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Spike Protein (S) RIZREH
glycosylated, trimeric protein

binds to ACE2 on host cells

proteolytic activation by TMPRSS2
10nm size, ~100 trimers/virion®

Membrane Protein (M) EEZEH
interferon antagonist®

~2000 copies®

Envelope Protein (E) G EEH
viroporin (host cell lysis)*
~20 copies*

Nucleocapsid (N) #Z&EH
interferon antagonist®
~1000 copies®

SARS-CoV-2, Wuhan-Hu-1 (RefSeq: NC_045512)

ORF1ab

polyprotein ppla
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HOW DO THE TESTS FOR CORONAVIRUS WORK?
W CURRENT TESTS WORK

_ ' B S REAGENT ISSUES
a A swab is taken of the inside of a patient's nose or the back ' ( )

of their throat. This sample is then sent to a lab to test.

High demand and issues with reagents have

delayed testing in some countries
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/ A 7 B TIME-CONSUMING
m 1 ._-: ’ It takes a few hours to get results from the

test, Limiting how many tests can be done

The RNA of the virus is extracted and purified. An enzyme, .~ N 3 >
reverse transcriptase, converts the RNA to DNA o - FALSE POSITIVESAND NEQATIVES

In some cases sample degradation or

Reverse contamination can affect the results.
transc |p1d e

POSITIVE AND NEGATIVE TESTS FUTURE TESTS

The DNA is mixed with primers, sections of DNA designed

o to bind to characteristic parts of the virus DNA. Repeatedly The fluorescence increases as more copies of the virus DNA The current tests are good for diagnosing an infection - but

heating then cooling DNA with these primers and a DNA- are produced. If it crosses a certain threshold, the testis they can't tell us if someone has had it and then recovered

building enzyme makes millions of copies of virus DNA. positive. If the virus isn't present, no DNA copies are made and Tests that look for antibodies against the virus can do this

the threshold isn't reached. In this case, the test is negative.
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Fluorescent dye molecules bind to the virus DNA as it is I § ;
copied. Binding makes them give off more light, which is B -

used to confirm the presence of the virus in the sample

They remainin the
blood for some time

Tests that look for proteins on the surface of the virus are also

Fluorescence

> N in development. These tests are faster, but less accurate.
Copying cycles Copying cycles

® Andy Brunning/Compound Interest 2020 - www.compoundchem.com | Twitter: @compoundchem | FB: www.facebook.com/compoundchem @@@@
This graphicis shared under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 licence




Elon Musk @
@elonmusk

Something extremely bogus is going on. Was tested for
covid four times today. Two tests came back negative,
two came back positive. Same machine, same test, same
nurse. Rapid antigen test from BD.

12:47 AM - Nov 13, 2020 - Twitter for iPhone
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ABOUT VACCINES

Why we use vaccines R AZEERER

* Vaccines can prevent infectious diseases. Examples of
vaccine-preventable diseases are: measles, polio,
hepatitis B, influenza and many others. EmRECIETIHRBERMEERB

* When most people in a community are vaccinated
against a disease, the ability of the pathogen to spread
is limited. This is called ‘herd’ or ‘indirect’ or

‘population” immunity. HEXPRZEIERZRE, REERENRTE

 When many people have immunity, this also indirectly
protects people who cannot be vaccinated, such as very
young babies and those who have compromised
Immune systems.

SHXPREYAERERG, SEERIPTEREIEENAR, b/
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ABOUT VACCINES

How vaccines work sEmemEnssdtanR ?

