
Up-to-date of respiratory 
viral infection

중앙대병원 호흡기내과
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Respiratory viral infection in CAP

Eur Respir Rev 2016; 25: 178–188

• CAP + PCR for viral pathogens
• ~ August 9, 2015 (31 studies, n=10,762)

• Pooled proportion
• 24.5% (95% CI 21.5–27.5%)
• 44.2% (95% CI 35.1–53.3%) in lower respiratory samples



급성호흡기감염증 입원환자 수 (2018-2022)

COVID-19

2022 감염병 신고 현황 연보

RSV



연도별 급성호흡기감염증 입원환자 수 



병원기반형 호흡기감염병 감시체계

• 2022년 현재 42개 기관 참여 중증 급성 호흡기감염증
(SARI, Severe Acute Respiratory Infection)

① 발열 경험 또는 38도 이상의 고열과

② 기침이 있으며

③ 10일 이내 발생

④ 입원을 필요로 하는 경우



Respiratory virus in SARI

f



Influenza- and RSV-associated deaths 

JAMA. 2003 Jan 8;289(2):179-86. 

Influenza viruses and RSV: substantial mortality among young children and elderly 
individuals

National viral surveillance data in the US

1990-1991 through 1998-1999 (17,200 RSV cases)



Mortality associated with influenza and RSV

• National Center for Health Statistics (1999 ~ 2018, US) 

• Cause of death classification (ICD 10th)

• pneumonia and influenza (J09-J18)

• respiratory (J00-J99): RSV bronchitis

• respiratory and circulatory (I00-J99)

• 50.3 million death (1.0% [<1yr], 73.4% [≥65yr])

• RSV-associated mortality rate (respiratory)

• ≥65 years: 14.7 per 100,000

• <1 year: 2.4 per 100,000

• → RSV: substantial mortality among elderly individuals

JAMA Netw Open. 2022 Feb 1;5(2):e220527.



RSV disease burden ≥60-year-old adults

• In high-income countries 

(US, Canada, European countries, Japan, South Korea)

• January 1, 2000 ~ November 3, 2021

• RSV infections: PCR or seroconversion (≥4-fold)

Influenza Other Respir Viruses. 2023 Jan;17(1):e13031. 



Rates of medically attended RSV

• 15 studies (RSV + epidemiology) in US

• 2007 ~ 2021

• Annual RSV-associated hospitalizations (≥65 y) 

• Pooled incidence: 178 per 100,000 

• After adjustment: 267 per 100,000

Open Forum Infect Dis. 2022 Jun 17;9(7):ofac300. 

• True burden of RSV

• underestimated

• significantly higher among older adults with chronic medical conditions



Morbidity and mortality associated with RSV

• Observational, retrospective, cohort study

• Comprehensive prepaid health services 

(4.4 million members, 15 hospitals)

• Hospitalized adults ≥60 years

• 1 January 2011 ~ 30 June 2015 (645 RSV, 1878 influenza) 

• Hospitalized older adults with RSV 

• ICU admission: 18% 

• 1-year mortality: 26%

Clin Infect Dis. 2019 Jul 2;69(2):197-203. 



Viral shedding of RSV infection

• 3 winters (2005 ~ 2008), in New York

• 111 RSV-infected adults (61 outpatients and 50 hospitalized)

• 1st cohort: living in the community (≥21 years)

• 2nd cohort: hospitalized with ARI (≥21 years)

J Infect Dis. 2013 May 1;207(9):1424-32. 



Vaccination trends in the US

Centers for Disease Control and Prevention

RSV disease burden in adults aged 60 years and older is higher
Need for RSV prophylaxis in this age group





RSV vaccine candidates

Pathogens. 2023 Oct 19;12(10):1259.

24 vaccines in the clinical stage of development



RSV vaccine candidates

1. mRNA Vaccines

• mRNA: vaccine platform carries genetic information exclusively for specific proteins

• higher safety, low interference and modification of the genetic material of the host

• mRNA-1345: ongoing Phase II/III clinical trial (NCT05127434)

• RSV mRNA LNP CL-0059 or RSV mRNA LNP CL-0137: Phase I/II (NCT05639894) 

Pathogens. 2023 Oct 19;12(10):1259.



RSV vaccine candidates

2. Live-Attenuated/Chimeric Vaccines (LAVs)

• BLB-201: Phase I (NCT05281263)

• CodaVax-RSV: Phase I (NCT04295070)

• RSV-ΔG

• rBCG-N-hRSV1: Phase I (NCT03213405) 

• SeVRSV: Phase I (NCT03473002) 

• MV-012-968:  Phase II (NCT04690335)

• VAD00001

• RSV ΔNS2/Δ1313/I1314L

• RSV LID/ΔM2–2/1030s 

• RSV 6120/ΔNS2/1030s  

• RSV 6120/F1/G2/ΔNS1/RSV 6120/ΔNS1

Pathogens. 2023 Oct 19;12(10):1259.



