£y AF
e o5

idourwiAwitioutulonaa .. \ 79
jundrgiuanidur AzINATANISIWNE UKAINY1AIVAAA ”m“:niia
29 Inu1gu na:3uinatinnasnwngIne A

“ COVID-19 vaccine : n1sAsd9ndRauaudy Fdundlku ?
- NRdUAUDY vs NDAUNU HAVIAIATU
- N1SASI? Binding antibody a: Neutralizing antibody

5udunsil 29 Tou1BU 2564  H1BNOAGALIU (£ LIVE

1931 10.00 - 12.00 U Faculty of Medical Technology, Mahidol University (MUMT) _'
https://www.facebook.com/MedTechMU “’"

snons MY

FINgSAAU AS.WIawus wsdmu: wel. ps.slien ale:anade WA. AS.HNBSAU 1aAd151y
nUSnEAUGITOWRmUILTANSSL nAd¥19adadngnalniazinaluladus=gnaA AUGIFEWRAILUIANSSY

AUzINATIANISIWNG UK19Ng1a9uhARa AEINATANISIWNE UK1INg1aguRRa
urgnauiaulosadnga (Us:inelne)

AEINATANISIWNG UKIINg1aguhRa




Current COVID 19- Vaccines
& Immune responses



SAR CoV-2 structure

Nucleocapsid protein (N) Membrane

\ : ? / glycoprotein (M)
Y7,
Spike

protein (S) —&EJ .

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,

Envelope .
protein (E) and 9 accessory proteins.
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Wou,et al. A novel coronavirus associated with a respiratory disease in Wuhan of Hubei province, China.
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Share of people who received at least one dose of COVID-19 vaccine
Share of the total population that received at least one vaccine dose. This may not equal the share that are fully
vaccinated if the vaccine requires two doses.
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The different platforms of COVID-19 vaccines

Classical Platform

Next Generation Platform
Whole- inactivated virus

Viral Vector

AstraZeneca

Inactlvated

Sl S pocin Y
L ]
Sinopharm/Sinovac/

DNA
Covaxin AstraZeneca/Johnson&Johnson/
SputnikV
Protein subunit/ © L w mRNA
Virus like particle BioNTech/Pfizer
Novavax 222000,
£ g
‘MatrixM ?% _,@, 5
6110,
§ c-SOR [ MESTIIE s
.(W : . . !
. Moderna/Pfizer-BioNtech

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




Basic immune responses to SAR CoV-2 infection

Virus entry Virus sensing/ Innate immune response Adaptive immune response
SARS-CoV-2

early antiviral response

Macrophage NK cell

Neutrophil Monocyte

Effector phase of the adaptive immune response

Infected cell

Lysed infected
cel

Phagocyte

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



Basic immune responses to SAR CoV-2 infection

Nucleocapsid protein (N)

Spike

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

Membrane
glycoprotein (M)

Neutralizing antibody or binding antibody?

RBD: . o .
wangng  Binding antibody
up

o Anti RBD

Anti Spike protein
Anti Necleocapsid protein

Antibody
Neutralizing antibod
Neutralising g y
antibody
Spike
protein
o 3L »

cell 4 SARS-CoV-2
Infection occurs infection blocked

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



An immune response is induced by vaccine

Memory cells Memory cells
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https://theconversation.com/could-bcg-a-100-year-old-vaccine-for-tuberculosis-protect-against-coronavirus-138006
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An immune response is induced by vaccine

Antibody response after immunization with CoronaVac

Inactivated virus vaccines
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Interim report: Safety and immunogenicity of an inactivated vaccine against

SARS-CoV-2 in healthy chilean adults in a phase 3 clinical trial
https://www.intvetvaccnet.co.uk/blog/covid-19/vaccine-eight-types-being-tested y P



An immune response is induced by vaccine

Viral subunit vaccines/Virus like particle

L ]
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Antibody-mediated immune
response & memory

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

Novavax
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T helper cell

Novavax induced Spike IgG and Neutralizing Antibody Responses

A SARS-CoV-2 Anti-Spike IgG ELISA
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An immune response is induced by vaccine

