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Infectious diseases spread...

O Mobility & Tourism

O High risk (elderly and
newborn)

O Nosocomial infections and
antibiotic resistance

O Zoonosis (influenza)
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Infections: a major actual challenge
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DR Congo Ebola outbreak spreads to Zika outbreak: What you need to know
Mbandaka Clty © 31 August 2016 | Health

® 17 May 2018 f W © [ < Share Zika virus outbreak «§ Share
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Twenty-three people are known to have died Dejailson Arruda and his daughter Luiza, who was born with microcephaly

The Ebola outbreak in DR Congo has spread from the countryside into a city, The World Health Organization has declaredthe: oo, Jinue
prompting fears that the disease will be increasingly hard to control. Zika virus a global public health emergency.
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Infections: a major actual challenge 2019/2020
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New approaches to prevent infectious diseases

are urgently needed

J prevent disease-related suffering is social duty

J reduce disease-associated costs is a pressing need

J vaccination is the most cost-effective prevention tool
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What are the benefits of vaccination?

Measles in the USA, 1950-2001

Licensing of the
vaccine

Infections (x 1000)

Source: CDC

(J Measles: 2.6 million deaths in 1980 versus 122,000 in 2012 (84% coverage)
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Some numbers

J Eradication of smallpox... measles and polio realistic targets

(J Maternal pertussis vaccination program UK: -79% infant deaths

J 18 years HBV vaccine Italy: prevalence -99%, € 580 million saved

O Influenza EU: € 250 M saved per year... reduction in deaths for co-morbidities:

-28% diabetics, -50% heart attack, -24% stroke in chronic lung diseases

O HPV UK: predicted -86% cervical cancers with 70% coverage

Source: Vaccines Europe — Vaccines a tool for spending SMART
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Suboptimal vaccine implementation

 lack of opportunity: competing priorities

J erosion due to success of vaccines

 public perception (efficacy and safety)

J socio-cultural issues - alternative health beliefs

J hesitant (25%) and rejecters (5%)
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Some factors affecting the overall efficacy
of avaccination campaign

Q intrinsic efficacy of the vaccine
O storage & cold-chain
O fulfilment of vaccination schedule (number of doses)

] lack of access - economic factors

 vaccine rejecters & anti-vaccine groups ‘Il
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A long way from Jenner’s initial efforts...

Vaccine rejecters

Smallpox vaccination!
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UN agency declares global health emergency to stem potential
resurgence of polio

Polio infected countries

Afghanistan

Health Home Men's Health  Women's Health Children's Health  Alternative Medicine Diabetes Heart Health  Allergies C
ameraon

INFECTIOUS DISEASE EI:IUEtDFiEl Guinea

WHO declares polio an international Ethiopia
public health emergency rag

Israel
014 - Associated Press +i W 344 LE] NiQEFiE
Pakistan

Somalia
Syria
Source: WHO
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Home / Newsroom / Detail / Global polio eradication initiative applauds WHO African region for wild polio-free certification
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Global polio eradication initiative
applauds WHO African region for EE®®O®

wild polio-free certification Sl o

Support from national governments and global donors critical to the
region’s success against wild polio and must continue to achieve a > 10 yearS | OSt! I l
polio-free world

25 August 2020 | News release | GENEVA Media Contacts

H Z HELMHOLTZ
Centre for Infection Research



Pro/against vaccination groups

... an ongoing very emotional debate

Never inject them.
There are NO safe vaccines!

Shaken Baby Syndrome
Chronic Ear Infections

DO NOT VACCINATE!!
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Outside of medical exceptions, 2
outweigh the benefits

should unvaccinated children
be allowed in public schools?
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Why would my
kids be a threat
vaccinated kids,
sure that vaccines work?

DEADLY
CHOICES

HOW THE
ANTI-VACCINE
MOVEMENT
THREATENS
Us ALL
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Anti-Vaccination campaigns

Email or Phone Password

facebook I EE——

Vaccine Awareness Movement
is on Facebook.

To connect with Vaccine Awareness Movement, sign up for Facebook today.

