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Pre-COVID-19 Pandemicς 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 
ÁSpeed
ÁNumber/types
ÁEfficacy
ÁRolling 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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mRNA
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NOVAVAX
Sanofi/GSK

4 CHINA: BIBP, Sinovac, Sinopharm, IMB
1 INDIA:  BHARAT
1 Thailand (GPO): NDV-HXP-S 
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Exisiting TechnologyNewTechnology



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) ISSN2058-8437(online)

How mRNA Vaccine induces Cellular and humoral immune responses

ribosomes



Pros and Cons of mRNA Vaccine

PROS

ÅRapid design and development

ÅInduces high neutralizing antibody

ÅInduced strong T-cell responses Th1>Th2

ÅScalable in a smaller manufacture

ÅProven of the highest vaccine efficacy 
against Covid-19 

ÅPotentially low cost in long-term

ÅMay be a personalizable vaccine or 
therapy

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

CONS

ÅCan not produce non-protein antigenic 
vaccine : Polysaccharides

ÅNeeds low temperature cold-chain 
storing
ÅSome mRNA/LNP vaccine is stable up to 6 

months at 2-8 0 C
ÅLyophillizaion can solve this problem
ÅNote: saRNA with different lipid may be 

stable >2 yrs at 4-8o C

ÅRare myocarditis AEs concern
Å10-20 of 1,000,000 injections
ÅNote: 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 ς
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
ÅComirnaty, Pfizer/BNT
ÅSPIKEVAX, Moderna

RSV Vaccine
ÅMRESVIA, Moderna

Approved for Covid-19 
ÅArturus ςJapan

ÅGennova -India

No approved vaccine 



Influenza
Phase 3: N=6,000, Moderna ςAug 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

ÅLow dose 10 ug booster

ÅIntradermal injection

ÅStable at 4-8 oC for ~ 2 years

Gennova ςsaRNA > 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 ς 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)
мфслΩǎ 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 tŦƛȊŜǊΩǎ !ōǊȅǎǾƻ

RNA

aƻŘŜǊƴŀΩǎ aw9{±L!

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 tŦƛȊŜǊΩǎ !ōǊȅǎǾƻ

RNA

aƻŘŜǊƴŀΩǎ aw9{±L!

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 RSVin newborns x 3 months 
69 % x 6 months

+ adjuvant no adjvant

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



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

RSVPreF3, Ad26.RSV.preF, MEDI7510, and mRNA-1345). The meta-
analysis documented 
ÅFirst 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.

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

In conclusion

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

Åbut 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+

ÅInjection-site pain 60.9%

ÅFever 2%

ÅFatigue 33.6%

ÅMyalgia 28.9% 

ÅHeadache 27.2%

ÅArthralgia 18.1%

RSV mRNA Vaccine 
MRESVIA, Moderna

Single dose at 50 ug

AEs reported in 60 yo+
Åinjection-site pain 55.9% 

ÅFever 2%
ÅFatigue 30.8% 

ÅHeadache 26.7% 
ÅMyalgia 25.6% 
ÅArthralgia 21.7%

ÅChill 11.6%
ÅAxillary swelling or tenderness 15.2%

RSV Vaccines ςReported Side Effects 
mRNA vs Subunit with adjuvant

Ref: Package Inserts of each product



RSV Vaccines ςReported 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+

Åinjection-site pain 55.9% 

ÅFever 2%

ÅFatigue 30.8% 

ÅHeadache 26.7% 

ÅMyalgia 25.6% 

ÅArthralgia 21.7%

ÅChill 11.6%

ÅAxillary 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+ 
ÅInjection-site pain 10.5%
ÅFever 1.4%
ÅFatigue 15.5%, 
ÅHeadache 12.8%, 
ÅMyalgia 10 %
AEs reported in pregnant women
ÅInjection-site pain 40.6%
ÅFever 2.6%
ÅFatigue 15%
ÅHeadache 31% 
ÅMyalgia 26.5% 
ÅNausea 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 


