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Why do children have milder disease than adults? <& e
-some theories-

» fewer comorbidities (obesity, diabetes, etc)

* pre-existing protective antibodies against seasonal coronaviruses

e competition with other respiratory viruses

 BCG and MMR vaccination (off target effect of live vaccines)

* more robust innate immune systems (neutrophils, cytokines, IFNg)
* differences in respiratory tract microbiota

 lower intensity of exposure to SARS-CoV-2

* less ACE2 receptors in respiratory tract (esp lower tract)

Zimmermann P, Curtis N. Arch Dis Child 2021;106:429-439
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Less ACE2 receptors in upper respiratory tract = Chidrens

0qSpearman r=0.20, P=.02
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Children have potent innate immune systems Connecticut
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Early robust IFN Delayed IFN IFN deficiency

Viral load
IFN response

IFN response

Viral load
IFN response
Viral load

Early IFN response Delayed IFN response Low or no IFN response

Rapid viral clearance Viral persistence, inflammation No viral control, inflammation

! ! !

Mild disease Severe disease Severe disease

Young Older adults Genetic mutations in IFN pathways
Low viral exposure High viral exposure Neutralizing Ab to IFNs
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Weekly MIS-C Case Counts
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Low childhood COVID-19 death rates: CT «%p Gornscticut

ldaren’s

Number of COVID-19 Cases and Associated Deaths by Age Groups

Total Cases (Past 7 Days)  Total Cases (Cumulative)  Total Deaths (Cumulative)

80 and older
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How did non-pharmaceutical interventions
impact other respiratory viruses in children?
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Influenze-like-illness (ILI) incidence in CT
by season

Season

—@— 2022 -
—@— 2021 -
2020 ~

Percentage of All ED Visits

Sep 2022 Nov 2022 Jan 2023 Mar 2023 May 2023 Jul 2023




Korean Surveillance System
Monthly inpatient viral rates

Sangshin Park,"” lan C. Michelow,>*

The Journal of Infectious Diseases

MAJOR ARTICLE

Shifting Patterns of Respiratory Virus Activity Following
Social Distancing Measures for Coronavirus Disease 2019
in South Korea

and Young June Choe*
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Enveloped Nonenveloped

non-enveloped adenovirus

viruses lack a lipid- | e et

Poxviridae, Chordopoxvirinae

b i | aye r m e m b ra n e @ Papovaviridae

Herpesviridae Hepadnaviridae Parvoviridae

®DC| @

Coronaviridae Bunyaviridae
Paramyxoviridae

| Ay
by routlr.1e surface -
cleaning and i
d i S i n fe Ct i O n Toroviridae ~ Orthomyxoviridae — Arenaviridae

Togaviridae Flaviviridae @

Retroviridae Rhabdoviridae m

S

not easily inactivated

Caliciviridae




Rhino/entero

Nonenveloped viruses

Adenovirus

Other resp viruses

Enveloped viruses

SARS-CoV-2

JAMA Netw Open. 2023;6(2):e22549009.

Pandemic period
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Have numbers of MIS-C cases decreased and if so why?




Multisystem inflammatory Syndrome in Children «®sgmscia
(MIS-C) up to 60 days after COVID-19 infection

prn gy
' /
m/i'};%

Surveillance definition:

Any illness in a person <21 years that meets:

*The clinical AND the laboratory criteria (Confirmed),
OR

The clinical criteria AND epidemiologic linkage criteria
(Probable)

—
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Weekly MIS-C Case Counts
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MIS-C by Race and Ethnicity o Chidrons

MIS-C Patients by Race & Ethnicity

"N
CDC

Asian, Multiple Race, ative akan /
on-Hispanic Non-Hspanc®  Other Pacific Islander*

Other, American Indian / Native Haw
on-Hispanic Alaska Nabve*




MIS-C by Age e

‘ <1 1.4
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Did rates of Kawasaki Disease change?