Viral vector vaccines Anti-ChAdOx1 vector after prime and boost doses of vaccine

AstraZenaca/ Johnson & Johnson (Janssen)/
Sputnik V A
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An immune response is induced by vaccine

mRNA vaccines COVID-19 vaccine BNT162b1 elicits human antibody and TH1 T cell responses
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Anti Spike response after Sinovac and Astrazeneca vaccination in Thai populatio‘
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Anti Spike response after Sinovac and Astrazeneca vaccination in Thai population
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Anti-spike I1gG (AU/mL)

Antibody response after Sinovac and Pfizer vaccination in Hongkong

Anti-spike IgG level (Abbott)

F P<0.0001
-
o : S -@'—
o 2 L
) =
-5 t
3 ¢ R
o ﬁ- : '  Cutolk
- ; 50 AUfmL
ol %
t_ P<0.000l
IOOT
10 - ' v v
N 5 \
<
é‘,bo& oé:&;f' i & cbo‘,
o'
& R A af?
A A 3
. 4 ° o
& & %é‘

(b)

Total anti-spike antibody level (Roche)
10% P<0.0001
] '
g - | —
3 102
<
8
=
<
c10'4
o
&
S
&
Gy N AN SORTERPL AT NPT Cutoff
e 0.8 U/mL
|
10" v ' ¥
X N v
& & bo“e &
&L L QO‘;" Qo"c&)
£ £ oY Na 2
o(“b & \@' \6\’
& &° < R
C C R )

(c)

102,

Surrogate neutralising antibody
(% signal inhibition)

10

Surrogate neutralising antibody level (GenScript)

P<0.0001

-
-

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



Immunity after infection or vaccination

-study-

a Serology Antibody detection

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

ccine-dose

ed-one-va

ly-ne

e.org/news/news-releases/2021/april/penn

e-who-had-covid19-may-on

Cellular memory

https://www.pennmedicin
s-thos

suggest




Antibody detection

Binding antibody assay Neutralization assay
* Detect IgM, IgG, IgA, or total Ig * Detect total Igs that direct against
* Recombinant N and/or S1 proteins are the neutralizing epitopes of

used as the test Ag infectious viruses

» Use purified proteins of virus, not live
virus, and can be performed in BSL-2 * Plague reduction neutralization
(PRNT) assay

#|mmunochromatograph : L
graphy * Microneutralization test (MNT)

#ELISA _ o
L * Focus reduction neutralization
# Chemiluminescence assay test (FRNT)

Qualitative or quantitative assay

Pseudotyped virus
neutralization test (pVNT)

Surrogate virus neutralization
test (sVNT)



Binding vs Neutralizing antibodies

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

I\

" Binding antibody ‘\Y/}».:’;.— Neutralizing antibody
* Bind specifically to virus, but ¢ Indicate for protective
do not inhibit the virus antibody
infectivity. * Decrease the replication of
* Not bind to the right region viruses by blocking
for neutralizing. attachment, penetration, or

uncoating of the virus.

 Neutralization in vitro is
usually related to protection
in vivo.



Mechanism of neutralization

Neutralizing antibodies Phagocyte
bind to virus /4

* No receptor binding \\(l Ph -
agocytosis

MR IR HHHRRRHIRHHHH R HHRRAH R HHH R

* No infection
Host cell

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

Subunit 1 Subunit 2

The neutralizing epitopes in S protein

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

S1 subunit

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



Plaque reduction neutralization test (PRNT)

Gold standard method

Vero cell control SARS-CoV-2 plaques

(Jarunee Prasertsopon)

Add semi-solid

overlay medium
%%%’:% -‘_ A_) @ @ Fix and stain

the cells
Cytopathic effect

Cut-off point as PRNT50/PRNT90

Antibody level
Serum Virus control Uninfected cell
dilutions 1:1 1:160 1:320 (withoutserum)  control

Add semi-solid

overlay medium

e + *7)\ - %27_’ ’ _&_) ’ —— Fix and stain

the cells




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

Uninfected Vero cell monolayer SARS-CoV 2 mfected ceIIs B

Microneutralization test (MNT)
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Uninfected cells Viral protein synthesisin ~ *" )
the infected cells =

. (Dr Narutha|0n5|r|sakul)

Chromogenlc substrate

Add semi-solid . * o * o

overlay medium ﬁﬁﬁ 4
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e WL ‘.
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BSL-3 facilities are required for PRNT, FRNT, or MNT

watlfuRms Y TRy 3
Biosecurity Level 3 Zone

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



Alternative assays to PRNT, FRNT, and MINT

* Avoid usage of risk group 3 virus
e 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

S ACE2 HRP
I/

Neutralizing antibody A
HRP-conjugated RBD -

% ACE2 ‘H RP

& O

Signal \)/‘

TMB + H,0

FiPy

® & ACE2 receptor J‘ ‘ RBD ‘

ELISA plate

=
Y




Pseudotyped virus neutralization test (pVNT)

Need cell culture system
Pseudotyped virus cannot replicate.

