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Pre-COVID-19 Pandemic – Before 2019

Vaccine Technology Platforms
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Vaccine Innovation 1880-2022

Covid-19 : 1 year

HPV: 25 y

HBV: 16 y

Ebola 43 y

Measles: 10 y

RSV: 67  years (1956-2023)

Dengue 100 y

Polio 47 y

Malaria 141 y

CMV: none

HIV: none



COVID19 Pandemic
since 1 Jan 2020

Coronavirus.jhu.edu

Total Cases   7 July 2024  Total Death

775,673,955          7,053,524



Record-Breaking

Covid19 
Vaccine 

>240 Candidates
>820 Clinical Trials 
     >80 Countries
    50  Approved

World Record 
▪ Speed
▪ Number/types
▪ Efficacy
▪ Rolling out >13.6 Billion 

Doseas

However, Inequity remains an issue !!https://covid19.trackvaccines.org/vaccines/
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Global Covid-19 Vaccine Approved (partially Listed) 
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Covid Vaccine >13.6 Billion Doses Given Worldwide

WHO Feb 2024



Nature is Super Amazing
messanger RNA (mRNA) 

https://theconversation.com/what-is-mrna-the-messenger-molecule-thats-been-in-every-living-cell-for-billions-of-years-is-the-key-ingredient-in-some-covid-19-vaccines-158511

Short-half life

Ribosomes

DNA

mRNA

Protein



Highlights the History of mRNA Vaccine

2005 2012 2013 2018 2020 2024

Discovered
Modified 

mRNA Benefit

Scalable 
LNP

First mRNA/LNP 
Vaccine in mice

First Rabies 
mRNA Vaccine in 

Human Trial

First Drug (siRNA) 
with LNP (Patisiran) 

approved

First Covid-19 
mRNA Vaccine 

Clinical trial

Covid-19 
mRNA 

Vaccine EUA 

Adapted from Elie Dolgin. Nature | Vol 597 | 16 September 2021 

1961 mRNA discovered  (>60 years)
1965 Liposome
2001 Lipid nanoparticles

RSV mRNA 
Vaccine 

Approved 



COVID-19 mRNA Vaccine 

mRNA
not the whole virus

Polack et al. N Engl J Med 2020; 383:2603-2615

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



The Nobel Committee for Physiology or Medicine. Ill. Mattias Karlén



mRNA-LNP
Lipid Nanoparticles

mRNA

Ionizable lipid1

2

3

4PrecisionNanosystem Pegylated Lipid (PEG)

Phospholipid

Cholesterol

Encapsulated mRNA



Hou et al. Nature Reviews Materials (Nat Rev Mater) ISSN 2058-8437 (online)

How mRNA Vaccine induces Cellular and humoral immune responses

ribosomes



Pros and Cons of mRNA Vaccine

PROS

• Rapid design and development

• Induces high neutralizing antibody

• Induced strong T-cell responses Th1>Th2

• Scalable in a smaller manufacture

• Proven of the highest vaccine efficacy 
against Covid-19 

• Potentially low cost in long-term

• May be a personalizable vaccine or 
therapy

• >6 Billions of 13.6 Billion doses have been 
given Worldwide since 2020

CONS

• Can not produce non-protein antigenic 
vaccine : Polysaccharides

• Needs low temperature cold-chain 
storing
• Some mRNA/LNP vaccine is stable up to 6 

months at 2-8 0 C
• Lyophillizaion can solve this problem
• Note: saRNA with different lipid may be 

stable >2 yrs at 4-8o C

• Rare myocarditis AEs concern
• 10-20 of 1,000,000 injections
• Note: This may not be a mRNA-specific AEs, 

as based on a 99 million vaccinees cohort 
from  8 countries: Novavax (protein vaccine) 
has also shown O/E ratio of >1.5 at various 
doses up to Dose 4