MIS-C

KD

Age

Sex ratio

Race and
ethnicity

Gastrointestinal
symptoms

Myocardial
dysfunction and
shock

Organ

dysfunction

Inflammatory
markers

Treatment

Outcome

Older children and
adolescent, Median age
8-11 years

Male/Female 1:1 to 1.2:1

Black and Hispanic descent

Very Common (53-92%)

Common, 73% elevated
BNP, 50% elevated troponin
levels, 48% receive
vasoactive support

Multiorgan dysfunction
common

Highly elevated CRP, ferritin,
procalcitonin, and D-dimet,
lymphopenia and
thrombocytopenia

IVIG, Corticosteroids, IL-1
blocker, IL-6 inhibitors

Fatality rate 1.4-1.7%

Infant and young children,
6% of affected children <5
years

Male/Female 1.5:1 to 1.7:1

Asian descent

Less common (~20%)

Less common, 5% receive
vasoactive support

Multiorgan dysfunction not
common

Elevated CRP, D-dimer, and
thrombocytosis, usually
normal ferritin;
thrombocytopenia is rare

IVIG, Corticosteroids, IL-1
blockers

Fatality rate 0.01%

Connechcut
.,‘ rens
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MIS-C: spectrum of severity o Chicrens

COVID-19-associated MIS-C

Febrile inflammatory state

KD-like illness

Severe MIS-C

Some children may present
with persistent fevers
and mild symptoms
(eg, headache, fatigue).
Inflammatory markers may
be elevated, but signs of
severe multisystem
involvement are lacking.

Some children meet cntena
for complete or incomplete KD
and do not develop shock and

severe multisystem involvement.

Children with severe MIS-C
have markedly elevated
inflammatory markers and
severe multisystem involvement.
Cardiac involvement and
shock are common.




What happened to KAWASAKI DISEASE during the _
COVID-19 pandemic? Japan experience Childrens

UNB JAMA Network”

JAMA Pediatr. 2022;176(12):1217-1224

COVID-19 special

mitigation period ® Age<l2mo

Age 12-23 mo
® Age=224mo

Reduction in No. of patients with
Kawasaki disease, %
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Is COVID-19 infectivity linked to virulence?




SARS-CoV-2 variant biology:immune

nature reviews microbiolo . . onnecticu
°" Bl escape, transmission and fitness Childrens

Volume 21| March 2023 |162-177

Infection-induced immunity

Vaccine-induced immunity

Immunologically naive hosts

Importance of antigenic novelty
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The evolution of SARS-CoV-2

Tr

ansmissibility

Duration of
infectiousness

Intrinsic
transmissibility

Infectious- Infectivity Immune escape
ness

Survival
outside
nost
Early
infectiousness




nature reviews microbiology i !
: Viral Fitness

B B.351 (Beta, 20H) BA.1 (Omicron, 21K)
B B.1.1.7 (Alpha, 20I) BA.2 (Omicron, ~21L)
B P1(Gamma, 20)J) B.1.1.529 (Omicron, 21M)
B B.1.617.2 (Delta, 21A) BA.4 (Omicron, 22A)
B B1.617.2 (Delta, 211) BA.5 (Omicron, 22B)
B.1.617.2 (Delta, 21J) | BA.2.12.1 (Omicron, 22C)
"1 B1.427 and B.1.429 (Epsilon, 21C) ] BA.2.75 (Omicron, 22D)
1 B1.525 (Eta, 21D) M BQ.1 (Omicron, 22E)
| P.3 (Theta, 21E) B XBB (Omicron, 22F)
B.1.526 (lota, 21F) Pre-VOC
C.37 (Lambda, 21G)
B.1.621 (Mu, 21H)
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Survival of the fittest

o Lineages
diversify and
sub-lineages
compete

o If successful=>
B B.351 (Beta, 20H) BA.1 (Omicron, 21K)

B B.1.1.7 (Alpha, 20I) BA.2 (Omicron, ~21L) i i
B P1 (Gamma, 20)) 5.11.529 (Omioron, 21M) antigenically

B B.1.617.2 (Delta, 21A) BA.4 (Omicron, 22A) . . .

B B.1.617.2 (Delta, 21) " | BA.5 (Omicron, 22B) distinct strain

B.1.617.2 (Delta, 21)) E]] BA.2.12.1 (Omicron, 22C) f f . | 9 .

|1 B1.427 and B.1.429 (Epsilon, 21C) BA.2.75 (Omicron, 22D)

' | B.1.525 (Eta, 21D) B BQ.1 (Omicron, 22E) O I al extinct

| | P.3 (Theta, 21E) B XBB (Omicron, 22F)
B.1.526 (lota, 21F) Pre-VOC

C.37 (Lambda, 21G)
B.1.621 (Mu, 21H)

S1 mutation

15 20
Mutational fitness




nature reviews microbiology

/Joqnecticut
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20, pages251-252 (2022)

Intrinsic
transmissibility
(evolutionary pressure)

Immune Disease
escape severity
(evolutionary (evolutionary

pressure) by-product)
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Can we forecast respiratory viral seasons
accurately in future?




