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Average new cases per day Jan. 11

600,000 cases

United States

400,000

Europe

South Africa

Rest of world

https://coronavirus.jhu.edu/map.html
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SARS-CoV-2 Virology

VIRAL PARTICLE

Core .
o RNA E protein

e Nucleocapsid (N) protein

Membrane M protei
e Envelope (E) protein

e Spike (S1/S2) proteins
e Membrane (M) protein

SARS-CoV-2

55a Eckert, MSMI: Dan Higgins, MAMS

NEJM COVID-19 educational
material Jan 2021
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NEJM COVID-19 educational

SARS-CoV-2 Virology material Jan 2021

Categorize the following characteristics of the proteins detected by clinically available SARS-CoV-2 antibody tests.

You got it!

Anti-N protein Anti-S protein

v Exhibits cross-reactivity with v More specific
other coronaviruses

v May be detectable after

v More abundant vaccination

v Less abundant

25/2/2021 BM EA.E.®.1.QE &COVID-19 vaccines 7



SARS-CoV-2 Virology
NEJM COVID-19 educational
GENOMIC MUTATIONS material Jan 2021

e D614G is the most common variant in
circulation

1000+ contirmed cases
100-999 confirmed case:
50-99 confirmed cases

[l 10-49 confirmed cases
5-9 confirmed cases

5 2-4 confirmed cases

D 1 confirmed case

[m It has cases, but there are

precise figures

- Suspected cases

[ INo contirmed cases, no p

e Two new variants, each carrying multiple
mutations that may increase transmission
and illness severity, have recently been
reported:

- B.1.1.7: first described in the United Kingdom and
now present worldwide

- B.1.351: most cases described in South Africa

SARS-CoV-2 Virology

INITIAL IMMUNOLOGIC RESPONSE

Release of proinflammatory cytokines:

e Attracts T cells

e Promotes B-cell differentiation and
antibody release

o (;?n induce a cytokine storm .
25/2/2021 BM EA.E.®.1.OE &COVID-19 vaccines
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Coronavirus Vaccine ITracker

By Carl Zimmer, Jonathan Corum and Sui-Lee Wee Updated Feb. 23, 2021

PHASE 1 PHASE 2 PHASE 3 AUTHORIZED APPROVED ABANDOMNED
Vaccines Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety in expanded in large-scale in early or approved abandoned
and dosage safety trials efficacy tests limited use for full use after trials

Vaccines typically require years of research and testing before
reaching the clinic, but in 2020, scientists embarked on a race to
produce safe and effective coronavirus vaccines in record time.
Researchers are currently testing 71 vaccines in clinical trials on
humans, and 20 have reached the final stages of testing. At least 78
preclinical vaccines are under active investigation in animals.

BM EA.E.®D.I.OE &COVID-19 vaccines
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VACCINE INNOVATION

Most vaccines take years to develop, but scientists created
multiple vaccines for SARS-CoV-2 within a year.

Typhoid
fever

Meningitis
Whooping
cough

Polio
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Measles
Hepatitis B
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SARS-
CoV-2
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The drug firms Pfizer and BioNTech got their joint SARS-CoV-2

vaccine approved less than eight months after trials started. The
rapid turnaround was achieved by overlapping trials and because
they did not encounter safety concerns.

| SARS-

CoV-2

genome
released

Preclinical

Phase I/l Phase II/111 Some countries
clinical clinical approve vaccine
trials begin trials begin for emergency use
N N
@ @ @
/1

‘ Rolling submission
| of data to regulators

studies
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2020»

Apr May Jun

Jul All.lg Sép Oct

Nature | Vol 598 | 7 January 2021 | 17
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Evkpltikeg e€eAiéelc otnv Evpwnaikn Evwon kot ot emonieldovoec dtadkaoiec yia
KOLLVOTOMEG OEPATIELEG UE MIPWILHAL OCNUOVTLKA SESOMEVQL