Vaccine Awareness Movement & Like | | % v |

892 likes * 76 talking about this

Community \“\\@ : \“ H
A community whose mission is to teach, learn and share information about the risks assodated with Vaccines and ‘{-9 ‘:\g )5 89 2
Vaccdnations - r ! 2

About

Photos Likes
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Vaccines & Autism

The way to hell is paved with good intentions...

J Andrew Wakefield — Lancet 1998
o No control group, relied on people memories, no statistics, ethical issues
o Lancet refute the paper: “falsified facts” (2004)

(J No links stablished (studies analyzing over 25,000,000 vaccinees)

J 25% American parents believe some vaccines cause autism...

Source: Vaccines Europe — Vaccines a tool for spending SMART
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Current roadblock:

Many diseases for which vaccines are not available

or the available vaccines are suboptimal...
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Main bottleneck...

... we are not all equal
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The ideal vaccine

O Single dose
 Effective in all... even newborns, elderly, patients with co-morbidities
 100% safe - no side effects
O Lifelong protection

O Cheap...

Don Urban
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Vaccinology — Quo vadis?

 Enhanced antigen selection — increased safety/efficacy

 Improved acceptance — needle free vaccines

O Individualized interventions — only those who benefit

New diagnostics - efficient prediction of vaccine efficacy

How knowledge/technologies can help us to do better?
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Classical vaccine development
(one by one)

Immune Responses Pathogenesis
in Convalescents Studies

g ;; Target selection :; 2

Production/formulation

One step at the time 1 . Many weakness
Immunogenicity
oy Y time consuming...

r Efficacy
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Reverse vaccinology

Genome

In vivo Gene Expression:
proteomics/transcriptomics
“In silico”
Antigen Selection

Production/formulation

]

HTP Screening - immunogenicity/efficacy/safety

y‘ Many primary targets & rapid!!!!
J

ump!!!
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Reverse vaccinology: a success story

REPORTS
Identification of Vaccine
Candidates Against Serogroup B
Meningococcus by
Whole-Genome Sequencing
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FDA approves a second vaccine to prevent
serogroup B meningococcal disease

For Immediate January 23, 2015 _
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Novartis International AG o S O Ny

Movartis Global Communications ‘wm.;,“"“""“""‘“"*‘“

CH-4002 Basel

Switzerland C)

http:/fwww.novartis.com BEXSERQ.

Wsention
Ivhh:rﬁv:::.a-m,mm

[ By,
MM decine

Novartis Bexsero® vaccine approved by FDA for the prevention of
meningitis B, the leading cause of bacterial meningitis in the US
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Structural Vaccinology

O Antigen atomic-level structural information

O Functional properties structural domains

O Rational design optimized immunogens
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Influenza virus

U Segmented genome
L Prone to mutations
0 Hemagglutinin mediates virion fusion - major target

O Many serotypes (e.g. HIN1, H3N2)

N-linked
glycosylation

O Immunity serotype-specific
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Antibody Recognition of a Highly
Conserved Influenza Virus Epitope
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Mandy Jongeneelen,” Mark Throsby,” Jaap Goudsmit,” lan A. Wilson™>*

Novel influenza vaccines
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protective immunogen
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Vaccine Technologies — our activities

. Human response
Biomarkers T
to vaccination

Vaccine candidates

Adjuvants (Influenza & Hepatitis)

| 7

Combination with

other technologies
(Nanocarriers/Vectors)

Mechanisms of action
& effector functions
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Challenges in vaccinology

(d  Technologies to stimulate the “right” type of (protective) response

J  Vaccines that protect all subpopulation groups

J Needle-free strategies to increase vaccination acceptance

HZ I HELMHOLTZ
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How to stimulate what is needed?