COVID-19 forecasting:
inexact science

Connecticut
Childrens
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Does long COVID-19 affect children and
adults similarly?




Long-COVID in children

and adolescents: a systematic
review and meta-analyses

Neuropsychiatric (%)

© Mood (sad, tense, angry,

anxiety, depression)

o Fatigue

o Sleep disorder (insomnia,
hypersomnia, poor sleep quality)

© Headache (7.84)

o Cognition (6.27) (confusion, impaired
concentration, learning difficulties,
memory loss)

o Dizziness (4.40)

© Neurological abnormalities
(pins and needles, tremor, numbness)

© Balance problems
Gastrointestinal (%)

scientific reports

(2022) 12:9950

© Abdominal pain (2.91
O Constipation (2.05

o Diarrhea
© Vomiting/nausea (1:53)

Speech disturbances
Dysphagia

Balance problems
Urinary symptoms
Neurological abnormaiities
Hair loss

Changes in menstruation
Palpitations
Vomiting/nausea
Diarrhea
Musculoskeletal other
Fever

Dysphonia
Constipation
Variations in heart rate
Sore throat

Chest tightness
Swollen lymph nodes
Dermatologic
Abdominal pain
Ophtalmologic

Otalgia

Altered taste
Myalgia/arthralgia
Cough

Body weight changes
Rhinorrhea

Dizziness

Chest pain
Hyperhidrosis

Altered smell

Exercise intolerance
Loss of appetite
Cognition

Orthostatic intolerance
Sputum/nasal congestion | —
Respiratory symptoms |
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Long COVID (PASC) g

25.24%

8.00 - 17.00%
4.00 - 7.99% )
2.00-3.99 %

0.00 - 1.99%

Cardiorespiratory (%)
o Respiratory symptoms (7.62)
o Sputum/nasal congestion (7.53)
o Orthostatic intolerance (6.92)
o Exercise intolerance(5.73
o Chest pain(4.62)
o Rhinorrhea(4.15)
o Cough(3.80
O Sore throat (2.47
O Chest tightness 2.45
O Variations in heart rate (2.29

o Palpitations(1:27)
Dermatologic/Teguments (%)
Hyperhidrosis (4.66)
Dermatologic(2.61)(dry skin,
itchy skin, rashes, hives)

Hair loss

Others

o Loss of appetite (6.07

O Altered smell ( ) (phantom smell,
hyposmia, anosmia, hyperosmia)

o Body weight changes (3.99

o Myalgia/arthralgia 3.76

o Altered taste (3.65

o Otalgia ' 3.41 (tinnitus, earache or vertigo)

o Ophtalmologic (3.00 (conjuntivitis, dry
eyes, problems seeing/blurred vision,
photophobia, pain)

o Swollen lymph nodes ' 2.58

o Dysphonia

© Musculoskeletal other (1.72)

o Changes in menstruation (1:27)
o Urinary symptoms

o Dysphagia

© Speech disturbances (0:44)

Coqnecticut

Child

PASC: Post-

acute sequelae
of COVID-19

rens



Post-COVID-19-associated morbidity in
children, adolescents, and adults: A matched e drens
cohort study including more than 157,000

individuals with COVID-19 in Germany

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004122 November 10, 2022

Children

Name 95% CI
Malaise/fatigue/exhaustion (1.71-3.06)
Cough (1.48-2.04)
Throat/chest pain (1.39-2.12)
Adjustment disorder (1.42-2.06)
Somatization disorder (1.30-2.02)
Headache (1.35-1.84)
Fever (1.30-1.87)
Anxiety disorder (1.23-1.92)
Abdominal pain (1.27-1.64)
Depression (1.12-1.87)
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5 identical outcomes in children and adults: cough, Connecticut
. . . Childrens
fever, headache, malaise/fatigue/exhaustion, and
throat/chest pain

Adults

Name IRR 95% CI p
Disturbances of smell and taste 6.69 ‘ (5.88-7.60) ‘ <0.01 ’