Pre-clinical Phase 1-3 Phase 4
research clinical studies clinical studies

Accelerated assessment

Priority Review*
PRIME

Fast track /
Breakthrough Therapy

/ RMAT designations. Fast track procedure

FDA
EMA
Swissmedic

*New pilots at FDA: e.g. RTOR

Parallel review initiatives:
Orbis, ACCESS
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wiww 5ClenceTranslationalMedicine.org & February 2013
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EEaLpeTIKA MPpWTOYVWEN €upuTATN
£PEVVNTLKN OUVEPYAOLO KAl XpNUATOOOTNON

¢ 1.500.000 emiotoOVEG KoL EpeVVNTEG epyalovtal yla tnv avamntuén O&E yla tnv voco COVID-19

¢ Juvepyaoia Maverotnuiwy ,Epevvntikwy 16pupdtwy ,KuBepvnoswv , QapuakoBlopnyoviag kat

xpnuatodotroelg 23 bil US S

¢ Eykpuliikeg Apxec Mappakwy kot EpoAiwv otnv Evpwrnn (EMA) kat otig HMA (FDA) €6scav w¢ mpotepatotnta
Vv avantuén O&E ywa tnv vooo COVID-19

s O MNOY kot aAAec Mn keEpSOOKOTILKEG ETILOTNOVLIKEG EVWoEeLlg SEOUEVTNKAV OTNV ETILTAXUVON TN EPEVVAC LYELOC
yla tnv vooo COVID-19 kat tnv nmpocfaon 0Awv Twv acBevwy ota epuBoALla

\\;” ’,2\‘4; World Health
LR : ¥ Organization

Commitment and call to
action: Global collaboration
to accelerate new COVID-19
health technologies

A Global Collaboration to Accelerate the Development,
Production and Equitable Access to New COVID-19
diagnostics, therapeutics and vaccines

25/2/2021

A Happy Exception: The

COVID-19: Collaboration is the engine of global
science — especially for developing countries

Pandemic Is Driving Global
Scientific Collaboration

Issues in Science and Technology

World Economic Forum

BM EA.E.®D.I.OE &COVID-19 vaccines 15
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Traditional Paradigm —
Multiple Years

Target ID, development partner
‘selection, and preclinical trial

Go or no-go First tnal Effi cacy trial Evaluatuon trial
decision to invest in humans in humans in humans
in candidate

Outbreak Paradigm — Target ID, develop-
Overlapping Phases ‘ment partner
Shorten Development Time selection, and

Go or no-go
decision to invest
in candidate

A A A
First in humans Efficacy trial Regulatory pathway for
(safety) emergency authorization

Access: Geographic spread of
manufacturing and development
sites and pursuit of emergency
authorization before licensure

https://www.nejm.org/doi/full/10.1056/NEJMp2005630

BM ENLE.MM@MVZIQ%Q/accines
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https://www.nejm.org/doi/full/10.1056/NEJMp2005630

Tayxeia avantuén epPoAiwv Evavtt COVID-19

s Néec MAaTPOpUEC yLa TNV Tapaywyr) ELBoAlwy eixav EMA Public Stakeholders Meeting Dec
AON TekuNpiwon Kal TPO-KALWVIKEG LEAETEC 11, 2020
STANDARD VACCINES COMPARED WITH COVID-19 VACCINES
RN ! AANAOL y 1 Timelines
% Yrieptaxeia aAAnAouxnon Tou Lov yLa tnv eneilyovoa
QVATITUEN OVTLYOVWV YLOL EVOWUATWON ota eUPOAL
COVID-19 vaccine development is compressed in time, applying the
. , , , , extensive current knowledge on vaccine development
s Ta otadla avamntuéng Twv epPoriwv eEeAicoovtav
T[apét)\?\r]?\a STANDARD COVID-19
. Vaccine available for use. . Vaccine available for use
S /4 7 /4 ’ /4 - .
** O gmumoAaopog TNG vOooou ntav moAu uPnAog kat n D r
voonpotnta Kol Bvntotnta amelAnTikn - - @
— =

