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Objectives

• Describe the epidemiology of RSV infection.
• Define the characteristics of RSV respiratory tract infection in children 

and adults.
• Explore efforts to prevent RSV infection – past, present and future.



“Triple-demic”



“RSV Immunity Debt”
• COVID-19 mitigation efforts resulted in fewer RSV exposures of 

young children
• School and childcare closures / at home learning
• Masking, hand hygiene, other non-pharmacologic interventions

• Reduced natural infections through winter of 2020-21
• Reduced immunity of children < 2 years
• In summer of 2021, with relaxation of COVID measures an “out 

of season” RSV epidemic occurred 
• In fall of 2022 – “triple-demic”

• RSV, influenza and COVID-19



Your Local Epidemiologist, Nov. 30, 2023









RSV – History 
• 1956 – identified in secretions 

of chimps with bronchiolitis
• 1957 – found in children with 

bronchiolitis
• 1957 – noted to form 

multinucleated giant cells in 
tissue culture



Respiratory Syncytial Virus
• Mainly a pathogen for humans
• Negative strand RNA genome
• 2 major subtypes (A and B)
• 2 surface glycoproteins

• G – attaches to host cells and determines 
subtype

• F – fusion protein facilitates entry into 
host cell

• Better conserved than G
• Target for vaccines and mono-clonal 

antibodies



Immunity to RSV
• Cellular and humoral immune response
• Young infants have ~ 20% antibody response compared with older 

children
• One reason for recurrences
• Challenge for vaccine development

• Cell-mediated immunity vitally important
• RSV causes severe disease in SCID and transplant patients

• Secretory and serum antibodies
• Secretory Ab (IgA) protects upper respiratory tract
• Serum neutralizing Ab protects lower respiratory tract
• Maternal IgG provides some protection in young infants





RSV – Epidemiology 
• Transmission is via large particle droplets

• Travel a distance up to 6 feet
• Viral shedding after infection lasts 3-8 days

• Can persist on surfaces, objects (fomites), and hands
• Once infection acquired, typical incubation period before 

symptom onset is 4-6 days
• Spread within households and child care facilities

• Also within hospitals / healthcare settings
• OFID paper April 19, 2023 – more likely to be transmitted in hospitals 

than influenza
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RSV Disease Across the Age Range



Burden of RSV Lower Respiratory Tract 
Infection in Children
• United States

• The leading cause of hospitalizations in all infants
• 6 per 1000 children < 2 years
• 15 per 1000 children < 6 months

• 58,000 - 80,000 hospitalizations and 200 deaths each year



U.S. RSV Hospitalizations
• Previously healthy infants - 72%

• Preterm infants -16% 

• Infants with chronic medical 
conditions - 12%



Burden of RSV Lower Respiratory Tract 
Infection in Children
• Most children have acquired RSV by age 2 years

• 70% upper respiratory
• 30% lower respiratory

• Most common cause of LRTI in infants
• Bronchiolitis
• Pneumonia

• Hospitalized children generally improve with supportive care / 
brief hospitalization

• 1-3% of all infants develop severe RSV LRTI
• Especially in first 6 months



What is Bronchiolitis?

• Clinical syndrome usually seen in children < 2 years
• Usually caused by viruses

• RSV – 67% 

• Initial upper respiratory symptoms and signs, followed by lower 
respiratory findings

• Associated with recurrent wheezing / asthma



Bronchiolitis – Pathophysiology 

• Viruses infect respiratory epithelium in small bronchi and bronchioles
• Inflammation ensues

• Ciliary dysfunction
• Edema
• Mucous
• Sloughing of epithelium
• Airway obstruction

• Atelectasis
• Impaired gas exchange Johnson, Modern Pathology, 2007



Clinical Manifestations
• Fever, usually low grade
• Cough
• Signs of respiratory distress

• Retractions
• Grunting 
• Nasal flaring

• Physical findings
• Wheezing
• Rales

• Sometimes signs of dehydration
• Apnea



Risk Factors for Severe Disease

• Prematurity 
• Age less than 12 weeks
• Chronic lung disease

• BPD
• Asthma

• Airway anomalies
• Congenital heart disease 
• Immunodeficiency
• Neurologic disease
• Down syndrome