RSV vaccine candidates

3. Subunit/Virus-Like-Particle (VLP)-Based Vaccines

• Subunit vaccine: purified fragments of the desired pathogen→ non-virulent, vaccine safety↑

• VLP vaccine: subclass of subunit vaccine, suitable for use in older adults

• IVX-A12: Phase IIa (NCT05903183)

• V-306: Phase I (NCT04519073)

• DPX-RSV(A): Phase I (NCT02472548)

• VN-0200: Phase II (NCT05547087)

• BARS13 (ADV110): Phase II (NCT04681833) 

• DS-Cav1 (VRC-RSVRGP084-00-VP) 

• Arexvy/RSVPreF3 OA (GSK3844766A): Phase III (NCT04886596) - licensed

• Abrysvo/RSVpreF: Phase III (NCT05035212) - licensed

Pathogens. 2023 Oct 19;12(10):1259.



RSV vaccine candidates

4. Recombinant Viral-Vector-Based Vaccines

• modifying the viruses by adding the desired genetic information → protein production 
using the virus as a delivery system

• Vector: key factor in the development of the vaccine (rapid production in shortened 
periods)

• MVA-BN-RSV: Phase III (NCT05238025)

• Ad26.RSV.preF: Phase III (NCT04908683)

Pathogens. 2023 Oct 19;12(10):1259.



Respiratory syncytial virus (RSV)

• Pneumovirus in the family Paramyxoviridae

• negative-sense single-stranded RNA virus

• 10 genes encode 11 proteins

• 2 major subtypes: A and B (by G glycoprotein)

• 3 viral envelope proteins

• Small hydrophobic (SH): ion channel

• G: attachment

• F (fusion): viral entry

• F glycoprotein: unidirectional conformational change 

• Metastable prefusion conformation (pre-F, functional)

• Stable postfusion conformation (post-F, non-functional)

Curr Opin Immunol. 2015 Aug;35:30-8.



F glycoprotein

• Major antigenic target for vaccine

• Viral fusion and host-cell entry

• transitioning to a stable postfusion state while mediating virus entry

• elicits neutralizing antibodies

• highly conserved across the two RSV subtypes (A and B)

• antigenically divergent RSV G (determinant of A and B subgroups)

• Palivizumab (neutralizing monoclonal antibody targeting RSV F)

• RSV-related high-risk infant hospitalizations↓

→ Stabilized preF: key vaccine antigen

J Infect Dis. 2022 Apr 19;225(8):1357-1366.



Recombinant Viral-Vector-Based Vaccines

Ad26.RSV.preF



Ad26.RSV.preF

• Phase 1 trial

• ≥60 years (n=72)

• Ad26.RSV.preF vaccine (LD, HD) vs. saline placebo 

• 12 months between doses, 2-year follow-up 

• Ad26.RSV.preF

• well tolerated

• acceptable safety profile

• immunogenic after a single dose

• durable for ≥2 years after vaccination

J Infect Dis. 2020 Aug 17;222(6):979-988. 

Humoral Immunity

Cell-Mediated Immunity



Ad26.RSV.preF–RSV preF protein vaccine

• Replication-incompetent serotype 26 adenovirus (Ad26)

• Encoding a conformation-stabilized RSV preF protein (Ad26.RSV.preF) and recombinant 
RSV preF protein

• Potent inducers of humoral and cellular Th1 responses

NPJ Vaccines. 2020 Jun 12;5(1):49. 

Adult mice
Ad26.RSV.preF vs. FI-RSV 
Immune responses at 4, 8, 10 weeks



Ad26.RSV.preF–RSV preF protein

• phase 1/2a study

• Ad26.RSV.preF vs. Ad26.RSV.preF–RSV preF (LD, HD)

• ≥60 years

• cohort 1 (initial safety, n = 64)

• cohort 2 (regimen selection, n = 288)

• Ad26.RSV.preF–RSV preF protein

• improved humoral immunogenicity

• similar cellular immune responses

• remained well for 1.5 years

J Infect Dis. 2024 Jan 12;229(1):19-29. 



Ad26.RSV.preF–RSV preF protein vaccine

• Efficacy and Safety of an Ad26.RSV.preF–RSV preF Protein Vaccine in Older Adults 

• CYPRESS trial (by Janssen)

• phase 2b

• Ad26.RSV.preF–RSV preF protein vaccine vs. saline placebo

• August 5, 2019 ~ November 13, 2019

• ≥65 years (n=5,782, 1:1 ratio)

N Engl J Med. 2023 Feb 16;388(7):609-620. 



