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Faculty Disclosure Announcement

e | have no financial disclosures or conflicts of interest

* | am a liaison member of the Center for Disease Control's (CDC) Advisory Committee
on Immunization Practices (ACIP) representing NAPNAP which have included
attending special COVID vaccine meetings over the summer

« Thank you to Dr. Aimee Sznewajs at Children’s Minnesota for use of some slides

« ACIP meeting slides/audio available on their website 2 weeks after each meeting
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ODbjectives

* Review the current COVID epidemiology

* Review general understanding of the virus and the immune responses
* Provide clinical updates on pediatric COVID-19

* Describe what is known about COVID-19 transmission in children

* Review current state of SARS- CoV2 vaccine platforms

 Discuss global vaccine distribution including tiered approach to delivery

* Review the importance of ethical principles including transparency in
vaccine development
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Presenter
Presentation Notes
200,000 deaths is more than died in World War I.  200,000 is the population of Salt Lake City if every person living there died.  And 200,000 US deaths is equivalent to 666 jet crashes in the US alone. 
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Fig 5. Cumulative Child COVID-19 Cases and Percent Increase in Child Cases

A. Cumulative Child COVID-19 Cases, 10/22/20 B. Percent Increase in Child Cases, 10/8/20-10/22/20
Nine states with 25,000+ cumulative child cases From 10/8-10/22, there were 94,555 new child cases reported
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See detail in Appendix: Data from 48 states, NYC, DC, and PR (TX excluded from figures);

All data reported by stateflocal health departments are preliminary and subject to change; Analysis by American Academy of Pediatnics and Children’s Hospital Association c}i 1 CHILDREN'S Amemm Aca dem» of Pe dumr: ; g, P age 6
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Demo ra h i cs: Race & Eth nici t Race/Ethnicity Minnesota Population (2018) | % of Population
g P . y White, non-Hispanic 4.438 071 80%
R d ethnicity p dand babl R d ethnicity i 4 Black, non-Hispanic 336,505 6%
t . t T
acie and e : nlcrt?r or cot‘n Ilrme and probable cases. Race and ethnicity 1s re-aporle Asian, non-Hispanic 260797 )
during case interview. Individuals who repert mere than one race are categorized into the
. American Indian/Alaska Mative, 53,168 1%
multiple race category. S
non-Hispanic
Native Hawaiian/Pacific Islander, 1,799 <1%
non-Hispanic
Multiple Races, non-Hispanic 137,233 2%
Other, non-Hispanic 7,021 <1%
o — Hispanic 292764 5%
70%
[l Froportion of Cases
. Proportion of Hospitalizations
60% [ Proportion of ICU Admissions
B Froportion of Deaths
g
= 50%
B
c
o
E 40%:
30%
20%
13% 139, 1%
108 10%:
29 4% 5% 4%
o 1%2%Omtmo%mau%l%l%m15’"1%1%1%0% ﬂ
Racefethnicity White, Black, Asian, Amer. Indian/ Native HI/ Multiple Races, | Other, Hispanic Unknewn/ Total
non-Hispanic non-Hispanic non-Hispanic AK Mative, MH | Pacific Isl., NH | non-Hispanic non-Hispanic missing
All Cases 78,489 19,341 6,933 1,272 171 1628 2,078 18,584 13,815 142 311
Hospitalizations 5,259 1,820 752 184 9 4 97 1,262 467 9,991
ICU Hospitalizations | 1,314 442 265 68 39 27 374 1 2,642
Deaths 1916 207 109 42 14 [ 105 18 2419
Minnesota Department of Health Weekly COVID-19 Report: Updated 10/29/2020 with data current as of 4 p.m. the previous day. Page 25
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All Ages Affected but not equally:

Minnesota COVID-19 Data

© 2020

Demogra phics: Age

Age groups, median age, and range for confirmed and probable cases.

Percent of Cases

16%

14%

12%

8%

6%

2%

-

Age Group

. Proportion of Cases

. Proportion of Hospitalizations
. Proportion of ICU Admissions
. Proportion of Deaths

Median Age (Range) in Years

All Cases

36 (<1 month - 109)

Non-Hoespitalized Cases | 35 (<1 month - 109)

Hospitalizations

61 (<1 month - 105)

ICU Hospitalizations

62 (<1 month - 99)

Deaths

83 (<1-109)

(inyears) elal2le| 35|38 |3 1383 )8 3|2 |8 |38 s |27 .
sl alel|le |28 |a|g|s|8|9 |23 |48 |2 |2 |c|e|28|2|8 |48 |c|5¢ 2

All Cases (2758 (2935 4,392 12521 17 575 IBXT 2,564 1490 [10,305 |[9,825 2789 19,194 [7,362 4 957 3B04 [2RIS (2,294 915 1,313 553 02 & 142,311

Hgspimlﬁ:tigm la] 35 48 76 302 374 (447 |475 434 =75 P55 1205 (247 B934 B39 BT [Fd2 EEE 313 108 1] 0 9,991

[ [l¥] Haspitali!a'(inns 9 2 & Ell 34 =) B1 L] 133 157 229 (273 313 294 258 228 [2o0 29 = 15 ] o 2642

Deaths o 0 [u} 1 el P i} ul 23 2 iz 33 162 232 255 281 lazz 394 203 SE o 2419

Minnesota Department of Health Weekly COVID-19 Report: Updated 10/28/2020 with data current as of 4 p.m.

the previous day.
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COVID-19 HOSPITALIZATION AND DEATH BY AGE

FACTORS THAT INCREASE

CROWDED : CLOSE / PHYSICAL ENCLOSED SPACE DURATION
COMMUNITY SPREAD AND SITUATIONS CONTACT OF EXPOSURE

INDIVIDUAL RISK

Hi;e;;f;!;m;:d 0-4 years 5-17years  18-29years  30-39years 4049 years  S0-64 years  &65-74years  75-8B4years 85+ years

roup
Comparison
Group

B —Trr———— cdc.gov/coronavirus
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Pediatric COVID-19 Transmission

© 2020

What Do We Know About Children and Coronavirus
Transmission?

