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Vaccine Innovation 1882022

Malaria
Plasmodium spp.

Tuberculosis
Mycobacterium tuberculosis

Typhoid fever
Salmonella Typhi
Meningitis

Haemophilus influenzae
Whooping cough
Bordetella pertussis

Dengue fever
Dengue virus

Polio
Poliovirus

Zika fever
Zika virus

) Chicken pox
Varicella zoster virus

Meas_les
Measles virus

Birth defects, mononucleosis
Human cytomegalovirus
Hepatitis

Hepatitis B virus

Diarrheal disease
Rotavirus

Ebola
Ebolavirus

Cervical cancer
Human papillomavirus

AIDS
HIV

COVID-19
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RecordBreaking

Covid 19
Vaccine

C®VIDI9

VACCINE TRACKER

VACCINES CANDIDATES IN CLINICAL TRIALS

242 821 80

Vaccine Vaccine Countries with
Candidates Trials Vaccine Trials

Q

66 72 92 50

VACCINES VACCINES VACCINES VACCINES
Phase1 Phase 2 Phase 3 Approved

https://covid19.trackvaccines.org/vaccines/
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Covid Vaccinel3.6 Billion DosesGiven Worldwide

WHO Feb 2024
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DNA

Nature Is Super Amazing

messangeRNAINRNA

g DNA

MRNA
Protein PrOtel N
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Centrosome

Mitochondrion

NS )

Golgi apparatus

Cytoplasm
“—Rough
endoplasmic
reticulum

Ribosome

https:// theconversation.corwhat-is-mrnathe-messengemoleculethats-beenin-everyliving-celkfor-billions-of-yearsis-the-key-ingredie ntin-somecovid-19-vaccines1 58511



Highlights the History of mRNA Vaccine

discovered §Byears)

Discovered
Modified
MRNA Benefit

1961mRNA

1965Liposome

2001Lipid nanoparticles

FirstCovid19

FirstRabies
MRNA Vaccine
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Adapted from Elie DolgitNature | Vol 597 | 16 September 2021



COVIP19 mMmRNAvaccine

-

Spike protein
(prefusion
conformation)

Lipid
nanoparticle

MRNA

not the whole virus

1. mRNA vaccine in general will be eliminated within few days
2. No entering to the nucleus

Polack et al. NEnglJ Med 2020; 383:2603615



PIONEERS OF MRNA
COVID VACCINES WIN
MEDICINE NOBEL

Molecular tweak laid the groundwork
for jabs that have saved millions of lives.

Unmodified mRNA Base-modified mRNA
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Uridine (V) Pseudouridine ()

Inflammatory Inflammatory
response response

The Nobel Committee for Physiology or Medicine. Ill. Makiadgén

2023 Nobel Prize

Katalin Kariko and Drew
Weissman were awarded the
2023 Nobel Prize in Physiology
or Medicine for their
discoveries that gave the world
a vaccine to fight the COVID-19
pandemic

Katalin Kariko Drew Weissman

October 2,2023 Source: Penn Medicine
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How mRNA Vaccine inducé&llular and humoral immune responses

SARS-CoV-2
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Pros and Cons of mRNA Vaccine

PROS CONS
A Can not produce nofprotein antigenic

vaccine: Polysaccharides
A Needs low temperature colethain

A Rapid design and development
p | storing
ASome mRNA/LNP vaccine is stable up to 6

A Induces high neutralizing antibody
A Induced strong Tell responses Th1>Th:
months at 28°C
ALyophillizaion can solve this problem

