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Respiratory Viral Seasons: RSV Seasonality

= Prospective study of adults hospitalized with acute respiratory illnesses (N = 10,311)
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Calendar Date

= RSV rates: 6.0% (n = 622); peaks: Jan 2016-2017 and 2017-2018, Dec 2018-2019
* |nfluenza rates: 18.8% (n = 1940); peaks: Feb 2016-2017, Jan 2017-2018, March 2018-2019

Begley. Clin Infect Dis. 2023;76:1980. Slide credit: clinicaloptions.com E
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US RSV Burden: Adults Aged 65 Yr and Older

= Annual RSV attack rates in older adults:

— Community setting: 2%-10% 9500-
12,700

— Congregate setting: 5%-10%
deaths/yr

= RSV mortality: 78%-86% of deaths
occur in adults aged 265 yr 159,000

hospitalizations/yr

Disease burden underestimated
and expected to increase with 1.4 million

aging population outpatient visits

Branche. Drugs Aging. 2015;32:261. Matias. Influenza Other Respir Viruses. 2014;8:507. Thompson. JAMA. 2003;289:179.
Choi. Influenza Other Respir Viruses. 2022;16:151. McLaughlin. Open Forum Infect Dis. 2022;9:0fac300. E
Branche. Influenza Other Respir Viruses. 2022;16:1151. Slide credit: clinicaloptions.com
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RSV in Adults: Clinical Symptoms and Complications

= On average, adults seek medical Upper Respiratory*

. O .

attention 5-6 days into illness

= Spread of RSV infection to lower T —
rhinorrhea

respiratory tract can result in%3:

— Pneumonia

— Acute bronchitis

— Exacerbations of asthma, COPD,
or CHF High fever Wheezing or rales

Respiratory
failure

Lower Respiratory*

1. McLaughlin. Open Forum Infect Dis. 2022;9:0fac300. 2. drugs.com/health-guide/acute-bronchitis.html. E
3. cdc.gov/rsv/clinical/index.html. 4. Falsey. Clin Microbiol Rev. 2000;13:371. Slide credit: clinicaloptions.com
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RSV-NET US RSV Burden on Hospitalizations:
Older Age Is a Key Risk Factor

= Estimated annual laboratory-confirmed RSV-associated hospitalizations per 100,000 adults
450 1
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cdc.gov/rsv/research/rsv-net/index.html. Slide credit: clinicaloptions.com
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Cardiorespiratory Hospitalization Attributable to
Influenza and RSV in LTCF Residents

= Retrospective analysis for 6 respiratory seasons (2011-2017) using
Medicare Provider Analysis and Review in-patient claims

— Long-stay (2100 days) residents of long-term care facilities aged =65 yr
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Bosco. JAMA Netw Open. 2021;4:2111806.
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Increasing Age Increases Susceptibility and
Mortality to RSV-Associated Pneumonia

=  Estimates of RSV-associated CAP in adults
per 10,000 persons per yr:

100
AV-L 50-64 65-79 280
Cases 0.80 2.50 4.25 80+
Aged 60-74 yr
= RSV is fifth-leading cause of CAP requiring = 907
hospitalization g
< 404
= Based on study of 664 adults aged 260 yr Aged 75+ yr
hospitalized with RSV -
— ~50% had radiologically confirmed P <.001
pneumonia 0- . . . .
0 3 6 9 12

Mo After Admission

— 21% required ventilator support _ : _ .
Survival Estimate (Patients at Risk)

Jain. NEJM. 2015;373:415. Tseng. J Infect Dis. 2020;222:1298. Slide credit: clinicaloptions.com E
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RSV IVY Network: In-Hospital Outcomes in
Adults 260 Yr of Age

= Surveillance data from 25 medical centers from Feb 2022 - May 2023

— Multivariable logistic regression models adjusted for age, sex, race and ethnicity,
number of organ systems with chronic medical conditions, and US DHHS region