COVID-19 Vaccine Efficacy –
Primary Vaccination - Phase 3 Results 

Vaccine (Company) Sample Size
Prevent

Clinical Covid-19
Preventing Severe 

Covid-19

CoronaVac (Sinovac) Brazil 12,396 51 % 100 %

AZD122 (AstraZeneca) 17,177 67 % 100 %

Ad26.COV2.S (J & J) 43,783 66 % 85%

NVX-CoV2373 (Novavax) 15,000 89 % 100 %

mRNA-1273 (Moderna) 28,207 94 % 100 %

BNT162b2 (Pfizer) 34,922 95 % 90 %

Modified from Abdool Karim SS, et al NEJM March 24, 2021



mRNA Vaccine Platforms

mRNA
Vaccine

Modified Nucleoside mRNA Self-amplifying RNA (saRNA)

Circular RNA (circRNA)

Approved for
Covid-19 Vaccines
• Comirnaty, Pfizer/BNT
• SPIKEVAX, Moderna

RSV Vaccine
• MRESVIA, Moderna

Approved for Covid-19 
• Arturus –Japan

• Gennova -India

No approved vaccine 



Influenza
Phase 3: N=6,000, Moderna –Aug 2023, N=25,000, Pfizer/BNT

CMV
Phase 3 n=6,900, Moderna

Near Future Approval of mRNA Vaccines

Current approved Flu vaccine : Vaccine Efficacy 40-60% 



Self-amplifying mRNA Covid-19 
Vaccine (saRNA): Gennova

• Low dose 10 ug booster

• Intradermal injection

• Stable at 4-8 oC for ~ 2 years

Gennova –saRNA > Chadox1

Self-amplifying mRNA Covid Vaccine 



K. Faksova et al., Vaccine, https://doi.org/10.1016/j.vaccine.2024.01.100

GVDN Study

99 Million 
Vaccinated 
Individuals

8 countries

COVID-19 Vaccines – a Multi-countries -Large Scale Cohort Study 



K. Faksova et al., Vaccine, https://doi.org/10.1016/j.vaccine.2024.01.100

Dose 1

Dose 2

Dose 3

Dose 6

Dose 4

Dose 5

Moderna
Novavax
Pfizer

Pfizer/BNT

Moderna
Novavax

Pfizer/BNT

Moderna
Novavax

Pfizer/BNT
Astrazeneca

Moderna

Novavax

Astrazeneca

Pfizer/BNt

Carditis-OE risk >1.5  AE Special Interest (AESI)



VACCINE HESITANCY

Nov-Dec 2020

Lazarus. Nature Med 2023

Global Average 20% Hesitant



1956 1966 1998 2008 2023 2024

RSV Vaccine Development History

Discovered
RSV

4 disastrous clinical trials 
of inactivated vaccines

80% children hospitalized

First Monoclonal 
antibody approved: 

palivizumab

Discovery: ADE mechanism 
and Virus-NAb binding 
prefusion F structure

2 RSV Subunit 
Vaccines 
Approved

1956 RSV discovered  (>68 years)
1960’s Disastrous clinical trials of inactivated vaccine (ADE phonomenon)
2023 Two subunit vaccines approved
2024 One mRNA vaccine approved

RSV mRNA 
Vaccine 

Approved 

Ref: Tara Haelle. Scientific America, March 2023
ADE phenomenon



Approved RSV Vaccines

RSV
Vaccine

Sub
unit

Sub
unit

GSK's Arexvy Pfizer’s Abrysvo

RNA

Moderna’s MRESVIA

31 May 2023
Bivalent 

RSV preF (A+B) 
no adjuvant

31 May 2024
Monovalent
RSV preF (A) 
mRNA/LNP

3 May 2023
Monovalent 

Pre-fusion protein F (A) 
+ AS01E adjuvant



RSV Vaccine Efficacy in Older Adults 60+

RSV
Vaccine

Sub
unit

Sub
unit

GSK's Arexvy Pfizer’s Abrysvo

RNA

Moderna’s MRESVIA

94% VE Severe Diseases

86% VE Symptomatic Dis.

86% VE Severe Diseases

67% VE Symptomatic Dis.

