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COVID-19 Konusunda Gelinen Nokta

* COVID-19 baslayali > 15 ay oldu
* Yeni bir etken ile karsi karsiyayiz
e Alisilagelenin disinda ozellikler saptaniyor

* Cok sayida yayin var
- PubMed’de: 135.878; medRxiv / bioRxiv'de: 16.068 yayin (20.05.2021)

* Celiskili bulgular yayinlanmakta
* Bilinmeyenler...

* TR'de ve dlinyada tartisilanlar...
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Coronavirus'lerin (CoV) evrimsel seruveni

Virus: PEDV3 Virus: rBCoV> Virus: MERS-CoV’ Virus: SARS-CoV-2°
Species: Porcine Species: Bovine Species: Human Species: Human
[ [ [
Virus: HCoV-NL63%2 Virus: HCoV-229E? Virus: HCoV-0C432 Virus: PRRSV# Virus: SARS-CoV® Virus: PEAV-GD-CH3
Species: Human Species: Human Species: Human Species: Porcine Species: Human Species: Porcine

~1190-1449 ~1800 ~1900 ~1970-1980 2002 2012 2017 2019
Years in CE T T
|
2013 in the US Rekombinasyon sikligi ve genomun degiskenligi tirler

arasi bulagi kolaylastirir 1©

Selektif baski Hizli

*HCoV, human coronavirus; PEDV, porcine epidemic diarrhea virus; PRRSV, porcine reproductive and respiratory syndrome virus; rBCoV, respiratory bovine coronavirus; SADS, swine acute diarrhea syndrome evrlmseuesme

1. Huynh J, et al. J Virol 2012;86:12816-25; 2. Forni D, et al. Trends Microbiol 2017;25:35-48; 3. Mole B. Nature 2013;499:388; 4. Paploski IAD, et al. Front Microbiol 2019;10:2486; 5. Storz J, et al. J Clin Microbiol 2000;38:3291-8; 6. Peiris JSM, et al. Lancet
2003;361:1319-25; 7. Zaki AM, et al. N Eng J Med 2013;367:1814-20; 8. Fu X, et al. Infect Genetic Evolution 2018;62:179-87; 9. Zhou P, et al. Nature 2020;579:270-3; 10. Latinne A, et al. Nature 2020;11:4235 https://doi.org/10.1038/s41467-020-17687-3 3



Nedir bu Coronavirus’ler (CoVs)?

« YENI BIR ETKEN DEGIL: insanda, kanatlilarda ve diger
memelilerde bulunan genis bir virts ailesi

* Insanda’:2:

« Hafif seyreden Ust ve alt solunum yollari enfeksiyonlarina,
ender olarak agir /fUlminan enfeksiyonlara yol agarlar
(yeni doganlarda, immun sistemi baskilanmislarda):

« HCoV OC43 (1960’s)
« HCoV NL63 (2004)

. HCoV 229E (1960'’s)
« HCoV HKU1 (2005)

« Son olarak saptanan 2 etken agir enfeksiyonlara yol
acmistir:

« Severe Acute Respiratory Syndrome (SARS-CoV) (2003)
» Middle East Respiratory Syndrome (MERS-CoV) (2012)

TGEV: Transmissible gastroenteritis virus (swine); BCoV: Bovine CoV; FCoV: Feline coronavirus

1. Schoeman D & Fieldiong B. Virol J 2019; 16: 69 2. Corman VM et al. Adv Virus Res 2018; 100: 163-188 3. WHO. Available at:

https://www.who.int/emergencies/mers-cov/en/

o B
\ .
;b e
A
v : »
< " A y
: . |
| -
2
4 !
p
" '
.
. o
-
“~ \v
1 \ |
|
. (=
. \
S
5 ¥, y
o Ve
v
!
0

=

1

L

s
L/



https://www.who.int/emergencies/mers-cov/en/

Coronavirus’ lerin yapisi

- CoV’ler major bazi proteinlere
sahiptir’-4
- Spike (S) proteini: Antikorlarin hedefi
- Membran (M) proteini
- Kilif (Envelope, E) proteini
- Nukleokapsid (N)