0:0 TdXLCTnEeEAOVTLKﬁElo'avwvr']/o“[pa'[o}\évno'n a_'[éuwv \I\I\iI\I\HII\IHI\IHI\I PO et

oTLG KAWVLKEC SOKLUEC

H mapaywyn twv epPoliwv e€edtcootayv mapdAAnAa Ue
Vv dte€aywyn Twv KAWVIKwV SoKLUwv

NEJM COVID-19 educational material Jan

2021




‘Evkplon eppoAiilwv evavtt COVID-19

EMA Public Stakeholders Meeting 11/12/2020

COVID-19 vaccines must be approved according to the same standards
that apply to all medicines in the EU

STANDARD COVID-19
v Safety v Safety
v Quality v/ Quality
v Efficacy v Efficacy

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines
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‘Epeuva kol avarttuen eppoiilwv COVID-19

EMA Public Stakeholders Meeting 11/12/2020
STANDARD VACCINES COMPARED WITH COVID-19 VACCINES
Indicative timeline

? Vaccine available for use

@ —))) Pharmaceutical quality
/ﬁ - Non-clinical res!earch
@ - Phase I

@ rros-n

Scientific evaluation and authorisation

Clinical trials

[£5

—_—
=

))) Large-scale production

_J
u]

))) Studies after authorisation

|I|',@
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2UVEPYOOLA KOl ETILKEVTPWON OTNV KATEMELYyOUOQ
MPOTEPALOTNTO OVATTTUENC TwV EpBOALwY

EMA Public Stakeholders Meeting 11/12/2020

STANDARD VACCINES COMPARED WITH COVID-19 VACCINES
Resources

COVID-19 vaccine development mobilises more resources simultaneously

STANDARD COVID-19

IIIIIIIIIIIIIIIIIIIIIIIIII

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines 20



Ot Apyxec emuPAEmOUV OTEVA KL E€QPXNC TNV

EPELVO TWV EUPOALWY dumAaoitalovTac TO OUVOLLLKO
TOUC KalL ETILTAYUVOUV TNV dLadlkaola

EMA Public Stakeholders Meeting 11/12/2020
STANDARD VACCINES COMPARED WITH COVID-19 VACCINES

Expert Task Force & continuous dialogue

COVID-19 vaccine development is supported by early, continuous
dialogue between developers and a dedicated group of regulatory

experts EMA COVID-19 Task Force

STANDARD COVID-19

EMA pandemic Task .-‘@

Force (COVID-ETF) .~ «im .-

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines
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[Tapoywyn Twv eUPBOALWV EEKLVO VWPLTEPQ VLA

Vo elval apeoa dlabeotua

EMA Public Stakeholders Meeting 11/12/2020

STANDARD VACCINES COMPARED WITH COVID-19 VACCINES
Manufacturing

Companies are expanding manufacturing and production capacity to
ensure efficient vaccine deployment

STANDARD COVID-19

Approval w

Approval w

lime

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines
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EvkekpLlpueva epPOALa oo tov Eupwrmaliko
Opyaviopo Qappokwv-EMA kot utto aélohoynon

Comirnaty COVID-19 COVID-19 BIONTECH/PFIZER
(.BloNTech/Pﬁzer) ;accme Moderna vaccines MODERNA
in the EU ASTRAZENECA
¢!

IIIIIIIIIIIIIIIIIIIIIIIIII

21 Dec 6 Jan JANSSEN

29 Jan 2021
CUREVAC

NOVAVAX

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines 23



TEXNOAOIIEZ MAPAZKEYHZ EMBOAIQN
ENANTINOZOY COVID -19

Vaccine Candidates in Late-Stage Trials

v E€aoBevn uevog adevoiog mbnkou :l;r:éi\rv‘eector Human col ‘7
AELTOU PYEL WG uerad)ppeaq NnC T shoprotgn g b Madted 4 B e
VEVETIKNG TANpodoplag tng s chnparzso s e i o, >

e [ IS genelic SO
MPWTELVNCG S TNC ETLAVELAC TOU bathcamolgow s~ =
lOl'J SARS'COV'Z In both vaccines, cells read the
T e

v MOpLo mRNA TEPLEXEL TN VEVETLKI) sm«emot s
mAnpodopia yla v npwteivn S Lo
NG EMLPAVELOAC TOU LOU SARS-COV-2  scensts generate an mna mRNA \\

o sl oy “nakod
in Cels, m coati
https://www.moh.gov.gr/articles/health/dieythynsh Omseauence :LomtesRNA -