As of late July, children under the age of 18 account for:
9.8% - of COVID-19 cases in the US

R |

2% s of COVID-19 hospitalizations

<0.5% - of COVID-19 deaths

Reference: Kaiser Family Foundation 2020
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Morbidity and Mortality Weekly Report (MMWR) Children’s.g
cbc O OO O & MINNESOTA

Transmission Dynamics of COVID-19 Outbreaks Associated with Child Care
Facilities — Salt Lake City, Utah, April—-July 2020

Weekly / September 18, 2020 / 69(37);1319-1323
On September 11, 2020, this report was posted online as an MMWR Early Release.

Adriana S. Lopez, MHS'; Mary Hill, MPH?; Jessica Antezano, MPA?; Dede Vilven, MPH?; Tyler Rutner?; Linda Bogdanow?; Carlene Claflin; lan T. Kracalik, PhD’; Victoria L.
Fields, DVM'; Angela Dunn, MD?; Jacqueline E. Tate, PhD'; Hannah L. Kirking, MD'; Tair Kiphibane?; llene Risk, MPA?; Cuc H. Tran, PhD' (View author affiliations)

Take home messages

T TR« 12kidsin 2 child care centers +
centers spread it to household members « 12 more infections from them in community

22822 : & ’ : & + ey e COVID less severe in kids than adults
. i ' * i i i T e,  Kids can transmit to parents
FZItidsImp!',rg.m{D'JlD 19in 2 child care 12 people who had contact with the children 1 parent required ¢ 8 month Old transmltted to bOth parents
centers, 3 didn’t have symptoms outside the child care centers qutlm_fmed" hospitalization . .
IR st Mk e 2 of 3 asymptomatics confirmed spread

SLOW THE SPREAD OF COVID-19 IN CHILD CARE CENTERS St
([ ]

0 Test contacts of patients with COVID-19 o Wash hands frequently o Stay home when sick
@ Encourage adults and children 2 years and older towear masks @) Clean and disinfect frequently o NMask in Kids 2 and older

1 adult hospitalized

CDC.GOV
© 2019

« Daycare worker household ill needs quarggetilge
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Morbidity and Mortality Weekly Report (MMWR)

CDC " O @ e

Transmission of SARS-COV-2 Infections in Households — Tennessee and
Wisconsin, April—September 2020

Early Release / October 30, 2020/ 69

Carlos G. Grijalva, MD"*; Melissa A. Rolfes, PhD?*; Yuwei Zhu, MD'; Huong Q. McLean, PhD?; Kayla E. Hanson, MPH?; Edward A. Belongia, MD?; Natasha B. Halasa, MD';
Ahra Kim, MPH'; Carrie Reed, DSc?; Alicia M. Fry, MD?; H. Keipp Talbot, MD' (View author affiliations)

* Findings from a prospective household study with intensive daily observation for =27 consecutive days indicate that
transmission of SARS-CoV-2 among 191 household members was frequent from either children or adults.

* Household transmission of SARS-CoV-2 from 101 index patients was common and occurs early after illness onset.

 Persons should self-isolate immediately at the onset of COVID-like symptoms, at the time of testing as a result of a
high risk exposure, or at time of a positive test result, whichever comes first.

* Secondary infection rate of 53% (95% confidence interval [Cl] = 46%—60%). Among fourteen households in which
the index patient was aged <18 years, the secondary infection rate from index patients aged <12 years was 53%
(95% CI = 31%—74%) and from index patients aged 12-17 years was 38% (95% CI = 23%-56%).

« Approximately 75% of secondary infections were identified within 5 days of the index patient’s illness onset, and
substantial transmission occurred whether the index patient was an adult or a child

* All household members, including the index case, should wear masks within shared spaces in the household

© 2020 Page 13
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Clinical Manifestations of COVID-19  Childrens

Neurologic:
_ Eyes: conjunctivitis
Asymptomatic ENT: Hyposmia, dysgeusia, lymphadenopathy
Mild  o0u Lungs: Cough, sob, pneumonia, ARDS
CV: Myocarditis, cardiomyopathy, vasculitis
Moderate Gl: Diarrhea, nausea/vomiting, abdominal pain
Severe } 10% Liver: Transaminitis
Slllles Heme: Thrombosis
Constitutional: Fever - systemic inflammation
~——— Skin: Rash
© 2020 Page 15

Dong et al., Epidemiology of COVID-19 Among Children in China. Pediatrics. 2020; 145 (6)


Presenter
Presentation Notes
2135 pediatric COVID patients in China. 728 (34.1%) lab confirmed and 1407 (65.9%) suspected cases. 90% had asymptomatic, mild or moderate cases, median age was 7

Dysgeusia, also known as parageusia, is a distortion of the sense of taste
abdominal pain, diarrhea, loss of sense of smell
fever, runny nose and congestion
myocardial infarction with indigestion
lots of kids with no fever, don't get married to fever, cough, pneumonia
neurological - disorientation
our advice: really understand your local public health information and how you can keep up with that. go to our website: state by county on MDH website (watch that), local public health - stay connected, know where to get tested (only 3 counties with no cases)
good history, clinical, daycare provider, works in hospital, works in nursing home
2/2-2/27 older kid in picu, cerebral palsy (duluth, intubated, unknown), ARDS, comes to children in our PICU, telemedicine visit with Dr. Miksell, brother with COVID, china travel, sibling fever + rsepiratory illness, both parents with mild fatigue adn night sweats
regents, adult alcoholic with fever worsening seizures 
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Original Investigation | Infectious Diseases hlldren Ssa
Comparison of Clinical Features of COVID-19 vs Seasonal Influenza A and B

in US Children MINNESOTA

\. Xiaoyan Song. PhD; Meghan Delaney, DO; Rabul K. Shah, MD; Joseph M. Campos, PhD; David L. Wessel, MD; Roberta L. DeBiasi, MD