Outcomes, RSV vs COVID-19 RSV vs Influenza

n/N (%) aOR (95% ClI) P Value aOR (95% Cl) P Value
Standard flow O, 2.97 (2.07-4.27) <.001 2.07 (1.37-3.11) <.001
HFNC or NIV 2.25 (1.65-3.07) <.001 1.99 (1.36-2.9) <.001
ICU admission 1.49 (1.13-1.97) .005 1.55(1.11-2.19) .01
IMV or death 1.39 (0.98-1.96) .07 2.08 (1.33-3.26) .001

Surie. MMWR Morb Mortal Wkly Rep. 2023;72:1083. Slide credit: clinicaloptions.com E
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Comorbidities Increase Risk of RSV Hospitalization for
Older Adults

= Patients with medical claim for RSV diagnosis identified using Medicare 5% national sample
administrative database between July 1, 2011, and June 30, 2015

Predictors of Hospitalization OR (95% Cl) P Value
Asthma - 0.79 (0.50-1.24) .303
COPD —— 2.12(1.49-3.02) <.001
Heart failure - 2.06 (1.40-3.02) <.001
Coronary artery disease - 1.16 (0.82-1.65) .411
Solid organ transplant ] > 2.52(0.88-7.22) .085
Stem cell transplant B >  2.53(0.21-29.70) .461
Hematologic malignancies - - 5.17 (2.02-13.20) .001

High cholesterol i 0.75(0.55-1.03) .074
Osteoarthritis . 5 0.72 (0.51-1.02) .062
Stroke ] 2.00(1.02-3.96) .045
Chronic kidney disease [ ] + 4.37(2.74-6.98) <.001
o 1 2 3 4 5 6 7
Wyffels. Adv Ther. 2020;37:1203. Slide credit: clinicaloptions.com E
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Estimated Annual RSV Hospitalization Rates
by Age and Socioeconomic Status

= RSV-related respiratory hospitalization data from New York, New Jersey, and Washington
using State Inpatient Databases (July 2005-July 2014)

3000 ZSIOO Income Level
- ® Low
(7]
9 @ Hi
& B 2000- ! High
- O
N o 1500
o ©
=) 920 740
2 S 10007 I7!20 { 500
> 500
(Vs
o 500+ ] 30(!)2.50180 - 28%190130 I
6540 23 17139.3 493120
0- @ ® 0 o 0108102 oo e Smoe II
<1 1 2-4 5-9 10-19  20-44 4564  65-84 85+

Zheng. Pneumonia (Nathan). 2022;14:6. Slide credit: clinicaloptions.com
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Take-home Points

= RSV is associated with substantial morbidity and mortality in older
adults

= Advancing age increases susceptibility and mortality to RSV-associated
phneumonia

= Comorbidities (eg, CHF, COPD) and LTCF residence increase risk of
hospitalization among older adults who develop RSV

= Higher RSV hospitalization observed in certain historically marginalized
racial/ethnic and low socioeconomic status groups

Slide credit: clinicaloptions.com
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RSV Vaccination Recommendations
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Importance of RSV Stereochemistry in
Vaccine Development

" Breakthrough in vaccine development with RSV F glycoprotein
— Mediates viral fusion and host-cell entry
— Elicits neutralizing antibodies
— Highly conserved across RSV subtypes A and B

" “The neutralization sensitivity of each antigenic site is directly related
to exclusive or preferential binding to the preF conformation”

Graham. Curr Opin Virol. 2017;23:107. McLellan. Curr Top Microbiol Immunol. 2013;372:83. Graham. NEJM. 2023;388:579. Slide credit: clinicaloptions.com E
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RSV Vaccine Efficacy by Season in Adults Aged 260 Yr

RSV-Associated LRTD, %

-1
(95% Cl) RSVpreF RSVPreF3 MRNA-1345
Season 1:2021-2022 89 (54-99) 83 (58-94) 84 (66-92)
S.easo.n 2:2022-2023 79 (23-96) 56 (28-74) .
(interim)
combined: 2021-2023 84 (60-95) 75 (60-85) 63 (49-74)
(interim)