• RSV infections kill between 6,000 and 10,000 older  U.S. adults every 
year and results in 60,000 to 120,000 hospitalizations

• Risk factors include lung and heart disease and immunocompromising 
conditions

• U.S. had an unusually severe RSV season in 2022 -2023 affecting older 
adults as well as children

• Public largely stopped practicing public health measures implemented in 
response to the COVID-19 pandemic

• High community level of RSV disease

Burden of RSV Lower Respiratory Tract 
Infection in Adults



MMWR Oct. 6 2023



“During February 2022–May 2023, hospitalizations for RSV were less frequent 
but were associated with more severe disease than were hospitalizations for 
COVID-19 or influenza, including receipt of standard flow oxygen therapy, 
high-flow nasal cannula or noninvasive ventilation, and intensive care unit 
admission.”  -- MMWR Oct. 6, 2023



Treatment of RSV Infection
• Ribavirin

• Active in vitro against RSV
• Numerous studies in infants
• Improvement in oxygenation
• No clear benefit in LOS and requirement   

for ventilation
• Expensive
• Concern for HCW exposure
• Infrequently used
• May be lifesaving in severely 

immunocompromised infants, children    
and adults
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Novel Antivirals
• GS-5806 (presatovir)
• Novel, small molecule, oral 

antiviral agent
• Studied in adult volunteers

• Lower viral load
• Decreased mucous
• Improved symptom scores

• Most research has focused on 
BMT patients



First RSV Vaccine
• 1960s vaccine (FI-RSV Lot 100)

• Formalin inactivated RSV particles
• Studied in children 2 mo – 7 yr, 2 or 3 doses

• Disastrous results in the winter of 1966-67
• More hospitalizations than placebo recipients and 2 deaths
• “FI-RSV vaccine enhanced disease”



Photomicrograph of lung section from BALB/c mouse 
with enhanced RSV disease. Hematoxylin and periodic 
acid-Schiff stain shows peribronchiolar, perialveolar, and 
perivascular inflammation with abundant mucus 
production.



First RSV Vaccine
• 1960s vaccine (FI-RSV Lot 100)

• Formalin inactivated RSV particles
• Studied in children 2 mo – 7 yr, 2 or 3 doses

• Disastrous results in the winter of 1966-67
• More hospitalizations than placebo recipients and 2 deaths
• “FI-RSV vaccine enhanced disease”

• Serum from vaccinees showed aberrant response
• Formalin selectively altered the protective epitopes in the  F and G surface 

glycoproteins
• Likely immune complex deposition / complement activation



PREVENT Study Group, 
Pediatrics, 1997



IMpact-RSV Study Group, 
Pediatrics, 1998



Synagis for Prevention of RSV Disease
• Recommendations have changed multiple times

• Data driven and cost driven
• Payers pay close attention

• Infants < 29 weeks gestation at beginning of RSV season 
may be considered for palivizumab

• CLD in 2nd year requiring medical therapy should receive 
prophylaxis for next RSV season

• CHD:  Discuss with cardiologist
• < 2% of infants eligible based on current criteria

Current AAP 
Red Book



RSV:  The Future

• RSV vaccines
• Adults
• Children

• Alternative monoclonal antibodies for 
passive immunization of infants

2023
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RSV F Glycoprotein Vaccine

• Prefusion conformation
• Appears safe

• Mice and macaques

• High levels of RSV 
neutralizing antibody 
(subtypes A and B)

• This study set  the stage for 
multiple clinical trials







Efficacy of Adult RSV Vaccines for LRT Disease

Arexvy (GSK)
• Overall 

• 82.6% in first RSV season
• 56.1% for second RSV season

• For severe disease
• 94.1% in first RSV season
• 78.8% over two seasons

Abrysvo
• For LRTD with at least three 

symptoms (cough, wheezing, 
sputum, SOB, tachypnea)