Using adjuvants

J  Improve the strength of the immune response

J  Enable to modulate the quality of elicited response
J  Antigen sparing, speed responses, improved memory
»  Only afew adjuvants licensed for human use

»  Virtual monopoly by the industry

HZ I HELMHOLTZ
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New adjuvants with well-defined molecular targets

m Active by parenteral and mucosal routes

® Modulate humoral and cellular responses

Rueckert et al. (2017) FASEB J
Skrnjug et al. (2014) PLoS One
Riese et al. (2015) Eur J Immunol
Ebensen et al. (2017) Front Immunol
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Lirussi et al. (2017) eBioMedicine
Sanchez Alberti et al. (2017) NPJ Vaccines
Schulze et al. (2017) Nanomedicine
Volckmar et al. (2017) Sci Rep
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CDN — new promising immune modulators

T. Ebensen
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O Known molecular target - via STING-TBK1 activation

Ebensen et al. Vaccine 2007 and 2011;
: . : E |. Clin V i | :

0 Activation key immune cells - DC, M@ & NK chensen et al, Clin Vacelne immunol 2007;
Pedersen et al. PLoS One 2011;
Sanchez et al. PLoS One 2014;

. . . Skrnjug, Rueckert et al. PLoS One 2014;

O All effector functions (antibodies, Th & CTL) &krnjug et al. PL0S One 2014:
Rueckert, Rand et al. FASEB J 2017;
Lirussi et al. EBioMedicine 2017

v
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- 21 |
.
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O Active in poor responders (old, young, sick)
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T. Ebensen

Sublingual vaccination against influenza H5N1
with virosome-based formulations
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o
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Similar results in models for senescence,
metabolic dysfunction and neonatal vaccination!!!

PanFluVac

&

e

K. Schulze
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Novel nanocarriers for needle-free vaccines

O Mucosal and trans-follicular delivery
o. Max Planck Institute I UNIVERSITAT
of Colloids and Interfaces WURZBURG

IANCHESTER [
MANCHESTER [

O Conventional antigens and RNAs

Institute of Virology and Immunology | 1}, University of Manchester e —

Mittal et al. (2013) Vaccine
Mittal et al. (2014) Nanomedicine
Mittal et al. (2015) J Control Rel

Démoulins et al. (2016) Nanomedicine , @ el
Démoulins et al. (2017) J Control Rel Bl LL%IXX.IFELSJ ggﬁmm ' ch
Schulze et al. (2017) Nanomedicine = :

und Forschung C. Guzman C.-M. Lehr
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Clinical development — coming 1-3 years

Adjuvant
c-di-AMP

Phase I-l

i HELMHOLTZ- ALBERTA

HCV INITIATIVE
HelmholtzZentrum miinchen
German Research Center for Environmental Health
°
HBV TherVac% DZIF =
German Center mmpe_::m
HPV W% dicfz, S
INCENTIVE - Indo-European
F Consortium for Next Generation
u Influenza Vaccine Innovation
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' '= VACCINES
0 ee PROJECT
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Case study - Chagas disease

J Classical transmission
[ Organ transplantation

J Transfusion

] Perinatal

Trypanosoma cruzi

Reduviidae bug

Metacycli
trypomastigotes
in faeces

\ ‘ Scratching or rubbing

/2
T -

. mucosa Blood cell O Trypomastigote W b

h
\ Bloodstream &
\ : c
|
] - d

%@L

©)

7l el It
i lpnisation of
net . _ or neural tissue
)' Schematic representation of the life cycle of the flagellate protozooan

Trypanosoma cruzi
Expert Reviews in Molecular Medicine ©2002 Cambridge University Press
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Chagas disease... a global problem
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Case study: Chagas disease

~10 million infected individuals who will progress to chronicity
30-40% chronically infected develop life-threatening clinical forms
Disability adjusted life-year (DALYs): 252,000/year

Huge financial burden (annual costs > EUR 6 billion)

Drugs only active in early infection, lengthy and highly toxic

cruzivaé()

No vaccine available



CRUZIVAX Project

Development an intranasal needle-free vaccine
against T. cruzi infection

CRUZIVAX™

 Chimeric trivalent synthetic antigen - Traspain — IPR
(N-CZ+iTS+C-ASP2)

d HZI's new adjuvant c-di-AMP - IPR

cruziva®

H Z I HELMHOLTZ
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CRUZIVAX Project

C.A. Guzméan M. Carrondo C.A. Guzméan G. Santos-Gomes |. Novak L. Grode E. Sicuri