- Hucre ylzeyindeki angiotensin
converting enzyme-2 (ACE2)
reseptorune baglanir

- Bu reseptor vucudun bir cok

bolgesinde, farkli organlarda
bulunmaktadir

ssRNA: single-stranded RNA

@ ACE2 reseptirierine badlanan ve viral gieks yapan SARS -CoV-2
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1. Schoeman D & Fielding B. Virol J 2019; 16: 69 2. Fehr AR & Perlman S. Methods Mol Biol 2015; 1282: 1-23 3. Huswit RJ et al. Adv Virus Res 2016; 96: 29-57 4. Walls AC et a. Cell 2020; doi: 10.1016/j.cell.2020.02.058



SARS-CoV-1 (SARS) ve SARS-CoV-2 (COVID-19) kiyaslamasi
S TsAsCoviloaRs)  |sARsGovz(covios)

Virls Betacoronavirus cinsi 13 Betacoronavirus cinsi
genetik yapi: %79 benzerlik 13

Kaynak Yarasa* Yarasa 4
Ara konak kedigiller® Pangolin 4
Reseptor ACE2 >7 ACE2
YUKSEK AFINITE >7
Bulasma Damlacik enfeksiyonu +++ 8 Damlacik enfeksiyonu +++ 8
Viriis atilimi Ust solunum yollari+++, ALT SOL YOLLARI +++, YUKSEK VIRAL
semptomlar baslayinca ° YUK (1000x), DAHA ERKEN

(semptomlar baslamadan 6nceki 6.
gunde) 210

Toplam olgu sayisi 8098 > 164 milyon
Etkilenen lilke sayisi 26 213
% 9,5 % 5,3 (0-16,3)

Olgu/o6lim orani

1. Cui J et al. Nat Rev Microbiol 2019; 17: 181-192; ; 2. Coronaviridae Study Group of the International Committee on Taxonomy of viruses. Nat Microbiol 2020; doi: 10.1038/s41564-
020-0695-z 3. Wang H et al. Eur J Clin Microbiol Infect Dis. 2020; doi: 10.1007/s10096-020-03899-4 4.Zhang T et al. Curr Biol. 2020;30(7):1346-1351 5. Wrapp D et al. Science 2020;
367(6483):1260-1263 6. Lu R et al. Lancet 2020; 395; 565-574 7. Tai W et al. Cell Mol Immunol. 2020 10 1038/s41423-020-0400-4 8. Wilder-Smith A et al. Lancet Infect Dis 2020; 20(5):
e102-e107 9/ Gandhi M et al. N Engl J Med 2020; DOI: 10. 1056/NEJMe2009758 10. Wolfel R et al. Nature. 2020; doi: 10.1038/s41586-020-2196-x 11. Petrosillo N et al. Clin Microbiol Infect 2020;
doi: 10.1016/j.cmi.2020.03.026.



SARS-CoV-2'nin hlcreye tutunup girmesi
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SARS-CoV-2 Spike (S) proteini, S1 ve S2 alt-unitelerine sahip trimerik
transmembraner bir yapidir: furin ile kesilir, ancak bir arada kalir

W NTD RBD " HR1 MA2 TML CT
—— N - B 4l |
. S 1D |1 L m “t -t N7 N 1 ALE e a2 up
mambarnng
f 51 subunit } 52 subunit ——o—
(14-685 residues) (686-1273 residues)
SP: Signal peptide (1-13 residies) FP: Fusion peptide (788-806 resklues)
NTD: N-1ermina! domain (14-305 residues) HRL: Heptapeptide repeat sequence 1 (912-584 resicues)
RBD: Recepros-binding domain (319-541 residues) HR2: Heptapeptide repeat sequence 2 (1163-1213 residues)
RBM: Recaptor-binding motif [437-S08 residues) T\ Transmembeane domain (1213-1237 residues|
CT. Cyroplasm domain (1237-1273 residues)
( J ( J
Reseptore baglanmadan sorumlu kisim Membrana fiizyondan sorumlu kisim
N-Tarminad
/" Fusion

/ Pesiae

HA1 HR2 lener domain

CT, cytoplasm [inner] domain; fusion peptide; HR, heptapeptide repeat sequence; NTD, N-terminal domain; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TM, transmembrane;

Figure (top) adapted with permission from Calcagnile M, et al. bioRxiv preprint doi: https://doi.org/10.1101/2021.01.12.426365; (bottom) reprinted with permission from Calcagnile M, et al. bioRxiv preprint doi: https://doi.org/10.1101/2021.01.12.426365

nr

Spike proteinin:
- S1 (1 - 450) alt-bolgesi:
NTD ve RBD kisimlarini

- S2 (450 - 1208) alt-bolgesi:
membrana flizyon kismini tasir



https://doi.org/10.1101/2021.01.12.426365
https://doi.org/10.1101/2021.01.12.426365

SARS-CoV-2, Spike (S) proteini konformasyonu

Closed SARS-CoV-2 S trimer

hACE2-binding
$%domain (closed)

hACE2-binding
S "domain (open)

S proteininin 3 monomeri bir araya gelerek, ylizeyde yer alan
trimer yapisini olustururlar!

