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Abstract

CQOVID-19 pandemic is a viral infection from SARS-CoV-2: Severe Acute Respiratory Syndrome-Coronavirus-2.
The vast majority of people are still vulnerable to coronavirus. The early emergency policies to prevent the spreading
of COVID-19 and let’s stay safe by taking some simple precautions, such as physical distancing, wearing a mask,
avoiding crowds, and cleaning your hands. It's only the current restrictions that are preventing more people from
dying but it has a serious effect to social and economics worldwide. Having a vaccine is the exit strategy. COVID-19
Vaccine is a vaccine intened to provide acquired immunity against COVID-19. A vaccine would teach our bodies
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to fight the infection. There are currently more than 85 COVID-19 vaccine candidates in trial. WHO is working in
collaboration with scientists, business and global health organizations through the ACT (Accelerator to speed up
the pandemic response). When a safe and effective vaccine is found, COVAX (led by WHO, GAVI and CEPI) will
facilitate the equitable access and distribution of these vaccine to protect people in all countries.
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Strategies for vaccine development

WHOLE-INACTIVATED

(INACTIVATED HIV) LIVE-ATTENUATED

(WEAKENED HIV)

| RECOMBINANT SUB-UNIT
= | (HIV PROTEEN MADE IN
b A LAB)
LITI

SYNTHETIC PEPTIDE
(LABORATORY-MADE
PIECE OF PROTEEN) | -

.....

/ e L *eseng,, £
L - e es B
\ N |
\ P 4 \ ]
¢ - o N
. v ' \ 3
‘. l J | “ ‘:
RECOMBINANT | | & : % X /
\ f ¢ - % /  RECOMBINANT
VIRAL VECTOR Yy y RN ' BACTERIAL VECTOR
s

IRUS (BACTERIA USED TO

(ANOTHER VI . s - | 4
CARRIES PIECES OF HIV) .-' ﬁ '.. — CARRY PIECES OF HIV)

*BROADLY
NEUTRALIZING
ANTIBODIES
(NON-VACCINE)
CIRCULATE IN THE BODY AND
ATEACH TO AND NEUTRALIZE
MANY HIV STRAINS)

31U 3 uaenagnoNlglunndnindu

VIRUS-LIKE PARTICLES
(SAME SHAPE AS HIV.
INSIDES CHANGED)

DNA \
(DNA CARRIES ™'
PIECES OF HIV)

#hau09IATK (Type of vaccines)
1. Genetic vaccines

?ﬂ%uﬁgﬂwﬁm%ﬂwwﬁu (gene) 109LTaLiD
nIzAnIzUUYRANIMIITIINE waiu 2 wila Ae

1.1 RNA vaccines

1.2 DNA vaccines
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Genetic Vaccines

Vaccines that deliver one or more of the coronavirus’s own
genes into our cells to provoke an immune response.
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1.1 RNA vaccines: mRNA (encoding RiboNucleic
Acid)
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Table I. RNA candidate vaccines approved by WHO as of April 2020

Candidate vaccine

Producer

LNP-encapsulated mRNA

LNP-encapsulated mRNA
encoding BRD

LNP-encapsulated mRNA
cocktail encoding vLP
Replicating Defective
SARS-COV-2 derived RNAS
Liposome-encapsulated mRNA

mRNA
mRNA
mRNA
saRNA

mMRNA

Moderna/NIAID

Fudan University/Shanghai JiaoTong University/
RNACure Biopharma

Fudan University/Shanghai JiaoTong University
University/RNA Cure Piopharma

Centro Ncional Biotecnologia
(CNB-CSIC),Spain

University of Tokye/Daiicha-Sankyo

China CDC/Tongji University/Stermina
Arcturus/Duke-NUS

BioNTech/Fosun Pharma/Pfizer
Imperial College London

Curevac

a139N 1 wanladungnimuilagld RNA Nlasunisiuseslvdnuilag WHO o Wiamamnen 2563
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1.2 DNA vaccines LJwifnsnamu iaduaigafiae
gninanldluniandaiadn €1unIzuIn N3 recombinant
DNA ToaginaluladiFuudesiugnisa (genetic modifica-
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Table II. DNA candidate vaccines approved by WHO as
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of April 2020

Candidate vaccine

Producer

DNA plasmid vaccine
Electroporation device

DNA plasmid vaccine
DNA with electroporation

DNA plasmid vaccine
DNA
Plasmid DNA, Needle Free Delivery

Inovio Pharmaceuticals

Zydus Cadila

Karolinska Institute/Cobra Biologics
(OPENCORONA Project)