Health
economics
studies and

demand
assessment

GLP & GMP Preclinical
production of validation of the

. inei Toxicolo
the vaccine d.ffvaccTe ',n I 8y
components ifferent anima

models

Preparation and
implementation
of a clinical
phase | trial

Development
of vaccine
components

Prof. M. Carrondo  Prof. P.Van Damme  Prof. C.A. Guzman

Or. L. Grode
n e

E. Malchiodi A. Cordes E. Malchiodi R. Le Grand

®m  Cruziva

European
Commission
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Responsiveness to vaccines

- we are not all equal -

What are the underlying mechanisms and

potential biomarkers for poor responsiveness?
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Influenza is a major threat to human health

TOTAL DEATHS

*33 089,409

Q Deaths (~ 650,000)

O Influenza-related medical visits

U Influenza-related work absences

O Different high risk groups

Efficacy influenza vaccines:
o <65 years old 60% ©
o >65 years old 19% ®

H Z I HELMHOLTZ
Centre for Infection Research



Prospective cohort over an influenza season
- a Systems Vaccinology approach based on 2 studies -

Data, blood Blood collection Data & blood
collection & collection
vaccination
TCR/BCR
> > repertoire
microbiota

cytokines/
chemokines

meta-
bolomics

7 Tospiratg
RS

gL
®
FAR

Study design

O  Volunteers 2 65 years of age (n=234)
d  Vaccine: TIV Fluad® (seasons 2014/15 & 2015/16)
O  Sample collection: day 0, 1/3, 7, 21 and 70

lipidomics

proteomics

| Serum/Plasma ' _ ﬁ epigenomics
& 7 P v

Humoral Soluble factors/ Immune- Genomics TCR/BCR Transcriptomics Microbiome
response metabolomics phenotyping analysis analysis

m
transcriptomics

. e Akmatov et al. (2017) Hum Vaccin Immunother
— ‘Med (2017)

sl oo Akmatov et al. (2017) BMC Med Res Methodol
CRCHANNOVER B wewsorz ¥ C1IM (2047)

CLINICAL RESEARCH CENTER | ASSOCIATION
H Z I HELMHOLTZ
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Responsiveness to influenza vaccination in the elderly

Responders

S. Trittel

H3N2

47
(21.6%)

(1.8%)

B strain
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32 plasma proteins differ globally between
responders and non-responders

IL-8 & IL-18 levels correlate with responsiveness

IL-8

¥ @

400

day 0

12

Area under the ROC
curve 0.86 (on day 0)

350

10

300

day 21 day 6/7 day3

F. Pessler HELMHOLTZ
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Indo-European Consortium for Next
Generation Influenza Vaccine Innovation —
INCENTIVE - ~ € 20 million

social-economics.

Human Vaccine Project, Inc HVP Inc United States
Indian Institute of Technology Madras IT™ India

a
r.

1 Helmbholtz-Zentrum fuer Infektionsforschung =

2 Public Health Foundation of India 18 : : : :

3 Translational Health Science and Technology Institute_India THSTI India A partn erShIp Of 19 |nSt|tut|0nS from

4 Université Libre de Bruxelles ULB Belgium . .

5 Umniversity of Bergen, Norway UiB Norway d d h h

6 University of Oslo, Norway U0 Norway E u rO p e 1 I n I a an t e U S ] W I t

7 Umiversitert Antwerpen UA Belgium = = = = =

5| Academisch Ziekenhuis Leiden LUMC | fhe Netherlands leading scientists in the fields of

9 Institut Pasteur P France . . .

10 | ASA Spezialenzyme GmbH ASA Germany f I I I

11 Fundacion Privada Instituto de Salud Global Barcelona 15Global Spain I n u e n Za” I m m u n O O g y’ VaC C I n 0 0 g y’

12 Bioaster Fondation de Cooperation Scientifique Bioaster France - - . . . -

13 University of Georgia Research Foundation, Inc UGARF United States C I I n I C aI S C I e n C e y b I O Statl Stl C S an d

14 Stichting Human Vaccines Project Europe HVP Stichting | the Netherlands

15 EuroVacc Foundation EVF Switzerland

16

17

18

19

Seth GS Medical College & KEM Hospital Mumbai GSMC&KEM India

National Institute of Immunology NII India f j j

Contact:
carlos.guzman@helmholtz-hzi.de
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What offers the future in terms of
COVID-19 vaccines?
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Types of vaccines