333 (3.01-3.68) <0.01
‘ Dyspnea 2.88 ‘ (2.74-3.02) ’ <0.01 ’
| Cough 2.80 | (2.64-2.97) | <0.01

Respiratory insufficiency 2.47 ‘ (2.28-2.69) l

(2.09-2.31)
(1.88-2.18)
| Malaise/fatigue/exhaustion | 1.97 | (1.89-2.06)

‘ Dysphagia 1.95 ‘ (1.78-2.12) ’ :
Headache 1.74 ‘ (1.67-1.82) l :
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HENRY J KAISER
FAMILY FOUNDATION

Alice Burns

Among People Who Have Had COVID, the Percentage who Currently
Have Long COVID is Declining

Percentage of people reporting that they currently have or ever had long COVID among those who have had COVID as of
January 16, 2023

ADULTS
0
35% 339
28%
Ever had long COVID but not
currently
——— Currently have long COVID

Jun Aug Oct Jan
2022 2023


https://www.kff.org/person/alice-burns/

KFEF P

HENRY J KAISER
FAMILY FOUNDATION

Alice Burns

Many People with Long COVID Have Activity Limitations but Most are
Not Significant

Percentage of people reporting that they have activity limitations from long COVID as of January 16, 2023

Bl Significant activity limitations [ll Non-significant activity limitations ADULTS

Of all adults B 5%
Of adults who currently have long COVD A& 52% 79%



https://www.kff.org/person/alice-burns/
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Management of Long Covid © Chiidren's

Relaxation techniques: massage, meditation, yoga, visualization, etc
Identify /address racial, ethnic, socioeconomic disparities
Social interaction: in-person

Exclude mood and other organic disorders

&

Sleep hygiene: limit daytime naps; aim for 8-10 hours sleep

Hyd ration: set goals; manage POTS with water and electrolytes
internet: limit time; avoid use before bed

Nutrition: balanced diet; high fiber; fruit; vegetables
Exercise: graded reconditioning
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Are inactivated COVID-19 vaccines as
effective as other types?
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Contents lists available at ScienceDirect

INTERNATIONAL
International Journal of Infectious Diseases )E?sgéiﬁescnous

journal homepage: www.elsevier.com/locate/ijid

A global epidemiological analysis of COVID-19 vaccine types and )
clinical outcomes

Zaid Alhinai ¥, Sangshin Park?*, Young-June Choe?, Ian C. Michelow**




Sources: Our World in Data; publications; newspaper articles

Country?

Adenovirus-vectored vaccines

Austria
Bahrain
Belgium
Bhutan
Canada
Chile
Croatia
Cyprus
Czechia
Denmark
Dominican Republic
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Israel
Italy
Latvia
Lithuania
Maldives
Mauritius
Mongolia
Netherlands
Norway
Poland
Portugal
Qatar
Serbia
Singapore
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey
United Kingdom
Uruguay
USA
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Infections Deaths
Connecticut
A mRNAJADV IWV B mRNA/ADV IV Childrens
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Was there a change in rates of
secondary bacterial infections?




Rates of secondary bacterial infections: intracrania) .
2P Childrens

CT Children’s

Onset of
COVID-19
Pandemic
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Change in microbiology of intracranial infections,:,CO,,.,ec,ic.,,

A

Pre-COVID-19

During COVID-19

Pre-COVID-19

During COVID-19

Neurosurgical

50 75 100 125 150 175 200 225

Organism (%)

Otolaryngological

50 75 100 125 150 175 200 225

Organism (%)

Bl Coagulase-negative staphylococci
3 Cutibacterium spp
[ Eikenella corrodens

Gemella spp,
Peptostreptococcus spp

Parvimonas micra
Prevotella spp
Staphylococcus aureus

Viridans streptococci,
Corynebacterium spp

Streptococcus constellatus/
angionosus/intermedius

Childrens

J Neurosurg-
Pediatr (in press)
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How did COVID-19 impact routine
childhood vaccines?