80.9% VE Severe Diseases at 3.7 months

61 % VE Severe Dis. 8.6 months

Pregnant people
82 %severe RSV in newborns x 3 months 
69 % x 6 months

+ adjuvant no adjvant

Effectiveness –CDC 2023-2024:
• AREXVY 77% to 83% 
• ABRYSVO 73% to 79% 
in preventing RSV-hospitalization 
or ER visit in adults 60 and older.



RSV Vaccination in Older Adults: Metaanalysis
• Our analysis included five RCTs on five RSV vaccines (RSVpreF, 

RSVPreF3, Ad26.RSV.preF, MEDI7510, and mRNA-1345). The meta-
analysis documented 
• First RSV Season: a pooled vaccine efficacy of 81.38% (95% CI 70.94 -

88.06) for prevention of LRTD with three or more signs/symptoms.

• Second Season: with a pooled VE of 61.15% (95% CI 45.29 - 72.40)

In conclusion

• adult RSV vaccination was quite effective in preventing LRTD in older 
adults

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

Ricco M, et al. Vaccines 2024, 12(5), 500



RSV subunit vaccine with adjuvant
GSK with AS01e

Single dose at 120 ug

AEs reported in individuals 60+

• Injection-site pain 60.9%

• Fever 2%

• Fatigue 33.6%

• Myalgia 28.9% 

• Headache 27.2%

• Arthralgia 18.1%

RSV mRNA Vaccine 
MRESVIA, Moderna

Single dose at 50 ug

AEs reported in 60 yo+
• injection-site pain 55.9% 

• Fever 2%
• Fatigue 30.8% 

• Headache 26.7% 
• Myalgia 25.6% 
• Arthralgia 21.7%

• Chill 11.6%
• Axillary swelling or tenderness 15.2%

RSV Vaccines –Reported Side Effects 
mRNA vs Subunit with adjuvant

Ref: Package Inserts of each product



RSV Vaccines –Reported Side Effects 
mRNA vs Subunit w/o adjuvant

RSV mRNA Vaccine for 60+: 
MRESVIA, Moderna
Single dose at 50 ug

AEs reported in 60 yo+

• injection-site pain 55.9% 

• Fever 2%

• Fatigue 30.8% 

• Headache 26.7% 

• Myalgia 25.6% 

• Arthralgia 21.7%

• Chill 11.6%

• Axillary swelling or tenderness 15.2%

RSV subunit Vaccine: for 60+, Pregnant women 
ABRYSVO, Pfizer (divalent, no adjuvant !) 

Single dose at 120 ug (60 ug each of RSV A and B pf-F protein)
AEs reported in 60 yo+ 
• Injection-site pain 10.5%
• Fever 1.4%
• Fatigue 15.5%, 
• Headache 12.8%, 
• Myalgia 10 %
AEs reported in pregnant women
• Injection-site pain 40.6%
• Fever 2.6%
• Fatigue 15%
• Headache 31% 
• Myalgia 26.5% 
• Nausea 20% 

Ref: Package Inserts of each product



GBS Risk
4.4 /million Abrysvo
1.8/ million Arexvy

Rare GBS Risk of RSV Subunit Vaccines



Elderly: 75 y or older, 60=74 with clinical risk Pregnant women:  at 32-36 weeks



ChulaVRC for Vaccine Equity



Prof. Drew Weissman, M.D., Ph.D.
The Perelman School of Medicine 
University of Pennsylvania
He is a mRNA Pioneer  

We started collaborating since 2017



Making mRNA Vaccines Accessible in LMICs 

https://www.chulavrc.org 

Formal Eastblsihed in 2017 

https://www.chulavrc.org/


The First COVID-19 mRNA Vaccine Produced 
in Thailand 

entered Phase 2 Clinical Trials
in Thailand and Australia



Phase 2 Trials of Thai-made ChulaCov19 Bivalent Vaccine 
COMVIGEN in Thailand and Australia 

THAILAND:        Booster 450  subjects AUSTRALIA:      Booster 150 subjects



ChulaCov19 “COMVIGEN”: Anti-RBD IgG Titers (mITT)