* Vaccines greatly reduce the risk of infection by training
the immune system to recognize and fight pathogens

such as viruses or bacteria GHEEER)IGRERFRRBIFEHKRERIR, LLINHERFS

* Vaccines safely deliver an immunogen which is a
specific type of antigen that elicits an immune response,
to train the immune system to recognize the pathogen
when it is encountered naturally.
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VACCINE DEVELOPMENT — Mechanism of action for types of vaccines
Virus vaccines JREEGH (BUESICERER)

* Virus is selected, modified
(weakened) or completely

. . ) i Attenuated live virus Inactivated dead virus
inactivated so that it will Vacaine IS PR ’
not cause disease < 1T »
. < o 4 c A
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~ . Caoronavirus
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i / ‘ e response
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Note: FIE s

This illustration shows injectable =

vaccines. Some vaccines in this \irus reclicatas enature
category are administered orally

Source: https.//www.nature.com/articles/d41586-020-01221-
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VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Protein-based vaccines

SHRERE (THiivEs)

A protein is extracted
from the virus (alive or
inactivated), purified, and
injected as a vaccine

e For coronavirus, this is
most commonly the spike
protein

* Virus-like particles work in
the same way

- WRSTIRINAIER (CEMIIEEN)
A REANNBEREE
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Protein-based vaccines F sub-units or virus-like particles

rotein

Protein sub-units QR Virus-like particles
vwe
A 4
\
A R
A_ Spike protein A o :
¢ | Pt
M protein i
Coronavirus Cowg:ﬁms
1
\ 7 e \ ~ 7 T Immune
P - Immune I 5 o -
A — P Dl Z ® " neo Y 2 > . = response
eonature

Source: https_//www.nature.com/articles/d41586-020-01221-y

infodemic

MANAGEMENT




VACCINE DEVELOPMENT — Mechanism of action for types of vaccines

Viral vector vaccines ms#ifiiss (245

B

* The gene for a pathogen
protein is inserted into a
different virus that can
infect someone without

Non-replicating viral vector

: : Coronavirus 1 I, Coronavirus
causing disease - a oS i
. spike gene o € 'Ve—splke gene
e The safe virus serves as a or — ( , e 1
Viral genes ~ Viral genes

‘platform’ or ‘vector’ to
deliver the protein that
triggers an immune
response

.! > \‘ (some inactive)

) . Coronavirus
) . <) spike peptide
e The safe virus is then

injected as a vaccine ® Immune

- response
* Some replicate (reproduce)
in the body and some do

not

-l < C {
> < e /
Izt J ‘

Virus replicates

BRRAEBRNERBANERIES T onature

Source: https_//www.nature.com/articles/d41586-020-01221-y
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VACCINE DEVELOPMENT — Mechanism of action for types of vaccines
Nucleic acid vaccines w@ass (Taisd)

: . Nucleic acid vaccines DNA vaccine or RNA vaccine
* Instead of a virus, a protein . :

antigen, or a virus expressing the Bl s
protein, nucleic acid coding for B el
: 2 . RNA is often
the antigen is injected iZRg L ER(=E8 : {-" ~) RNA LS oten
ot it Eg P lipid t it
* DNA plasmid: enters nucleus, : # can enter cells
translated to mRNA for pNA FfE _ A
expression of protein
S Coronavirus
 Or mRNA can be injected. More : . spike peptide
direct (no translation required) ; / Pt :
e - e 0_’ Immune E
but less stable than DNA mRNA } a4 / . response |
- - : ’\,w ;:
e This is new technology — no ) L
other vaccines for human use / . /
have used this 43fHA K ~ R
éﬂ‘ﬁj:§7k, *FH%:AD'T Viral proteins
e —>:«- :
Source: https://www.nature.com/articies/d41586-020-01221-y MRNA 1ature
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Steps in vaccine development E&EHALISE

Actions taken to ensure a new vaccine is safe and works well

* Pre-clinical studies
Vaccine is tested in animal studies for efficacy and safety, including challenge studies

= Phase I clinical trial
Small groups of healthy adult volunteers receive the vaccine to test for safety

= Phase Il clinical trial
Vaccine is given to people who have characteristics (such as age and physical health) similar to those for
whom the new vaccine is intended

= Phase lll clinical trial
Vaccine is given to thousands of people and tested for efficacy and safety

* Phase IV post marketing surveillance
Ongoing studies after the vaccine is approved and licensed, to monitor adverse events and to study long-
term effects of the vaccine in the population

* Human challenge studies
Studies in which a vaccine is given followed by the pathogen against which the vaccine is designed to
protect. Such trials are uncommon in people as they present considerable ethical challenges