COVID-19 disrupted delivery of childhood vaccmatlo.r; i
<2 yrs 2020 2-18 yrs crens

A.Persons aged <24 months First cqnﬁrmed COVI'D— 19case  National emergency New_ York State on PAUSE B.Persons aged 2-18 years First confirmed COVID-19case  National emergency New York State on PAUSE
in New York City (Mar 1) declared (Mar 13} Executive Order (since Mar 22) in New York City (Mar 1) declared (Mar 13) Executive Order (since Mar 22)
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40,000
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25,000
20,000
15,000
10,000
5,000

0 Week
29-4 12-18 26-1 9-15 23-29 8-14 22-28 5-11 19-25 3-9 17-23 31-6 14-20

G - h o Apr May Jun ] No. of doses administered in 2019 [ No. of doses administered in 2020
Week == == No. of facilities reporting in 2019 === No. of facilities reporting in 2020

No. of doses

No. ofdoses
paisiuiupe asop | = bunodal sanioey Jo 'oN

paJsisiujpe asop |2 buniodal sanjney o oN

¢ VACCINE
., HESITANCY

; J Centers for Disease Control and Prevention
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Idaho
Wisconsin
Utah

Arizona
Colorado
Hawaii
Montana
South Dakota
Oregon
Maine

North Dakota
Nevada
Florida
Wyoming
Georgia

New Hampshire
Michigan
Pennsylvania

CT > Connecticut

South Carolina

202 1_22, Delaware
° Minnesota

New Jersey

0/ Missouri
9 5 ° 7 0 lowa
Oklahoma

Kansas

Vermont

Texas

Tennessee

Ohio

Indiana

Washington

Arkansas

Virginia

Nebraska

Alabama

North Carolina

Louisiana

Kentucky

New Mexico

Maryland

Rhode Island

Massachusetts

California

District of Columbia

New York

Mississippi

70 80 920

Percentage of coverage

MMR vaccine rates
in kindergarteners

in US states for

2020-21 school year

B MMR coverage

MMR not up to
date and no
vaccine

exemption

Target MMR
coverage of
95%

Coqnecticut

Child

rens



'('[Z"g"a Centers for Disease Control and Prevention Connecticut
'II/////A CDC 24/7: Saving Lives, Protecting People™ m Childrens

Other indirect impacts of COVID-19 pandemic on children

Widened racial, ethnic and socioeconomic disparities
Worsening of mental or emotional health

Widening of existing education gaps

Decreased physical activity and increased body mass index (BMlI)

Decreased healthcare utilization
Decreased routine immunizations

Increase in Adverse Childhood Experiences (ACES)
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Do RNA or DNA viruses pose a greater
pandemic threat?
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Emerging infectious Diseases

A TERRIFYINC TRUE STORY

RICHARD PRESTON

DAVID QUAMMEN |

author of The Song of the Dodo R i i
i MARION MATT. LAURENCE _ JUDE  _ GWYNETH KATE ©% 5
COTILLARD DAMON FISHBURNE LAW PALTROW WINSLEL '

NOTHING SPREADS LIKE FEA




RNA >> DNA viruses cause zoonoses and outbreaks, .
they are have error-prone replication and high mutation rates m" Childrens

Avian Influenza H7N9

Avian Influenza H1ON8

Sosuga virus

Chikungunya (Carribean)
Variegated Squirrel Bornavirus 1

Avian influenza A H5N1
Melaka (Malaysia)

Avian Influenza A
H5N1 (Hong Kong)

l

West Nile virus (Usa) SARS-CoV

Itaya virus (Peru) EBLV-2 (Scotland)

v v

Lujo virus (Southern Africa)

Lassa fever (Ghana)
Swine Influenza A H3N2v

v v
| 1 1 1 1 |

Monkeypox (Nigeria) D NA
Yellow Fever (Brazil)

Rat hepatitis E virus
Zika (Americas) SARS-CoV-2

SRS

Lassa Fever (Nigeria, Togo, UK)
Yellow Fever (Kenya)

Ebola (DRC)

Monkeypox (Europe and North
America))

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Nipah virus (Malaysia) Monkeypox (USA)

Ngari virus (East Africa) Avian Influenza H7N7 (Netherlands)

Chapare virus (Bolivia
Rift Valley Fever e ( )

(Saudi Arabia & Yemen)

Human CoV HKU-1
Human retroviruses

Zika (Micronesia)

2008 2009 2010 2011 2012

t T

Pandemic Influenza A HIN1

Heartland virus MERS-CoV
Bas-Congo virus

Lassa Fever (Mali)
Huaiyangshan virus - SFTS virus

2013

Mojiang Paramyxovirus

2014 2015 2016 2017 2018 2019 2020 2021 2022

CCHF (Spain) T
Chikungunya (Pakistan) )
Lassa Fever (Togo) Yellow Fever (West/Central, Afria)
Ntwetwe virus Ebola (DRC)

Avian Influenza H7N4

Monkeypox (Liberia, UK)

Nipah virus (India)

Ebola (West Africa)
Avian Influenza H5N6
Lassa fever (Benin)
Bourbon virus
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What’s new in RSV vaccine development?