Vaccine Efficacy Assessments 

Efficacy Assessments

• Primary end point: 1st occurrence of RSV-mediated 
LRT disease

• Definition 1: ≥3 symptoms of LRT infection 

• Definition 2: ≥2 symptoms of LRT infection

• Definition 3: Definition 1 or 2 or ≥1 symptoms 
of LRT infection + ≥1 systemic symptom

• Secondary end point: 1st occurrence of any RSV-
mediated ARI

N Engl J Med. 2023 Feb 16;388(7):609-620. 

Immunogenicity Assessments 

• Blood samples: at days 1, 15, 85, 169

• RSV A2, RSV B neutralizing antibodies

• Serum preF IgG antibodies

• RSV-F–specific T-cell responses

Safety Assessments

• serious adverse events and adverse events

• Solicited and unsolicited adverse events



CYPRESS trial

N Engl J Med. 2023 Feb 16;388(7):609-620. 

less severe in vaccine group

Efficacy



CYPRESS trial

N Engl J Med. 2023 Feb 16;388(7):609-620. 

Immunogenicity Adverse Events



EVERGREEN trial



Subunit/VLP-Based Vaccines

RSVPreF3 OA (Arexvy)



AS01-adjuvanted RSVPreF3 vaccine

• RSVPreF3: recombinant subunit protein, engineered to preferentially maintain a PreF
conformation

• Adjuvant System (AS)01: liposome-based adjuvant, immunostimulants

• RSVPreF3 antigen with AS01

• better vaccine immunogenicity in immunologically impaired populations such as OA

NPJ Vaccines. 2023 Sep 29;8(1):143.

Antibody responses RSV F-specific CD4+ T cell responses

In mice



RSVPreF3 Candidate Vaccine

• Phase 1/2 study 

• RSVPreF3 formulations

• RSVPreF3 antigen concentrations (30, 60, 120 µg) 

• AS01-based adjuvant (AS01E and AS01B)

• Participants

• Part A (n=48, 18–40 years, YA)

• part B (n=1005, 60–80 years, OA)

• IM 2 doses (2 months apart), vaccine vs. placebo

J Infect Dis. 2023 Mar 28;227(6):761-772.



RSVPreF3 Candidate Vaccine

J Infect Dis. 2023 Mar 28;227(6):761-772.



RSVPreF3 Candidate Vaccine

J Infect Dis. 2023 Mar 28;227(6):761-772.

higher reactogenicity of the AS01-based 
formulations (highest for AS01B)
→ less reactogenic AS01E adjuvantinduced neutralizing antibody responses in older adults

highest RSVPreF3 antigen level (120 µg) 



RSVPreF3 OA

• Respiratory Syncytial Virus Prefusion F Protein Vaccine in Older Adults

• AReSVi-006 Study (by GSK)

• Phase 3 trial 

• RSVPreF3 OA (120 μg, AS01E-adjuvant) vs. placebo

• May 25, 2021 ~ January 31, 2022

• ≥60 years (n=24,966, 1:1 ratio)

N Engl J Med. 2023 Feb 16;388(7):595-608. 



Vaccine Efficacy Assessments 

Efficacy Assessments

• Primary end point: RSV-related lower respiratory 
tract disease

• Acute respiratory infection: ≥24 hours

• ≥2 respiratory symptoms or signs 

• or ≥1 respiratory + 1 systemic symptom or 
sign 

• Lower respiratory tract disease: ≥24 hours

• ≥2 lower respiratory symptoms or signs 
(including at least one lower respiratory sign) 

• or ≥3 lower respiratory symptoms

→ Primary objective

• lower limit of the confidence interval around 
the efficacy > 20% 

N Engl J Med. 2023 Feb 16;388(7):595-608. 

Immunogenicity Assessments 

• Blood samples

• before the injection

• 1 month after the injection

• RSVPreF3-specific IgG enzyme-linked immunosorbent 
assay and RSV A and B neutralization assays

Safety Assessments

• Intensity of adverse events: mild (grade 1) ~ severe 
(grade 3)



AReSVi-006 Study

N Engl J Med. 2023 Feb 16;388(7):595-608. 

Efficacy

primary objective was met (lower limit of CI >20%)



AReSVi-006 Study

N Engl J Med. 2023 Feb 16;388(7):595-608. 

Immunogenicity

Adverse Events



Subunit/VLP-Based Vaccines

RSVpreF (Abrysvo)

bivalent RSV prefusion F protein−based (RSVpreF) vaccine contains stabilized F 
from both subgroups A and B for maximal protection against circulating RSV strains



RSVpreF vaccine 

• A Randomized Phase 1/2 Study of a Respiratory Syncytial Virus Prefusion F Vaccine 

• April 2018 ~ November 2019 (US)

• Formulation: 60-µg, 120-µg, 240- µg dose

• Phase 1, sentinel cohort (n=168): 18–49 or 50–85 years old

• Phase 2, expanded cohort (n=1014): 18–49 or 65–85 years old

• No serious adverse events related to vaccine

J Infect Dis. 2022 Apr 19;225(8):1357-1366.