Clinical Features: COVID vs Influenza

o Study Design:
Retrospective review

315 children with COVID-19 and 1402 Table 1. Comparison of Outcomes Among Patients With COVID-19, Influenza A, and Influenza B
diagnosed with Flu A/B 2019-2020 Seasonal influenza
Excluded asymptomatic COVID-19 Outcome COVID-19 AandB A B
March 25 to |\/|ay 15, 2020 Patients tested positive, No. 315 1402 674 728
Patients hospitalized, No. (%) 54 (17.1) 291 (20.8) 143(21.2) 148 (20.3)
° Clinical Characteristics: Patients requiring ICU stay, No. (%) 18 (5.7) 98 (7.0) 59(8.8) 39 (5.4)
imi itali i — 0 Patients requiring mechanical ventilator 10(3.1) 27 (1.9) 16 (2.4) 11(1.5)
. Slml_lar_ rates of hospitalization ( _ 20%), support. No. (%)
adm_lss!on to ICU, use of mechanical Hospital length of stay, mean (range), d 8.4 (1-45) 5.7 (1-100) 6.3 (1-100) 5.1 (1-58)
ventilation Mechanical ventilator support, 10.1 (2-41) 7.0(1-38) 8.1(1-38) 5.4 (1-16)
<1 year and > 15 years more commonly median (range), d
hospitalized in COVID-19 Deaths, No. (%) 0 2(0.1) 2(0.3) 0

Fever, diarrhea, vomiting, headache, body
aches and chest pain found more often in
hospitalized children with COVID-19

© 2020 Page 16


Presenter
Presentation Notes
They'd like to know what the new study adds to what is already known, and how physicians are planning to distinguish the two infections in their young patients.
This study adds to the growing body of literature on characteristics of hospitalized children with COVID-19, including how that compares with hospitalized children with influenza. Interestingly, they found no difference in hospitalization rates, ICU admission rate, and use of mechanical ventilator support between between children with COVID-19 and those with influenza. This is helpful, but not surprising. We already know that the majority of children with COVID-19 and influenza will do well at home but there will be a small percentage who will get sick enough to require hospitalization and even ICU care. This study does, however, contribute to our understanding of who is at greatest risk of requiring hospitalization--and there are some notable age differences between children with COVID-19 and those with influenza. In particular, the very young (< 1 year) and those 15 years were more likely to require hospitalization. The pattern is different in children requiring hospitalization for influenza where the youngest children tend to be the most vulnerable. 
�
In terms of distinguishing the two viruses, clinicians will still have to use a combination of symptoms, exam and testing. This study tells us what symptoms were found more commonly in hospitalized children with COVID-19--fever, diarrhea, vomiting, headache, body aches and chest pain--but this data alone is not likely to change clinical decision making on the front lines. Physicians already know that viruses can present with a myriad of symptoms. We will continue to test for influenza and COVID-19 prior to hospitalizations and continue to make decisions about whether to hospitalize based on other clinical factors, such as dehydration, oxygen requirement, vital sign changes. 
�
How has what we know about COVID-19 in children changed over the past few months?
We have a lot more data to confirm that children make up the smallest percentage of COVID-19 cases, hospitalization and mortality both worldwide and in the US. This is good news for children and good news for pediatric providers. We also know more about the small subset of children who will get sick, require hospitalization and require ICU care: the very young, early and older adolescents, and perhaps those with obesity, asthma, prematurity and chronic lung disease tend to be at the highest risk for more severe COVID-19 disease and/or complications.
�
How can clinicians distinguish the infections, especially given the findings in the new paper?
Clinicians will need to have a high index of suspicion for both infections. This is where public health strategies will be very important: ensuring all children get the flu vaccine, encouraging mask-wearing and hand hygiene, adequate testing to determine which virus is present and other mitigation measures if the prevalence of COVID-19 is increasing in the community.
�
What might happen in a dual infection?
We don't yet have a lot of data to know what will happen for sure. One might surmise that most children with a dual infection will do fine but that a subset of higher risk children, either those with an underlying medical condition or in a certain age group, may be at higher risk of requiring hospitalization.
�
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Multisystem Inflammatory Syndrome

in U.S. Children and Adolescents

|
\J R. Feldstein, E.B. Rose. S.M. Horwitz, |.P. Collins, M .M. Newhams, M.B.F. Son

MIS-C in Children in the US

e Stu dy Design: B Temporal Relationship between MIS-C and Cowid-19 Activity in Persons <21 Yr of Age

38 S | t es 207 Percentage testing positive [l MNo. of cases of MI5-C 13
for SARS-CaV-2

Prospective and retrospective surveillance of
patients with MIS-C

Study period: March 15 to May 20, 2020
Standard case definition of MIS-C

15=

104

Mo. of Cases of MIS-C

* Clinical Characteristics:
Median age 8.3 years
27% had an underlying medical condition
80% required ICU admissionand 1in 5
needed mechanical ventilation
70% fully recovered, 28% still in hospital
4 deaths

Percentage Testing Positive for SARS-CoV-2

T 1 r . rrrr1rrr1I
(=TI L A T T - R Y-}

% Sl ,.ﬂ.

] 8 O 9 B W8
@?‘&3@3@3‘&‘?@&@@@

Figure 1. Statewide pooled percentages of positivity for SARS-

CoV-2 laboratory testing of respiratory specimens from person <

21 years as compared with hospitalization dates for patients

© 2020 with MIS-C included from participating hospitals during study Page 17
time period.



Clinical Manifestations of MIS-C  Childrens
0

Constitutional: Fever, systemic inflammation

/

Eyes: conjunctivitis
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ENT: lymphadenopathy

Lungs: infiltrate, respiratory insufficiency
and/or failure
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Heart (80%): myocarditis, cardiomyopathy,
vasculitis, hypotension, depressed function

- / -
e -
e

Gl (91%): abdominal pain, diarrhea,
nausea/vomiting

' Skin (72%) : rash
- mucocutaneous

B ik Hematologic (76%): DVT or pulmonary
' embolism

© 2020 Neurologic or Renal Page 18



Presenter
Presentation Notes
Mis-c appears to be a delayed, hyper-immune response to COVID-19. It has been well described in Europe and the US but interestingly surprising few cases from Asia.
Children tend to present with symptoms of  early symptom of abdominal pain, vomiting and diarrhea, with persistent high-grade fever and commonly progression on to shock with cardiac involvement. High inflammatory markers, myocarditis, macularpapular rashes and non-suppurative conjunctivitis are common. Respiratory involvement is notably absent. Investigations are underway to ascertain a link and mechanism of disease. Most cases recover quickly, but there have been deaths reported.
Consistent with adult literature, children from a Black, Asian and Minority Ethnic (BAME) background seem to be at higher risk of severe disease from acute COVID-19 infection, and are significantly overrepresented in case reports of PIMS-TS
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Immunity from COVID 19 Disease

Natalie J. Thornburg, PhD Respiratory virus immunology team lead ACIP SARS-CoV-2 working group June 24, 2020

What is known What is not fully known
« Most COVID-19 patients mount 1gG « Are COVID-19 patients susceptible to
and IgM responses to the virus reinfection?

