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Coronavirus Vaccine Tracker

By Jonathan Corum, Sui-Lee Wee and Carl Zimmer Updated September 18, 2020

PHASE 1 PHASE 2 PHASE 3 LIMITED APPROVED
Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety in expanded inlarge-scale  approved for early approved

and dosage safety trials efficacy tests or limited use for full use

Vaccines typically require years of research and testing before
reaching the clinic, but scientists are racing to produce a safe and
effective coronavirus vaccine by next year. Researchers are testing
40 vaccines in clinical trials on humans, and at least 92 preclinical
vaccines are under active investigation in animals.
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Platatormas

DNA Vaccine, 12,

Others, 18, 11% 8%

Inactivated Viral Vaccines,

Virus Like Particle, 9, 6%

9, 6% LAV, 3,2%
Non-replicating
viral vector vaccine
RNA based »19,12%
Vaccine, 21, 13%

Replicating Viral

Vector Vaccine, 15, Protein Subunit

Vaccine, 52, 33%

XIJORNADASDE | A\ ™ I
eP

VACUNAS &

Jornadas digitales 8 Y9 DE OCTUBRE DE 2020

JEMPEZAMOS
RE CERO?

NO. EMPEZAMOS DE

NO$0TROS DOS .

F2KIL0S

Vacunas aep.org



VACUNOLOGIA 1.0

| et Ol

- e W T T T .y



VACUNOLOGIA 2.0

SUBUNIDADRES SIMPLES RECOMBINACION CONJUGACION REQRDENAMIENTO

REVOLUCION TECNOLOGICA
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VACUNOLOGIA 3.0

“La creatividad simplemente consiste en
conectar cosas... gente creativa... conectar experiencias”

REVOLUCION BIOINFORMATICA REVOLUCION GENOMICA

o ¥ (B

ol B O
A
| )
A
[N
w
ii ;
i -

REVOLUCION TECNOLOGICA
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A ~ PLATAFORMAS VACUNALES

INACTIYACION ATENUACION TOXOIDES

SUBUNIDADES SIMPLES RECOMBINACION CONJUGACION REORDENAMIENTO

DE ACIDOS NUCLEICOS PEPTIDICAS

DNA Vaccine, 12,

Others, 18, 11% 8%

Inactivated Viral Vaccines,

Virus Like Particle, 9, 6%

9, 6% LAV, 3, 2%
Non-replicating
viral vector vaccine

RNA based »19,12%

Vaccine, 21, 13%

Replicating Viral
Vector Vaccine, 15,
9%

Protein Subunit
Vaccine, 52, 33%
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PLATAFORMAS VACUNALES

RECOMBINANTES
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De vectores vivos: Replicantes o no

Virus Heterdlogos
Bacterias Homologos

\'irm.t.hymidinc Cloned m‘;‘?}l‘;m din
kinase DNA antigen kinase DNA
gene

Virus Vector Vaccine
Expressing HA Protein

cQueé vector usar?
- T ) ( '2.,...\,.,“., Canarypox (ALVAC),Vaccinia (MVA),Salmonella
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PLATAFORMAS VACUNALES

RECOMBINANTES
De vectores vivos: Replicantes o no  Virus Quimericos

Yellow fever V 17D cDNA Dengue Virus
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¢ Exchange with genes of wt dengue 1--4 —
[c] v | Non-Structural genes |

.

Individually
transcribed to RNA
\ Virus grown

RNA transfection in Vero cells
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; PLATAFORMAS VACUNALES

RECOMBINANTES
e vectores vivos: Replicantes o no  Virus Quiméricos

VSV wild-type N | P | M

of Ebolavirus Zaire-strain Kikwit envelope protein

Ebola Zawe vaccine (VSVAG-ZEBOV-GF

v stienusted), Taer2 X107 phuimi.
vivant anenué contre o virus

Enoia-Zaire ((VSVAG-ZEBOV-GP!