286,430 272,388

Comvigen Comirnaty48,814 50,745

(N=299) (N=149)Comvigen Comirnaty

(N=299) (N=149)

Baseline before the Boost 1 Month after the Boost



PsVNT50- against SARS-COV-2 Wild-type Results in mITT Population 

1,9052,063

Day 29 (4 Weeks Post-Boosting)

GM Ratio of PsVNT50

0.5   0.67       1.0              1.5

ComvigenComirnaty

1.08 (0.95-1.25)

Day 29

Comvigen Comirnaty

Non-inferiority

(N=299) (N=149)



PsVNT50- against Omicron BA.4/.5 Results : mITT

GM Ratio of PsVNT50
0.5   0.67       1.0              1.5

ComvigenComirnaty

1.19 (0.99-1.45)

Day 29
Day 29

Comvigen Comirnaty

3,909 3,288
Non-inferiority

(N=299) (N=149)



ChulaVRC
Current and Future Capacity



ChulaVRC: R&D Pipelines
For “Vaccine Inequity Issue” and Pandemic Preparedness

ChulaVRC
Initiated
Vaccine

Partners
Initiated
Vaccine

Promising in mice 
• Dengue vaccine
• HPV Tx vaccine
• Allergy vaccine

In Development
• Leptospirosis
• Avian Flu
• TB
• AMR

In Development
• HFMD
• TB

In Animal Testing
• P. vivax

Seeking Partner for Phase1
HPV Tx and Allergy vaccine 
–do have a potential private 
partner to prusue

Major Funder: NVI
Others: Donation Fund and UK-SEA Vax Hub



ChulaVRC- Joining the Global Network for Vaccine Equity

Global Network 
for Vaccine Equity

ChulaVRC

Vaccine R&D 
Network

UK-SEA Vax Hub
U Sheffield –Chula U

South-East Asia 
Vaccine Manufacturing 

Research HUB 

One of the 4 target vaccines leader

The Co-PI of the new UK-SEA Vax Hub



WHO: 4 Diseases Targeted mRNA Vaccines

1. Dengue vaccine: ChulaVRC initiative, IVI leads the network 

2. HPV therapeutic vaccine: ChulaVRC leads

3. Malaria Vivax: Trop Med, MU leads, ChulaVRC has made the 
vaccines for testing

4. HFMD: NUS Singapore leads, ChulaVRC will design and make 
the vaccines for preclinical testing



21

Pre-clinical Studies

75

ChulaVRC Capacity on Vaccine Development: Current and Future

cGMPCurrent 3

Design
ChulaVRC

Design & 
Research Grade Production

DNA
Outsource

Clinical 

mRNA
ChulaVRC

ChulaVRC
MDCU

4

LNP 
Encapsulation
In vitro tests

ChulaVRC Chula
NPRC

Current:
Outsource

BNA, Thailand

Chula-CRC

+ Multicenter
Phase 1-3

Future
Chula GMP

Clinical Development

Vaccine Development Pipelines
• ChulaVRC initiative :  6 vaccines
• Collaborator initiative: 3 vaccines



New ChulaVRC
at 12th Floor  

New ChulaVRC
at 12th Floor  





Near Finished GMP Facilities



mRNA-based Therapeutics

mRNA
NPS

Therapeutic Vaccine

Genetic and Rare Dis.

Cancer Therapy

Gene Editing

NCD Therapeutics Autoimmune Dis.



HPV Vaccine 

7.9 Billion
W: 3.9 B,  M: 4 B 

<25 yo
All: 3.2 B 
W: 1.6 B

>25 yo
All: 4.7 Billion

W: 2.3 B

Highly Efffective
HPV Vaccine 

Avialable since 2014 

Global 20221

21 % coverage !!

L1-VLP 
Affordable Vaccine

Is definitely needed !