Are antibodies a correlate of immunity?

If so, what quality (Isotype, antigenic

 Many CoVID-19 patients mount _ o
region, neutralizing)?

neutralizing antibody responses

Is there a threshold of protection?

. . How long will serum antibodies last?
* Magnitude of antibody response

correlates to disease severity

© 2020 Page 19



Children’s

MINNESOTA

Genetically what do we know?

Dr. Eric Topol Managing Editor Medscape Accessed on Twitter 9/23/2020

« SARS CO-V2 has had a very slow genetic drift to date

« Seems to be a highly stable genome

 Remarkably low genetic diversity makes it well suited for a vaccine
« Difference in glycoproteins is main thing to follow

« Mutation rate is one third of influenza

© 2020 Page 20
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Path from clinical development to recommendation

* Generates safety, immunogenicity, and efficacy data
* Close coordination within OWS (DHHS [CDC,NIH,ASPR], DoD)
* Manufacturing of vaccine- could save months of time post-approval

Clinical

Development

* Licensure
FDA * Emergency Use Authorization (AVA Anthrax for PEP)
* Expanded Access IND (MenB vaccine during college outbreaks)

e Review Evidence, utilize Evidence to
Recommendation Framework

¢ Make recommendations regarding the
use of vaccines to the CDC Director

ACIP

CDC Recommendation

Post-approval monitoring



Vaccine Approval & Distribution Plan

Framework for Equitable Allocation of COVID-19 Vaccine
- DA
r = = -
&

B . P
MANUFACTURING FDA MANUFACTURER OWS & CoC

' Based on data from clinical trials, Viaccine is being manufactured Allacation of initial/limited doses will be \
vaccine candidate is submitted for concurent with clinical trials, based on COC prioritization models
Emergency Use Authorization (EUA) and upen EUA/BLA and COC « Independent advisory panel (Advisory Committeeon |
or Biologics License Application recommendation, vaccine s Immunization Practices with input from Nat'1 .
BLA) ready to ship Academies of Science) informs COC priorifization
- Reviews EUAVBLA application < Initial i .
- Approves EUA/BLA application ';“,L‘.?H",E"E",L*S pglases will be allecated for v,
%ﬁmﬂﬁgﬁmnm o Oversees distribution of vaccine

a Tracks product that is delivered/administered

.ﬁé‘—\“@ <1 = E i 0_ - ;

i G -t ._ 4 -5 (-"' il
F ADMINISTRATION SITES DISTRIBUTION FACILITIES DISTRIBUTOR
Vaccines, upon EUA/BLA. ae ready to Vaceines & associated ancillary | - Maimize use of existing pharmaceutical
/ ship o: kits (syringes, neadles. and distribution infrastructure
' + Phammacies alcohol swabs) will be shipped ; ; ; -
< f - Mursing hames concurently to distribution gﬁgﬁgﬁgﬂ;ﬁzﬁg o for kg
| + Public Clinics depots and facilities
\ - Hospitals + Minfrastructure supports ordenng,
+ Doctor’s offices and Mobile Clinics distribution, administration, and tracking
N « Military Treatment Facilities end to-end
©2020 | PHARMACOVIGILANCE (FDA & CDC)

24 maonth post trial monitoning for adverse effects/additional safety feature

Children’s
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ACIP Meeting Presentation 10.30.20

Expect 50% efficacy vs placebo with Cl lower bound >30%

Vaccine Update Summary At least half of subjects followed up for at least 2 months
Safety data in well over 3K recipients:

= 248 COVID-19 vaccines currently under devel reactogenicity,
—91 candidates are in human trials worldwidg adverse events,
* 10 vaccines in human trials within the Uni
» 5 candidates are actively recruiting in the United States

at least some severe disease prevention

* 84 candidates are in human trials outside the US
» 2 candidates have completed trials in Russia
» 51 candidates outside of the US are recruiting participants
» 16 candidates recruiting are in Phase Il
* 4 candidates are approved for emergency use in Brazil, China,
Indonesia, and UAE

As of Oct 19, 2020 2 Page 24
Sourceshttps://www.modernatx.com/cove -study: https://www.pfizer.com/science/coronavirus/vaccine, clinicaltrials.gov, https://www.janssen.com/johnson-johnson-initiates-
pivotal-global-phase-3-clinical-trial-janssenscovid-19-vaccine-candidate https://vac-Ishtm.shinyapps.io/ncov_vaccine_landscape/




COVID-19 vaccines in human clinical trials — United States*

Candidate Manufacturer Type Phase Trial characteristics Trial # Recruiting
mMRNA-1273 Moderna TX, Inc. MRNA 1 + 2 dDSES_{O_, 23d_] NCT04470427 Er Rl
. IM administration let
+  18-55,56+ years complete
MRNA- Pfizer, Inc./BioNTech mMRNA 1/ *  Single or 2 doses NCT04368728
BENT162 *  IM administration v
. 18-85 years
AZD1222 University of Viral vector (NR) I +  2doses (0, 28d) NCT04516746
Oxford/AstraZeneca . IM administration v
consortium** . z18 years
Ad26C0OVS1 Janssen Pharmaceutical Viral vector (NR) Il *+ lor2doses (0, 56d) NCT04436276
Companies . IM administration v
. 18-55, 65+
-- Sanofi/GSK Protein Subunit I *  Single or 2 doses NCT04537208
+  IM administration v
« 184950+
NVX-CoV2373  Novavax Protein Subunit /11 *  2doses (0, 21d) NCT04368988 Enrollment
. IM administration ot
. 18-84 complete
V591 Merck Viral Vector v *+  2doses (1, 57d) NCT04498247
. IM administration v