Attenuated @@=

J

Q
Subunit \ :l. § » .:'}l. -
N

Replication deficient
versus
Replication competent

H Z I HELMHOLTZ
Centre for Infection Research



19 October 2020

Landscape COVID-19 candidate vaccines &

d 44 vaccine candidates in clinical evaluation
O Phase 3 (10), phase 2/2b (2), phase 1/2 (11), phase 1 (21)... 2 rolling review

 Technologies: protein 16 (1 trimer, 1 dimer RBD, 1 RBD, VLP 2), virus
iInactivated 7, NR adenoviruses 7 (2 simian), RNA 6, DNA 4, R measles 1,
RVSV 1, RFlul NRMVAL1L

d 37im, 2id, 1sc, 1 oral, 1 im/mucosal
O Adjuvants: GSK, MF59, CG, Matrix M, Advax, etc.

 Phase 3: Oxford/Astrazeneca (Ad), CanSino Biological Inc. Inc./Beijing
Institute of Biotechnology (Ad), Gamaleya Research Institute (Ad), Janssen
(Ad), Sinovac (inact), Wuhan Institute of Biological Products/Sinopharm (inact),
Beijing Institute of Biological Products/Sinopharm (inact), BioNTech/Fosun
Pharma/Pfizer (RNA), Moderna/NIAID (RNA), Novavax (Prot)

154 vaccine candidates in preclinical evaluation

HELMHOLTZ
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Oxford/AstraZeneca ChAdOx1 (AZD1222) nCoV-19 (5x1010) ===
- local effects

Severity
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www.thelancet.com Published online July 20, 2020
https://doi.org/10.1016/S0140-6736(20)31604-4
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Oxford/AstraZeneca ChAdOx1 nCoV-19 =
- systemic effects -
B Severity
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Oxford/AstraZeneca ChAdOx1 nCoV-19 =l
- Immunogenicity -

A Prime B Prime boost
| ® MenAOWY , . : I
256 o chadox nCov-19
A I : 4:.@.
] * *
Z 641 3} i . EE LI
=/ -
i De B
o - a
= = ]
1w & i
] II-'I ]‘IE }I‘j -'II.J ';G Paile-ntswﬂ'l't He-al'l'hca:e -1? 'iﬁ Fahenhmﬁ Health-care
- o * PCR-confirmed  workers - " PCR-confirmed  workers
Number Diays simce waccination COVID-19* (n=5%)  (n=3) Dayﬁﬂme-m:lnahm COVID-19* (n=5)} (n=3)
ChadOx1 nCoV-19 44 44 44 [ o ET) - = 10 10 10 10 9 10
MenACKHY 44 44 43 o ] 25 - -

Not wowwww, but large study ~ 1000!!

O Temporary paused in July 2020 due to 1 SAE/neurological symptoms:
continue after determining that it was a MS

O Temporary paused (still in USA) due to SAE (09.20): transverse myelitis

0 Johnson & Johnson - Adeno26 paused (10.20) due to unexpected illness
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rAd26 & rAd5 vector-based prime-boost COVID-19 vaccine
phase 1/2 (Gamaleya, Russia)

# 76 (38 + 38); 9 rAd26-S, 9 rAd5-S (phase 1), 20 rAd26-S/rAd5-S (phase 2)

Pain [58%], hyperthermia [50%], headache [42%], asthenia [28%],
and muscle and joint pain [24%)]

Neutralizing antibodies 49 (frozen
formulation) & 45 lyophilized formulation

Denis Y Logunov et al. www.thelancet.com Published online September 4, 2020 https://doi.org/10.1016/50140-6736(20)31866-3
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rAd26 & rAd5 vector-based prime-boost COVID-19 vaccine E
phase 1/2 (Gamaleya, Russia)