A Scalable in a smaller manufacture
ANote: saRNA with different lipid may be

A Proven of the highest vaccine efficacy
against Covid 9 lote: sal ith di
: . >
A Potentially low cost in longerm Stable =2 YIS d
AMav b iizab| . A Rare myocarditis AEs concern
oy DF @ personaiizable vaceine of A10-20 of 1,000,000 injections
_p_y . ANote: This may not be a mRNgpecific AEs,
A >6 Billions of 13.6 Billion doses have been as based on a 99 million vaccinees cohort
from 8 countriesi\Nlovavax(protein vaccine)
nas also shown O/E ratio of =Jabvarious

given Worldwide since 2020
doses up to Dose 4
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Primary VaccinationPhase 3 Results
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Chula Vaccine Research Center
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VEBHME(COMIRENY) | SElm[pD i Clinif:;el(\éi?/}dm Prevggti/?egls;vere
CoronaVagSinovag Brazil 12,396 51 % 100 %
AZD122 (AstraZeneca) 17,177 67 % 100 %
Ad26.COV2.S &J) 43,783 66 % 85%
NVX%CoV2373Novavay 15,000 89 % 100 %
MRNA1273 Moderna) 28,207 94 % 100 %
BNT162b2 (Pfizer) 34,922 05 % 90 %

Modified fromAbdoolKarim SS, et al NEJM March 24, 2021
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MRNA Vaccine Platforms
Seltamplifying RNA (saRNA)

Approved forCovid19

A ArturuscJapan
A Gennovalndia

Modified Nucleoside mRNA

==
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Approved for
Covid19 Vaccines
A Comirnaty, Pfizer/BNT
A SPIKEVAX, Moderna
RSV Vaccine . .
AMRESVIA Moderna  Clrcular RNA (circRNA)
O No approved vaccine
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Near Future Approval of mRNA Vaccines
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Influenza
Phase 3N=6,000, ModerngAug 2023, N=25,000, Pfizer/BNT

Current approved Flu vaccine/accine Efficacy 460%

CMV
Phase :1=6,900, Moderna




Seltamplifying mMRNA Covid Vaccine An Omicron-specific, self-amplifying mRNA booster

STheIndian EXPRESS

JOURNALISM OF COURAGE

News / Health And Wellness / India’s first mRNA-based Omicron-specific booster vaccine approved

W Premium

India’s first mRNA-based Omicron-specific
booster vaccine approved

Pune’s Gennova Biopharmaceuticals gets DCGI approval for its vaccine GEMCOVAC-OM. 'Tt has
demonstrated robust immune responses in phase 3 clinical trials conducted at 20 centres across 13
cities in India. The vaccine is safe and well tolerated and could prevent future waves of the pandemic,’
says Dr Sanjay Singh, CEO of the Pune-based Gennova Biopharmaceuticals Ltd

Slf-amplifying mRNA Covid9
Vaccineg(saRNA: Gennova

ALow dose 10 ug booster
Alntradermal injection
A Stable at 48 °C for ~ 2 years

vaccine for COVID-19: a phase 2/3 randomized trial

Amit Saraf, Rohan Gurjar, Swarnendu Kaviraj, Aishwarya Kulkarni, Durgesh Kumar,

Ruta Kulkarni, Rashmi Virkar, Jayashri Krishnan, Anjali Yadav, Ekta Baranwal, Ajay

Singh, Arjun Raghuwanshi, Praveen Agarwal, Laxman Savergave, Sanjay SingnEl &
the GEMCOVAC-OM Study Investigators

Nature Medicine 30, 1363-1372 (2024) | Cite this article

G e n n OV&S aR N A > C h ad OXJns:lldoi.org/10.1038/541591-024-02955-2
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COVIE19 Vaccmes a Multi-countries-Large Scale Cohort Stuc

Contents lists available at ScienceDirect

accine

Vaccine \

LLQLV[ LR journal homepage: www.elsevier.com/locate/vaccine

GVDN Study

COVID-19 vaccines and adverse events of special interest: A multinational 09 M ”
Global Vaccine Data Network (GVDN) cohort study of 99 million [Hon

vaccinated individuals Vaccinated
K. Faksova® , D. Walsh ™, Y. Jiangb“' J. Griffin ¢, A. Phillips ¢, A. Gentile ¢, J.C. Kwong ", |ndiVidua|S
K. Macartneyd ', M. Naus ", Z. Grange *, S. Escolano G. Sepulveda ™, A. Shetty A. Pillsbury “, :