(1] Spike Protein Selection and Pseudovirus (2] Target Cell Line Transfection (3] Neutralizing Antibody
Production Assay Optimization

00 () -

.:;;.: - .:;-_Z_f K ﬂ "'-v'.‘;."_'-_.-_".;.'i"": \ ﬂ antibody

rie Enve Packagi
nun::tnr 3 \mr.mn Evn:tnnrng J i
Transfection .
Co-transfection h with 293T cells .,
with 293T cells f
= 2™ B

' ! |
orl ey

Pseudovirus 283T cells
formation expressing ACE2

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



Correlation between RBD specific Ab titer and NT titer

105‘ 105 -
r=0.83 r=0.37 r=0.16

p<0.0001 ° P<0.05
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RBD specific IgA titers

RBD specific IgM titers
@
SARS CoV-2 whole virus specific IgG ELISA

Neutralization titer (FRNT-mNG5,) » (K. Nayak, et al. Virology 2021)

Correlation for SARS-CoV-2 antibody by sVNT, pVNT, and cVNT
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(Tan CW, et al. Nature Biotechnology 2020)



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

Homologous / Heterologous prime boost vaccination

VACCINE

k> y
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BRIEF COMMUNICATION

Humoral and cellular immune response against SARS-CoV-2

variants following heterologous and homologous ChAdOx1 nCoV-
19/BNT162b2 vaccination.
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Receptor binding motif

(d) Ace2 Figure 1. Domain Organization of the SARS-CoV-2 spike protein and structural

NTD RBD features. (a) Domain organization of spike. Signal peptide: 1-12aa; $1-domain: 13—
685aa; S2-domain: 686-1273aa; N-terminal domain (NTD): 13-305aa; Supersite
loops: N1:14-20aa; N3: 140-158aa; N5: 245-264aa; Receptor binding domain (RBD):
319-541aa; Receptor binding motif (ACE2): 437-508aa; Furin cleavage sequence:
680-685aa; Fusion peptide (FP): 768-806aa; Heptad repeat region 1 (HR1): 912-
984aa; Heptad repeat region 2 (HR2): 1163-1213aa; Transmembrane domain (TMD):
1214-1237aa; Cytoplasmic domain: 1238-1273aa; (b) Surface of the closed spike
trimer (PDB: 6VXX); (¢) Surface of the open spike trimer—one protomer open (green)

Protomer open
(PDB: 6VYB); (d) Open protomer from (c) with the Ace2 binding motif (magenta) and
the RBD both indicated; (e) Surface of the open protomer with the three loops of the N-
- . . terminal supersite (N1: yellow; N3: blue; N5: red) and the Ace2 binding site (magenta)
ACE2 (RBM) = 437-508 amino acids
440-508
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SARS-CoV-2 variants of concern

——

Wuhan-Hu-1 Alpha: B.1.

1.7

U.K. variant

D614 A69/70
A144/145
N501Y
A570D
D614G
P681H
T716l
S982A
D1118H
E484K*
S494p*

* = detected in some sequences but not all

51 52
e —— |
’ : 9 _CTD 3 & N N
| I~ 8 R 2
[«%
(T
2 -" »
> 4" )
S A \’\\,'1-';...\
l\,"."\/ s".’-‘\”’“
‘.—."'“" (= 0.,..0";
\ "o." ] =P ey =y
vige " ‘/“- ey”
'v(‘.’\’ v ‘..’\'
<UYiIy v <49 + 08

Beta: B.1.351
S.A. variant

D80A
D215G
A241-243
K417N
E484K
N501Y
D614G
A701V

Gamma: P.1
Brazil variant

L18F

T20N

P26S

D138Y
R190S
K417T
E484K
N501Y
D614G
H655Y
110271

Delta: B.1.617.2
India variant

T19R
G142D
A157-158
LA52R
T478K
D614G
P681R
D950N

Kantima