Gam-COVID-Vac Gam-COVID-Vac-Lyo B Gam-COVID-Vac Gam-COVID-Vac-Lyo
L © il " © e L ol L]
C. only rthd26-5 only rAdS-S ) only rAd26-5 ) only rAdb-S 102400 rAd26-5 + rAdS-S rAd26-5 & rAdS-S )
160:0 ; | 320:04 R
E 200 o , i 1600 sang @ : ?
" i 1 1
£ 400 o ! ! oo i T e
2 4040 o oot oodou R % OLEER
z 20:0 [ @ a [ a ! abo - T [
2 200 oMo oooRor DOSDO oomm m . OO
€ 1040 B soeo | e oagee -1 1 f @
:‘ ! i 100 W ook L] L] e i
% 50 ] 2] -1 1] . -] E asa 50 - - . :
3 25 : § 25+ T :
T e WU LU — - NP B S — . L e, , . S
[1] 14 28 0 14 18 i) 14 28 o 14 28 o 14 28 42 1] 14 28 42 Convalescent

plasma
Time after administration (days) Time after administration of rAd26-5 (days)

Modest numbers of volunteers enrolled, young/white, ~70%
males, low titers, booster needed, lyophilized vaccine better
performance, not very well-tolerated
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Moderna — Phase 1 trial — on phase 3 RNA 100 ug
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Moderna — Phase 1 trial — on phase 3 100 pg

Myalgia

Mausea

Any local symptom

Size of erythema or redness

Size of induration or swelling
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Moderna — Phase 1 trial — on phase 3 100 ug

Not bad!!!
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Biontech BNT162b1

Local Reactions Reported within 7 days after Vaccinations 1 and 2

ll_

Mild Moderate

Figure 2 | Local reactions reported within 7 days of vaccinatdion for all dose
levels. Solicited Injectlon-site (local) reactlons were: pain at Injectlon site
(mild: does not interfere with activity; moderate: interferes with activity;
severe: prevents daily activity; Grade 4: emergency room visit or
hospltallzation) and redness and swelling (mild: 2.0 to 5.0 cm Indlameter;

https://doi.org/101038/s41586-020-2639-4

W Severe Grade 4
[T ] 10 g 10 pg |tr’| ug 100 pg FIL.-I:.. 1 pg 10 pg 30 g 0pg 100wy Placebe 10 pg 10 g 30 pg 30 pg | T00pgy Placek:
Dosel Dose? Bosel Dpse? Dose1 Ay Dosel [Dose2 [Qosel Dpsel Dogel  Amy Dose1 |Dosed® Mse 1 Dise? Dofel  Any
diose dose dose
Pa

Redness Swelling
maoderate: =5.0 to 10.0cmin diameter; severe: =10.0 cm indiameter; Grade 4:
necrosis or exfoliative dermatitis for redness, and necrosis for swelling). Data

were collected with the use of electronic diaries for 7 days after each
vaccination.
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Biontech BNT162b1

Systemic Events Reported within 7 days after Vaccination 1

Mild = Moderate mSevere mGrade 4
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Fever Fatigue Headache Chills Vomiting Diarrhea Muscle pain Jaint pain Medidation

moderate: >5.0 to 10.0 cmindiameter; severe: >10.0 cmin diameter; Grade 4:

Figure2|Localreactions reported within 7 days of vaccinationfor alldose
levels. Sollcited Injection-site (local) reactlons wéere: pain at Injection site necrosis or exfoliative dermatitis for redness, and necrosis for swelling). Data
were collected with the use of electronic diarles for 7 days after each

| (mild:does not Interfere withactivity; moderate: interferes with activity;
severe: preventsdaily activity; Grade 4: emergency roomvisitor - vaccination.
hospltalization) and redness andswelling (mild: 2.0 to 5.0 cm Indiameter;
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Biontech BNT162b1

Systemic Events Reported within 7 days after Vaccination 2: 10 pg & 30 pg

!

Mild = Moderate ®mSevere B Grade 4

: !

N ¢=m

S bpects

Percentage of
I N
= ]

]
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Fever | Fatigue Headache Chills Vermiting Diarrhea Mubcle pain Joint pain Medidation
Figure 3| a. Systemic events and medicatlon use reported within 7 days diarrhea (mild: 2 to 3 loose stools In 24 hours; moderate: 4 to 5loose stools In
after Vaccinationfor all dose levels and b. After Vaccination 2 for the 24 hours; severe: 6 or more loose stoolsin 24 hours); Grade 4 for all events:
10-pg and 30-pg dose levels. Solicited systemic events were: fatigue, emergency room visitor hospitalization; and fever (mild: 38,0 *C to38.4 °C;
headache, chills, new or worsened muscle paln, new or worsened Jolnt pain moderate: 38.5°Cto 38.9°C; severe: 39.0 °Cto40.0 °C; Grade 4: >40.0°C).
Medication: proportion ol participants reporting use of antipyretic or pain