C. Sullivan, Z. Naveed”, NZ Jan_]ua” N. Glgllo J. Perild °, S. Nasreen ""*, H. Glddlng‘jl 8 countries

P.Hovi“ T. Vo F. Cui®, L Deng , L. Cullen “, M. Artama’, H. Lub" H.J. Clothier ™, K. Batty |,
J. Paynter ", H. Petousis—Harris c’“, J. Buttery &m, Y, S. Black " A. Hviid "

* Department of Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark

® Department of Statistics, University of Auckland, New Zealand

¢ Global Vaccine Data Network, Global Coordinating Centre, Auckland, New Zealand

d National Centre for Immunisation Research and Surveillance, Westmead, New South Wales, Australia

€ Department of Epidemiology, Ricardo Gutierrez Children Hospital, Buenos Aires University, Argentina

fICIE.'S, Toronto, Ontario, Canada

& public Health Ontario, Toronto, Ontario, Canada

® Department of Family and Community Medicine, Temerty Faculty of Medicine and the Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario,
Canada

K.Faksovat al., Vaccine, https:foi.org/10.1016/j.vaccine.2024.01.100



Supplementary Table 13: All aggregated OE Ratios by last dose, cardiovascular conditions, period 0-42 days, PYRS21000, no censoring on observed counts

MYO PER
Dose Vaccine OE_Ratio Cl OE_Ratio Cl
1 AZD 136 (1.08,1.68) 1.29 (1.15,1.44)
BNT 1.54 (1.47,1.62)
MOD
BIBNT
Dose 1 ¥
PBNT (0.03,6.82)
BIBP
VGM 0 0
I 1.64 (0.87,2.80) 0.81 (0.54,1.18)
SINO 0 0
HMOD 0 0
2 AZD 131 1.01,1.68) 127 (1.12,1.43)
BNT “ 138 (1.32,1.45)
MOD 1.67 (1.50,1.85)
Dose 2 winr 0 0
NVX
PBNT 454 (0.94,13.26)
BIBP 0 0
VGM 0 0
SINO 0 0
3 AZD 0 691  (3451236)
BNT 119 (1.10,1.28)
MOD 1.39 (1.20,1.59)
Dose 3 BIBNT 0 121 (0.03,6.77)
BIMODO 0 3.00 (0.36,10.85)
NVX 0
PBNT 0
HMOD 1 (0.49,4.61) 0.64 (0.21,1.49)
4 AZD
BNT 2.06 (1.47,2.80) 1.55 (1.30,1.83)
MOD 2.91 (1.45,5.21)
Dose 4 BIBNT 145 (0.47,337) 098 (0.56,1.59)
BIMODO 228 (0.92,470) 163 (1.03,2.45)
NVX 0
5 BNT
MOD 414 (0.10,23.06)
Dose 5 &t 173 (0.56,4.04) 2.02 (1.45,2.75)
BIMODO 2.31 (0.63,592) 185 (1.19,2.72)
6 BNT 0 41.43 (1.05,230.85)
Dose 6 BN 3.59 (0.09,20.02) 2.35 (0.86,5.11)
BIMODO 0 0.61 (0.02,3.40)
7 BIBNT 0 0

AESI: MYO= Myocarditis, PER= Pericarditis

Pfizer/BNT

Code
Moderna -

Novavax Bnt

1 MOD
Pfizer el

NVX
PBNT

Pfizer/BN{g,
Moderna JJ?M

SINO
Novavax oo

Vaccine abbreviations: CarditiSOE risk >1.5 AE Special Interest (AES

Vaccine brand

Covishield or Vaxzevria [AstraZeneca or Serum Institute of India]
Comirnaty or Tozinameran [Pfizer/BioNTech or Fosun-BioNTech]
Elasomeran or Spikevax or TAK-919 [Moderna or Takeda]