Osaka University/AnGes/Takara Bio
Takis/Applied DNA Sciences/Ewivax
Immunomic Therapeutics, Inc./
EpiVax, INc,/Pharmadet, |
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2. Protein subunit (Protein-base vaccines)
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Protein-Based Vaccines

Vaccines that contain coronavirus proteins but no genetic
material. Some vaccines contain whole proteins, and some
contain fragments of them. Some pack many of these
molecules on nanoparticles.
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Table III. Protein subunit candidate vaccines approved by WHO as of April 2020

Candidate vaccine

Producer

Casid-ike Particle AdaptVac

Drosophila S2 insect cell expression

system VLPs ExpreS2ion

Drosophila S2 insect cell expression system VLPs
Peptide antigens formulated in lipid nanoparticle
formulation

S protein

(PREVENT-nCoV consortium)

ExpreS2ion
IMV Inc

WRAIR/USAMRILD
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Candidate vaccine

Producer

S protein + Adjuvant
VLP recombinant protein + adjuvant

Native-like trimeric subunit Spike
protein vaccine

Microneedle arrays S1 Subunit
Peptide

Adjuvanted protein subunit(RBD)
Peptide

S protein
Li-Key peptide

National Institute of Infectious Disease, Japan
Osaka University/BIKEN/National Institutes of Biomedical
Innovation, Japan

Clover Biopharmaceutical Inc.,/
GSK/Dynavax

University of Pittsburgh

Vaxil Bio

Biological E Ltd

Flow Pharma Inc

AJ Vaccines
Generex/EpiVax

a139N 3 uanvindungnimuilag Protein subunit NlasunisTusasin@nuilag WHO ok LAswNsIew 2563

3. Viral vectors (replicative and non-replicative)
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Viral Vector Vaccines

Vaccines that contain viruses engineered to carry
coronavirus genes. Some viral vector vaccines enter cells
and cause them to make viral proteins. Other viral vectors
slowly replicate, carrying coronavirus proteins on their
surface.
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Table IV. Replicating viral vector vaccines approved by WHO as of 11 April 2020

Candidate vaccine

Producer

Measles Vector
Measles Vector

Horsepox vector expressing S protein

Live viral vectored vaccine based on attenuated
influenza virus backbon (intranasal)

Influenza vector expressing RBD

VSV vector expressing S protein

Zydus Cadila

Institue Pasteur/Themis/University of Pittsburg Center
for Vaccine Research

Tonix Pharma/Southern Research

BIOCAD and IEM

University of Hong Kong
IAV|/Batavia

a139N 4 uaaladungnimuilag Replicating Viral vector NlasunsTusadlvidnuilag WHO b lhaulneneu 2563
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Table V. Non-replicating viral vector cadidate vaccines approved

Candidate vaccine

Producer

Adenovirus type 5 vector (Ad5-nCoV)
ChAdOXx1

MVA encoded VLP
Ad26 (alone or with MVA boost)

Adenovirus Based NasoVAX
expressing SARS2-CoV
Spike protein

Ad5 S (GREVAX™ platform)
Oral vaccine platform

MVA expressing structural proteins

CanSino Biological Inc/Beijing Institute of Biotechnology

Advent-IRBM, Pomezia -
University of Oxford
GeoVax/Bravo Vax
Janssen Pharmaceutical Companies
DZIF-German Center for Infection Research
Altimmune

ltaly, and Jenner Institute of the

Greffex
Vaxart

Centro Nacional Biotecnologia (CNB-CSIC), Spain

aN3197 5 LA IpTungnsmwilae Nonreplicating Viral vector filasunasusastvdnsnlas WHO tw ihanusnen 2563

4. Virus-Like Particles (VLPs)
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Table VI. VLP(virus like particle) Candiates vaccines approved

Candidate vaccine

Producer

Virus-like particle, based on

RBD displayed on virus-like particles
Plant-derived VLP

ADDomer™ multiepitope display

Saiba GmbH

Medicago Inc.
Imophoron Ltd and Bristol University’s
Max Planck Centre

]
oA
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5. Inactivated virus.
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Inactivated or Attenuated Coronavirus
Vaccines

Vaccines created from weakened coronaviruses or
coronaviruses that have been killed with chemicals.
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Table VII. Inactivated virus candidate vaccines approved by WHO