RSVpreF vaccine

• RSV neutralization titer through 12 months

RSVpreF formulations were safe, well tolerated, and induced robust neutralizing responses in adults.

J Infect Dis. 2022 Apr 19;225(8):1357-1366.



RSVpreF vaccine

• Efficacy and Safety of a Bivalent RSV Prefusion F Vaccine in Older Adults

• RENOIR trial (by Pfizer)

• interim analysis, ongoing, phase 3, multicenter, double-blind

• ≥60 years (n=34,284 , 1:1 ratio)

• 120 μg RSVpreF vaccine (A 60 μg and B 60 μg) vs. placebo

• August 31, 2021 ~ July 14, 2022

N Engl J Med. 2023 Apr 20;388(16):1465-1477. 



RENOIR trial

Efficacy Assessments

• 1st primary end point

• preventing RSV-associated LRT illness with ≥ 2 
signs or symptoms lasting more than 1 day 
and RSV infection

• 2nd primary end point

• preventing RSV-associated LRT illness with ≥ 3 
signs or symptoms lasting more than 1 day 
and RSV infection 

N Engl J Med. 2023 Apr 20;388(16):1465-1477. 

older population at risk for RSV-related illness 



Vaccine Efficacy

1.19 per 1000 person-years 
3.58 per 1000 person-years

0.22 per 1000 person-years
1.52 per 1000 person-years

2.38 cases per 1000 person-years
6.30 cases per 1000 person-years Vaccine efficacy: maintained through the end of the first RSV season



RENOIR trial

93.8% 

68.8% 

37.8%

28.9% 

N Engl J Med. 2023 Apr 20;388(16):1465-1477. 

Incidence of signs or symptoms Adverse Events
• More local reactions in vaccine group: 12% vs. 7%
• Similar systemic events: 27% vs. 26%



Maternal RSVpreF vaccination

• MATISSE trial (phase 3): maternal RSVpreF vaccination in preventing RSV-associated LRT illness 
in infants

N Engl J Med. 2023 Apr 20;388(16):1451-1464. 



mRNA Vaccines

mRNA-1345

encoding the membrane-anchored RSV-F glycoprotein
derived from an RSV A strain



mRNA-1345

• phase 1

• Younger adults (YA; 18-49 years, n=74) 

• Older adults (OA; 65-79 years, n=202) 

• mRNA-1345 (50, 100, 200 μg) vs. placebo

• mRNA-1345

• boosted antibody titers through month 1 in YA and OA

• comparable immunogenicity observed across age groups

• vaccine induced neutralizing antibodies persisted through 6 months

Immunogenicity 

Open Forum Infectious Diseases 2022 Vol. 9 Issue Supplement_2 



mRNA-1345

• Efficacy and Safety of an mRNA-Based RSV PreF Vaccine in Older Adults

• ConquerRSV (by Moderna)

• phase 2–3 trial 

• mRNA-1345 (50 μg) vs. placebo

• November 17, 2021 ~ October 31, 2022

• ≥60 years (n=35,541, 1:1 ratio)

N Engl J Med. 2023 Dec 14;389(24):2233-2244.



Vaccine Efficacy Assessments 

Efficacy Assessments

Primary efficacy objectives

• 1st episode of RSV-associated LRT disease (~12 m)

• with ≥ 2 lower respiratory signs or symptoms

• with ≥ 3 lower respiratory signs or symptoms 

Secondary objectives

• 1st episode of RSV-associated acute respiratory 
disease (~12 m) with ≥ 1 symptom

• 1st episode of RSV-associated LRT according to RSV 
subtype (A or B)

N Engl J Med. 2023 Feb 16;388(7):609-620. 

Safety Assessments

• solicited local and systemic adverse reactions for 7 
days after injection

• Unsolicited adverse events: through 28 days after 
injection

Success criterion for efficacy: lower boundary of the 
alpha-adjusted CI >20%



ConquerRSV study
Efficacy

lower boundary of the  CI >20%



ConquerRSV study

• Solicited local adverse reactions 

• No grade 4 

• Solicited systemic adverse reactions 

• grade 4 fever: 0.2% in each group

N Engl J Med. 2023 Feb 16;388(7):609-620. 

Adverse Events



Summary

• Stabilized preF: key vaccine antigen for preventing RSV

1. Arexvy (RSVPreF3 OA, GSK)≥60 years

2. Abrysvo (RSVpreF, Pfizer) ≥60 years, pregnant women

3. mRNA-1345

RSVPreF3 OA RSVpreF

mRNA-1345
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