Comirnaty or Riltozinameran or Pfizer/BioNTech COVID-19 Vaccine Bivalent
[Pfizer/BioNTech]

Covovax or Nuvaxoid [Novavax or Serum Institute of India]

Comirnaty or Tozinameran Paediatric [Pfizer/BioNTech or Fosun-BioNTech]
Covilo or SARS-CoV-2 Vaccine (Vero Cell) [Sinopharm (Beijing)]

Sputnik V [Gamaleya Research Institute]

Janssen [Janssen/Johnson & Johnson]

CoronaVac or Sinovac [Sinovac Biotech]

Elasomeran or Spikevax or TAK-919 Half Dose [Moderna or Takeda]

BIMODO Spikevax bivalent Original/Omicron [Moderna]

Astrazeneca

Pfizer/BNThresholds for statistical indications of potential signals:

Moderna

LBCI* >1.5, statistically significant safety signal

Novavax

ellow: | LBCI* >1 and £1.5, statistically significant

[Green:| LBCI* <1.0, not statistically significant
AstrazeneF C

*LBCl:

Moderna

Lower bound of confidence interval

Conditions applied to the analysis of aggregated OE ratios:

Novavax -
Pfizer/BNt .

PYRS 21000

No censoring on observed counts

K.Faksoveet al., Vaccine, https:floi.org/10.1016/j.vaccine.2024.01.100



VACCINE HESITANGObal Averag@0%Hesitant

Lazarus. Nature Med 2023

Global average
United States
United Kingdom
Turkey
Sweden
Spain
Singapore
South Korea
South Africa
Russia
Poland

Peru

Nigeria
Mexico
Kenya

Italy

India

Ghana
Germany
France
Ecuador
China
Canada
Brazil

Vaccine
% hesitant % acceptance

20.9 s 791

19.8 s 80.2

19.6 s 80.4

28.0 s /2.0

20.8 o 79.2

10.1 mssss—
7.5 mmmssssssssssses
10.8 mussssss—

52.1 s 47,9
39.2 memessssssssss 60.8
35.9 mssssssssssses 64,1
10.4 e——

89.9
92.5
89.2

89.6

28.1 mommmssssssssss 71.9

26.4 w73

.6

31.2 mesmsssssssssm 68.8

15.4 o 84.6

1.7 s 98.3

42.0 s 58.0

21.9 o 781

18.3 s 81.7

1.4 esssssssssssss 88.6
3.4 96.6

13.0 87.0

12.8 87.2

T 10.9
T 6.4
T12.4
N/A
21.5
21.0
36.2
1.8
-41.3
10.7
13.9
N/A

™ 10.3
v -3.5
N/A

T 19.5
T 31.9
N/A

™ 14.5
T 38.7
T 23.2
T 9.0
T 26.6
T 2.1

e R e e

% change in acceptance
2020 to 2022 2021to 2022

T 5.2
T 20.4
v -1.0
V=27
T 26
T 4.2
T12.3
T 8.4
vo=211
T17.8
T 8.1
T 2.6
T 26.1
v -9.4
L -8.5
T 6.3
T 26.0
v -13.8
T 6.0
T 28.7
T12.2
v -1.0
T 9.8
v -3.3

Fig.1| COVID-19 vaccine acceptance and hesitancy in June 2022, percent
change from 2020 and 2021. COVID-19 vaccine acceptance inJune 2021

and June 2022 was defined as having received atleast one dose of a COVID-19
vaccine and, if not, willingness to take the COVID-19 vaccine whenitis available
to them. Vaccine hesitancy was defined as having reported ‘no’ to the question

Vaccine Hesitancy By Group

Percentage of U.S. groups who are most hesitant
toward the COVID-19 vaccine

Republicans 42%

Ages 30-49

36%
Rural residents 35%

Black adults 35%

(]
=

Essential workers

Independents 31%

Health care workers 29%

Men 29%

28%

Ages 18-29

Total

N
N
=S

Survey conducted Nov. 30-Dec. 8 of 1,676 U.S. adults
Source: Kaiser FamiyN@wBDeg 2020