Melgar. MMWR Morb Mortal Wkly Rep. 2023;72:793. Wilson. NEJM. 2023;389:2233.
s29.g4cdn.com/435878511/files/doc_presentations/2024/Feb/15/rsvww-2024-p301- E
additional-analysis-and-cop-oral-presentation_fd-003-sks-1-_rd_final.pdf. Slide credit: clinicaloptions.com
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FDA-Approved RSV Vaccines for Older Adults

= Both recombinant vaccines directed at F glycoprotein

RSV Vaccine RSV Vaccine, Adjuvanted
(RSVpreF, Pfizer) (RSVPreF3, GSK)

= Bivalent F proteins = Adjuvanted ASO1,

= Single-dose (0.5 mL) IM = Single-dose (0.5 mL) IM

" |ndividuals aged =60 yr, " |ndividuals aged 260 yr

pregnant persons

FDA review for mRNA-1345 RSV vaccine expected in April 2024

RSV vaccine PI. RSV vaccine, adjuvanted PI. precisionvaccinations.com/vaccines/mrna-1345-rsv-vaccine. Slide credit: clinicaloptions.com E
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RSV Vaccines: Safety

= RSV vaccines are safe and well tolerated; serious AEs are similar to placebo

= Numerical imbalance of atrial fibrillation events reported within
1 mo following vaccination with RSVpreF and RSVPreF3

— Each vaccine reported 10 events in intervention arm vs 4 events in control arm

= 3 cases of GBS were observed within 42 days of vaccination
(2 cases after RSVpreF; 1 case after RSVPreF3)

" No cases of atrial fibrillation or GBS reported with mRNA-1345

Melgar. MMWR Morb Mortal Wkly Rep. 2023;72:793. Wilson. NEJM. 2023;389:2233.
cdc.gov/vaccines/acip/meetings/downloads/slides-2024-02-28-29/02-RSV-Adults-Das-508.pdf. Slide credit: clinicaloptions.com
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VAERS Reports: GBS and Non-GBS Neuroinflammatory
Conditions After RSV Vaccination in Adults Aged 260 Yr

Risk Observed Total Doses Observed VAERS Estimated Expected

Window RSV Vaccine verified GBS, n Admin, n Reporting Rate, Rate, per Million
(as of Feb 16,2024)  (asof Feb2-3,2024)  per Million Doses Doses (95% Cl)

RSVpreF 3,063,832 4.6
RSVPreF3 7 6,587,912 1.1
RSVpreF 14 3,063,832 4.6
RSVPreF3 3 6,587,912 1.2

21 days 2.0(0.7-4.2)

42 days 5.2 (2.8-8.9)

~

= 2 reports of transverse myelitis (1 report each after RSVpreF and RSVPreF3)

Non-GBS = 3 reports of acute disseminated encephalomyelitis (1 report after RSVpreF and
Coz:;tions < 2 reports after RSVPreF3)
= 1 report of posterior reversible encephalopathy syndrome after RSVpreF

= 1 report of acute encephalitis after RSVpreF

-

cdc.gov/vaccines/acip/meetings/downloads/slides-2024-02-28-29/05-RSV-Adults-Shimabukuro-508.pdf. Slide credit: clinicaloptions.com E
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Summary of RSV Vaccine Data

Q Benefits Limitations
» High/similar vaccine efficacy = Studied in “relatively” healthy
: opulations
" Protection across 2 seasons POp
against severe disease — Few persons aged >80 yr, with
. comorbidities, and residency in
= Safe and well tolerated with LTCF

low reactogenicity .
= Safety signals related to

" No severe outcomes neuroinflammatory AEs and
(hospitalization/death) atrial fibrillation (protein

subunit vaccines)

Papi. NEJM. 2023;388:595. Walsh. NEJM. 2023;388:1465. Slide credit: clinicaloptions.com E
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RSV Vaccines in Older Adults: CDC

CDC ACIP recommendation: “Persons aged 260 yr may receive a single dose of
RSV vaccine, using shared clinical decision-making”

