deaths

There is still no effective vaccine or specific treatment
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Respiratory syncytial virus

RNA, ribonucleic acid; SH, small hydrophobic; ssRNA, positive-strand RNA viruses.

• Filamentous RNA virus of 
the Pneumoviridae family

• Peaks of severity in early 
and later life

• Repeated infection with 
same viral strains (‘immune 
amnesia’)

• Associated with later 
wheeze and ‘asthma’

https://www.embopress.org/doi/full/10.15252/embj.2021109728

Conley et al The EMBO Journal (2022)41:e109728

https://twitter.com/i/status/1473608773717696514 5

https://www.embopress.org/doi/full/10.15252/embj.2021109728
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Antibody Responses to RSV: everyone gets infected 
A Cross-Sectional Dutch Serosurveillance Study

Berbers et al  J Infect Dis 
15;224(2):269-278  (2021)

Cord blood sera: red circles 2021 Jul 15;224(2):269-278. doi: 10.1093/infdis/jiaa483 

Postfusion F IgG Nucleoprotein IgG
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Ab, antibody; IFN-γ; interferon-gamma; IgA, immunoglobulin A; IgG, 
immunoglobulin G; IL, interleukin; RSV, respiratory syncytial virus. Openshaw P et al. Annu. Rev. Immunol. 2017. 35:501–32.

RSV interference with host immune response

Surface 
glycoproteins

§ G protein binds to CX3CR1 on pDC/ciliated cells
§ Secreted G acts as a decoy for antibody
§ F binds to TLR4, possibly causing innate desensitization

Internal 
proteins § N disrupts the synapse between CD4 and CD8 cells

Non-structural 
proteins

§ NS1 disrupts IRF3 binding to the IFNβ promotor
§ NS2 protein binds RIG-I, blocking innate signalling
§ NS1/2 enhance degradation of STAT2, terminating innate response
§ NS1/2 inhibits cDC maturation, inhibiting APC functions
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Thorax 2019;74:986–993.

It’s caused by a virus, but it’s 
an inflammatory disease 
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Classified as ECDC NORMAL Kim et al 1969 Am J Epidemiol 89: 422

RSV
vaccinees
n = 31

RSV infection
n = 23 74%

Lung disease
n = 19 83%

Hospitalisation
n = 18        78%

Lung disease
n = 6          29%

Hospitalisation
n = 1           5%

Paraflu
vaccinees
n = 39

RSV infection
n = 21       52%

2-7 month deprived infants in Washington DC
5 blood samples, weekly throat/anal swabs

Lot 100 vaccine 0, 1 and 4 months
0.5ml vaccine i.m. 

Most adverse effects 
in <6/12 children

2 deaths: aged 14 
and 16 months

Vaccine-enhanced disease

9



Classified as ECDC NORMAL

https://undark.org/2023/10/09/rsv-vaccine-children-trials

Ross Otto Hambrick 1965-1966
Victor King 1965-1966
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Sigurs N et al. Pediatr 1995; 95:500-05., Sigurs N, et al. Am J Respir Crit Care Med 2000;161:1501-07. 
Sigurs N, et al. Am J Respir Crit Care Med 2005;171:137-41. Sigurs N, et al. Thorax 2010;65(12):1045-52

Long-term effects of early life infection
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Double-blind, 429 healthy preterm infants born (33 to 35 weeks)
Monthly palivizumab (214 infants) or placebo (215 infants) in RSV season

Treatment reduced RSV-related hospitalization from 5.1% to 0.9% (P = 
0.01).

Palivizumab caused 61% (95% CI 56 to 65) reduction parent-
reported wheezing days in the first year of life [1.8% vs. 4.5%] 
Funded by Abbott Laboratories
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RSV affects all ages

Openshaw et al. Ann Rev Immunol (2017) 35:501-532 13
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https://doi.org/10.1093/infdis/jiz059

Review of global RSV-ARI studies in adults aged ≥65 years, 1996-2018. Derived rate estimates for 2015, calculated global 
and regional burdens. Estimated in-hospital deaths due to RSV-ARI by combining hCFR data with hospital admission 
estimates from hospital-based studies. 

Results
• Estimate 1.5m episodes (95% CI 0.3 million–6.9 million) of RSV-ARI in older adults in industrialized countries

• 14.5% of episodes resulted in hosp. admission (n=214 000, 95% CI 100 000–459 000) 

• RSV hospital admissions in older adults estimated at 336,000 globally (range 186,000–614,000). 

• Estimate about 14 000 in-hospital deaths (5,000–50,000) globally. 

The disease burden of RSV-ARI among older adults is substantial

JID  222 (Suppl 7): S577–S583
1 November 2020
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• Janssen Pre + Post F serology
• Groningen (6/12 samples sent) – 8 positive (1 overlap with PCR)
• Imperial (6/52 and 6/12 samples sent) -12 positive (3 overlaps with 

PCR)

• 14 PCR positives (including 3 overlaps)
• 19 Serology positives (including 3 overlaps)

• 27 RSV cases across both cohorts, using serology and PCR

11 
PCR+

16 
Serology+ 

3 
both

RESCEU: COPD Cohort Study
Dr Dexter J Wiseman Clinical Research 
Fellow – NHLI, Imperial College London 
177 Patients enrolled

1,175 individual visits

188 Exacerbation visits and 222 
exacerbation follow-ups

175 Exacerbation visits have had NP 
swabs tested by GSK

247 ‘unreported’ exacerbations logged on 
diary cards

Dr Dexter Wiseman

Prof Wisia Wedzicha

At least 7.4% of COPD exacerbations are RSV-related 
https://www.atsjournals.org/doi/10.1164/rccm.202308-1320OC PubMed: 38502541
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PHE National flu and COVID-19 surveillance report: 9 September 2021 (week 36)

UK bounce-back of respiratory viruses 
after lifting of COVID restrictions
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Annual Meeting 
November 2024

Liverpool, UK: 120 in person, 100 online

Developing human 
infection challenge to  

accelerate vaccinology

540 members, 31% LMIC

www.hic-vac.org

Distributed £4.8m research fund since 2017  

http://www.hic-vac.org/
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Inoculation of volunteers with RSV

Chris Chiu and Max Habibi 

● Healthy, aged 18 – 55 years
● Intranasal 104 pfu RSV-A (Memphis 37)
● Keep in seclusion from D-1 to D+10
● Intensive daily sampling
● Follow-up: 

● day 14 (airway) 
● day 28 (airway and blood)
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What determines susceptibility?