{mild: does notinterfere with activity; moderate: some interference with
medication. Data were collected with the use ofelectronic diaries for 7 days

activity; severe: prevents daily activity), vomiting (mild: 1 to 2 timesin 24 hours;
moderate: >2 times In 24 hours; severe: requires Intravenous hydration), after each vaccination.
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Biontech BNT162b1
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These results showed that BNT162b1 stimulates neutralizing antibodies.
However, BNT162b2 was selected to advance to a Phase 2/3 study
"based on the totality of available data from our preclinical and clinical
studies, including select immune response and tolerability parameters”
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Vaccine Regimens

Novavax — phase 1

Vaccine Group No. of Participants Day 0 Day 21 (+5 days)
Matrix-M1 Matrix-M1
Randomized Sentinel rSARS-CoV-2 adjuvant rSARS-CoV-2 adjuvant
A 25 — 0 0 0 0
B 25 — 25 ug 0 25 yg 0
(@ 25 3 5ug 50 pyg 5ug 50 pg
D 25 3 25 g 50 pg 25 pg 50 pg
E 25 — 25 g 50 pg 0 0
B Wild-Type SARS-CoV-2 Microneutralization

kS 3906 3305

§ : 983

i—g 10 » : : Ly s 7457

: g -

é 103 41 ) = ; : . 1§8 10* .!'.. 837 Human

3 . e o » e = w254  Convalescent

= < [ f 4 . Serum

§ 102+ <= -- = '{ E, 0 # Asymptomatic

= e wEE e & - # Outpatient

g 101 : : 101 symptomatic

QA € Hospitalized

Day 0 21 35 0 21 35 0 21 35 0 21 35 0 21 35 Human
Placebo 25 pg 5 g 25 pg 25 ug Consv:rljrs:ent
(doseland2)  cips.Cov-2  rSARS-CoV-2+MatrixMI 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 G re a.t t | t ers I I
(dose 1/dose 2)
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Novavax — phase 1

A Localized Symptoms

Symptoms

Any localized adverse

events

Erythema or redness

Induration or swelling

Pain

Tenderness

Vaccine Group
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Novavax — phase 1

B Systemic Symptoms

Symptoms

Any systemic adverse

events
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Fever

Headache
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Inactivated Vaccine Against SARS-CoV-2
Wuhan Institute of Biological Products/Sinopharm

# 96 participants (2.5, 5, and 10 yg/dose) and alum (n =24 in each group), 3x im days 0, 28, and 56.
Phase 2, # 224 adults 5 pg/dose in 2 schedule groups (days 0 and 14 [n =84] vs alum only [n = 28],
and days 0 and 21 [n =84] vs alum only [n = 28]

AE: 6.0% vaccinated and 14.3% alum controls (protocol days 0 and 14);
and 19.0% vaccinated and 17.9% alum controls (protocol days 0 and 21)

Seems very well-tolerated!!!

Shengli Xia; Kai Duan; Yuntao Zhang; et al
JAMA. Published online August 13, 2020. doi:10.1001/jama.2020.15543
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Inactivated Vaccine Against SARS-CoV-2
Wuhan Institute of Biological Products/Sinopharm

E Neutralizing antibodies to live SARS-CoV-2 at different time points among different groups
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Figure 3. Antibody Responses 14 Days After the Second Dose in the Phase 2 Trial
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Can heavy ions contribute to the inactivation of
COVID-19 and other viruses for vaccine development?

y-rays

6 Geant4

Fe-rays

Virus inactivated by heavy ions (rather
than chemicals or y-rays) have less
damage to membrane epitopes and are
therefore expected to produce more
effective protective responses

-
=
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o
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T
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Durante et al. (2020) Frontiers Physics
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COVID-19 - Vaccines
some issues...