SJOJC, statista %a
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RSV VaccinBevelopment History

=
1956RSV discovered @¢&8years)
M o ¢ Digastrous clinical trials of inactivated vacclA®E phonomenon

)
2023Two subunit vaccines approved

20240ne mRNA vaccine approved
FirstMonoclonal 2 RSV Subunit RSVMRNA
antibody approved: Vaccines Vaccine
Approved Approved

Discovered
RSV iVi
palivizumab
~ 2023 ) 2024

4 disastrous clinical trials Discovery: ADE mechanis
' andVirussNAbbinding
prefusion Fstructure

of inactivated vaccines
80% children hospitalized
Ref: Tara Haelle. Scientific America, March 2023

ADE phenomenon
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Approved RSV Vaccines

GSK's Arexvy t TAI SNQA&
3 May 2023 31 May 2023
Monovalent Bivalent
Prefusion protein F (A) RSV preF (A+B)
+ ASO1E adjuvant no adjuvant

aZzZRSNYI Qa aw9{ +L!

31 May 2024
Monovalent
RSV preF (A)

MRNA/LNP
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RSWaccine Efficacin Older Adults 60+

GSK's Arexvy t TAI SNXQ&A ! 0NB &

‘+ adjuvant ‘no adjvant

94%VESevere Diseases 86%VESevere Diseases
86%0VESymptomatic Dis: 6 /% \VESymptomatic Dis.

Pregnant people

_ 82 %severe RSN newborns x 3 months
CEesCoSet g RSNyt 0a SWYTE L

ﬁASE\LSn\t/ig; (é)é%ggs/ﬁanzaﬂon @ 80.9%VESevere Diseases at 3.7 months
or ERvisit in adults 60 and older. 61 9%\VESevere Dis. 8.6 months
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RSV Vaccination in Older Adultéletaanalysis

AOur analysis included five RCTs on five RSV vacBs¥p(eF
RSVPreFr3, Ad26.RSV.preF, MEDI7510, and HhBd9A The meta
analysis documented

AFirst RSV Seasoapooled vaccine efficacy 8fL.38%(95% Cl 70.94
88.06) for prevention of LRTD with three or more signs/symptoms.

ASecond Seasomith a pooled VE db1.15%(95% Cl 45.2972.40)
In conclusion

Aadult RSV vaccination was quite effective in preventing LRTD in older
adults

Abut the overall efficacy rapidly decreased in the second season after
the delivery of the vaccine

Ricco M, et alMaccines 2024, 12(5), 500
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RSV VacciseReported Side Effects”
MRNA vs Subumiith adjuvant

y N

Chula Vaccine Research Center
Facilty of Medicine. Chulalongkorn Universit

="

RSV mRNA Vaccine RSV subunit vaccine with adjuvant
MRESVIAModerna GSK with ASO1le

Single dose at 50 ug Single dose at 120 ug
AEs reported in 60 yo+ AEs reported in individuals 60+
Ainjection-site pain 55.9% Alnjectionsite pain 60.9%
AFatigus 30.% Arever 2
. 0 —
AHea%Iache 26.7% A—atlgu.e 33.6%
AMyalgia 25.6% AMyalgia 28.9%
AArthralgia 21.7% AHeadache 27.2%
AcChill 11.6% AArthralgia 18.1%
AAxillary swelling or tenderness 15.2%

Ref: Package Inserts of each product



§

%.—e

Chula VRC

RSV VacciseReported Side Effects” =

/--I- School of

Global Health

FFFFFF y of Medlcme

MRNA vs Subunit/o adjuvant

RSVMRNA Vaccingor 60+:;
MRESVIAModerna

Single dose ab0 ug

AEs reported in 60 yo+

A injection-site pain 55.9%

A Fever 2%

A Fatigue 30.8%

A Headache 26.7%

A Myalgia 25.6%

A Arthralgia 21.7%

A Chill 11.6%

A Axillary swelling or tenderness 15.2%

Ref: Package Inserts of each product

RS\subunit Vaccinefor 60+, Pregnant wome

ABRYSVO, Pfizednalent, no adjuvant)