S proteini metastabl, preflizyon konformasyonundadir
Reseptore baglandiktan sonra yapisal degisime ugrayarak
konak hiicre membrane ile fizyona ugrar 12

NTD ve RBD bolgeleri acik ya da kapali konformasyonda
bulunabilirler

RBD, kapali konformasyon halinde 6rtili-sakh bicimde
bulunurken, acik sekli aldiginda reseptore baglanmaya hazirdir
Acik konformasyon sekli ACE2’ye baglaninca, S proteini post-
flzyon asamasina gelmistir?

ACE2, angiotensin-converting enzyme 2; hACE2, human ACE2; NTD, N-terminal domain; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Figure: adapted with permission from 1. Walls AC, et al. Cell 2020;181:281-92
1. Huang Y, et al. Acta Pharmacologica Sinica 2020;41:1141-9; 2. Xiong X, et al. Nature Structural Molecular Biol 2020;27:934-41



SARS-CoV-2 Spike (S) proteinin 2 iglevi:
1- ACE2 reseptortine baglanmak + membrana flzyon
2- antikorlara baglanma-notralizasyon

' 2 SARS-CoV-2 Spike proteininin ACE2'ye

}J baglanmasi membrana flzyon sonrasi
enfekte hicrelere viral kapsidin girisini

saglayacak konformasyonel degisimi baslatir

masivare eaee

Bindng-induced

Brding of SARS-Co\V-2 conformasonal change Bndging of mambranes Fusion of the SARS-Co\V-2
10 host ACEZ recaptor anvd bridging of mto propinguity for viral fusion mambrana and host col membrane
mermbirang

Huang et al Acta Pharmacologica Sinica (2020) 41:1141-1149; Benton et al Nature. 2020 December 01; 588(7837): 327—330. NgKT et al., Vaccines 2021;9,178, https://doi.org/10.3390/vaccines9020178 10



Virusler ve mutasyonlar

* Genetik farklilagsmanin izlenmesi, viral yayilimin ya da 4
patojenisitenin artigini takibi agisindan énemlidir’

« “Yasamini surdurebilmesi”, daha etkili-gucli cogalip yayilmasi igin
virusler surekli “evrimlesirler”

 VirGsun zarari (6lumu ile sonlanma) ya da yarari (immun yanittan
kagma, ya da farkli canli tUrlerinin hucrelerine baglanma) yoninde
farklilasma olabilir 23

* Ancak genler kusursuz ¢alismaz; hatalar ve bunlari onarim
mekanizmalari var 4

1. Laamarti M., et al. bioRxiv. 2020: doi.org/10.1101/2020.05.03.074567; 2. van Dorp L., et al. Infect Genetic Evol. 2020; 83:104351; 3. Sashittal P., et al. bioRxiv. 2020:
doi.org/10.1101/2020.05.07.083410. 4. Young B et al. Lancet 2020; https://doi.org/10.1016/S0140-6736(20)31757-8



Mutasyonlarin neden olabilecegi sorunlar / etkiler

New mutated strains . '
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SARS-CoV-2 virus

- Asinin etkinliginden kacis

COMID- 19 waccine
usng Sphae protein

. SARII-CO’I‘-:’::- **
- Re-enfeksiyonlara neden olma N 3
o

Strong binding with ACE2 receptor and escape from
immune system causes more infections and harms

Hossain MK et al., Expert Rev Vaccines 2021; https://doi.org/10.1080/14760584.2021.1915140



Bulasma gucu daha fazla olan varyantlarin
yol actiklari

Konfirme COVID-19 olgular: (1 Uc¢ farkh o6zellikdeki sus icin matematik
modelleme *I2]
Ireland
1200 b 1000 %50 daha bulasici
1000 olan sus ile gérilen
§ Portugal _ 800 Da-ha gliclii letal 6zellige olumler
:_"‘ 800 United Kingdom £ sahip sus, baslangigta daha
p < ¢ok 6liime neden olur. Daha
© 600 g 600 bulasici olan sus zaman
> —
% Spain £ iginde digerinin yerini alir
< 400 S 400 %50 daha letal 6zellige
> c . .
oo 500 g ZTQ::;:S ile olusacak
o A 200
0 - Orijinal sus ile olusan
Mar 1,2020 Apr30 Junl1l9 Aug8 Sep27 Novl16lan12,2021 0 Olimler
Tarih Zaman

*QOriginal strain assumes a fatality risk of 0.8% and that each infected person transmits to an average of 1.1 other people.