= Decision to vaccinate patient should be
0 0

based on discussion between HCP and U U .. i
. . . Timing of Administration
patient, guided by:

: : . — Include as part of discussion
— Best available evidence of who may benefit P
— Most beneficial to administer

— Ind|fV|duaI s characteristics, values, and in late summer or early fall
preterences (eg, August to October),
— HCP’s clinical discretion before onset of RSV season

— Characteristics of the vaccine being considered

cdc.gov/vaccines/acip/acip-scdm-fags.html. Melgar. MMWR Morb Mortal Wkly Rep. 2023;72:793.
Slide credit: clinicaloptions.com

cdc.gov/vaccines/acip/meetings/slides-2024-02-28-29.html.
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Persons at High Risk for Severe RSV Disease

) LS

Chronic lung diseases Chronic CV diseases Immunocompromising Hematologic Neurologic
(eg, COPD, asthma) (eg, HF, CAD) conditions disorders disorders

GO &

Endocrine disorders Kidney and liver Other underlying Residents of nursing Frailty and
(eg, diabetes) disorders conditions or factors homes/LTCFs advanced age

cdc.gov/vaccines/acip/meetings/downloads/slides-2023-06-21-23/07-RSV-Adults-Britton-508.pdf. Walsh. J Infect Dis. 2004;189:233. Slide credit: clinicaloptions.com
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Anticipated Expanded Indications for
Recombinant RSV Vaccine

= Under FDA priority review to extend RSVPreF3 indication to include
adults aged 50-59 yr at increased risk

— Diagnosed with 21 medical condition (eg, COPD, chronic CVD,
diabetes mellitus, CKD, CLD)

= Decision expected in June 2024

gsk.com/en-gh/media/press-releases/arexvy-accepted-under-priority-review-in-us-for-the- E
prevention-of-rsv-disease-in-adults-aged-50-59-at-increased-risk. NCT05590403. Slide credit: clinicaloptions.com
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RSV Vaccine FAQs: Vaccine Coadministration

= Data are limited, but coadministration with other adult vaccinations is
acceptable

— Can be coadministered with the influenza, COVID-19, pneumococcus,
Tdap, and shingles vaccine

= |f vaccines are not administered the same day, there is no required
interval between vaccines

= Determining need to coadminister should be based on risk of acquiring
the vaccine-preventable disease, vaccine reactogenicity profile, and
patient preference

cdc.gov/respiratory-viruses/whats-new/getting-vaccines-at-same-time.html. E
cdc.gov/vaccines/acip/meetings/downloads/slides-2023-06-21-23/07-RSV-Adults-Britton-508.pdf. Slide credit: clinicaloptions.com
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Matthijs Meijers et al. Cell. 2023 Nov 9;186(23):5151-5164.e13.
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https://pubmed.ncbi.nlm.nih.gov/37875109/
https://www.researchgate.net/figure/Continuum-of-the-phases-of-a-pandemic-source-WHO_fig1_354858091
https://www.researchgate.net/figure/Continuum-of-the-phases-of-a-pandemic-source-WHO_fig1_354858091
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Détection des variants classés* au cours des enquétes Flash,

Part des suspicions de COVID-19

France hexagonale

parmi les actes SOS Médecins

Omicron B.1.1,529 (21K-248B)

JIN.1 (24A-24B)
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Relative efficacy of masks and respirators as source control for | m)
viral aerosol shedding from people infected with SARS-CoV-2 e
a controlled human exhaled breath aerosol experimental study

Jianyu Lai,® Kristen K. Coleman,” S.-H. Sheldon Tai,® Jennifer German,” Filbert Hong," Barbara Albert,” Yi Esparza,” Dewansh Rasto_qr',b
Aditya Srikakulapu,” Petri Kalliomiiki,” Maria Schanz," Alycia A. Smith,” Isabel Sierra Maldonado,” Molly Oertel,” Naja Fadul,” T. Louie Gold,” m
Kathleen McPhaul,” Tianzhou Ma,” Benjamin J. Cowling, and Donald K. Milton™’