Long saga of RSV vaccine development

Formalin-
inactivated RSV
vaccine caused
deaths

1957
RSV identified
in humans

vaccing studies

56 58 60 62 64 66 68

1963
Robert Chanock
characterizes RSV

1956
RSV isolated from
chimpanzees

Formalin-inactivated RS

1985-86

1980's
Ribavirin fails to show
benefit in clinical trials

50+ years with no
vaccine until now

v Medimmune develops
Palivizumab mAb

2007
1996

FDA approval for
RespiGam

Sanofi Ph2F, G
,M vaccine elderly

2013
REiThera Sri Ph1
Pan Ad3, MVA-RSV

NIAID
Live-attenuated
vaccines

Medimmune

1993
Medimmune FDA
rejects RespiGam

application 2006

MEDI534

]

1998
FDA approval

1094-97 of Palivizumab

Medimmune
Palivizumab
clinical trials

1990's
Wyeth purified
F vaccine

Motavizumab trials

GSK
RSV preF

2008
MEDI559

2014
MEDI7510

2010

Coqnecticut

‘:‘Ch.ldrens

2015
Novavax
Ph3 elderly
Ph3 maternal

Crucell Ph1
Adenovirus-RSV F

Bavarian Nordic Ph1
MVABN RSV F

GSK Ph1
ChAd155-RSV F

ImmunoVaccine
Ph1 SHe vaccine

GSK Ph2
RSV F matemal

2016
GSK Ph2
RSV F

MEDI8897

Novavax
Ph1 RSV F

Early studies

NIAID Ph1
AM2-2 1030s

Novavax

Medimmune
withdraws
Motavizumab
application

elderly

Vaxart Ph1
VXA-RSV-F

NIAID
AM2 vaccine

MEDI8897
Ph2B




FDA NEWS RELEASE

FDA Approves First Respiratory Syncytial Virus

Connecticut
Childrens

(RSV) Vaccine

Arexvy Approved for Individuals 60 Years of Age and Older

May 3, 2023

o CDC: RSV causes 60,000-120,000 hospitalizations and
6,000-10,000 deaths among adults > 60 years annually

2 major subtypes: RSV A and B that may co-circulate
Infection does not confer long-term immunity
Reinfection is common at all ages

O O O O

mild colds to pneumonia and respiratory failure




RSV Vaccine: 120 ug RSVPreF3 + AS01¢ Adjuvant
Formulation Selected for Phase 3 Development

F protein _ AS01
RSV OA Vaccine Adjuvant System
OA= Older Adults )%/ Saponm (QS-21)
Monophosphoryl
RSV PreF3 I|p| dA MR

Antigen (120ug9)

» High serum neutralization titers for RSV-A and RSV-B

* High polyfunctional RSVPreF3 specific CD4+ T-cell responses in OAs
approaching levels seen in young adults following vaccination

* Th1 dominant response
» Well tolerated with acceptable safety profile




RSV fusion (F) glycoprotein N ——

m Childrens
Groundbreaking Structural Work by NIH Elucidated that RSV F on the
Virus Exists as an Unstable Prefusion Form

Barney Graham

Prefusion F Trimer Postfusion F Trimer Jason McLellan

fused membrane
Antigenic Site @
(Nirsevimab, AM22) Antigenic Site Il

\ \‘ _ (Synagis)

Only prefusion F can bind host
cells for RSV to infect

Antibodies specific to the
prefusion form are most effective
at blocking virus infection

Antigenic Site IV
(101-F, AM14)

Vaccine=stabilized prefusion
F protein trimer

>P Worldwide Research, Development and Medical .
q zer Vaccine Research and Development McLellan et al. Science, Nov 2013

