


Current COVID 19- Vaccines
& Immune responses 



ss RNA genome at length of 29, 903 kb comprises 14 ORFs and 
encodes  16 nonstructural proteins (NSP1-16), 
4 structural proteins:
spike (S),
envelope (E), 
membrane (M), and 
nucleocapsid (N) proteins, 
and 9 accessory proteins. 

Wu,et al. A novel coronavirus associated with a respiratory disease in Wuhan of Hubei province, China.

SAR CoV-2 structure





The different platforms of COVID-19 vaccines

Whole- inactivated virus

Sinopharm/Sinovac/
Covaxin

Protein subunit/
Virus like particle

Viral Vector

AstraZeneca/Johnson&Johnson/ 
SputnikV

Moderna/Pfizer-BioNtech

mRNA

https://www.nature.com/articles/s41577-020-00480-0

Classical Platform Next Generation Platform



Basic immune responses to SAR CoV-2 infection

https://www.nature.com/articles/s41577-020-0348-8/figures/2

Effector phase of the adaptive immune response



Neutralizing antibody or binding antibody?

Neutralizing antibody 

https://www.nature.com/articles/d41586-020-01816-5

Anti RBD
Anti Spike protein
Anti Necleocapsid protein

https://www.thelancet.com/article/S0140-6736(20)32137-1/fulltext

Basic immune responses to SAR CoV-2 infection

Binding antibody

Specific T cells



https://theconversation.com/could-bcg-a-100-year-old-vaccine-for-tuberculosis-protect-against-coronavirus-138006

An immune response is induced by vaccine

DOI:https://doi.org/10.1016/j.immuni.2021.01.014

Memory cells Memory cells

https://doi.org/10.1016/j.immuni.2021.01.014


https://www.intvetvaccnet.co.uk/blog/covid-19/vaccine-eight-types-being-tested

An immune response is induced by vaccine

Inactivated virus vaccines 
Sinopharm / Sinovac/Covaxin

Interim report: Safety and immunogenicity of an inactivated vaccine against 
SARS-CoV-2 in healthy chilean adults in a phase 3 clinical trial

Antibody response after immunization with CoronaVac

Binding Ab Neutralizing  Ab

CD4 CD8

T cell response after immunization with CoronaVac



An immune response is induced by vaccine

https://www.intvetvaccnet.co.uk/blog/covid-19/vaccine-eight-types-being-tested

Novavax induced Spike IgG and Neutralizing Antibody Responses

https://www.nejm.org/doi/full/10.1056/NEJMoa2026920

Viral subunit vaccines/Virus like particle



An immune response is induced by vaccine

https://www.intvetvaccnet.co.uk/blog/covid-19/vaccine-eight-types-being-tested

Anti-ChAdOx1 vector after prime and boost doses of vaccine

https://www.thelancet.com/article/S0140-6736(20)32466-1/fulltext

Viral vector vaccines 

AstraZenaca/ Johnson & Johnson (Janssen)/

Sputnik V
ChAdOx1 nCoV-19



An immune response is induced by vaccine

mRNA vaccines 

https://www.nature.com/articles/s41586-020-2814-7/figures/2

COVID-19 vaccine BNT162b1 elicits human antibody and TH1 T cell responses

Moderna/Pfizer-BioNtech



Anti Spike response after Sinovac and Astrazeneca vaccination in Thai population



(ภาพจากศนูย์วิจยัคลินิก คณะแพทยศาสตร์ศิริราชพยาบาล : โครงการวิจยัการตอบสนอง
ทางภมิูคุ้มกนัและความปลอดภยัหลงัได้รับวคัซีน COVID -19 ในบคุลากรการแพทย์
ภายในโรงพยาบาลศริิราช กรุงเทพมหานคร) 

Anti Spike response after Sinovac and Astrazeneca vaccination in Thai population



Antibody response after Sinovac and Pfizer vaccination in Hongkong

https://www.hkmj.org/system/files/hkmj219605-fig.jpg



Immunity after infection or vaccination

Serology

Cellular memory
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Antibody detection

Presence of Ab indicates past 
infection or vaccination of an 
individual.