• 88.9% in first season
• 78.6% midway through second 

season



RSV Infections Prevented Over Two Seasons



Cost-Effectiveness – ACIP 

• Multiple assumptions
• Two seasons of effectiveness
• Vaccine cost $200 
• RSV epidemiology and severity

• $94,673 / QALY for > 65 years
• $218,350 / QALY for 60-64 years



3 / 17,922 subjects
One case of GBS
Two cases of ADEM

3 / 20,255 subjects
Two cases of GBS
One case of polyneuropathy



Both RSV Vaccines Recommended by CDC

• Shared clinical decision-making for adults > 60 years
• Patient’s risk for acquiring RSV
• Patient’s risk for severe RSV disease





Both RSV Vaccines Recommended by CDC

• Shared clinical decision-making for adults > 60 years
• Patient’s risk for acquiring RSV
• Patient’s risk for severe RSV disease
• Patient’s characteristics, values and preferences

• Single dose
• Insufficient data for re-vaccination

• Offer before and during RSV season
• Coadministration with other adult vaccines acceptable
• Only contraindication is previous severe allergic reaction to any 

vaccine component
• So far, 15% of eligible adults have received one of the RSV vaccines



Why Not a Universal Recommendation?

• Highest risk adults not included in trials
• Cost-effectiveness concerns
• Uncertainty about relationship of vaccine to neuro-inflammatory 

events
• “Whether these events occurred due to chance, or whether RSV vaccination 

increases the risk for inflammatory neurologic events is currently unknown. 
Until additional evidence becomes available from postmarketing surveillance 
clarifying the existence of any potential risk, RSV vaccination in older adults 
should be targeted to those who are at highest risk for severe RSV disease and 
therefore most likely to benefit from vaccination.”   MMWR, July21, 2023 



RSV Immunization of Infants:  Potential Approaches

Maternal Immunization Infant Vaccines Long-acting monoclonal Ab

Trans-placental transfer of 
IgG 

Replicating vaccines (live 
attenuated or vectored)

Prolonged half life

Independent of infant 
immune function

Potential for multi-season 
protection

Single dose at birth or at 
start of RSV season

Works for influenza and 
pertussis

T-cell as well as antibody 
response

Independent of infant 
immune function

May not work for preterm 
infants

May require multiple doses Potential cost

Protection may not last for 
entire season (T1/2 = 23 days)

Youngest infants may not 
be eligible

Potential for anti-drug 
antibodies

Suboptimal uptake Preterm infants may not 
respond well

Potential for viral escape by 
loss of epitope
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Nirsevimab (Sanofi and AstraZeneca) 
• Recombinant neutralizing human IgG1ĸ long-

acting monoclonal antibody
• Binds to prefusion conformation of the RSV         

F protein
• Modified with a triple amino acid substitution in 

Fc region to extend serum half-life
• T1/2 = 69 + 11 days
• Compare to palivizumab – 23 days



Phase 3 Pivotal Study in 
Healthy Infants
• 1490 infants randomized 2:1 to receive 

either mAb or placebo
• Single IM injection prior to RSV season 
• Safety

• SAEs similar between groups
• 6.1% antidrug antibodies

• Efficacy 
• 74.5% for MALRTI due to RSV

• P < 0.001
• 62.1% for RSV hospitalization

• P = 0.07



Nirsevimab:  Efficacy and Safety from Pooled 
Results of Phase 2b and Phase 3 Trials of Infants
• At 150 days, compared with placebo, nirsevimab:

• Reduced medically attended RSV lower respiratory tract infection by 79.0%
• Reduced RSV-associated hospitalizations by 80.6%
• Reduced RSV-associated ICU admission by 90.0%

• Serious adverse events were similar in nirsevimab and placebo 
recipients

• Minor side effects uncommon
• Rash
• Injection site reactions



Nirsevimab:  Results for High-Risk Infants 
Entering Their 2nd RSV Season
• Study enrolled 615 former preterm infants (< 35 weeks) and 310 

toddlers with either chronic lung disease or hemodynamically 
significant congenital heart disease