“Maryland Institute for Applied Environmental Health, University of Maryland School of Public Health, College Park, MD, USA
®Department of Chemical and Biomolecular Engineering, University of Maryland, College Park, MD, USA

“Department of Epidemiology and Biostatistics, University of Maryland School of Public Health, College Park, MD, USA

“World Health Organization Collaborating Centre for Infectious Disease Epidemiology and Control, School of Public Health, The
University of Hong Kong, Hong Kong Special Administrative Region, China

Summary eBioMedicine
Background Tight-fitting masks and respirators, in manikin studies, improved aerosol source control compared to 20247104 205157
loose-fitting masks. Whether this translates to humans is not known. ;::':’*d Online 30 May

I -/ [doi.org/10.
Methods We compared efficacy of masks (cloth and surgical) and respirators (KN95 and N95) as source control for ;;tlpéj le}; Oi:_qzé._? 4

SARS-CoV-2 viral load in exhaled breath of volunteers with COVID-19 using a controlled human experimental study. 15557
Volunteers (N = 44, 43% female) provided paired unmasked and masked breath samples allowing computation of

source-control factors.

Findings All masks and respirators 51gmﬁcantly reduced exhaled viral load, without fit tests or training. ;A duckbill N95
1) as well as
cloth and surgical masks. Cloth masks outperfonned a surgical mask (p = 0.027) and the tested KN95 (p = 0.014).

Interpretation These results suggest that N95 respirators could be the standard of care in nursing homes and
healthcare settings when respiratory viral infections are prevalent in the community and healthcare-associated
transmission risk is elevated.

Jianyu Lai et al. EBioMedicine. 2024 Jun:104:105157.
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Figure 2. Effectiveness of updated 2023-2024 (monovalent XBB.1.5) COVID-19 vaccination against COVID-19-associated
hospitalization from XBB and JN lineage infection — IVY Network, 26 Hospitals, October 18, 2023-March 9, 2024. Vaccine
effectiveness was calculated as (1 — adjusted odds ratio) * 100% with odds ratios calculated using multivariable logistic regression

adjusting for age, sex, race/ethnicity, HHS region, admission date in biweekly intervals, and Charlson comorbidity index.

2 Based on timing of recommendations to receive updated 2023-2024 COVID-19 vaccines and JN lineage emergence, limited

numbers of individuals with XBB infection were 90-179 days from their updated dose, precluding estimation of VE within this stratum.
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Drug Activity Against SARS-CoV-2 Variants and Subvariants — as of 5/28/2024

VIRGINIA
DEPARTMENT

VD HOF HEALTH

Omicron | Omicron | Omicron | Omicron | Omicron | Omicron Omicron Omicron
KP.2 KP.3 JN.1.7 KP.1.1 JN.1 JN.1.16.1 JN.1.16 JN.1.13.1
Pemgarda
(mAb for PrEP, given Active Active Active Active Active Active Active Active

intravenously)

Bebtelovimab
(mAb for Covid-19
treatment, given IV)

Due to the high frequency of variants/subvariants that are resistant to it, as of Nov 30, 2022,
Bebtelovimab is NOT authorized for use in any U.S. Region.

Paxlovid

(nirmatrelvir with
ritonavir)

(oral Covid-19 antiviral)

Active

Active

Active

Active

Active

Active

Active

Active

Lagevrio
(molnupiravir)
(oral Covid-19 antiviral)

Active

Active

Active

Active

Active

Active

Active

Active

Veklury
(remdesivir)

(IV Covid-19 antiviral)

Active

Active

Active

Active

Active

Active

Active

Active

Key:

Active = drug is currently active or believed to be active against this variant/subvariant

Not likely to be active = based on testing, drug is not likely to be active against this variant/subvariant
Not active = based on testing, drug is inactive against this variant/subvariant
No data = no current testing has been reported about this drug against this variant/subvariant

https://www.vdh.virginia.gov/content/uploads/sites/182/2022/11/COVID-19-variants-subvariants-and-drug-activity.pdf
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. 2 mRNA doses
. 3+ mRNA doses