Candidate vaccine

Producer

Inactivated+alum

Inactivated

TBD

Sinovac

Beijing Institute of Biological Products/
Wuhan Institute of Biological Products
Osaka University/BIKEN/NIBIOHN

39N 7 waeeIrduNgnyiamnlee Inactivated or attenuated virus filasun13TuIas Wdnwilag WHO o ihauimnew 2563

6. Live attenuated virus
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Wwisnsngniantdlumsndadadudnwisnisun
Taerhmsnzidesgnhsanmelaanmwlsmansan auyinle
AnNguLIilunInalinanas Tusandidanumannl

Table VIII. Live attenuated virus candidate vaccines

nazdu Masndduiurasiome Taduindnlaensiais
fifiszansmngs uiifiaderiddnyde lhimAananane
g ansgusdlumanialsaenanduan Sadufinanlneis
matiaevhald Tugitheid e udniunndas fuunnios

Candidate vaccine

Producer

Deoptimized live
attenuated vaccines

Codagenix/Serum
Institute of india

a139N 8 uaaviafungnimuilae Live attenuated virus

JadufignuAniuainida SARS-CoV-2 (COVID-19)
Tne3BAi3and “Live attenuated virus” ¥nlANTwLTY
gasbiimanavanlidanuanianlunisnelsa uiadu
Afanudszansnm Tunanszdunanirnfaniuaes

1 Val dl
Fnelafnga
Viral vector
Inactivated Attenuated
virus virus

=~ 4
R,

DNA
vaccines

Subunit
viral protein

Virus like-particles

sun 8 juUspnadBnlelunsamniadulaia19

Alasunssusesldanelag WHO b tiiauinuenew 2563

WasuiumInanindunnisnlded Iadusiai

onneliiAnlsalddlaAnmananeiug Taduindn
#1838 inactivated virus 38ildEud a3 (viral frag-
ment) ¥3aannsaaaszAdUlng (synthetic peptides)
fimnuaNInlunINIEARYRANAUIDITIINIEY FNANS
Wisudnasnin

ok Jufl 30 Sunen we. 2563 fadnetias 85 Tadu
Arndsgnivamnwiosfianig videnaseuTudn 7 83
Sndufiindsngludunauniamasaulunysd (Phase | 44
1% Phase Il 20 1A% Loz Phase Il 19 A7) § 6 109w
ﬁawcywﬁiﬁ‘l%wiﬁﬁauh (Early or Limited Approval) #ils
Tuiudainduiigniimunlag Oxford-AstraZeneca fifie
1ATUYDIUTENEN 3 UTEN A Plizer-BioNTech Moderna
W&z Sinopharm AEIHN1T5UT04

21 fuAn 2563 anaiwglidiusesiadu
AgnimmlneuTsn Plizer-BioNTech wluyszine
anigawInenAldldinduesuTen Plizer wnwizAy
Uszns wazimihivesigioglungmides

23 fuNAN 2563 UzinALAwIATUIDIATUYDY
UTEN Moderna
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30 5wAN 2563 Y1znAminiuiaeIndnaaauisEm
Sinopharm Fan1su3Endszniadn SaduiUszansnn
Joeaz 79

30 HwAN 2563 Ui:mﬂfj”ﬂﬂqwamywmﬁi’ﬂ%uﬁ
gnwmulae Oxford-AstraZeneca fu13nldld udianiz

Tunsedanidulriniu

PHASE 1 PHASE 2 PHASE 3 LIMITED ~ APPROVED ABANDONED

)] 9)6) 5| 1

Vaccines Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety inexpanded inlarge-scale inearlyor  approved  abandoned
anddosage  safetytrials efficacytests limiteduse forfulluse aftertrials

3UN 9 uamviuwesinduiegluudazdunaunsinm

IaTuladn-19 o 30 suNAN 2563

Leading vaccines
Developer Type Phase Status

E 3 . + .
= Pfizer-BioNTech mRNA n Approved in Canada, other countries.

Emergency use in U.S., other countries.

= Modema mRNA Approved in Canada.
Emergency use in U.S.

= Gamaleya Adenovirus B Early use in Russia.

Emergency use in Belarus, Argentina,

Adenovirus n Emergency use in Britain.

7} _
Oxford-AstraZeneca

@ CanSino Adenovirus Limited use in China,

ﬁ Johnson & Johnson  Adenovirus

&= Vector Institute Protein B Early use in Russia.