Viral membrane




Target cell

Virion

Pretriggered

Structure of RSV fusion (F) glycoprotein

Target cell

B. Fusion

peptide
inserts

A. HRA
extends,
trimerizes

Virion

Triggering
_—

Pre-hairpin
intermediate

Connechcut
.,‘ rens

Target cell

he

D. 6-helix bundle forms Target cell

Virion

C. Jack-knifes

Membrane

Fold-Back fusion

Posttriggered Infection/

>

(6HB) Syncytia




Function of RSV fusion (F) glycoprotein Connecticu

Childrens

RSV Fusion F Glycoprotein
PDB ID: STDL-3RRR




RSVPreF vaccine protects against clinical disease SaCeonsctios

drens

Respiratory Syncytial Virus Prefusion F
Protein Vaccine in Older Adults
A. Papi, M.G. Ison, J.M. Langley, D.-G. Lee, |. Leroux-Roels, F. Martinon-Torres,

N ENGL ) MED 388;7 NEJM.ORG FEBRUARY 16, 2023

T.F. Schwarz, R.N. van Zyl-Smit, L. Campora, N. Dezutter, N. de Schrevel,
L. Fissette, M.-P. David, M. Van der Wielen, L. Kostanyan, and V. Hulstrem,
for the AReSVi-006 Study Group*

A RSV-Related Lower Respiratory Tract Disease
1.0

: RSV-LRTI

0.4 Placebo

Cumulative Incidence (%)

0.3
0.2
0.1 RSVPreF3 OA

0.0 —_—
1 2 3 4 5 6 7 8 9 10 11

Months since 15 Days after Injection

No. at Risk
Placebo 12,494 12,403 12,290 11,887 11,640 11,022 8291 5464 2709
RSVPreF3 OA 12,466 12,392 12,286 11,892 11,655 11,046 8320 5495 2727

Cumulative No.
of Cases

Placebo

RSVPreF3 OA
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Study 006: Consistent Efficacy Against RSV Disease
(mES)

RSV Vaccine
((ERPEGEN (N =12,494) Vaccine Efficacy
(cr)

. 71.7%
RSV-confirmed ARI 27 95 (56.2, 82.3)

_ _ 82.6%
RSV-confirmed LRTD (57.9, 94.1)

RSV-confirmed o 94.1%
severe LRTD' (62.4, 99.9)
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Clinical Program Supports Efficacy and Safety of
RSV Vaccine

= Efficacy of 82.6% in prevention of RSV LRTD in adults =2 60 YOA
= Consistent protection regardless of
= RSV disease severity

= Advancing age
= Comorbidities of interest
= RSV-A and RSV-B subtypes
=  Well tolerated with acceptable safety profile




Severe Adverse Events (SAE) o —

drens

Study 006: SAEs Balanced Between Groups

Exposed Set

SOC occurring in SEVAEEAL Y Placebo Relative Risk RR
= 0.5% of participants VR VEGYAS N = 12,499 (80% ClI) (80% Cl)

Any SAE (within 6 months) 4% 1.01 (0.93, 1.09)

Infections and infestations £ 0.9% ® 0.95 (0.80, 1.14)

b
\

Cardiac disorders : 0.7% 1.02 (0.84, 1.25)

Neoplasms benign,

0,
malignant, and unspecified 0.5%

® 1.06 (0.84, 1.35)

Nervous system disorders : 0.5% o 0.94 (0.74, 1.20)

Injury, poisoning, and
procedural complications

0.5% ¢ 0.99 (0.77, 1.27)

1




Post-marketing enhanced surveillance is planned

Study 006: Atrial Fibrillation Events Within 30 Days
Post-Vaccination

‘Coqnecticut
m Childrens

RSV Vaccine Placebo
Preferred Term N =12,467 N =12,499

Atrial fibrillation 10 (0.1%) 4 (<0.1%)

New onset 4

Recurrence 6

Outcome

Recovered 8

Not recovered 2

Time to Onset, median (min, max) 18.5 (1 — 30) 10.5 (1 — 24)

= All participants with new onset have risk factors for development of atrial fibrillation
= |IDMC reviewed all events

= Similar incidence in both groups at 6 months post-vaccination
(14 RSV Vaccine vs 16 Placebo)