18-55

*As of October 27, 2020
**Currently on hold in US

https fwww.who.nt/ “ho documents detal/ draft landscape-of-covid- 19 cand1d'1te—v1cn.mes htipss/vac-



Understanding the virus for vaccine
development

Basic Structure of Coronavirinae

Spike ® Single-stranded RNA viruses

Nucleocapsid

® Genomes range from 25 to 32 kilobases

® The coronaviral genome encodes four major structural proteins
(all are required to produce a structurally complete viral particle)

o Spike (S) protein: binding

o Nucleocapsid (N) protein: RNA synthesis

Envelope protein E Membrane (M) protein: organization/assembly

Membrane protein M o Envelope (E) protein: organization/assembly

f@ll Image by Belouzard, et al - https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3397359/, CC BY 3.0,
& hitps://commons.wikimedia.org/w/index.php?curid=2644769

Valid as of June 20, 2020
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Vaccine platforms & immune response

Accessed 11/1/2020

© 2020

@he ashington Jost

Democracy Dies in Darkness

Coronavirus -—m\
SARS-CoV-2 | | Spike protein
v
©)-M Protein
‘e SARS-CoV-2
RNA—
\Q copies
CELL MEMBRANE
ACE2 ?“‘/\/\/\/\ E
receptor RNA Proteins
SARS-CoV-2 uses The virus's RNA is The viral The copies
its spike to bind to released into the proteins are are released
the ACEZ2 receptor, cell. The cell reads then assembled and goonto
allowing access the RNA and into new copies infect more
into the cell. makes proteins. of the virus. cells.

Here is a look at how different vaccine technologies being developed
around the world would ideally elicit an immune response to prevent

SARS-CoV-2 in humans. Each vaccine may vary somewhat in how it

___works hnt each wonld cenerallv follow these stens
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Phase I/ll: Determining safety & dose Chikdrens

Published on September 2, 2020, at NEJM.org. DOI: 10.1056/NEJM0a2026920 Accessed 11.5.2020

The NEW ENGLAND JOURNAL of MEDICINE

) ‘ ORIGINAL ARTICLE
The NEW ENGLAND JOURNAL of MEDICINE

Phase 1-2 Trial of a SARS-CoV-2 Recombinant

A . Spike Protein Nanoparticle Vaccine
SARS-CoV-2 Anti-Spike 1gG ELISA
p gG C. Keech, G. Albert, |. Cho, A. Robertson, P. Reed, S. Neal, ).S. Plested, M. Zhu,
63,160 S. Cloney-Clark, H. Zhou, G. Smith, N. Patel, M.B. Frieman, R.E. Haupt, J. Logue,
. 47,521 M. McGrath, S. Weston, P.A. Piedra, C. Desai, K. Callahan, M. Lewis, P. Price-Abbott,
bt ¢ 3344 N. Formica, V. Shinde, L. Fries, J.D. Lickliter, P. Griffin, B. Wilkinson, and G.M. Glenn
T 1: ' 1 ® 53,391
— e '
a 575 . . f . 29.32 ..
@) 4_| . : . * . 4] .'.
% 10 ¢ i 10 » 7420 Human
2L ' f i I ; . L6l Convalescent
-a L ]
2 104 113 * s * . ? 3 103- 4 Serum
E « e N . . . . ¢ Asymptomatic
. . I 3 . % * . * & Outpatient
102 & & A& PN - = 2 . = 102- . symptomatic
@ Hospitalized
Day 0 21 35 0 21 35 0 21 35 0 21 35 0 21 35 Human
Placebo 25 pg 5 ug 25 pg 25 pg Con;:rljzfent
dose 1 and 2 .
( ) rSARS-CoV-2 rSARS-CoV-2+Matrix-Ml rSARS-CoV-2+
(dose 1 and 2) (dose 1 and 2) Matrix-MI (dose 1)
and Placebo (dose 2)
No. of Patients 23/21 25/25 29/29 28/27 26/26
(dose 1/dose 2) Page 28
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Phase Ill: Check efficacy in diverse subjects

Race and ethnicity COVG

STUDY

Interim datfa snapshot - October 21, 2020 - subject to change

All others
Asian

Black/AA

Hispanic/Latinx

White

rngg_e_@jg Slide 2 Page 29



Representative Subjects important ~ “hhaens

Risk factors for severe COVID-19 disease

P—

P

l OV@
{.

N\ STUDY

Interim data snapshot - October 21, 2020 - subject to change

Risk stratification in Cove Study Comorbidifies of af risk partficipants in Cove Study

W >=65years M Diabetes

M Severe Obesity

1 Significant Cardiac Disease
B Chronic Lung Disease

B Liver Disease

>=18 and <45 years and
at risk of severe disease

M >=18 and <65 years and
not at risk of severe disease

P 30
moderna ., 20¢

4
© 2020 Modema
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Enrollment transparency

A vaccine for everyone...find yourself in the Cove study

; . x ﬁ,w'_ L FLE 2B
Hispanic D

6,000+ porticipants S A8 gk Educafors and Students )
o Yk ¥l 2% of participants e .
African American

3,000+ participants

Over 65 years of age
25% of parhc:ipunts

Ages 25-44

29% of participants

ving w:ih chronlc diseases

Over 8,000 pcrh(:lp{mts
Fe male

E °  Over 14,000 participants 2 U g ! \ B oF. ! I z LA , o h "'_ Y
- 5 ..‘! : Al . .r . Ages 45 '64 ' ¥ 7 i _-'-i’- . o= B & = TF s (]

3 f parfi T -
helhg C‘P"“S .6 Retail, Restaurant, & Hospliqlliy workers
L Almost 2,000 pan‘icnpon’rs

5t 3 R [

2 mﬁsm Vg .m. P Y o o YT

interim data snapshot - October 21, 2020 - subject to change mOdernO S
ide
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What about kids?

€he New York Times
A Couvid-19 Vaccine for Children May Not
Arrive Before Fall 2021

While scientists are rushing to develop an immunization for
adults, no one has started the process yet for children.