-dhmosias-ygieinhs/emboliasmoi/ekpaideytiko- Sources: University of Oxford, AstraZeneca, Pfizer, Bloomberg research

yliko-gia-emboliasmoys-covid19
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NEJM COVID-19 educational
material Jan 2021

EFFICACY OF MRNA-BASED COVID-19 VACCINES

Vaccine clinical trials

) . Number of Vaccine Efficacy,
Approximately 95% efficacy vaceine Name Participants % (95% Cl)
e Stable across sex, age, ethnicity, and high- BNT162b2 36,523 95,0 (90.0-97.9)
rlsk groups (PﬁZEf'BlUNT‘ECh)
mRNA-1273
e Subgroup analyses appear to show a 28,207 94.1 (89.3-96.8)

T ] ) (Moderna)
reduction in severe infection among

vaccine recipients
More information o

25/2/2021 BM EA.E.®.1.QE &COVID-19 vaccines 25



Vaccine clinical trials

NEJM COVID-19 educational
material Jan 2021

Antibodies were present at the time of first
measurement in both trials.

Day 15 after the first dose of mMRNA-1273
(Moderna)

Day 22 after the first dose of BNT162b2
(Pfizer-BioNTech)

Vaccine clinical trials

NEJM COVID-19 educational
material Jan 2021

e Detectable antibodies atday 119
e Stable response across all age groups

e Longer-term antibody persistence is
uncertain

25/2/2021 BM EA.E.®.1.QE &COVID-19 vaccines

INITIAL ANTIBODY RESPONSE

Reciprocal Endpoint Titer

P8R8

T T T T T T

1 15 29 36 43 57

L J
100 peg

Study Day

Sowrce: M Engl J Med 2020; 3831920

Anti-SARS-CoV-2 antibody titers rose on day 15 post-
vaccination in the mMRNA-1273 (Moderna) trial

PERSISTENCE OF ANTIBODY RESPONSE

Astisody evels over teme in recipssts of the mRNA-1 273
(Miodema) Covid-15% wvaccme. The Enes represens the antibody
beweis of sach of the 15 participants in the 18-55 age grows.
BrTow s rEprEBE Rt T s wiene thee wacTieee s
admmnistened

Data from phase 1 rial

Sowrce: M Engl J Med 2027 ; 38-4:80
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COVID-19 Vaccine AstraZeneca efficacy
against COVID-19- EMA SMPc section 5.1

COVID-19 Vaccine Control
AstraZeneca ) Vaccine

Population Number of Number of efficacy %

N COVID-19 N COVID-19 (95% CI)*

cases, n (%) cases, n (%)

Licensing regimen
4 — 12 weeks 59.5
(28 to 84 days) 5,258 64 (1.2) 5,210 154 (3.0) (45.8. 69.7)

N = Number of subjects included in each group; n = Number of subjects having a confirmed event; CI =

Confidence Interval;
* Efficacy endpoint was based on confirmed COVID-19 cases in subjects aged 18 years and over who were
seronegative at baseline, who had received two doses and were on-study =135 days post second dose.

 CI not adjusted for multiplicity.

Vaccine efficacy was 62.6% (95% CI: 50.9; 71.5) in participants receiving two recommended doses
with any dose interval (ranging from 3 to 23 weeks), 1n a pre-specified analysis.

25/2/2021 BM EA.E.®.I.QE &COVID-19 vaccines 27



EVKPLTLKEC KOl LETEYKPLTIKEG amattioel acdpalelac twv epPoAiwv otnv
Evpwnaikn Evwon: ano tnv avantuén otnv npoypotiky xprnon

=
Vaccine development phases a
Safety monitoring l
Vaccine in use .