O What we know from ongoing trials

> All candidates are immunogenic

» No SAE were reported — Phase 1/2

L Gapsl/issues
» Antibody titers required for protection unknown!!!
» Direct comparison among vaccines not possible @
» Innovative technologies seem to be less well-tolerated than conventional ones
» Paucity of safety/efficacy data in COVID-19 high risk individuals — upcoming!!!

» No information on how long last immunity/memory — No needed for approval!!!

H Z I HELMHOLTZ
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COVID-19 - Vaccines
some issues...

 Can spike/RBD evolve making vaccines ineffective?

O Contribution of cellular immunity unknown - 81% naive has CD4/CD8 T cells

J Who should be vaccinated?

O Who should be vaccinated first? ... An ongoing discussion — Staggered?

H Z I HELMHOLTZ
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COVID-19 — Vaccines
key open issues... in principle simple

Disease: Vaccines:
deaths, rsks,
suffering benefits
& costs & costs

Cost-benefit balance:
might differ in subpopulation groups & for different vaccines

H Z I HELMHOLTZ
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COVID-19 — Vaccines
open issues...

 To which extent are efficacy/safety phase 3 studies powered?

d What about vaccine-dependent enhancement???

O Final safety & efficacy of vaccines in different subpopulation groups!!!

U

Is cost-benefit acceptable? For which vaccine? For which group?

U

Which vaccine to choose? Who should be vaccinated?

Can delayed/rare AE be missed due to short clinical development times and size trials?

Vaccines for everybody — 2022/2023?77?

o O O O

Will boosters be required? How often? Vaccination pass - makes sense?

H Z I HELMHOLTZ
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COVID-19 - Vaccines
Liability issues: Is a good sensor
BhedicioPock Binees for the degree of confidence of

e producers on their own products?
Big Pharma May Pose an
Obstacle to Vaccine Development

Concerns about profits and liability have often kept them from
moving quickly enough.

Profits & liability issues potential roadblocks

By Gerald Posner
Mr. Posner is the author of the forthcoming “Pharma: Greed, Lies and the Poisoning

of America” (i.e. swine influenza in 1976 when MSD,

March 2, 2020 f v = » ]

Wyeth , Merrell and Parke-Davis refused to
sell 100 million doses until they got full liability
indemnity and guaranteed profit — 100 million

$ on damages payed)
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COVID-19 - Vaccines

as for any medical intervention side effects are unavoidable...
we only aim at reducing and managing the risk

“The speed and scale of development and rollout do mean that it is impossible

to generate the same amount of underlying evidence that normally would be

available through extensive clinical trials and healthcare providers building

experience,” ... this creates “inevitable risks”

European Federation of Pharmaceutical Industries and Associations
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COVID-19 — Vaccines
Liability issues: contradictions, views & thoughts

the European Commission stated...
“Liability still remains with the companies”...
...“to compensate for such high risks, the Advanced Purchase Agreements
provide for member states to indemnify the manufacturer for liabilities
incurred under certain conditions,”...

Which ones???

Contract information will not be disclosed!!!!

Yannis Natsis, an elected member in charge of patient r—
representation on the board of the European Medicines ﬁ
Agency, said that an exemption from civil liability would create
“a dangerous precedent” Yannis Natsis
Policy Manager, EPHA - EMA MB member - European Health

s he WaS aISO Concerned abOUt the Forum Gastein Board member
“lack of transparency in the negotiations”...
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COVID-19 — Vaccines
Liability issues: some thoughts

The public sector is already essentially paying for "research and development,
production and distribution of a vaccine we don’t even know about”
(e.g. 1 billion $ from BARDA for AstraZeneca, 300 millions D for Curevac, etc.)

For certain stakeholders it is “unacceptable” that the costs for potential
damages caused by a new coronavirus vaccine should be shouldered by
European taxpayers, rather than the pharma industry

Some thoughts:
o not every company receives overwhelming support
not every company expects a significant profit
o Important to know if public funds were wisely used, If support
reflects access and price structure, and who pays for what in case
of civil processes... particularly under EUA

O
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COVID-19 - Vaccines
In a nutshell

Unprecedented speed!!!! ©
Immunogenic/no SAE/

Many candidates ©

Huge potential ©

Political/public pressure ®

Transparency (lack thereof?)
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