G
lDeletiﬁn of fusogenic VSV-G protein with substitution

BPSC1001 N | P | ™M

EBOVY GP

Ebola virus GP proteins Vesicular stomatitis virus (vsv)
/

000 QO

\ 2 . . . GP 15 a transmembrane fusfon protein. It forms trimers on the virion surface
R and media virus attachment and entry to the host cell. [1]* Antibodies against
/ . 3 the GP
/ - z 53 b3 ; 3 . The viral membrane may contafn human proteins, such as components of the

J ‘ ¢ histocompatibility complex or other surface rec ch — in some

cases — can increase the infectivity of the enveloped viruses. [3, 4

VP40 and VP24 are Ebola major and minor matrix proteins. They

beneath the membrane and are crucial for virus budding. 5, 6]
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proteins from \
the Ebola virus u

Ebola RNA fs packed with the NP protefn. Together, they make a nucleocapsd

— a spiral structure fn the very center of the virion. [7]

L stands for the large Ebola protefn — the polymerase. It is responsible for th VSV'EbOIa vaCCine (VSV-ZEBOV) V\N\! WW
synthests of positive sense virus RNA. [8] Ebola VIrUS
GP

VP35 and VP30 are minor Ebola proteins. They act as ints ron antagonists The current Ebola outbreak is caused by
//pro(ems

aire” type of the virus. Ebola vius attacks hus
virus. It then enter

celis by attach: m with an anchor protein (GP) covering the surface of th
to produce new vruses. The GP prote n

bloodstream, where It is toxic to the blood vessels' walls, ca
ich are the hallmark of

and transcription activation factors. [9, 10]

The budding viral particle is wrapped fn the lipid membrane taken from tt

e the GP
of deve
idea Is to bring the GP

human cell. [11]

This model contains accurate models of 11 types of Ebola and human proteins,
900 nucleotid nomic RNA and more than 2.5 million lipid molecules. *For more information and references visit w

smbrane

imulate the Immune

s the VSV vins causes

- e W T T T .y



PLATAFORMAS VACUNALES

RECOMBINANTES

De vectores vivos: Replicon’res o No  Virus QUIMEricos

VSV wild-type | N P ! M

of Ebolavirus Zaire-strain Kikwit envelope protein

G
l Deletion of fusogenic VSV-G protein with substitution
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PLATAFORMAS VAUNALES

RECOMBINANTES |

De vectores: No replicantes
VLP

Insoluble Protein Formation:

" Protein of interest  Insoluble Aggregate/
‘ Inclusion body
Protein

Expression
in viva inclusion
body formation

Rescuing Proteins by Directed Encapsulation:

Protein of interest Soluble Protein

Inside VLP

4. Scaffold

N ViVo rescuing
and expression

| et Ly

Cabral-Miranda G et al. Vaccines 2017;5(10)
Gomez AC et al. Vaccines 2017;5(6)
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PLATAFORMAS VACUNALES

DE ACIDOS NUCLEICOS
o o Vacunas ADN
Ventajas inmunes infrinsecas

Bajo riesgo de reversion o infeccion 2°

Flexibilidad (varios antigenos) Plasmld DNA Zika  Plasmid with Zika genes
Evita errores de fabricacion [

Facil de producir
Facil de almacenar
Facil de transportar
Bajo coste

Antibodies
* ¢Integracion?

¥ cAutoinmunidad?
Muscle Y % — ,*. ‘Model . ?
Ce" oo:.'" Vir'US"ke C O . e O OnlmO :
Proteins particles dDOSIS?
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PLATAFORMAS VACUNALES

DE ACIDOS NUCLEICOS

o o Vacunas ARNmM
Ventajas inmunes infrinsecas

BOJO I’Ieng de reverSién ') InfeCCIén 20 a Unmodified, unpurified mRNA . b Nucleoside-modified, purified mRNA
Flexibilidad (varios antigenos) i il
Evita errores de fabricacion :
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Fég:il de transportar Typel IFNs
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.Rr;;érgensing 208
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PLATAFORMAS VACUNALES

PEPTIDICAS
o s Péptidos sintéficos

and Borrelia OMPs

Tcksallvary Neutralization
protei

Tick gu teplhelum

" | Immunization with
tick proteins resulting
in tick rejection

Immunization with a
cocktail of Borrelia
OMPs inducing

a borreliacidal
antibody response

Dificultad para formar estructuras ordenadas
Inmunogenidad diferente al Ag nativo?
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NUEVOS ANTIGENOS

Vacunologia inverso

Amplification of genes
by PCR and cloning of genes
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overexpression
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Preclinical reverse vaccinology

1998

2158 ORFs
identified in the
MenB MC58
genome

42 , 38
570 ORFs predicted | \;: ;

to encode surface-
expressed or
secreted proteins

350 proteins expressed

in E. coli, purified and

used to immunize mice

91 novel surface-
exposed proteins
identified

28 novel proteins
induced bactericidal
antibodies

Serum bactericidal activity
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POTENCIAR RESPUESTA INMUNE

~ NUEVAS ViAS ADMON,

Gendmica
Transcriptomica
Protedmica
Inmunomica

5 proteins selected
for use in a four-
component vaccine
formulation

w10

GNA2091 GNA1030  NadA

Phase | hSBA = 1:4 for
well tolerated 3 reference strains
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NUEVOS ANTIGENOS

POTENCIAR RESPUESTA INMUNE

NUEYAS YIAS ADMON.