1. Our World Data. https://ourworldindata.org/coronavirus#coronavirus-country-profiles.
2. Kucharski. Council on Foreign Relations. https://www.cfr.org/in-brief/how-dangerous-are-new-covid-19-strains.



Farkl viruslerde mutasyon siklgi

The viral mutation rate in human infecting viruses.

Class Virus Genome size (kb) Average mutation rate
ss (+) RNA Human Rhinovirus 14 7.13 6.9 x 10°°
Poliovirus 1 7.44 9.0 x 10°%
Coxsackie B virus 7.4 4.76 x 103
Human Norovirus G1 7.65 1.5x107¢
Hepatitis C virus 9,65 38 x10°°
Zika virus 10 6.76 x 104
Dengue virus 10.7 717 x107*
Human coro. E 27.3 328 < 10"
SARS coronavirus 29.7 2.80 x 107
ss (-) RNA Vesicular stomatitis virus 11.2 3.7 x 10°°
Rabies virus 11.9 397 x 104
Influenza A virus 13.6 25 % 10°°
Human Parapneumo virus 13.34 712 x 107"
Mumps Virus 15.38 917 x 104
Measles virus 15.9 3.5 % 10"
Respiratory Syncytial Virus 15.19 2,31 x 1077
CCHFV 19,15 987 x 10°°
ds RNA Human rotavirus A 18.56 1.76 x 1077
Retro (Reverse transcribing) Human Hepatitis B Virus 3.22 321 x 107"
Human T Cell Leukemia virus 8.50 1.6 x 105
HIV-1 9.18 6.3 x 107
Rous sarcoma virus 9,40 1.4 <10
ss DNA Human Parvovirus B19 5.59 1.55 x 10°*
ds DNA JC Polyomavirus 513 1.7 x 108
Human Adenovirus 5 35.9 1.31 x 107
Herpes simplex virus typel 152 59 «10"
Human cytomegalovirus 235 20 %107

Mohammadi E et al. Biomed Pharmacother 2021;139: 111599



SARS-CoV-2 ve Mutasyonlar

Bir RNA (30kb) virtsi: mutasyon olasiligi yiiksek...ancak beklenenin aksine mutasyon sikligi az..

SARS-CoV-2’nin evrimsel hizi yaklasik 6 x 10 m’jkleotit/éenom/yll olarak hesaplanmaktadir. Bu hiz 30 kb
blayukliginde bir genoma sahip olan SARS-CoV-2'de yilda yaklasik 20 niikleotitlik bir farklilasma olacagi anlamina

gelmektedir
Ayda ortalama “harf” degisimi: Influenza’nin % si, HIV’in % G

ORF7a ORF8 @ A382,

ORFla ORF1b ORF3a MT / ORF10 I\OIIR::S,de
sure — A g} 7 Mutesyon
S E/J \ N

(Sitokin yaniti az,
gucliu T hiicre yaniti
ORF6  ORF7b belirtiler hafifs)

* RdRps anti-virallerin

gelistiriimesinde asil hedef olan « D614G mutasyonu bulas ve daha agir
bolge (Favipiravir, Remdesivir, hastalik yapma 6zelligi: ? 23
Ribavirin..) 2

SARS-CoV -2’de simdiye dek saptanan mutasyonlarin hemen tamami notr ya da etkisiz (deleterious) 6zellikte olup,
s6z konusu olan amino asid degisimleri ilgili protenin yapisinda / islevinde 6nemli farkliliklara yol agmaz %3

Ancak durum Aralik 2020 de degisti !

1. Laamarti M., et al. bioRxiv. 2020: doi.org/10.1101/2020.05.03.074567; 2. van Dorp L., et al. Infect Genetic Evol. 2020; 83:104351; 3. Sashittal P., et al. bioRxiv. 2020: doi.org/10.1101/2020.05.07.083410. 4. Young B et al. Lancet 2020;
https://doi.org/10.1016/S0140-6736(20)31757-8



Agir olgularda D614G mutasyonu & bu mutantin yayilimi

'S

S$1 subunit S2 subunit

614!
Y

D614 TAT CAG GAT GIT AAC TGC
'rvlnGiz Gln.ls A.p.1‘ v.|815 Asn6‘|8 cysen

G614 TAT CAG GGT GTT AAC TGC
Tyr*i2 GIné'* Gly®'* Vals's Asnt'¢ Cys!?