@ Quality @ Toxicity @ EudraVigilance - European database ofésuspected adverse reactions to medicines
Extendediclinical trials (phase IV)

Information from other regulators worldwide

Medical literature

oo 158 [ ﬁﬁﬁﬁﬁﬁ S—

HHHHHH Reports from patients and healthcare professionals

@ @ 2L 222
@* P

Pharmaceutical
quality

Evaluation &
decision

w_ -

Non-clinical Clinical trials Manufacturmg Post-marketing safety monitoring

EMA Public Stakeholders Meeting 11/12/2020



AveruBupuntec AvtlOpaoeLc eUPOoALlwY :
2UVNBELC KOl 2TTAVLEC

Vaccine development

Vaccine development

TYPES OF SAFETY EVENTS RARE ADVERSE EVENTS

Reactogenicity
¢ Signs and symptoms of the inflammatory response
o Usually measured up to 7 days after vaccination

Local reactogenicity Pain and swelling at the
injection site
Systemic reactogenicity Fever, arthralgias, myalgias,

nausea, and headache

e Baden LR et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021 Feb 4; 384:403.
e Polack FP et al. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 2020 Dec 31; 383:2603.

25/2/2021 BM EA.E.®.l.OE &COVID-19 vaccines 29



‘Hritec ko Otayeiplotpec AvertBupuntec
AvTLOPAOELC 3 EYKEKPLUEVWY EUPOALwY otnVv EE

TRACKING SIDE EFFECTS

According to data collected by the CDC's v-safe smartphone app, a higher
percentage of people reported side effects after receiving the second dose of
the Pfizer-BioNTech vaccine than after receiving the first dose. Injection-site
pain was most common, whereas nausea and chills were not as common.

M Dose1 M Dose?2

MRNA vaccines (US data)
372/1mil Aruieg ADR
80-86% QTOMWV UE

avaduAatia eiyav atouLko

Injection-site pain

OVOLVNOTLKO
e Vaccine Adverse Event 5/1mil Pfizer/BioNtech
e T Reporting System 3/1 mil Moderna
Joint pain -3_“
Chilts ChadOx1 (UK data)
- Ccc’bfféa:r?ﬁ% XY 4000/1mil Artiec ADR
Sweling 30 avadUAAKTLKEG
. hittp://vaers.hhs.gov avtdpdoelg/>3 mil

Source: CDC/V-Safe/Tom Shimabukuro

A.Remmelo;Nature 16 Feb 2021 BM EA.E.®.1.OF &COVID-19 vaccines 30



. . Npomen Jpediau Evegpn iy
ANEMIOYMHTEXZ ENEPTEIEZ EMBOAIOY Pfizer-BioNTech SO ——
nﬂli'l'.l.[ — Aoaadrupd on tamand suuloman
= oAU ouxveg, v' AAyog otn B€on éveong (mou teivel va [ it sty
r]maQ/ HETPLAG XelwpotepeVel 1-2 nUEPEC META TOV T s
EVTAONG OLAPKELAG epBohiaops), olsnua e ke,
t‘iﬂg;‘} V NHEPWY: v kedaialyia, aioOnua kéntwonc, apBpadyia, / T
B MU Ayl o
v v p’ETéQ (T[LO GUXVEI IJ'ETEI mn 2N 660”): Pi\"'l ::::::::T;: — T wen §T B
= JUXVEC: v’ EpuBpdtnta otn B£on éveonc, vautia St
{21/100 éUJ[; <1/10) A5 dewd P o ] 7 Py | W
= OxL cU)VEC: v NepdadsvondBeia, alnvia, kakouyia, A ——
(21/1.000 £wg <1/100) KVNOWOG OoTn B€0n €veong, TOVOG oTa AKpa. ety s Spl LI S S
= JTTAVLIEC: v Ofela nepudepikr mapdAuon tou e s
{21/10.000 F:.UJ(; <1f1.00‘0] T[pOGU}T[LKOL'J VElj pou Ty s’ Tmes ret e, s st
T - e
4 N = =
Mn ocuvOn cupuntwpata nov epdaviovral HeTa tn Xopriynon epBoAilou = "_——;__;_—_
npeneL va avadpépovrat AMEZA otoug emayysApatieg Yyeiag nou ERIIEENE
Slevripynoav tov spBOoALACHO Kot va dnAwvovtal otnv Kitpvn kapta EOD = =
\ / ~ e | _;_3_

https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-
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ANEMIOYMHTEXZ ENEPTEIEZ EMBOAIOY Moderna