= Novavax Protein 3]

@ Sinopharm Inactivated Approved in China, UA.E., Bahrain.
@ Sinovac Inactivated Limited use in China,

@ Sinopharm-Wuhan  Inactivated Limited use in China, UAE.

gﬂﬁ 10 LEAIUSHNNNAHUIATY TRAVDIIATI LAZIZALUW

PDINTAMNUIATUIATA-19 % 30 SUINAN 2563

Teiulain-19 duaniignusznmannngsa gnime
lagu3dn Pfizer-BioNtech UizinAanigaiaini aunIn

Jasnuniidadolageieiosar 95 Jsznaluiun 21

v
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APPROVED IN SEVERAL COUNTRIES | EMERGENCY USE IN U.S., ELSEWHERE

(@ sioNT=CH

VACCINE NAME: Comirnaty (also known as tozinameran or BNT162b2 )
EFFICACY: 959

D0SE: 2 doses, 3 weeks apart

TvPE: Muscle injection

STORAGE: Freezer storage only at -94°F (-10°C)

I@ﬂiﬁ‘ﬁﬁuﬁqnﬁmmﬁa SARS-COV-2 Na%iin iTuuanfiian
lunszdupfiguiveasiimelidianide uaziinns and)
mintaduriaiigesdn 2 a3 vhein 3 dadd Aanu
Unande Jadudoniuinu Tiigomgil 70 sseiraides
Ussinasanaiiulszmeausnisusadililumyueld vniu
N1 w9 Margaret Keenan 78 90 1) Twdiadlaniund 1o
FunmsTeiadulain-19 Wuanwsn

Sadulaie-19 il 2 Aignimurae3s Modema
v RNA Taduaulfennuinds 209u3un Plizer-BioNTec
NIUSENUIZNAIN Tueesuinduannsatoenwng
fnlarlain9 Ti%eeaz 945 maaairiugasin 2 A3
Wanu 4 §Uendt Tumesundadwiuldienin aduaas
Pfizer-BioNTech sansnuivlugidnle 30 T uaztiiuly

Naowind 20 aernrades aasanUlauIuie 6 WWan
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APPROVED IN CANADA | EMERGENCY USE IN U.S.

m O d e m O M) National Institutes of Health

Turming Discovory to Hoalth

VACCINE NAME: mRNA-1273

EFFICACY: 94.5%

DOSE: 2 doses, 4 weeks apart

TyPE: Muscle injection

STORAGE: 30 days with refrigeration, 6 months at -4°F (-20°C)
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Tadulaie19 Aigniaunlag Oxford-AstraZeneca 14
Sumasusedildlalulssmadings uwuidesaia Watui
30 SWNAN W.A.2563 TeuuTrnaEnIndanuliluie
anm3 vedlsalain19 T§%eens 70 mensunidenérnms
Uiummnavasinduiianln Uszaninweradfingeduieios
a2 90 MIaninTudadn 2 A% vheis 4 dlend Mafo
Snuazauserinlaheionligonfuinsindului 9

P 3 v & vy P
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sty UNIVERSITY OF

& OXFORD AstraZeneca

VACCINE NAME: AZD1222 (also known as Covishield in India)
ErricAcy: Upto 900

DOSE: 2 doses, 4 weeks apart

TYPE: Muscle injection

STORAGE: Stable in refrigerator for at least 6 months

a1 CoronaVac / Sinovac Tornasagluszning
Wawlae Wuhan Institute of Biological Product and
Sinopharm 289U3zinadw eladinisdszniadszdnsan
aehadumenis @ehiuszansnmnwsnnniSesas 50 lag
mMIaadndTN 2 a3 veiin 2 dandd sensnufusnenly
THugiu fdnnameseniadudulung fzimaunia
wugrAn I afesfisuusaudomeganmesay

PHASE 3| LIMITED USE N CHINA
@ Sinovac

VACCINE NAME: CoronaVac (formerly PiCoVacc)
EFFICACY: Over 50 percent

DOSE: 2 doses, 2 weeks apart

TYPE: Muscle injection

STORAGE: Refrigerated

| PHASE 3 | EARLY USE IN RUSSIA, ELSEWHERE

"f‘}féf"@ MAHUCTEPCTBO
' 30PABOOXPAHEHUA

POCCURCKON GENEPALIAK

VACCINE NAME: Sputnik V (formerly Gam-Covid-Vac)

EFFicACY: 914%

DOSE: 2 doses, J weeks apart

TYPE: Muscle injection

STORAGE: Freezer storage, Developing an alternative formulation that
can be refrigerated.
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