ELTE TTK
Bioldgiai
Intézet

A COVID-19 elleni vedooltasok: hogyan
miikodnek és honnan tudjuk hogy
valéoban mikodnek?

Dr. Kacskovics Imre
egyetemi tanar
ELTE TTK Immunoloégiai Tanszék

2021.05.06.




A himlo elleni vedooltas torténete
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A védooltasok rovid torténeti attekintése

1880: Louis Pasteur kifejleszti a veszettség elleni
véddoltast, az immunoldgiai ismeretek elmélytlése
mas véddoltasok kifejlesztésével is egyltt jart

1890: Emil von Behring felfedezi a diftéria- és
tetanuszvakcinak alapjait; Shibasaburo Kitasato
bevezeti a diftéria és tetanusz elleni antitest-terapiat

1920-as évek: a diftéria, tetanusz, szamarkohogés (Di-
Per-Te) és tuberkuldzis (BCG) elleni vakcinak
bevezetése

1955: Jonas Salk elGallitja az elsé elolt korokozos,
jarvanyos gyermekbénulds (polio) elleni védGoltast
(IPV), Albert Sabin pedig az els6 él6-gyengitett
kdrokozés védoboltast (OPV). (Magyarorszag: 1959-t6l
OPV, 1992-t6! IPV+OPV, 2006-t6l kizardlag IPV.)

ALBERT SABIN, M.D.




A védooltasok rovid torténeti attekintése
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1954: John F. Enders és Thomas Peebles
azonositja a kanyard virusat; 1963: a
legyengitett kanyarovirus véddoltas
torzskonyvezése az USA-ban; 1969: a kanyarod
elleni véddboltas bevezetése Magyarorszagon

3 1980: a Fold hivatalosan is himl6mentes (WHO)

2008: Harald zur Hausen Nobel dijat kap, amiért
felfedezi, hogy a méhnyakrakot virus (HPV)
okozza, és ez elvezet a HPV elleni vakcina
kifejlesztéséhez; a HPV elleni véddoltas
Magyarorszagon 2014-t6l ingyenes a 12-13 éves
lanyoknak

|




B Kanyar6 okozta megbetegedések és halalozasok
szama Magyarorszagon, 1925-2011
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Az immunrendszer véd a korokozok ellen

A virusok,
baktériumok, gombak,
parazitak karosak
és hasznosak is
lehetnek.

Szervezetiink
folyamatosan
kiizd a korokozdkkal,
és az immunrendserink
Jfolyamatosan drkidik
és véd!
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A koronavirus (SARS-CoV-2) életciklusa
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] Az immunrendszer alapijai
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http://www.cfr.org/interactives/GH_Vaccine_Map/#map

Az els6 és masodik immunvalasz kulonbsége
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A koronavirus semlegesitése ellenanyagokkal

(b)

(B) Receptor binding
Cell membrane
<—— Viral receptor

Membrane

Jiang és mtsai Trends in Immunology 2020




A koronavirus semlegesitése citotoxikus T limfocitakkal
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Coronavirus Vaccine Tracker

By Carl Zimmer, Jonathan Corum and Sui-Lee Wee Updated May 5, 2021

PHASE 1 PHASE 2 PHASE 3 AUTHORIZED APPROVED ABANDONED
Vaccines Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety inexpanded inlarge-scale in early or approved abandoned
and dosage safety trials  efficacy tests  limited use for full use after trials
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Ehe New Nork Times

Coronavirus Vaccine Tracker

Leading vaccines
Developer How It Phase Status
Works
% Pfizer-BioNTech mRNA BPIEY 2oproved in several countries.
Emergency use in U.S., E.U., other countries.
B Moderna mRNA E Approved in Switzerland.
Emergency use in U.S., E.U., other countries.
W Gamaleya Ad26, Ad5 E Early use in Russia.
Emergency use in other countries.
Oxford- ChAdOx1 BE Approved in Brazil. Stopped use in Denmark.
AstraZeneca Emergency use in U.K., E.U., other countries.
B CanSino Ad5 Bl ~pproved in China.
Emergency use in other countries.
ﬁ Johnson & Johnson Ad26 E Emergency use in U.S., E.U., other countries.
Paused in some countries. Stopped usein
Denmark.
= Vector Institute Protein B Early use in Russia. Approved in Turkmenistan.
B Novavax Protein B
B Sinopharm Inactivated B Approved in China, U.A.E., Bahrain.
Emergency use in other countries.
B Sinovac Inactivated E Approved in China.
Emergency use in other countries.
ELTETTK B Sinopharm-Wuhan  Inactivated E Approved in China.
B|o|6g|a| Limited use in U.A.E.
|ntézet & Bharat Biotech Inactivated B Emergency use in India, other countries.