Vacunologia inverso
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& ESTRATEGIAS VACUNALES

NUEYOS ANTIGENOS POTENCIAR RESPUESTA INMUNE | NUEYAS ViAS ADMON. |

Vacunologia inversa Vacunologia estructural  Groups sreptococcus  Vaccine-induced
BP-2a protein protection

Variant 2

Variant 1

Vaccine Protection
D1 + (515)
D2 + (515)

D3 +++ (515)

D4  +++ (515)

full-le
Bp_zr;gmm (515)

Linkers

Chimeric immunogen Vaccine-induced
6xD3 protection

D3-515 D3-H36B D3-CJB111
° 3 3 Vaccine Protection (strain)

Sl - gl - gl 6xD3 +++ (515)
: ; . ( +++ (H36B)
b a f{, a - +++ (CJB111)
+++ (2603)
+++ (CJB110)

Engineered antigen
a & +++ (DK21)

DS—DK21 DS-CJB1 10 D3—2603
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NUEVOS ANTIGENOS

Vacunologia inversa Vacunologia estructural

Antibodies from a Human Survivor Define Sites of
Vulnerability for Broad Protection against

Ebolaviruses

Graphical Abstract

Antibody library screen

neutralizers : 4

s

Antibodies recognize
viral fusion loop

identifies pan-ebola N &’

Fusion loop,

Authors
Anna Z. Wec, Andrew S. Herbert,
9 uo,o 8 2 Charles D. Murin, ..., John M. Dye,
Y !) ADI-15878 Kartik Chandran, Zachary A. Bornholdt
h H e
4 g ~ 3
W ADI-15742
8 % 9 ' Correspondence

john.m.dye1.civ@mail.mil (J.M.D.),

zachary.bornholdt@mappbio.
com (Z.A.B.)

epitope |
In Brief
ﬁﬁ Characterization of human broadly
Inhibit cleaved virus neutralizing antibodies active against all
I S "::ﬂ five species of ebolaviruses highlights the
e 35 : ; :
ey fusion loop region of the viral
= o glycoprotein as a promising vaccine
i target.
Confer broad EBOV SUDV BDBV

kartik.chandran@einstein.yu.edu (K.C.),

Wec AZ et al. Cell 2017;169:878-890

Burton DR. Cold Spring Harb Perspect Biol 2017; 9(11): 1-11

RappuoliR et al. J Exp Med 2016;213(4):469-481
Wintjens R et al. NPJ Vaccines 2020 Sep 4;5:81
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1. Nuevos adyuvantes

1930 \ Aluminium salts (Alum) first
1940 shown to enhance immunity in
1950 a human (diphtheria) vaccine
First evaluation of MPL; | -

1960

as part of a melanoma First licensed recombinant

vaccine in cancer patients 1970 vaccine (based on HBV antigen)
—

Evaluation of MPL+ 1980 First licensed (seasonal flu)

squalene formulation vaccine (Fluad) containing an oil-
in (malaria) vaccine \__5 in-water emulsion (MF59) in Italy

First evaluation of MF59 / First licensed vaccines
(emulsion) in HIV vaccine containing virosomes: Epaxal,
the HAV vaccine & Inflexal,

First use of QS-21 (saponin), & the seasonal flu vaccine
comparison of AS02 (MPL+QS- /
21+emulsion), AS03 (emulsion) MPL in pollen-allergy vaccine
and ASO4‘(MPL+'alum) as part ~— (Pollinex) approved on a
of a malaria vaccine (RTS,S) -?-:6'66 named-patient basis in Europe
First of a series of Phase-Ill AS04 in licensed HBV
trials evaluating MPL-containing vaccine (Fendrix) in Europe
pollen-allergy vaccines that .
showed significant reduction of AS03 and MF59 in
allergy symptoms licensed pandemic flu
vaccines in Europe
First evaluatlon‘ of ASO1 AS04 in licensed HPV
(MPL+QS-S1+liposomes) " - ) in USA
in a (HBV) vaccine A vaccine (Cervard in
?,0\ MF59 in licensed