PREVENTIVE

291 Million Women are 

HPV DNA carriers

1WHO, July 2023

THERAPEUTIC 

Cervical Cancer
• 3.1% of all cancers
• 604,127 new cases
• 341,831 deaths annually 

21% men are 

HR-HPV Infected2

2Bruni et al. Lancet Global Health 2023

Vaccine- not available 



FROM John Schiller, Ph.D., NCI, NIH



CONFIDENTIAL

NSS NSSAg 2 Ag 2

TC-1 Luc tumor growth kinetics by bioluminescence 

TC-1: 5,000 cells TC-1: 10,000 cells

HPV Therapeutic Vaccine Results: Single Dose Study
Single Dose of an HPV16-E7 Vaccine Induced Tumor Free in Mice Implanted with HPV-tumor cells

Note: Horizontal line indicates the background of 
bioluminescence at Day 0 before tumor implantation. 

Dose 1

Antigen 2 Antigen 2



E7 results

E7 resultsNSS Control

NSS Control

TC1   5,000 cells TC1   5,000 cells

TC1   10,000 cells TC1   10,000 cells



51

-100
-200
-300

Gr. Animal 
ID

Tumor 
free

Undetectable 
HPV-DNA

NSS
Vs 

10,000 

cells

2003  

2004  

2005  

NSS 
vs 

5,000 cells

2082  

2083  

2084  

HPV16 E7
Vs

5,000 cells

2085 ✓ ✓

2086 ✓ ✓

2087 ✓ ✓

HPV16 E7
Vs

10,000 

cells

2088 ✓ ✓

2089 ✓ ✓

2090 ✓ ✓

Study: The single dose of HPV16 E7 mRNA vaccine in mice given after 5,000 and 10,000 TC1-Lcu cells 
implantation

Target: 209 bp

NSS
10,000

NSS
5,000

Mice injected
 HPV16 E7

vs
TC-1 5,000

Mice injected
 HPV16 E7

vs
TC-1 10,000

Control 
Mice without 

Prior tumor

implant

TC-1
Cell lines

C3
Cell 
lines

Control
Reagent 

No template

Animal ID



52CONFIDENTIAL

NSS E7E6 E6 + E7

TC-1 Luc tumor growth kinetics by bioluminescence 

HPV Preventive Vaccine Results
HPV16 –E6, E7 mRNA Vaccine given 2 doses prior to TC1 implantation

Note: Horizontal line indicates the background of 
bioluminescence before tumor implantation. 

Dose 1        Dose 2 Implanted Tumor cells

Day 0        Day 14   Day 28 

Undetectable or
Tumor Free

 

E6 E7 E6 + E7



Tumor was not detected up 
to >> Day 52

Results of HPV16 – E6, E7 mRNA Vaccine as Prevention 
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38 y

10 y

11 y

28 y

21 y

11 y

1 y

4 y

Pandemics in the past Century



Vaccine Technology Platforms

Profile Inactivated Subunit Viral vector mRNA

Easy to 
develop ++ ++ / +++ ++ / +++ ++++

Speed ++ ++ / +++ ++ / +++ ++++

High Cost ++ +++ ++ ++

Production 
facility Large Large Large

Small 
foot print

Efficacy ++ / +++ +++ / ++++ ++ / +++ +++ / ++++

Pandemic P +++ +++ +++ ++++



Are Thailand and the Region 
Ready for the Next Pandemic ?



Funding for HPV Tx vaccine

• DonationFund, and

• UK-SEA Vax Hub, UK



HPV Tx Vaccine : Acknowledgement

ChulaVRC
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❑ mRNA Vaccine pioneers and experts 

• Drew Weissman University of  Pennsylvania, 

USA

• Mohamad-Gabriel Alameh, Children 

Hospital, UPenn, USA 

❑  Lipid nanoparticles 

• James Heyes  Genevant Science Corp., 
Canada

Strong international collaborations

❑ HPV Tumor cell lines 

        TC-1 tumor cells

• Kindly provided by T.-C. Wu (Johns 

Hopkins University)

C3 tumor cells

• Kindly provided by S.H. van der Burg 

(Leiden University Medical Center, The 

Netherlands) 
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