Antibody detection

Binding antibody assay

Immunochromatography

ELISA

Chemiluminescence assay

Qualitative or quantitative assay

Neutralization assay 

• Plaque reduction neutralization 
(PRNT) assay

• Microneutralization test (MNT)

• Focus reduction neutralization 
test (FRNT)

• Pseudotyped virus 
neutralization test (pVNT)

• Surrogate virus neutralization 
test (sVNT)

• Detect total Igs that direct against 
the neutralizing epitopes of 
infectious viruses

• Detect IgM, IgG, IgA, or total Ig 
• Recombinant N and/or S1 proteins are 

used as the test Ag
• Use purified proteins of virus, not live 

virus, and can be performed in BSL-2



Binding vs Neutralizing antibodies

• Bind specifically to virus, but 
do not inhibit the virus 
infectivity. 

• Not bind to the right region 
for neutralizing. 

• Indicate for protective 
antibody

• Decrease the replication of 
viruses by blocking 
attachment, penetration, or 
uncoating of the virus.

• Neutralization in vitro is 
usually related to protection 
in vivo.

Not all antibodies that bind to virus particle will neutralize virus. 

Neutralizing antibodyBinding antibody



https://www.fluidic.com/resources/What-are-neutralizing-antibodies/

The neutralizing epitopes in S protein

• RBD (the major site)
• N-terminal domain 
• S2 subunit

Mechanism of neutralization

https://www.caymanchem.com/news/tools-to-study-sars-cov-2-host-interactions

S1 subunit



Plaque reduction neutralization test (PRNT) 

Cut-off point as PRNT50/PRNT90

Gold standard method 

(Jarunee Prasertsopon)



CPE-based MNT

Fix cell and measure viral protein by ELISA

ELISA-based MNT

SARS-CoV-2 infected cellsUninfected Vero cell monolayer

Cytopathic effect (CPE) of SARS-CoV-2 in Vero cell monolayers

Microneutralization test (MNT)



1:10       1:20       1:40        1:80       1:160     1:320     1:640   Virus control        Uninfected cell 

Antibody level 

Serum dilutions

Focus reduction neutralization test (FRNT)

Uninfected cells Viral protein synthesis in 
the infected cells 

Add semi-solid 
overlay medium

Fixing and 
immunostaning

(Dr. Naruthai Onsirisakul)



BSL-3 facilities are required for PRNT, FRNT, or MNT

(BSL-3 facilities at Faculty of Veterinary Science, Mahidol University)



Alternative assays to PRNT, FRNT, and MNT

• Avoid usage of risk group 3 virus

• Easy to handle

• Less time consume

• Less laborious

Surrogate virus Neutralization assay

Pseudotyped virus-neutralization assay



Surrogate virus Neutralization test (sVNT)

• Cell-free neuralization assay

• Measurement the circulating antibodies against SARS-CoV-2 
that block interaction between the S (RBD) protein with the 
human ACE2 cell surface receptor

https://clpmag.com/uncategorized/study-new-covid-19-serological-test-fast-effective/ https://www.randox.com/sars-cov-2-surrovate-virus-neutralisation/



http://www.abnova.com/upload/691997BB-1375-4127-B579-CD14E5746EA7/Service5FPseudovirus2DProduction2Epng.png

Pseudotyped virus neutralization test (pVNT)

• Need cell culture system
• Pseudotyped virus cannot replicate.



(K. Nayak, et al. Virology 2021)

Correlation between RBD specific Ab titer and NT titer

(Log of NT titer)
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(Tan CW, et al. Nature Biotechnology 2020) 

Correlation for SARS-CoV-2 antibody by sVNT, pVNT, and cVNT



Mix-and-match COVID vaccines trigger 
stronger immune responses?

Homologous / Heterologous prime boost vaccination  



DOI: 10.21203/rs.3.rs-580444/v1

https://doi.org/10.21203/rs.3.rs-580444/v1


Winger and Caspari. Viruses 2021, 13(6), 1002; https://doi.org/10.3390/v13061002

RBD = 319-541 amino acids
ACE2 (RBM) = 437-508 amino acids

440-508

Receptor binding motif

https://doi.org/10.3390/v13061002


Alpha: B.1.1.7
U.K. variant

Beta: B.1.351
S.A. variant

Delta: B.1.617.2
India variant

Gamma: P.1
Brazil variant

Wuhan-Hu-1

D614 ∆69/70
∆144/145
N501Y
A570D
D614G
P681H
T716I
S982A
D1118H
E484K*
S494P*

D80A
D215G
∆241-243
K417N
E484K
N501Y
D614G
A701V

L18F
T20N
P26S
D138Y
R190S
K417T
E484K
N501Y
D614G
H655Y
T1027I

T19R
G142D
∆157-158
L452R
T478K
D614G
P681R
D950N

SARS-CoV-2 variants of concern

* = detected in some sequences but not all
Kantima