AS01 in malaria vaccine
(RTS,S) Phase-lll trial: 50% — ’
efficacy after 14 mo in children

in malaria-endemic region

ASO01 in herpes zoster

vaccine (HZ/su) Phase-lll

trial: >90% efficacy in ——
adults =50 and =70 years

old

2017
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seasonal flu vaccine
for the elderly in USA

L L TN

Indirect effect

MF59: Gripe VIH, VHC
PMAP: VPH, VHB Colerq, E. coli
Liposomas: Malaria, VHZ VHS
Citoquinas: VHB
Flagelina: Gripe
Nanoemulsiones: TBC, VRS, Leishm.
Dinucledtidos no metilados (CpG)
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2. Sis’remas de en’rrega
Virus-Like Particles (VLP) y Vectores

SATA SMPH chemical linker

4 L Antigen Particulate antigen

Complement
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XI JORNADAS DE | l') . # '&W
VACUNAS ° J‘ en

Vacunas aep.org



s ESTRATEGIAS VACUNALES

POTENCIAR RESPUESTA INMUNE

2. Sistemas de entrega
Virus-Like Particles (VLP) y Vectores
Vesiculas de membrana externa

Gerritzen M et al. Vaccine 2019 | gL O0gy;
Carvalho AL et al. Clin Exp Immunol 2019; 196:287-304
Zang X et al. Vaccine 2018;36:1047-54

Chattopadhyay S et al. Nanotheranostics 2017;1(3):244-60




POTENCIAR RESPUESTA INMUNE

NUEYOS ANTIGENOS ~ NUEVAS ViAS ADMON,

d Cationic nanoemulsion e Modified dendrimer nanoparticle

Glucose Protein

2. Sistemas de entrega
Virus-Like Particles (VLP) y Vectores pe

Vesiculas de membrana externa gmg
Nanoparticulas L7
- Inorgdanicas, Vesiculares, Cocleates . . e

g Cationic polymer

ijm@

Nanoparticle capture by £
subcapsularmacrophages @ i
M Nanoparticle transport % @
%,\ by migratory DCs Micelle Liposome : e
T— 100-300 nm 100-200 nm

Lymphatic drainage
of nanoparticles

k Cationic lipid, cholesterol
nanoparticle

j Cationic lipid nanoparticle

EG Macrophage
@ B cell
95  Dendritic cell

@ T cell

Antigen presentation
and T cell activation

Mesoporous silica
nanoparticles

80-200 nm

Draining into efferent vessel
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f Protamine liposome
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100 nm

i Polysaccharide particle

600 nm

L Cationic lipid, cholesterol,
PEG nanoparticle

80-200 nm
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& ESTRATEGIAS VACUNALES

NUEVOSIANTIGENOSIIN POTENCIAR RESPUESTA INMUNE ISSSNBEVASNIASIADMION:
3. Vacunacion heterdloga (Es’rrq’reglo Prime- boos’r)

I
Protein wthAd; Protein with Adjuvant
OR OR

2

Viral Vector Viral Vector

R OR

Capsids in Bacteria g

24 Weeks

Capsids in Bacteria

14 Weeks



& ESTRATEGIAS VACUNALES

POTENCIAR RESPUESTA INMUNE

4. Vacunomica [ Duman
00

PROJECT VISION IMPACT MICHELSON PRIZES WORK ABOUTUS DONATE

THE ANSWERTO
HUMAN HEALTH
IS INSIDE US ALL.

Our mission is to accelerate the development of
vaccines and immunotherapies against major global
diseases by decoding how the human immune system
fights disease.