Single dose al20 ug(60 ug each of RSV A and B-gfrotein)
AEs reported in 60 yo+

A Injectionsite pain 10.5%

A Fever 1.4%

A Fatigue 15.5%,

A Headache 12.8%,

A Myalgia 10 %

AESs reported in pregnant women
A Injectionsite pain 40.6%

A Fever 2.6%

A Fatigue 15%

A Headache 31%

A Myalgia 26.5%

A Nausea 20%




AP W [ Rare GBS Risk of RSV Subunit Vaccire

Live updates: Olympics  Donald Trump  Coco Gauff  SimoneBiles  Venezuela election Morbidity and Mortality Weekly Report (MMWR)

Guillain-Barre syndrome ‘more common than expected’ with
RSV vaccine in older people, CDC reiterates

Early Safety Findings Among Persons
Aged 260 Years Who Received a
Respiratory Syncytial Virus Vaccine —
United States, May 3, 2023—-April 14,

2024 GBS Risk
WeeklyMay 30, 2024 /73(211489-490 4 4 [million Abrysvo
summary 1.8/ million Arexvy

What is already known about this topic?

The Food and Drug Administration licensed Arexvy and Abrysvo vaccines in
May 2023 for prevention of respiratory syncytial virus (RSV) lower respiratory
tract disease in adults aged =60 years. In trials, Guillain-Barré syndrome (GBS)
was identified as a potential safety concern.

What is added by this report?

Findings are consistent with those from trials; reports of GBS (4.4 and 1.8
reports per million doses of Abrysvo and Arexvy vaccine administered,



Vaccines and Preventable Diseases

CDC Recommendations

Adults ages 60 years and older

e CDC recommends an RSV vaccine for everyone ages 75 and older

and adults ages 60-74 at increased risk of severe RSV.

Adults 60-74 who are at increased risk include those with chronic
heart or lung disease, certain other chronic medical conditions, and
those who are residents of nursing homes or other long-term care

facilities.

RSV vaccine is not currently an annual vaccine, meaning older adults
do not need to get a dose every RSV season. That means if you have
already gotten an RSV vaccine, you do not need to get another one at

this time.

The best time to get vaccinated is in late summer and early fall —
just before RSV usually starts to spread in the community.

Elderly: 75 y or older, 60=74 with clinical risk

Vaccines and Preventable Diseases

Infants and young children

To prevent severe RSV disease in infants, CDC recommends either maternal RSV
vaccination or infant immunization with RSV monoclonal antibodies. Most infants
will not need both.

Vaccination for pregnant people

* 1 dose of maternal RSV vaccine during weeks 32 through 36 of pregnancy,
administered September through January. Pfizer Abrysvo is the only RSV
vaccine recommended during pregnancy.

Immunization for infants and young children

¢ 1 dose of the monoclonal antibody product, nirsevimab, for all infants aged
8 months and younger born during or entering their first RSV season.

¢ 1 dose of nirsevimab for infants and children aged 8-19 months who are at
increased risk for severe RSV disease and entering their second RSV season.

o Note: A different monoclonal antibody, palivizumab, is limited to children
aged 24 months and younger with certain conditions that place them at high
risk for severe RSV disease. It must be given once a month during RSV
season. Please see AAP guidelines for palivizumab. [4

Pregnant women at 3236 weeks
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We started collaborating since2017

[Kiat] worried that any vaccine developed in the West wouldn’t be available in

Thailand and surrounding low-income countries for years,” Weissman said. When

Ruxrungtham told him the plan to produce the vaccine for distribution to countries
that wouldn’t be able to buy one themselves, he said, “that sounded like a beautiful
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