_.-_.COVID 19 |
Vaccine

NG -

Injection Only —

Children’s

MINNESOTA

Current enrollment status

 BNT/Pfizer Phase Il expanded to 16
& 17 year olds in September

« Sinovac Phase I/l in China registered
to enroll 522 kids age 3-17 years

« Sinovac Phase Il in Brazil registered
to enroll children, pregnant women
and older adults >60 years
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VACCINE PLATFORMS Childrens

VIRUS

Inactivated (polio & flu vaccine)
» Humoral immune response
» Antibody titers diminish with time
= Requires repeat doses

Live, attenuated, weakened (MMR)
=  Mimics human immune response

= Both humoral and cellular
= Few doses required for lasting protection

PROTEIN BASED

Protein Based
Protein sub-unit (flu, pertussis, Hep B)

Virus-like particles (HPV)

MINNESOTA

VIRAL VECTOR

Replicating (weakened, Measles)

Non-replicating (Adenovirus) new
technology, non-licensed

Viral Vector example (Ebola)
Stimulates humoral and cellular immune response
Single dose highly protective

NUCLEIC ACID

DNA spike gene
MRNA encased lipid coat

Unlicensed, new technology

Stimulates T and B cell immune response
Multiple doses required

Stability requires extreme cold

Makes genetic material, not virus.

Safe but unproven



Weakened or Inactivated Vaccines

Ehe Washington Post

Democracy Dies in Darkness

Weakened Weakened virus replicates
virus in human cells.

Weakened virus

- Replicated Cytotoxic
3 % virus T cell
Viral _
Cell peptide \ ._ IR
________ '-....‘___,.
o N A T-helper e
APC cell (@ )
>< B-cell L
Dead virus Dead virus from
Inactivated the vaccine
virus enters the body

Weakened and inactivated virus vaccines, developed by...

Beijing Institute of Biological Products; Sinopharm PC P1 P2 P3 A
Sinopharm PC PL P2 P3 A
Sinovac D DA DN D2 A

Children’s

MINNESOTA


Presenter
Presentation Notes
More traditional form of vaccine manufacturing inactivated or killed vaccines back to Jonas Salk. Weakened vaccine is MMR. Takes much longer to manufacture


Viral Vectored Vaccines Children's

@he Washington Post

Democracy Dies in Darkness

Replicating Replicating viral vector infects
viral vector cell, produces SARS-CoV-2
antigen and additional vectors
SARS-CoV-2 gene
in a different virus
r? Cell » Vectors Cytotoxic
8 & T cell
A Viral B
] peptide @) >
R > & > ¢ ~§ _ =
Antigen AN '.._'.'4_-______,'_':
e > . ) ¢ A T-helper o A
APC cell (@ )
- B-cell L A
SARS-CoV-2 gene Non-replicating viral
in a different virus vector infects cells,
Non-replicating produces SARS-CoV-2
viral vector antigen

Viral-vectored vaccines, developed by...

AstraZeneca; University of Oxford

|
PC P1 P2 P3 A

CanSino Biologics; Beijing Institute of Biotechnology; —
Canada's National Research Council: Petrovax pC PL P2 P3 A
Gamaleya Research Institute® P P4 D9 P2 A


Presenter
Presentation Notes
Some vaccines use a virus that has been engineered to be harmless to ferry a gene from the coronavirus into cells. The gene codes for a distinctive part of the coronavirus, and the immune system learns to recognize it.  


S
Vaccines using nucleic acid

@he Washington Post

DNA vaccine

Spike gene
on DNA

-

AAN

mRNA in
lipid shell

RNA vaccine

Democracy Dies in Darkness

An electric pulse allows DNA
into the cell's nucleus where
it forms mRNA, then creates
spike proteins

Spike protein

> - P

Antigen-presenting cells
(APCs) consume the viral
proteins and pass viral
peptides to T-helper cells

Viral
Cell peptide
§ O —<

A T—.hellper

A lipid shell delivers
mMRNA into the cell,
where it is used to
produce proteins

APC cell

Nucleic acid vaccines, developed by...

hildren’s

(DNA or RNAY =

Cytotoxic

T cells may
eliminate virus-
infected cells

Cytotoxic

B-cell

Antibodies from
B-cells may
block the virus

Moderna; National Institutes of Health
Pfizer; BioNTech; Fosun Pharma
AnGes; Osaka University; Takara Bio

Arcturus Therapeutics; Duke-NUS

PC

PC

PC

PC

P1

P1

P1

P1


Presenter
Presentation Notes
The advantage speed for DNA or RNA vaccines as they can be designed and manufactured quickly.  Downside is they have never been approved for use outside of medical research and will require 2 doses.  


Subunit Protein Particle Vaccines Childrens

@he Washington Post

Democracy Dies in Darkness

Virus-like Empty viral shells look like the virus
particles but are not harmful because they

Empty viral shell have no genetic material

AP Cytotoxic
> g T cell
¢ Viral E
| . peptide ._ =
P-é.— 7 I_') *N
. > A T-helper - A
| APC cell @) i
- i .
€ e B-cell
¢ :t *,_ L
SARS-CoV-2 proteins Specific protein subunits,
Protein such as the spike protein,
subunits enter the body
Subunit vaccines, developed by...
|
Novavax PC PL P2 P3 A
Anhui Zhifei Longcom; Chinese Academy of Sciences PO P2 P3 A
Federal Budgetary Research Institution (FBRI) State —
Research Center of Virology and Biotechnology "VECTOR" pPC P1L P2 P3 A
Instituto Finlay de Vacunas PC P1 P2 P3 A


Presenter
Presentation Notes
Some traditional vaccines use protein subunits.  Technologies vary on how the protein is delivered.  Novavax is using insect cells to deliver the protein. 