• Human infection challenge model
• Detailed study of complete infection time course

Cold 
(n=23)

Day 0 10
RSV inoculation

14

Nasal curettage
Nasal samplingQuarantine and daily nasal sampling

No Cold
(n=25)

Volunteers (n=58)

RSV M37 inoculation (104 PFU)

Asymptomatic 
(n=10)

20



Classified as ECDC NORMAL

Possible outcomes of RSV exposure

Immunity

Exposure

No symptoms Symptoms

InfectedUninfected
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• Very high nasal antibody levels offer some protection

• High probability of protection would require super-physiologic levels

Habibi et al. AJRCCM (2015)

What determines susceptibility?
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What determines susceptibility?

No Cold

Cold Nasal tissue gene 
expression prior to 
inoculation

Differential gene 
expression

23



Classified as ECDC NORMAL

Biological Processes Enriched: Cold vs No Cold\\
Neutrophil activation

Granulocyte migration

Neutrophil response
Neutrophil immunity

Neutrophil degranulation
Epidermis development

Leukocyte migration
Skin development

Epidermal cell
Keratinocyte differentiation

Keratinization
Cornification

Elevated neutrophil activation at baseline in Cold group

What determines susceptibility?
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Mucosal          
response to exposure

No Cold
Host shows an early response: 

virus defeated

Cold
Host mediators suppressed: 

virus succeeds 

https://doi.org/10.1126/science.aba9301

https://doi.org/10.1126/science.aba9301


Classified as ECDC NORMAL

Interpretations…

https://doi.org/10.1126/science.aba9301 10.1126/science.abe3685 
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Dunning J and Openshaw P.  Mucosal Immunol 2020;13:566–573.

Sequential events during RSV virus infection
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Front. Immunol., 18 October 2024
https://doi.org/10.3389/fimmu.2024.1448578

)

Serum and mucosal antibody-mediated protection and 
identification of  asymptomatic respiratory syncytial virus 
infection in community-dwelling older adults in Europe 
Deniz Öner, Charlotte Vernhes, Sunita Balla-Jhagjhoorsingh, Annick Moureau, 
Marjolein … Christopher C. Butler, Theo J.M. Verheij, Simon B. Drysdale, 
Joanne G. Wildenbeest, RESCEU Investigators, Andrew J. Pollard, Peter J.M. 
Openshaw, Louis Bont, Jeroen Aerssens

• Obtained baseline serum RSV-pre- and post-F, RSV-
A2 neut IgG, mucosal RSV-pre-F IgA and IgG levels. 

• Separated into those with 
• symptomatic RSV-ARTI (N=30)
• non-RSV (RSV negative) ARTI (N=386)
• No ARTI (N=338)
• Asymptomatic RSV infection (serology). 

1. Serum RSV-pre-F, RSV-G IgG and mucosal pre-F 
binding IgA antibodies correlate with protection vs. 
symptomatic RSV infection. 

2. RSV-pre-F IgG antibodies correlate with protection 
from RSV infection irrespective of  symptoms. 

https://doi.org/10.3389/fimmu.2024.1448578
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“Obtaining RSV preF crystals was 
difficult, because the unmodified and 
untethered protein spontaneously 
rearranges into its highly stable 
postfusion conformation”

N Engl J Med 2023; 388:579-581

https://www.nejm.org/doi/full/10.1056/NEJMp2216358
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Nature | Vol 600 | 16 December 2021 | 379

https://media.nature.com/original/magazine-assets/d41586-021-03704-y/d41586-021-03704-y.pdf

“GSK, Janssen, Moderna and Pfizer now each have global phase III trials 
under way in tens of thousands of older adults. GSK leads the pack, and 
Rappuoli says he expects to have interim results in early 2022.”
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Direct 
Protection 
for infants

Protection 
for older 

adults

Potential 
mucosal 

protection

https://www.path.org/resources/rsv-vaccine-and-mab-snapshot/

Maternal 
Protection 
for infants

Updated September 18, 2024

https://www.path.org/resources/rsv-vaccine-and-mab-snapshot/
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https://ourworldindata.org/child-mortality-in-the-past

https://ourworldindata.org/uploads/2021/03/Youth-mortality-rates-over-last-two-millennia.png
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Prospects for prevention 
of RSV disease Vaccine protection of older adults

• Excellent protection against LRTD
• Will it last many seasons?
• Real-world health benefit is hard to estimate

Maternal vaccines
– Protective against infant infection (?4-5 mo.?)
– Premature labour in GSK trials– why?
– Cost effective in LMICs

Passive immunity 
– Nirsevimab is approved, should replace palivizumab
– Will they reduce childhood wheeze and asthma Dx? 
– Might need other of mAbs

– Emergence of resistant strains?

Vaccines for infants/toddlers 
– Live attenuated vaccine might be ideal

– Could follow on from year 1 (after nirsevimab) 
– Trials underway- will they reduce transmission in households? 

Than
k yo

u!
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