Plan cientifico basado en 2 proyectos complementarios e intregrados:
1) the Human Immunome Program
2) the Rules of Immunity Program

| ety

Koff WC et al. Vaccine 2019

- e W T T T .y


http://www.humanvaccinesproject.org/work/human-immunome-program/
http://www.humanvaccinesproject.org/work/rules-of-immunogenicity-program/

& ESTRATEGIAS VACUNALES

NUEYOS ANTIGENOS POTENCIAR RESPUESTA INMUNE |ESSNUEVASNIASADMIONS S

Tactatn) / \\\’4\'\
\a_ctz_u RB /‘ % BRCA2 E
/

4. Vacunomica

‘// =
A o
‘|‘ /". ESR1

/ r
NFRSF10A \ ' /’/
L
, k [\ ("ABcca 2N Foxcl
' MTR .‘\'\ \\'
’ ’ ) 2 4
SR ; )/
~, 2 oA 7
o y 4 “\ "Y ‘\{6'1.7
& XM T4

(

CSTM3

 ERBB2

Polimorfismos genéticos relacionados con la
respuesta inmunitaria y el procesamiento antigénico.
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& ESTRATEGIAS VACUNALES

POTENCIAR RESPUESTA INMUNE

4. Vacunomicd "Yo soy lo que soy:

un individuo Unico y diferente” (Charles Chaplin)

1’ " ' "
5 :




e ESTRATEGIAS VACUNALES

4. Vacundmicg - respuesiainmuniiona es Vacunologia de sistemas
Enviroment

un complejo sistema
inferconectado en red Diet .
Stress < ranscriptomics
- infoction 5 (microarrays/RNA-seq)
& / !ll. l l Metabolomics
l ™ , K. m Cytokine assays
y /S - | .51 Flow cytometry
Aging ‘ i (FACS/CyTOF)
Allergy/autoimmunity : r
Chronic inflammation 4~ J. Serology
Malnutrition
Obesity Genomics
/ \ \D\D Epigenomics
, :

Genes Microbiome

\/

Maertzdorf J et al. Vaccine 2015; 33:5256-61 | gLoley
Pulendran B PNAS 2014; 111:12300-6 -
Hagan T et al Vaccine 2015; 33:5294-5301
Lynn DJ et al . J Leukoc Biol 2017;1-7
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& ESTRATEGIAS VACUNALES

POTENCIAR RESPUESTA INMUNE

NUEYOS ANTIGENOS

Tabaco: Gripe, Norwalk, Carbunco,

VIH, EJ, Rabia, Malaria, VHC,

Rotavirus, Sarampidn, DTP.
Espinaca: Rabia, VIH

Patata: E. coli, Norwalk, VHB, Cdlerq,
Rotavirus
Arroz: Colera, EJ

Pldtano:  VHB
Manzana: VRS
Judia: CMV
Zanahoria: H. pylori
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1. Vacunas comestibles

Antibiotic-
resistance
gene

Bacterial
suspemvon

Vaccine
potatoes

Transformacion nuclear o T. pldstida




s Ocular immunization Virus Herpes Simple
. (Drops)

Nasal immunization VIH, Chlamydia

(Sprays and drops containing

adjuvants plus liquid formulation
\hpoaomob or microspheres)

Pulmonary immunization Sarampion
(Aerosols or powders)

Oral immunization
~(Liquid formulations and pills

containing adjuvants pIL IS

iposomes, microspheres

or bacterial ghosts)

Vaginal or rectal immunization V|H
(Creams containing adjuvants)

Wallis J et al. Clin Exp Immunol 2019; 196:189-204
Yusuf H et al. Hum Vac Immun 2017;13:34-45

Miquel-Clopes A et al. Clin Exp Immunol 2019; 196:205-214

& ESTRATEGIAS VACUNALES

NUEVAS VIAS ADMON,

1. Vacunas comestibles
2. Vacunas mucosas
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ESTRATEGIAS VACUNALES

NUEVAS VIAS ADMON,

1. Vacunas comestibles
2. Vacunas mucosas

3. Vacunas transcutaneas

Electroporacion Sonoforesis

Removal of backlng Power source Power source
and sustained vaccine
release in situ
e
...... Needle electrodes
Skin
- - *
- - e /;
2 ' $ 3 Connective tissue c!_ * J
..( .4 c < L( y QOE lympgh D \) DNA vaccine
o

Implante subcutdneo

*GM-CSF
«Tumor lysate
“TLR agonist

Subautansaus Wallis J et al. Clin Exp Immunol 2019; 196:189-204
Moyer TJ et al. J ClinInvest 2016;126:799-808

1T fubesln

P W o

VARICELA

. e W T T T Y.




Conclusiones
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Cada nuevo comienzo viene del final de algun ofro comienzo.
Séneca

El triunfo sobre una enfermedad no se produce cuando se descubre un medicamento,
sino cuando éste puede ser faciimente asequible para los afectados.
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