- - Children's
Tiered Approach for Distribution oy

ACIP meeting 6.24.2020

Work Group considerations: Further tiering of target groups may be
necessary based on vaccine supply and program planning

General population

~206 million |

Other healthcare
and essential
workers

High risk
populations

U.S. Population*

~60 million

Critical
healthcare and
other workers

* Based on 2019 U.5. population of 328 million
and information from Department of Defense,

’ Department of Homeland Security,
Department of Health and Human Services, 19

Target groups and U.S. Census Bureau

Page 38




Vaccine Implementation Plan Childrens

https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf

MULTIPLE CRITICAL COMPONENTS TO VACCINE IMPLEMENTATION

Communication and Stakeholder Guidance
(state, tribal, local, special populations, private sector partners, public)

Prlorltlz!ng Allocat!on of Dlstrlvbutlon Administration Safety, Effectiveness, Vaccine
population Vaccine (MFR -Dist- State) Uptake, Second dose Recovery

Supply - Monitor, Track, Report

Vaccine Uptake, Use, and Coverage — Data

ADE and Vaccine Effectiveness
Monitoring and Reporting

Regulatory Considerations

Public health impact relies on rapid, efficient, and high uptake
of complete vaccine series, with focus on high-risk groups




COVID-19 VACCINATION PROGRAM " N ,
INTERIM PLAYBOOK FOR JURISDICTION r Children’s

MINNESOTA

OPERATIONS - September 16, 2020

The COVID-19 Vaccination Program will require a phased approach

Phase1
Potentially Limited Doses P z i 3
Available Large Number of Doses Available Continued Vaccination,
Max @ Shift to Routine Strategy
Projected short period of time T ———
for when doses may be limited T ~ o
Volume S——
doses =
available ™~ ~
{per month) ~
e =
Triglis onliy .
Key
factors + Likelysufficient supply to meet demand
* Expand beyond initial populations
' + Supply may be constrained * Use a broad provider network and settings: including | . Likely sufficient supply
Likely « Tightly focus vaccine administration o Healthcare settings [doctors offices, clinics) = Open access to vaccination
admin = Administer vacdne in closed settings best suited o Commercial sector settings [retzil pharmacies) = Administer through additional private partner
strategies for reaching initial critical populations (workplaces, other 0 Public health venues [public health clinics, mobile sites
8 vaccination sites) spedfic ta Phase 1-A populaions clinics, FQHCs, community settings) = Maintain public health sites where required
Populations of Focus®
Phase 1 Phase 2 Phase 3
Phase 1-A: . Remainder of Phase 1 populations . Remainder of Phase 1 populaticns
L] Paid and unpaid persons serving in healthcare settings who
have the potential for direct orindirect exposure to patients | » Critical populations** . Critical populations**
or infectious materials and are unable to work from home.
. e | lati . Ge | lati
Dhose 1.5: neral population neral population
. Other essential workers
. People at higher risk of severe COVID-19 illness, induding
65 of ned clde
9/4/20 R e !
*Planning should consider that there may be initial age restrictions for vaccine products.
Page 40

© 2020 *#*See Section 4: Critical Populations for information on Phase 1 subset and other critical population groups.



The National | SCIENCES

Academnies of

MEDICINE

This PDF is available at http:/inap.edu/25917

Ci 19
VACCINE

aeneene. THE NATIONAL ACADEMIES PRESS

SHARE

Framework for Equitable Allocation of COVID-19 Vaccine
)

(2020

DETAILS

260 pages | 6 x 9 | PAPERBACK
ISBM §78-0-309-68224-4 | DOI 10.17228/25917

© 2020
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MINNESOTA

= Phase 1

Phase 1a “Jumpstart Phase”

e High-risk health
workers

e First responders

Phase 1b

e People of all ages
with comorbid and
underlying conditions
that put them at
significantly higher risk

e Older adults living in
congregate or
overcrowded settings

Equityis a
crosscutting
consideration:

Phase 2

e K-12 teachers and school staff and

child care workers

e Critical workers in high-risk

settings—workers who are in
industries essential to the function-
ing of society and at substantially
higher risk of exposure

People of all ages with comorbid and
underlying conditions that put them
at moderately higher risk

People in homeless shelters or
group homes for individuals with
disabilities, including serious mental
iliness, developmental and intellec-
tual disabilities, and physical
disabilities or in recovery, and staff
who work in such settings

e People in prisons, jails, detention

centers, and similar facilities, and
staff who work in such settings

e All older adults not included in

Phase 1

Phase 3

" Young adults

e Children

e Workers in industries
and occupations
important to the
functioning of society
and at increased risk of
exposure not included
in Phase 1 or 2

Phase 4

e Everyone residing
in the United States
who did not have
access to the
vaccine in previous
phases

In each population group, vaccine access should be prioritized
for geographic areas identified through CDC'’s Social Vulnerability
Index or another more specific index.




Scenario 3: FDA has authorized vaccines A and B for EUA in 2020
Availability Assumptions

‘ Vaccine availability under EUA by

Candidate  End of Oct 2020 ) End of Nov 2020 ) End of Dec 2020 | Notes
Vaccine A ~2M doses 10M—-20M doses 20M—-30M Ultra-cold (-70 °C), for large sites only
doses
Vaccine B ~1M doses ~10M doses ~15M doses Central distribution capacity required
] . . _ (-20°C)
‘ Total ~3M doses 20M-30M doses 35M-45M doses

Distribution, Storage, Handling, and Administration Assumptions

SHIPMENT ON-SITE VACCINE STORAGE

3 separately acquired components (mixed on site) Frozen (-70 °C + 10 °C)

. Must be used/recharged within 10 days

. Storage in shipping container OK (replenish dry ice
within 24 hours of receiving shipment and again 5 days
later)

Thawed but NOT reconstituted (2—-8 °C)
. Must use within 5 days (discard unused doses after 5
3. Ancillary supply kits days)
- Direct to site from USG (at room temperature) Reconstituted (room temperature)
. Must use within 6 hours (discard any unused,
reconstituted vaccine after 6 hours)

1. Vaccine

. Direct to site from manufacturer (on dry ice)
»  Multidose vials (5 doses/vial)
2. Diluent

. Direct to site from USG (at room temperature)
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INNESOTA

ACIP Ethical Principles: Emergency COVID
vaccine meeting 10.30.2020 coc AciP Meeting Minutes

 Maximize benefits and minimize harms
* Promote justice (fairness folded in)

* Mitigate health inequities

 Promote transparency

© 2020 Page 43



How Is this going so fast?
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Vaccine Safety ACIP Meeting 9.22.2020

« Safety is not the absence of risk it is the balance of risk. Dr. Grace Lee
« Safety and efficacy are primary goals with full commitment for no short cuts
* Expect safety signals like the transverse myelitis—explore, background incidence, etc

* V-SAFE program Vaccine Safety Assessment for Essential Workers
« Smart Phone app active surveillance daily sx check in
* Numerator for incidences of site pain, adverse events
* VAERS will be active, electronic surveillance as usual

« Hospitals will track weekly doses to NHSN for denominator

© 2020 Page 45
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V-Safe CDC program

Vaccine safety assessment for essential workers (V-SAFE)

[ [ [/ 1. Text messages or email from CDC
NC :

,.
(DC

with follow-up — daily 1%t week
post-vaccination and weekly
thereafter out to 6 weeks

CENTERS FOR DISEASE"™ ------------------>
CONTROL AND PREVENTION

T i v U it bomond wndvr JLISER

2. Any clinically
important event(s)
reported by

vaccinated person

Healthcare workers,
essential workers, etc.