VACCINE DEVELOPMENT

COVID-19 vaccine accelerated development ssmzms

Traditional YO Y1 Y2 Y3 Ya YS Y6 Y7 Y8 Y9 Y10

vaccine > Pre-dlinical >>  Phasel > Phase i > Phase Il >

development S —— >

timeline -

> Manufacturing >
> Approval >
> Distribution >

Accelerated D Predmical >

vaccine S Phasel >

development S pre=n >

timeline

> Phase Il >
Infrastructure >
YO Y1 Y2 Y3 Y4 h 4 Y6 Y7 Y8 Y9 Y10
e Normal vaccine development performs each e All usual safety and efficacy monitoring mechanisms
step in sequence remain in place; such as adverse event surveillance,

i f ' monitorin long-term follow-
 To accelerate COVID-19 vaccine development, safety data monitoring & long-te ollow-up

steps are done in parallel * Phase IV post-marketing surveillance for side effects
Is critical and essential

77N World Health EPI-W' N infodemic
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VACCINE DEVELOPMENT

COVID-19 vaccine candidates in Phase lll trials

N e
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As of 02 October 2020 there are
42 COVID-19 candidate vaccines
in clinical evaluation of which 10
in Phase |l trials

* There are another 151 candidate
vaccines in preclinical evaluation

* Phase lll trials usually require
30,000 or more participants

* All top candidate vaccines are for
intra-muscular injection

* Most are designed for a two-dose
schedule (exceptions with a * in
table are single dose)

World Health

EPI-WIN

é.j?’ Organization

10 CANIDATE VACCINES IN PHASE VACCINE PLATFORM LOCATION OF PHASE I
1l CLINICAL EVALUATION STUDIES

Sinovac

Wuhan Institute of Biological
Products / Sinopharm

Beijing Institute of Biological
Products / Sinopharm

University of Oxford / AstraZeneca

CanSino Biological Inc. /
Beijing Institute of Biotechnology

Gamaleya Research Institute

Janssen Pharmaceutical
Companies

Novavax

Inactivated virus

Inactivated virus

Inactivated virus

Viral vector *

Viral vector *

Viral vector

Viral vector

Protein subunit

Brazil

United Arab Emirates

China

United States of America

Pakistan

Russia

USA, Brazil, Colombia, Peru,
Mexico, Philippines, South
Africa

The United Kingdom

Moderna / NIAID

BioNTech / Fosun Pharma / Pfizer

RNA

RNA

USA

USA, Argentina, Brazil

* Single dose schedule
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ACIP COVID-19 Vaccines

EtR Framework:
Pfizer-BioNTech COVID-19 vaccine

Sara Oliver MD, MSPH
ACIP Meeting
December 12, 2020

Advisory Committee on Immunization Practices ( ACIP)




Evidence to Recommendations Framework




Evidence to Recommendations (EtR) Framework

= Structure to describe information considered in moving from evidence
to ACIP vaccine recommendations

* Provide transparency around the impact of additional factors on
deliberations when considering a recommendation



EtR Domain: Public Health Problem
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Public Health Problem

Is COVID-19 disease of public health importance?

- Are the consequences of COVID-19 serious?

- Is COVID-19 urgent?

- Are a large number of people affected by COVID-19?

- Are there populations disproportionately affected by COVID-19?

o No oProbablyno o Probablyyes oYes o Varies © Don't know
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Public Health Problem:

Review of the available evidence

— January 21 — December 10

200000 TOTAL CASES

15,474,800

2
o
8

Number of COVID-19 Cases
b=
(=]
b=

Jan 22 2020 Mar 7 2020 Apr 212020 Jun 35 2020 Jul 20 2020 Sep 3 2020 Oct 18 2020 Dec 2 2020

https://covid.coc.gov/covid-Gata-tracker/#trends_dailytrendscazes 10
e



Public Health Problem:
Summary of the available evidence

* Hospitalization
— Cumulative hospitalization rate between March 1 and December 5, 2020 was
278.7 per 100,000 population
— Among those hospitalized, 32% required care in an intensive care unit and 15% died

* Mortality

— As of December 10, 2020, there were 291,522 COVID-19-associated deaths reported
in the United States

— Estimates of the SARS-CoV-2 infection fatality ratio range from 0.5% to 1.4%

https://ris.cdc.zov/prasp/COVIDNet/COVID19 3 html.

https://gis.cdc.gov/grasp/COVIDNet/COVID19 5.htmi.