0.75-
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TBE78%E R =

No treatment

Nirmatrelvir-ritohavir

Unvaccinated 2 mRNA doses 3+ mRNA doses Unvaccinated 2 mRNA dosdb 3+ mRNA doses
No. of participants 141,931 114,656 199,670 35,826 42,355 |l 130,778
No. hospitalized 1,316 921 1,671 180 180 | 481
Hospitalizations per
100,000 person-days 311 27.0 281 19.7 16.4 I 14.2
JAdjusted HR (95% CI) Reference 0.74 (0.67-0.80) 0.51 (0.47-0.55) 0.47 (0.40-0.55) 0.33 (0.29-0.38) 0.22 (0.19-0.24)

»

Melisa M Shah et al. Clin Infect Dis. 2024 Feb 27:ciae105.
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COVID-19 guidance by Taiwan CDC

=M - HEl2/AIE5|% SARS-Cov-2 BEABRERERE

FREEE R A EARABEAREERBEFE BRAAE | ShiEANEREMTRS \E

Dexamethasone

Nirmatrelvir+ritonavir
EBiEBEER? Remdesivir Baricitinib i/ Tocilizumab

Tixagevimab + Cilgavimab?®

At TR

Remdesivir

Nirmatrelvir + ritonavir (Paxlovid) EBpiitE—BEEMREF* - RMEAFEKEREZEARAZHE AT 12 %H 528240 AT
r%%

Remdesivir (Veklury) Bttt —E=ERSE > - KMEAESFKERERERA 2B A EE AR 28 KHEEE 3 A
FUEZZEREEZE -

Molnupiravir (Lagevrio) BrRiE—EEREE > (REZEER/SNBERN)N ) KEAESSERERARALZ =

18 REERZE - BFEAEREMEZEZRZEYE

H AR EE SARS-CoV-2 EEREE B 155 (28 — 1 FLAR(1121205/347)



Immunity, treatment and less virulent variant

When we were first exposed to Covid, it was almost 20 times as lethal
as flu for the most vulnerable

Infection fatality ratio by age for Covid-19 and seasonal flu (log scale)

severity, and it is now slightly less deadly than flu even for older people
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IFR calcul

o}
80
ated us

ng ONS Covid deaths and ONS infe

chion survey

https://www.ft.com/content/e26c93a0-90e7-4dec-a796-3e25e94bc59b



The number of new Covid cases in English hospitals is rising again

among all age groups
Daily admissions per 100k people, by age group

Linear scale
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Risk of Death in Patients Hospitalized for COVID-19 vs Seasonal
Influenza in Fall-Winter 2022-2023

Death rate at 30 d, % (95% CI)

COVID-19

Influenza

Excess deaths at
30d, % (95% Cl)

Hazard ratio
(95% Cl)

Age,y
<65
>65

COVID-19 vaccination status

Unvaccinated

1 or 2 doses of vaccine

Boosted

SARS-CoV-2 infection
Primary infection

Reinfection

1.29(0.77-1.82)
6.42 (5.85-6.98)

8.75(7.46-10.01)

6.23 (5.22-7.23)
5.18 (4.55-5.79)

6.14 (5.58-6.69)
5.11(4.11-6.09)

Outpatient COVID-19 antiviral treatment

No
Yes
Overall

6.03 (5.53-6.53)
4.81 (2.49-7.07)
5.97 (5.48-6.46)

&

1.33(0.46-2.20)
3.66 (2.77-4.54)

3.86 (3.09-4.63)
3.79 (3.03-4.56)
3.77 (3.00-4.53)

3.76 (2.99-4.51)
3.85(3.08-4.62)

3.75(2.99-4.51)
3.81(3.04-4.57)
3.75(2.98-4.50)

-0.04 (-1.06 t0 0.98)
2.76(1.71t0 3.81)

4.88 (3.39t06.37)
2.44(1.17t0 3.70)
1.41(0.43 to 2.39)

2.38(1.441t03.32)
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