VAERS call center

! 3. Follow-up on clinically important event,
© 2020

complete a VAERS report if appropriate .. FPA

Page 46




Vaccinate with Confidence CDC plan cnhildrens

MINNESOTA

https://www.hhs.gov/sites/default/files/strategy-for-distributing-covid-19-vaccine.pdf

@ Vaccinate with Confidence

CDC’s strategic framework for strengthening vaccine confidence
and preventing outbreaks of vaccine preventable diseases.

Strategy: Protect communities at risk from under-vaccination

Protect ¥ Leverage immunization data to find and respond to communities at risk
communities v' Work with tr'usted local Partners to reach at-risk communit.ies before outbre.aks
v" Ensure vaccines are available, affordable, and easy-to-get in every community

Strategy: Get providers and parents effective information resources

v’ Expand resources for health care professionals to help them have effective vaccine
conversations with parents

families v Work with partners to start conversations before the first vaccine appointment

v" Help providers foster a culture of immunization in their practices

Empower

Strategy: Stop misinformation from eroding public trust in vaccines

v Work with local partners and trusted messengers to improve confidence in vaccines
Stop myths among key, at-risk groups

v’ Establish partnerships to contain the spread of misinformation

© 2020 v Educate key new stakeholders (e.g., state policy makers) about vaccines Page 47
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Phase 4. Ongoing Safety Marketing as always

https://jfamanetwork.com Accessed 10.19.2020

VIEWPOINT

Grace M. Lee, MD,
MPH

Stanford Children’s
Health, Stanford
University School of
Medicine, Stanford,
California.

JoséR. Romero, MD
Department of
Pediatrics, University of
Arkansas for Medical
Sciences, Little Rock;
and Arkansas
Department of Health,
Little Rock.

Beth P. Bell, MD, MPH
Global Health,
University of
Washington School of
Public Health, Seattle.

© 2020

JAMA Published online October 16, 2020

Opinion

Postapproval Vaccine Safety Surveillance for COVID-19

Vaccines in the US

Since January 2020, more than 7.8 million cases of coro-
navirus disease 2019 (COVID-19) and 215 000 deaths
have occurred in the US. In response to the pandemic,
vaccine development has been moving at record speed
throughstrong public or private partnerships, with nearly
200 vaccine candidates in development or in trials.
In the US, 8 vaccine candidates have received federal
support under Operation Warp Speed, and 4—from
Moderna, Pfizer/BioNTech, Oxford/AstraZeneca, and
Janssen—have entered phase 3 trials. Vaccines will be
critical for the prevention and control of COVID-19inthe
US and worldwide, yet these efforts cannot succeed
without public confidence in a vaccination program.
Demonstrating vaccine efficacy and safety during
clinical trials and implementing a robust postlicensure
vaccine safety monitoring system as the vaccine is de-
ployed in larger, more diverse populations is central to
public confidence and enabling timely and accurate
policy decisions for population-level use.

VasT is reviewing the capabilities and protocols of ex-
isting and novel vaccine safety surveillance systems that
willbe engaged in COVID-19 vaccine safety. A brief over-
view of key considerations for postauthorization/
postlicensure safety surveillance is outlined below, as a
starting point for public discussions about plans for
COVID-19 vaccine safety monitoring.

In addition to phase 4 studies to monitor safety and
effectiveness, passive and active safety surveillance sys-
tems serve critical functions in ensuring vaccine safety
and maintaining vaccine confidence (eTable in the
Supplement). The Vaccine Adverse Event Reporting Sys-
tem (VAERS) is a passive surveillance system that relies
onreporting by patients or family members, health care
professionals, or manufacturers to capture temporally
associated, potential adverse events after vaccination.?
VAERS is comanaged by the FDA and CDCand serves as
anearly warning system for potential safety signals that
may be temporally related to vaccines. The rapid iden-

VAERS
CISA
Vaccine Safety Datalink

Manufacturer Post-license monitoring

Page 48
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v Clinicaltrials.gov for vaccine research update

v  cdc.gov/acip for latest slides, audio,

upcoming agendas

v' Coronaviruspreventionnetwork.org for trials enroliment

https://www.childrensmn.org/for-health-

professionals/talking-pediatrics-podcast/

TALKING PEDIATRICS

A CLINICAL PODCAST BY Children

rrrrrrrr

Join us each week as we bring intriguing stories and relevant pediatric health care information that will surprise, challenge and
perhaps change how you care for the most amazing people on Earth — kids!

W Feedback

© 2020

Clinical practice guidelines
COVID-19 updates

Health equity

AND MORE

Page 49
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t?a'fngflﬁ;t?gr?;lsﬂippsedu/ Pfizer/BioNTech Moderna Astra-Zeneca J&J Novavax
content accessed 9/22/2020 MRNA MRNA Adeno V Adeno V
Five Phase Ill vaccine trial summary

Sample Size 30,000 30,000 30,000 60,000
Vaccine Arm 15,000 15,000 20,000 30,000
Participants

Severity Primary + ++ ++ ++1/2
endpoint

All include mild infxn, diff criteria

Efficacy target 60% 60% 50% 60%

# of doses 2 2 2 1
Freezing Required?  Yes Yes Yes No
Lower 95% CI 30% 30% 30% 30%
efficacy

Events at Completion 164 151 150 154

N =

Interim Analyses N = 4 2 1 NA
Events at 1%t Interim 37 53 75 NA

Analysis N =
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