Hauser, A. et al. Estimation of SARS-CoV-2 mortality during the early stages of an epidemic: 3 modeling study in Hubei, China, and six regions in Europe. PLoS medicine, 17(7), p.c1003189
Yang, W. et al. Estimating the infection-fatality risk of SARS-CoV-2 in New York City during the spring 2020 pandemic wave: 2 model-based analysis. Lancet Infect Dis. 2020
DOL:https://doi.org/10.1016/51473-3099({20)30769-6 11




Public Health Problem:

Work Group Interpretation

Is COVID-19 disease of public health importance?

o No o Probablyno o Probablyyes oYes oVaries © Don't know




EtR Domain: Benefits and Harms
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Benefits and Harms

How substantial are the desirable anticipated effects?

- How substantial is the anticipated effect for each main outcome for which there is a
desirable effect?

o Minimal oSmall o Moderate o©large o Varies © Don't know

(g




Benefits and Harms:
Summary of the Available Evidence: Benefits

* The clinical trial for the Pfizer-BioNTech COVID-19 vaccine demonstrated very high
efficacy of the 2-dose regimen against symptomatic, laboratory-confirmed COVID-
19. The overall efficacy was 95% (95% Cl: 90.3%, 97.6%).

High certainty of evidence

* For hospitalization due to COVID-19, 5 events occurred, all in the placebo group.
Vaccine effectiveness against hospitalization was 100% (95% Cl: -9.9%, 100%).

Low certainty of evidence

* Deaths were uncommon, 2 in the vaccine group and 4 in the placebo group.

Very low certainty of evidence




Benefits and Harms:
Summary of the Available Evidence: Harms

= Serious adverse events were reported in a similar proportion among recipients of
vaccine and placebo (0.6% vs 0.5%).

Moderate certainty of evidence

= Severe reactions were more common in vaccinated; any grade >3 reaction was
reported by 8.8% of vaccinated vs. 2.1% of placebo group.

High certainty of evidence




Summary of GRADE

Outcome Importance Design Findings Evidence
(# of studies) type
Benefits
Symptomatic lab- . Pfizer-BioNTech COVID-19 vaccine is effective in preventing symptomatic
confirmed covip-19 | ctie@l 1RCT(1) I covip1o .
Hospitalization due to Critical RCT (1) Pfizer-BioNTech COVID-19 vaccine may prevent COVID-19-resulting in 3
COVID-19 hospitalization, but the uncertainty is high because this is a rare outcome
Pfizer-BioNTech COVID-18 vaccine may prevent death, but the
All-cause Death Important |RCT (1) uncertainty is high because this is a rare outcome 4
el ) Important [No studies |Data not yet available from any studies ND
seroconversion
mptomatic SARS-
Asymp Important |No studies |Data not available from any studies ND

CoV-2 infection

- . SAEs were balanced between vacane and placebo arms. Two SAEs were
Serious adverse events |Critical RCT (2) judged to be related to vaccination.

- o Severe reactions were more common in vaccinated; any grade 23
ReaCtogemC'ty lmporta nt |RCT (2) reaction was reported by 8.8% of vacanated vs. 2.1% of placebo group 1

Evidence type: 1=high; 2=moderate; 3=low; 4=very low; ND, no data.



Benefits and Harms

How substantial are the desirable anticipated effects?

- How substantial is the anticipated effect for each main outcome for which there is a

desirable effect?

o Minimal

o Small

O Moderate o lLarge o Varies © Don't know
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Benefits and Harms

How substantial are the undesirable anticipated effects?

