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Day 269 of the COVID-19 Pandemic

* Review of immunology, genetics,
and vaccine science

* 3 leading vaccine candidates
* Vaccine safety update
* Resources
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1) Become familiar with the
process of vaccine
development

2) Become familiar with the 3
leading Covid-19 vaccine
candidates and the science
behind them

3) Become familiar with safety
measures taken with vaccine
development
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* | have no conflicts of interest (and no horses in this race)

* | am opposed to “vaccine nationalism” — but | will be mentioning
countries by name

* | will be mentioning vaccine/pharmaceutical companies by name, as
well as vaccines by name, but this does not imply endorsement of any
company or product over others
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Advantages of Vaccines

* A vaccine allows a person to develop immunity to a specific disease
without having to suffer the actual disease

* In some cases, the immunity produced by vaccine is not as good as it
would be with the natural disease, but in many cases it is as good or
even better

* Vaccines have eradicated smallpox, and have greatly decreased death,
suffering and disability from many other diseases (tetanus,

diphtheria, pertussis, measles, polio, mumps, rubella, yellow fever,
etc.)
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How do viral vaccines work (old technology)?

* A weakened virus (“live

' ‘:\\ A weakened form of ) ] .
= B e o attenuated”), or inactivated
is injected into . . .
(@ (@ thebody. virus, or a part of a virus is made

Into a vaccine

* The vaccine is injected

The body
makes antnbodnes

to fight these invaders.
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If the actual disease germs ever
attack the body, the antibodies
will return to destroy them.

* The immune system responds to
make antibodies (and
sometimes a T cell response)

* Immune memory is created
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How do viral vaccines work (new technology)?

* A genetic code, either RNA or

A weakened form of . : )
[« S s DNA, is made into a vaccine

@ " mjected mto
@@ « "ihe bod, * The vaccine is injected

* The genetic code instructs our
own cells to make a part of the
Virus

* The immune system responds to
make antibodies (and
sometimes a T cell response)

* Immune memory is created

The body
makes antnbodnes

to fight these invaders.
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If the actual disease germs ever
attack the body, the antibodies
will return to destroy them.
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* Potential vaccines are first tested in animals (rats, mice, and non-
human primates are the usual test subjects)

* Human trials are conducted after safety and effectiveness are proven
in animals
* Phase 1 —small number of volunteers mainly looking at safety
* Phase 2 — usually several hundred volunteers looking at optimal dose
* Phase 3 —thousands of volunteers to test for efficacy (effectiveness)

safety of the vaccine must be demonstrated
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* Inactivated Virus

* Live Attenuated Virus

* Protein Subunit

* Viral Like Particle (VLP)

e Replicating Viral Vector

* Nonreplicating Viral Vector
* DNA

* RNA
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* Inactivated Virus

e Live Attenuated Virus
* Protein Subunit
* Viral Like Particle (VLP)

e Replicating Viral Vector

* Nonreplicating Viral Vector
* DNA

* RNA
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This Is Only A Test

How many current COVID-19 vaccine candidates are in Phase 3 Trials?
a) 3

b) 7

c) 10

d) 13

e) None of the above
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September 21, 2020 December 2, 2020
e 38 vaccine candidates in human e 51 vaccine candidates in human

trials trials
* 9 candidates in Phase 3 * 13 candidates in Phase 3
* 149 in pre-clinical * 163 in pre-clinical
e 187 total vaccine candidates e 214 total vaccine candidates in

some phase of development

https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
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https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines

Inactivated Viral Vaccines Protein Subunit

e Sinovac (China) * Novavax (USA)
e Sinopharm/Wuhan (China) * Anhui Zhifei Longcom (China)
* Sinopharm/Beijing (China)
* Bharat Biotech (Indi . . .
arat Biotech (India) Viral Like Particle (VLP)

* Medicago (Canada)
Non-Replicating Viral Vectored
* AstraZeneca/Oxford (UK) mRNA

e Cansino (China
( ) * BioNTech/Pfizer (Germany/USA)

e Gamaleya (Russia
ya ( ) + Moderna/NIAID (USA)

e Janssen/J&J (USA)
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Current Phase 3 Candidate Vaccines

Inactivated Viral Vaccines Protein Subunit

* Sinovac (China) * Novavax (USA)

e Sinopharm/Wuhan (China) e Anhui Zhifei Longcom (China)
* Sinopharm/Beijing (China)

* Bharat Biotech (India) Viral Like Particle (VLP)