• Subjects received 200 mg dose of nirsevimab or palivizumab
• Efficacy against LRTI were extrapolated from pharmacologic data
• Nirsevimab levels comparable to those of younger babies entering 

first RSV season 
• Rates of severe adverse events not different between the groups





Nirsevimab:  Cost Effectiveness
• Cost per dose:

• 50 and 100 mg $495
• 200 mg $890

• First RSV season
• $102,811 per quality adjusted life year

• High risk toddlers entering second RSV season
• Much less expensive than 5 doses of palivizumab



Nirsevimab:  Recommendations for Use

• All infants < 8 months shortly before start of RSV season
• Infants born shortly before or during RSV season within 1 week of birth

• Prior to discharge from birth hospitalization
• Outpatient setting

• High risk toddlers shortly before start of second RSV season
• Chronic lung disease of prematurity requiring medical intervention
• Severely immunocompromised
• Cystic fibrosis with significant lung disease
• American Indians and Alaskan Natives















Burden of RSV in Pregnancy
J Infect Dis, 2023

• Among 8126 pregnant women, the proportion with respiratory 
infections that tested (+) for RSV was 3.4%

• Incidence  26 per 1000 person years
• Hospitalization  2.7 per 1000 person years
• No deaths
• Comparing RSV (+) to RSV (-) women, no differences in miscarriage, 

stillbirth, LBW or SGA



Maternal RSV Vaccination
• Prefusion F vaccines developed by both Pfizer and GSK
• Trials enrolled women from 24 to 36 weeks gestation
• Both GSK and Pfizer vaccine trials showed non-significant increases in 

preterm deliveries in vaccinees vs placebo recipients
• Low to middle income countries
• Uncertain mechanism
• GSK abandoned research program

• Only Pfizer’s vaccine FDA approved and recommended by CDC



Abrysvo for Pregnant Women

• Placebo-controlled trial involving 7392 pregnant women
• Efficacy against infant RSV hospitalization:

• 68% at 90 days
• 57% at 180 days

• Minimal maternal side effects
• No infant adverse effects

• Other than possible preterm birth







RSV – Yes!

To prevent serious RSV illness in infants, either the 
Pfizer RSV vaccine (Abrysvo) should be given between 
32 weeks, 0 days and 36 weeks and 6 days of 
pregnancy OR a dose of nirsevimab (RSV preventive 
antibody) should be given to the infant after birth. RSV 
vaccination during pregnancy is generally offered only 
between September and the end of January.

NB:  GSK vaccine should not be used



RSV – Yes!
To prevent serious RSV illness in infants, either the Pfizer 
RSV vaccine (Abrysvo) should be given between 32 
weeks, 0 days and 36 weeks and 6 days of pregnancy OR 
a dose of nirsevimab (RSV preventive antibody) should 
be given to the infant after birth. RSV vaccination during 
pregnancy is generally offered only between September 
and the end of January.
Given in this time window, cost will be $167,280 per 
QALY saved.





Important Details Regarding Maternal RSV Vaccine

• Recommended to prevent RSV disease in infant, not necessarily 
mother

• Approved by ChristianaCare P&T and available for distribution to 
practices

• IM injection for mom vs IM injection for baby
• Cost of Abrysvo $250 vs $495 for nirsevimab
• Counseling about both options (maternal vaccine and mAb) should be 

provided during pregnancy
• Important to document maternal vaccination for the purposes of 

management of infant (shot of nirsevimab or not)



Active RSV Vaccines for Infants

• Many challenges to overcome
• Hauntings from the 1960s FI-RSV vaccine – must not result in enhanced RSV 

disease
• Possible suppression of immune response by maternal antibody 
• Must protect against antigenically  distinct strains

• Live attenuated RSV vaccines currently being developed and tested 
• Some insufficiently attenuated for use in young infants



Pursuing Infant RSV Vaccine
• Phase 1/2 study
• 82 toddlers
• GSK chimpanzee-derived adenovirus 

vector expressing 3 RSV proteins
• Well tolerated
• Immunogenic

• Infant study underway
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