Zhang Y et al., Trends Genet 2021;37(4): 299; Grubaugh ND et al, Cell 2021;184: 1127

GLOBAL SPREAD

By the end of June, the D614G mutation was found
in almost all SARS-CoV-2 samples worldwide.

Frequency of DE14G*

Jan Feb Mar Apr May Jun

*Mumber of samples - 52,202

Callaway E, Nature 2020;585: 174



D614G mutasyonuna sahip suslarin bulastiricilik 6zelligi

A Viral Infoction Testad in Cell Culture

Human kung epithelial cdl ine

/
Infecton with D614
and GELE straien of
\ SARS.Co¥2

ool dboent 7

Baric RS. N EnglJ Med 2020;383: 27.
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SARS-CoV-2'de saptanan ilk dnemli Mutasyonlar

« D614G (S protein):

» Cin’de ocak 2020 sonunda saptandi; suratle dunyada yayildi (selective
advantage) 12

« D614G ust solunum yollarinda viral yukun artisina ve bulas artisina
neden olur 3

« Daha agir hastalik ve mortalite artisina neden olduguna dair bulgu yok 2
* N453Y (RBD / S protein):

« Hollanda ve Danimarka’da vizon cifliklerinde, 2020-yaz basi saptandi

« N453Y vizonlardaki ACE2 reseptoriine baglanma oraninda artisa yol acar’
 Vizondan-insana bulas konusunda genetik bulgular saptandi 4

« Vizon ciftliklerinde galisanlarin % 68’inde SARS-CoV-2 enfeksiyonu kanitlandi 4

- Q677H & Q677P (“cleavage site” bolgesine yakin):

« S:Q677H veya S:Q677P mutasyonuna sahip 7 farkli soy (lineages) Agustos ve
Kasim 2020 de saptandi ®

« Bu mutasyonlar yayilmayi ve bulasi kolaylastirici 6zellige sahip olabilir ®

1. Lauring AS et al. JAMA 2021; doi:10.1001/jama.2020.27124 2. Volz E et al. Cell 2021; 184: 1-12 3. Plante JA et al. Nature 2020; https://doi.org/10.1038/s41586-020-2895-3 4.
Oude Munnink et al. Science 2021; 371: 172-177 5. Hodcroft EB et al. medRxiv preprint doi: https://doi.org/10.1101/2021.02.12.21251658

18


https://doi.org/10.1038/s41586-020-2895-3
https://doi.org/10.1101/2021.02.12.21251658

- GISAID (Global Initiative on Sharing All
Influenza Data) database
(http://gisaid.org)
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- 18 Mayis 2020 tarihinde, filogenetik
analizlere gore olusturulan SARS-CoV-2
suslarinin isimlendirilmesi
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Rambaut A et al, Nature Microbiol 2020;5(11): 1403-7


http://gisaid.org/

Preliminary genomic characterisation of an emergent SARS-CoV-2
lineage in the UK defined by a novel set of spike mutations

Report written by: Andrew Rambaut?, Nick Loman?, Oliver Pybus®, Wendy Barclay*, Jeff Barrett®,

Alesandro Carabelli®, Tom Connor’, Tom Peacock*, David L Robertson?, Erik Volz*, on behalf of
COVID-19 Genomics Consortium UK (CoG-UK)®.

Deep Mutational Scanning of SARS-CoV-2
Receptor Binding Domain Reveals
Constraints on Folding and ACE2 Binding

Tyder WL Star, ' 4 Allison .. Greamey, 38 Sarah K. Hillon, ' Danied Ellis, *** Katharine H.D. Crawdord, 1=
Adam E. Dingens,' Mary Jane Nawvarro,” John E. Bowen,” M. Alefandra Tortorici,” Alexandra C. Walls,” el P, Kng,"
David Veasler,” and Jassa 0. Blogm ' -%"

Coevolution, Dynamics and Allostery Conspire in
Shaping Cooperative Binding and Signal
Transmission of the SARS-CoV-2 Spike Protein with
Human Angiotensin-Converting Enzyme 2