Post-marketing enhanced surveillance is planned o comecicun

Childrens
Studies 004 and 007: pIMDs of Medical Interest

Potential immune-mediated diseases

Time to Onset
Event Country (DEVE)) Comment

Elevated CSF protein,

serum GM1-IgG positive;
Syndrome BC Level 3

2 prior strokes with Wallerian
ADEM demyelination; fatal outcome;
BC Level 3

Guillain Barre JP 9

Recovered; no investigations
performed; BC Level 3
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The NEW ENGLAND
JOURNAL o MEDICINE

APRIL 20, 2023 VOL. 388 NO. 16

Bivalent Prefusion F Vaccine in Pregnancy to Prevent RSV
Illness in Infants

Phase 3, double-blind RCT

18 countries

Seasons: 2 in northern/2 in southern hemisphere
Single IM vaccine (RSV A + B)

24-36 weeks gestation

Infant follow-up: 1-2 years

O CHEEsEReEReON O O

Primary outcome: medically-attended RSV LRTI
—



PreF vaccine reduced rate of severe RSV-LRTIin  o,comsctin
infants by 82% within 90 days

A Medically Attended Severe RSV-Associated Lower Respiratory Tract lliness

100.0 RSVpreF
L, Vaccine Placebo Vaccine Efficacy
Time Interval (N=3495) (N=3480) (99.5% or 97.58% Cl)

no. of cases (%) %
90 Days after birth 6 (0.2 33 (0.9) 81.8 (40.6-96.3)
120 Days after birth 12 (0.3 3) 73.9 (45.6-88.8)

)
) 46 (1.
150 Days after birth 16 (0.5) 5 (1.6) 70.9 (44.5-85.9) Placebo
180 Days after birth 19 (0.5) 62 (1.8) 69.4 (44.3-84.1)

Cumulative Incidence (%)

RSVpreF vaccine

T

90
Days after Birth

No. at Risk
Placebo 3480 2899
RSVpreF vaccine 3495 2981




Connecticut
Childrens

What’s new in pneumococcal vaccine
development?




Trends in invasive pneumococcal disease <5 yrs

.Q‘Connechcut
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PCV7 introduction m All IPD PCV13 type’

Cases per 100,000

= 94
88 88
79
72 PCV13 introduction for
children
41
34
24 24 ‘L
21 22 21 2 21 20
16
15 15
. 12 13 13 13 13 12
9 10 9 9 9
7 7 7
4
2 2 2 2 2 I 2 I ) I 2

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year




Trends in invasive pneumococcal disease 19-64 yrs S Comsctit
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PCV7 introduction

m All IPD m PPSV23 type* m PCV13 type

PCV13 recommendations for
immunocompromised adults 19+

PCV13 introduction for
children

PCV13 recommendations for
adults 65+

13
" 12 1 12
11
11
10
o 10
9 9
9
5 9 5 ° \ 4
8 8 8 8
8 3 8 8
8
7
M 7
6
6 ; . - °© 6 6 6 6
[ 5 6 . 5 5 6
3 2
- . 2 2 2 2 2

Cases per 100,000

13
13
12
W 11
‘ S

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
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PCV7 introduction mAIlIPD mPPSV23 type* m PCV13 type

62

PCV13 recommendations for
immunocompromised adults 19+

Cases per 100,000

58
51 51
49 ) _
46 PCV13 introduction
M - 43 for children PCV13 recommendations for
. 42 42 adults 65+
40
38
36 36
_ 34 35
32
V =0
29 29
- 27 57 e
25 25
23 23 24 24
- 22
20
- — = 18 18
_ 13 . 14
11
' 8
_ -
: 5 5 6 © 5
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Streptococcus pneumoniae vaccine

FDA Approves Prevnar 20 Vaccine to Prevent
Invasive Pneumococcal Disease in Children 6

Weeks Through 17 Years

Apr 28, 2023

This approval expands existing adult coverage (2021)




We need a universal protein-based

pneumococcal vaccine!

PhtD

PspA opsonophagocytosis
complement fixing reduced adherence
reduced adherence

PsaA

: ’{ reduced adherence
£t
Zed

Pneumolysin

Neuraminidase
enzymatic inhibition Capsule

& neutralization

opsonophagocytosis
agglutination

capsule shedding

gene expression changes
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“Life or death for a young child too often depends
on whether they are born in a country where
vaccines are available or not...” Nelson Mandela

imichelow@connecticutchildrens.org