2021.05.05.



https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

COVID-19 vakcina tipusok
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Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)




BN A\ COVID-19 vakcinak legfontosabb célpontja az RBD

N

RBD-dimer

Immunogenicity
enhancement

Trimerization tag
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Structure
rearrangement
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S2-trimer (post-fusion)

Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)




Az idealis COVID-19 vakcina sajatossagai:
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1. magas titer( semlegesit6 antitest (nAb) valaszt indukal
(a COVID-19 betegségen atesettek vérében mért
antitesthez hasonlé kell legyen)

2. hosszu tavu immunoldgia memoriat valt ki

3. véd a kulénbo6z6 koronavirusok ill. mutansok ellen

4. alacsony titerl nem-nAb antitest valaszt indukal, hogy
csokkentse az ADE (antibody dependent enhancement)
eselyét

5. erdsT,1 sejtvalaszt indukal

6. gyenge T,2 sejtvalaszt indukal, hogy csékkentse az ERD

ELTE TTK (enhanced respiratory disease) veszélyét
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Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)




. .| Kariko Katalin ez iranyu
MRNS alapu vakcing «kutatasai (dsrNS FPLC

a Unmodified, unpurified mRNA | b Nucleoside-modif] tisztités, SSRNS nukleozid
maédositas) kiemelkedé
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Pardi et al. NatRevDrugDisc 17:261 (2018)




_ Strategy Construct DevelopTr ; B and T cell responses? Clinical
MRNS alapu vakcinak stage

LNP-mRNA Full-length S Moderna, with National  Induction of S-specific IgG and Phase llI

E-L-T-E withtwoproline Institute of Allergy and nAbs in mice, NHPs and humans,
substitutions Infectious Diseases, USA  with nAb titres higher than
(K986P and convalescent plasma; induction

VO87P) of high T,1 cell responses but
low T,,2 cell responses in mice,
NHPs and humans

LNP-mRNA Full-length S BioNTech, with Fosun Induction of S1-specific IgG Phase Il
(cont.) withtwoproline Pharma and Pfizer, and nAbsin humans, with nAb
substitutions Germany titres higher than convalescent
(K986P and plasma
V987P) Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)
LNP: lipid nanoparticle Zoahai eSS
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e 8 Buschmann et al. Vaccines 2021, 9, 65.
PEG-lipid | Charged ionizable lipid
§ Cholesterol || Neutral ionizable lipid
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Adenovirus vektor

Vinal New Viral
DA Gene DNA
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@  Modified DNA injected

U.S. National Librany GELECIEIT

https://www.genetherapynet.com/viral-vector/adenoviruses.html




Adenovirus vektor alapu vakcinak

Strategy Construct Developer B and T cell responses® Clinical
E=L:T=E
stage
Virus vector Full-length S CanSino Biological Inc.  Induction of RBD-specific IgG Phase llI
(Ad5) with Beijing Institute of  and nAbs in humans; induction
Biotechnology, China of T,,1 cell responses

Virus vector Full-length S University of Oxford, Induction of S-specific IgG Phase llI
(ChAdOx1) with AstraZeneca, UK and nAbs in mice and NHPs;

induction of high T, 1 cell
responses but low T2 cell
responses in mice; induction
of S-specific IgG and nAbs in
humans, with nAb titres similar
to convalescent plasma

Virus vector Full-length S Gamaleya Research Induction of RBD-specific Phase llI
(Ad26 and Institute, Russia IgG and nAbs in humans,
Ad5) with nAb titres similar to
convalescent plasma; induction
ELTE TTK of IFNy-associated T cell
Bioldgiai responses

Intézet
Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)
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Strategy

Virus-vectored
(Ad26)
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Virus vektor alapu vakcinak (folyt)

Construct Developer

Full-length S Janssen Pharmaceutical
withtwoproline Companies, USA
substitutions

(K986P and

V987P) and

two mutations

at furin

cleavage site
(R682S and
R685C)

B and T cell responses® Clinical
stage
Induction of RBD-specific Phase Il

IgG and nAbs in hamsters

and NHPs; higher nAb titres
induced by S-2P-based vaccine
rather than by wild-type Sin
NHPs; induction of high T,,1
cell responses but low T,,2 cell
responses in NHPs

Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)
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Strategy

Whole virus

Inactivated NA

virus
(PiCoVacc)