* Medicago (Canada)
Non-Replicating Viral Vectored

* AstraZeneca/Oxford (UK) mRNA

* BioNTech/Pfizer (Germany/USA)
* Moderna/NIAID (USA)

e Cansino (China)

* Gamaleya (Russia)
* Janssen/J&J (USA)
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Brief Review of Genetics

* In cellular organisms, the genetic
PNA code is carried in DNA
"' Transoription * DNA is transcribed into mRNA
* mMRNA is then translated in the
MRNA M ribosomes to make proteins
* mMRNA is rapidly degraded after
being used by the ribosomes

Translation

3
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SARS-CoV-2 Structure

Spike Glycoprotein (S)

RNA and N protein

Envelope

Hemagglutinin-esterase
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Viral vector vaccines (non-re

antigen \

... except that they cannot
replicate inside the body s
and so require higher

doses to be effective.

plicating) * A genetically modified virus is
used to deliver the desired DNA

Viral vector
(eg adenovirus) Non-replicating viral vector
G " vaccinles work in a similar way
ene encoding to replicating vectors ... . . .
SARS-CoV-2 * The DNA goes inside a cell and is

Antigen- . .
preénting transcribed to mRNA, and begins
S o ¥ to make proteins, in this case the

SARS-CoV-2 spike protein

Helper f
TCQ”@ * The body’s immune system then

7
® °

Immune response

and memory

\' makes antibodies to the spike
protein
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* Non-replicating viral vaccine using chimpanzee adenovirus

* Originally developed for MERS

e ChAdOx1 nCoV-19, now named AZD1222

* Phase 1/2 trial: >90% developed neutralizing antibodies

* No serious adverse events reported in 1077 patients

* Local and systemic adverse reactions common (injection site pain,

fatigue, headache, chills, fever, myalgias, malaise)

* Phase 3 trials in Brazil, UK, USA
The Lancet, July 20, 2020: https://doi.org/10.1016/50140-6736(20)31604-4
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https://doi.org/10.1016/S0140-6736(20)31604-4

e Serious Adverse Event caused pause in trial Sept 8; resumed in a few days

in UK and Brazil, not until Oct 23 in US
* Interim analysis done when 131 cases of Covid-19 accumulated
* UK trial inadvertently used half-dose/full-dose (n = 2741)

* Results —90% efficacy at preventing disease

* Brazil trial used 2 full doses (n = 8895)
e Results — 62% efficacy

 Combined efficacy = 70%
* Ongoing Phase 3 trials to enroll up to 60,000 subjects

https://www.astrazeneca.com/media-centre/press-releases/2020/azd1222hlr.html
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https://www.astrazeneca.com/media-centre/press-releases/2020/azd1222hlr.html

* Trial also shown to prevent infection as well as preventing disease

* “No serious safety events related to the vaccine have been
confirmed”

e AstraZeneca hopes to produce 3 billion doses in 2021

e Can be transported and stored at refrigerator temperatures (2 — 8 C)
for up to 6 months

https://www.astrazeneca.com/media-centre/press-releases/2020/azd1222hlr.html
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RNA vaccines

Lipid delivery

vehicle codin
mRNA encoding
SARS-CoV-2

antigen
mRNA /

RNA vaccines are antigen- * MRNA is made that codes for the

strands of messenger
RNA (mRNA), sometimes

Sy SARS-CoV-2 spike protein

o

inside a lipid coat.

Once inside cells, the RNA, * mMRNA is packaged in lipid

L\ it |
b antigen. nanOpartldeS
Antigen ©, & . .
e e o Ir15|de cells, mRNA is L{sed by |

e antien s recomnised, - (. ribosomes to make spike protein
Inaucing an immune o
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Immune response
and memory

)

antibodies and T-cells targeted
for spike protein
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* BioNTech SE (Germany) partnered with Pfizer
e BNT162b1 and BNT162b2 used in Phase 1 trials
* All participants developed neutralizing antibodies

* No serious adverse effects reported
* Injection site pain, fatigue, headache common
e BNT162b2 advanced to Phase 2 and 3 trials due to fewer side effects

medRxiv preprint doi: https://doi.org/10.1101/2020.06.30.20142570
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https://doi.org/10.1101/2020.06.30.20142570