- How substantial is the anticipated effect for each main outcome for which there is an
undesirable effect?

o Minimal oSmall o Moderate oLlarge o Varies © Don't know




Benefits and Harms

How substantial are the undesirable anticipated effects?

- How substantial is the anticipated effect for each main outcome for which there is an
undesirable effect?

o Minimal oSmall o Moderate o large o Varies © Don't know
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The NEW ENGLAND JOURNAL of MEDICINE

| RESEARCH SUMMARY

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine

F.P. Polack, et al.

CLINICAL PROBLEM

Safe and effective vaccines to prevent severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection and
Covid-19 are urgently needed. No vaccines that protect
against betacoronaviruses are currently available, and
mRNA-based vaccines have not been widely tested.

CLINICAL TRIAL

A randomized, double-blind study of an mRNA vaccine
encoding the SARS-CoV-2 spike protein.

43,548 participants 216 years old were assigned to
receive the vaccine or placebo by intramuscular injection
on day 0 and day 21. Participants were followed for
safety and for the development of symptomatic Covid-19
for a median of 2 months.

RESULTS

Safety:

Vaccine recipients had local reactions (pain, erythema,
swelling) and systemic reactions (e.g., fever, headache,
myalgias) at higher rates than placebo recipients, with
more reactions following the second dose. Most were

mild to moderate and resolved rapidly.

Efficacy:

The vaccine showed some early protection 12 days after
the first dose; 7 days after the second dose, 95% efficacy
was observed.

LIMITATIONS AND REMAINING QUESTIONS

Further study is required to understand the following:

= Safety and efficacy beyond 2 months and in groups
not included in this trial (e.g., children, pregnant
women, and immunocompromised persons).

= Whether the vaccine protects against asymptomatic
infection and transmission to unvaccinated persons.

= How to deal with those who miss the second
vaccine dose.

Links: Full article | NEJM QuickTake | Editorial

Cumulative Incidence (%)

DOI: 10.1056/NEJM0a2034577

Spike protein
(prefusion
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BNT162b2
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7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112

Days after Dose 1
BNT162b2 Vaccine Placebo
Symptomatic Covid-19 8 162
N=18198 N=18325
Severe Covid-19 1 9
N=21669 N=21686

Vaccine efficacy of 95% (95% credible interval, 90.3-97.6%)

CONCLUSIONS

Two doses of an mRNA-based vaccine were safe over
a median of two months and provided 95% protection

against symptomatic Covid-19 in persons 16 years of
age or older.

Copyright © 2020 Massachusetts Medical Society




summary

Product: Pfizer-BioNTech COVID-19 vaccine

Issue: Two individuals in the U.K. reported severe
allergic reactions to Pfizer BioNTech’s COVID-19
vaccine on December 8, 2020. As vaccine roll-out
begins in Canada, Canadians may be wondering
about the risks of allergic reactions and if they
should receive this vaccine if they have allergies to
foods or other medications.

What to do: People with allergies to any of the
ingredients in the Pfizer-BioNTech COVID 19 vaccine
should not receive it. Speak with your health
professional about any serious allergies or other
health conditions you may have before you receive
this vaccine.




Trudeau offers sombre
Christmas message but
says 500,000 vaccine
doses are coming early in
the new year

CBCNEWS )
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How to protect ourselves & others
9 important COVID-19 prevention measures

01 Stay home and self-isolate
if you feel unwell, even
with mild symptoms

O 4 Avoid touching
your eyes, nose
and mouth

07 Use a fabric mask where

physical distancing of at
least 1 metre is not possible

oM )

02 Clean hands frequently with O 3 Cover your nose and mouth with
soap & water for 40 seconds or a disposable tissue or flexed
with alcohol-based hand rub elbow when you cough or sneeze

( i — ( ] @

05 Maintain a minimum physical 06 Stay away from crowds and
distance of at least 1 metre avoid poorly ventilated indoor
from others spaces

Ep @& /?@
e
08 Use a medical / surgical mask if 09 Regularly clean & disinfect

you may be at higher risk (age,
medical conditions)

frequently touched surfaces
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