" [ToAU ouxveg: v AAyoc kat Stoykwon otn Béon éveonc
(>1/10) v AepdadevondBela paoyxoioiog
XWPaAg

v Kedalalyla, KOTIwonN : s i

v' ApBpalyia, puodyia s = e

v" Mupeéia, piyn = = — :Ti‘_-.rli

! ——

v" Navutla, épetol - B S . == |
= JUXVEC: v EpUBnua, kvidwon kat e€dvOnua otn _:_:t:"iﬁz
(21/100 é¢wc <1/10) Béon éveonc E=EEEES

v’ E&avOnpua SR e
= OxL oUxVEC: v Kvnopog tng Béong éveong S e—. | BV
(>1/1.000 £wc <1/100) L ==
" YTTAVLIEC: v Adykworn npoowrtou (erti evBepdtwy)

(>1/10.000 éwc <1/1.000) | v O€feia nepubepikry mapdAuon Tou
TIPOCWTILKOU VEUPOU

Mn cuvOn cupmtwpata ou spdavilovral HeTd Th Xoprynon sepPoAiov npenel va avadepovrat AMEZA
otou¢ enayysApatieg Yyeiag mou Sievipynoav tov epBoAlacpo Kot va SdnAwvovtal otnv Kitpwvn Kapta EOQ

https://www.moh.gov.gr/articles/health/dieythynsh-dhmosias-
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ANEMIOYMHTEXZ ENEPIEIEZ EMBOAIOY AstraZeneca

" MoAU ouyveg: v EuawoBnoia, dAyoc, Bepuotnta, KVnopoc,
(>1/10) HwAwTOC othn B€on éveonc
v Kedoalalyio, aloBnpa kakouxioac, KOTtwon, A=
vautia R =
v ApBpalyia, pualyia g = ==t I‘“‘?ji
v'  EpmUpetn kotdotaon, piyn - S S SN
= JUYXVEC: v EpuBpotnta, Stdykwon otn Béon éveonc __ = ___i
. ) v NMupetdcg 238 °C e —— ——
(21/100 £w¢ <1/10) | ‘EpeTog, Stdppola e = — |
e BV
= OxL CUYVEC: v NAepdadevondBela ———
. v Yrepbpwola, kvnopoc, e€avenua '
(21/1.000 £wg v' ZA&An, urtvnda,
<1/100) v Mewpévn 6peén

Mn ouv6n cupntwpata nov spdavifovral PETA T Xopriynon spBoAiov npenst va avadpEpovrat AMEZA
otouc smayysApatiec Yysiog mou dievipynoov tov LBOALOCHO Kal va SnAwvovtal otnv Kitpwn kapta EOO
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ygieinhs/emboliasmoi/ekpaideytiko-yliko-gia-emboliasmoys-covid19
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Wilson, MD, MSCE, Yale's Clinical and Translational Research
Accelerator.
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1802: The cow-pock - or - the wonderfui effects

of the new inoculation! - Vide, the pubhfcc_im:;
of ye anti-vaccine soclety. . I

i Aizccerig Sociely
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MeyaAn epdaon otnv evnuépwaon Kot cultnon HE Toug avarnodacLoTouc yLo vo
ortavtnOouv ot mpoBAnNHATIONOL TOUC

O pOA0G TWV PEOCWYV KOIVWVIKNAGS SIKTUWONG oTNnV diaxeipion Tng avdnuiag

. _ 2020-05-13
= anti-vax community

= Ppro-vax community

Eac d
Eac Ibe .

Economist °
Fac = 'undecided’' community

Total of nearly 100 million users

=> system tipping points, polarization, evolution,
influence, spreading, innoculation etc.
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