Inactivated NA
virus

Inactivated NA
virus

(BBIBP-CorV)

Construct

Developer

Sinovac, with
National Institute for
Communicable Disease

Control and Prevention,
China

Wuhan Institute of
Biological Products,
Sinopharm, with Wuhan
Institute of Virology,
Chinese Academy of
Sciences, China

Beijing Institute of
Biological Products,
Sinopharm, with
Institute of Viral Disease
Control and Prevention,

China Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)

Clinical
stage

B and T cell responses®

Inaktivalt vakcinak

Induction of S-specific, Phase llI
RBD-specific and N-specific

IgG, and nAbs in mice, rats and

NHPs: no induction of either

T, 1orT,2cellresponsesin

NHPs; induction of RBD-specific

lgG and nAbs in humans; no

obvious vaccine-induced T cell

responsesin humans

Induction of virus-specific Phase llI
lgG and nAbs in humans;
no induction of either T, 1 or

T,,2 cell responses in humans

Induction of nAbs in rabbits, Phase Il
guinea pigs, rats, mice, NHPs

and humans; no induction of

either T,1 or 1,2 cell responses

in NHPs




Rekombinans protein alapu vakcinak

L Strategy Construct Developer B and T cell responses® Clinical
stage

Protein RBD-dimer Anhui Zhifei Longcom Induction of RBD-specific IgG Phase lll
subunit (CHQO) (residues Biopharmaceutical, and nAbs in mice; no induction

319-537 with Institute of ofeither T ,1orT, 2 cell

as tandem Microbiology, Chinese responsesinmice

repeat) Academy of Sciences,

China
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Dai & Gao: NatRevimmunol vol 21, pages73-82(2021)




A SARS-CoV-2 fert6zottseg diagnosztikaja
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; A SARS-CoV-2 fert6zés és a veddoltasok hatasanak
&’”’E elemzése -1. ellenanyag gyorstesztek
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A SARS-CoV-2 fertbzés és a vedooltasok hatasanak
elemzése - 2. ELISA
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anti-SARS-CoV-2 B anti-RBD ELISA

Ab response

Substrate
( ( anti-human
/) \ /) /) N l) 1gA/IgG/IgM HRP

dddda =

SARS-CoV-2

C ACE2 Competition ELISA
Limited blocking activity High blocking activity
Substrate Substrate ;
i YmECAD HRP \/ patient anti-RBD
\& t/( \’\\ non-blocking Ab
ACE2-mFc
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Biologiai '0 0.\ ﬂ/' © @

Intézet RED
https://www.news-medical.net/news/20200818/COVID-immunity-related-to-how-bad-you-get-it.aspx




A SARS-CoV-2 védoboltasok hatasanak elemzése 3.
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Nucleocapsid protein (N) & v 5
and RNA Hemagglutinin esterase (He)

Spike glycoprotein (S) Membrane protein (M)

Lipid bilayer r ) £ St S~ d Envelope protein (E)
membrane ) ’
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- Mikor teszteljunk? (masodik véddoltas utan 2-3 héttel)
- Mit tesztelUnk?
- Pfizer, Moderna, Szputnyik, AstraZeneca — S-protein specifikus
IgG ellenanyagot

ELTE THiSS

Bliotlégifi - Sinopharm — S, N vagy E specifikus IgG ellenanyagot
nteze
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Serum antibody titre

Meddig vagyunk védettek?

IgG and IgM Detectable IgG and

detectable by nAb may decline
— |QG around 2 weeks after 8 weeks
— QM | | I
— QA R, -
——s 1 AD

* ===« Uncertainty

Detectable limit
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T Week1 2 3 4 5 6 7 8 9 10 11 12

Disease onset

Post és mtsai: PLOS ONE (2020)




Meddig vagyunk védettek?

SARS-CoV-2
Spike RBD NTD
Exponential : t,,= 126 days t,,= 116 days t,, = 130 days
Power Law : t,, = 238 days t,o = 209 days ti, = 244 days
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Cohen és mtsai: medRxiv (2021)
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Az elemi reprodukcios szam (R,) jelentosege

How contagious is a disease?
Scientists use "R naught," or RO, to estimate how many other
people one sick person is likely to infect
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Nyajimmunitas
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1. kismeértéki atoltottsag

2. megfelel6 mértéki atoltottsag

3. megfeleld altalanos atoltottsag, oltatlan csoporttal
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Mindenkinek COVID mentes, jo egészséget kivanok!

ES oltakozzunk!

Kb6szé6noém a figyelmet!
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