* Phase 3 trial results released on 11/9 and 11/18

* n=43,661

e Argentina, Brazil, Germany, South Africa, Turkey, USA

* 30% of participants racially/ethnically diverse

e 2 vaccinations 21 days apart

e 170 cases of Covid-19; 162 in placebo group, 8 in vaccine group, yielding an

efficacy of 95%
 Efficacy in >64 yr old group = 94%
* 10 severe cases — 9 in placebo group, 1 in vaccine group

https://www.Pfizer.com/news/press-release/press-release-detail/Pfizer-andbiontech-conclude-phase-3-study-covid-19-vaccine
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https://www.pfizer.com/news/press-release/press-release-detail/Pfizer-andbiontech-conclude-phase-3-study-covid-19-vaccine

BioNTech/Pfizer Vaccine

* No serious adverse events observed
* EUA request submitted to FDA on 11/20
* FDA to meet on 12/10 to consider EUA

 Pfizer expects to produce 50 million doses by end of December, 1.3
billion in 2021

* May be stored 6 months at -70 C (-94 F); can be stored at 2 - 8 C
(refrigerator temperature, 36 — 46 deg F) for 5 days
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Moderna Vaccine

* mRNA vaccine encapsulated in lipid nanoparticles (LNP)
 ModernaTx in partnership with NIAID (USA)

* Phase 1 Trial: Neutralizing antibodies developed in all participants after 2
doses

* No serious adverse effects reported
 Fatigue, chills, headache, myalgias, injection site pain common

e Shipped and stored at -20 C for 6 months, 2 to 8 C for 30 days, room
temperature up to 12 hours

New England Journal of Medicine July 14, 2020: https://doi.org/10.1056/NEJM0a2022483

NEJM July 28, 2020: https://doi.org/10.1056/NEJM0a2024671

November 16, 2020: https://investors.modernatx.com/news-releases
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https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1056/NEJMoa2024671
https://investors.modernatx.com/news-releases

e |nitial Phase 3 results on Nov 16 and Nov 30

* Over 30,000 participants

e 11,000 were from communities of color
e 7,000 were 65 or older
e 5,000 were under 65 with medical co-morbidities

* 196 Covid cases, 11 in vaccine group group; efficacy = 94.1%
* 30 serious cases, hone in vaccine group

* Side effects — injection site pain, fatigue, muscle aches, headache, redness
at injection site; more common after second dose

e 2 doses given 28 days apart

https://investors.modernatx.com/news-releases/news-release-details/modernas-covid-19-vaccine-candidate-meets-its-primary-effi
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https://investors.modernatx.com/news-releases/news-release-details/modernas-covid-19-vaccine-candidate-meets-its-primary-efficacy

Moderna Vaccine

* Timeline for development:
* Jan 11 — Chinese authorities share genetic sequence of SARS-CoV-2
e Feb 7 — First clinical batch of m-1273 produced
 Mar 16 — First participant in Phase 1 trial received vaccine
 May 18 — Positive results from Phase 1 announced
Jul 27 — Phase 3 study begins
Nov 16 — Preliminary Phase 3 results announced
Nov 30 — Second Phase 3 results, EUA from FDA requested
Dec 17 — FDA plans to meet to consider EUA request
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Vaccine Safety

e September 8, 2020 - the CEOs of 9 major vaccine manufacturers
signed a pledge to make safety and well-being of vaccinated
individuals their top priority

e October 6, 2020 — the FDA stated that there should be a median
follow-up duration of at least 2 months after completion of the full
vaccination regimen before submitting an application for Emergency
Use Authorization
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* Worldwide Pandemic — Necessity is the mother of invention

* Internet allows much faster communication and sharing of knowledge
* Advances in genetics
* Perfection of new technologies (MRNA, VVV)

* Financial support of governments, removing financial liability from
developers and producers

* During a pandemic, a Phase 3 trial can be done in a few months
rather than years
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Vaccine Tracking Websites:

Basic Vaccine Technology Article:

* Milken Institute: https://covid- “Covid-19: the eight vaccine technologies being

19tracker.milkeninstitute.org/

* London School of Tropical Medicine: https://vac-

tested” — from the International Veterinary
Vaccinology Network:

Ishtm.shinyapps.io/ncov vaccine landscape/ https://www.intvetvaccnet.co.uk/blog/covid-

* WHO:

19/vaccine-eight-types-being-tested

https://www.who.int/publications/m/item/draft-

landscape-of-covid-19-candidate-vaccines

* NY Times:

https://www.nytimes.com/interactive/2020/science/

CDC Vaccine Website for COVID-19:
https://www.cdc.gov/coronavirus/2019-

coronavirus-vaccine-tracker.html

ncov/vaccines/index.html
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Harry J Brown, MD

Medical Epidemiologist
USET Tribal Epidemiology Center
hbrown@usetinc.org
615-467-1547
615-917-7526
Have a great weekend!
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