Gennady Verkhivker ™%

Meutralising antibodies drive Spile mediated SARS-CoV-1 evasion

Steven & Kemp, Dami A Collier, Bawlings Datir, 2alma Gayed, Aminu Jahun, Myra Hosmilla, Isabella ATH Ferreira,
Chioe Rees«Spear, Petra Mlcochova, Ines Ushiro Lumb, Cavid Roberts. Anita Chandra, Migel Temperoon,
Katherine Sharrocks, Elzabedh Blane, john & Briggs. The COVID=1§ Genomics UK (COGLUK) Consortium,
The CITHC=MIHE BioFesource COVID: 1R Collaboration, Ken G Smith, John B Bradley, Chris Smith,

Richard Gaoldseein, lan G Goodfellow, Anna Smielewska, jordan P Skictrall, Theo Gouliowris,

Effrozsyni Gkraniz-Klotsas, Chris |R llingesorth, Laura E McCoy, 2 Ravindra K Gupta
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Varyantlarin zaman iginde seleksiyonu

- D614G mutanti haziran
2020 den sonra kiiresel
yayilim gosterdi

- Mutasyonlar, sadece
virlise bir avantaj
sagladiklarinda (hizli
repliksayon, bulasma
hizinin artmasi,
immiuniteden kacis vb)
pozitif seleksiyona
ugrarlar

S varyantlarinin viris yayiliminda pozitif seleksiyon sireci Gelecekte?
SARS-Cov2 D614G B.1.1.7 B.1.351/P1 B.1.5267
Parental Wuhan Consensus E501Y ES01Y
K417N/T L5F,
E484K T95I,
D253G,
l E484K or
M S477N,
Viral Fitness  Viral Fitness Viral Fitness D614G
Immune evasion A701V

 Geigme

R

*Bredford and Malik 2016 cell https://doi.org/10.1016/j.cell.2016.10.032
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2021 yilina girerken SARS-CoV-2 varyantlarinda durum

Variant of concern Toplam mutasyon

(saptandig iilke)

B.1.1.7
(United Kingdom)

BE
B.1.351
(South Africa)

T

P.1
(Brazil)

— 8§§§E 21

S gen bolgesinde
mutasyon

N501Y

N501Y,
E484K,
K417N

N501Y,
E484K

islevsel agidan
olasi sonuglar

Daha gicli
bulas

- Antikora

baglanmada
zayiflama,
immun
yanittan kacis

B.1.351 ve P.1
varyantlari icin
asinin
etkisinde
azalma



SARS-CoV-2'de Mutasyonlar (N501Y)

« N501Y mutasyonu bulunan varyantlar:
« Varyant N501Y.V1 (B.1.1.7 soyu) Guneydogu Iingiltere de saptandi (~Eyll 2020)
« Varyant N501Y.V2 (B.1.351 soyu) Giiney Afrika’da saptandi (~Ekim2020) 2
« Varyant P.1 (B.1.1.248 soyu) Brezilya’da saptandi (~Ocak 2021) 34

« Bu mutasyonlarin viral yuk — bulas gucu — agir hastalik olugturma 6zelliklerine

etkileri :
« N501Y (RBD’de mutasyon) ACE2 reseptoriine yiksek affinite & viral yik' °

* B.1.1.7 soyu % 43-90 (95%Cl: 38-130%) oraninda daha yiuiksek bulastiricilik yetisine
sahiptir; hastaneye yatislarda artisa neden olur (odds ratio: 1.6) ve yliksek mortalite nedenidir
(mortality hazard ratio:1.6) 6789

« B.1.351 soyu %50 (95% CI: 20-113%) oraninda daha bulagicidir; hastalik seyrine etkisi
gosterilmemigtir 7

» B.1.1.248 soyu: olasi artmis bulasdan sorumludur, ancak daha agir hastalik yaptigina dair
bulgu mevcut degildir 7

RBD: Receptor Binding Domain

1. Lauring AS et al. JAMA 2021; doi:10.1001/jama.2020.27124 2. Tegally H et al. medRxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248640 3. Kupferschmidt K. Science 2021; doi:10.1126/science.abg6028
4. Sabino EC et al. Lancet 2021; 397(10273): 452-455, DOI:https://doi.org/10.1016/S0140-6736(21)00183-5 5. Kidd M et al. J Infect Dis 2021; doi: 10.1093/infdis/jiab082 6. Davies NG et al. Science 2021;
10.1126/science.abg3055 7. ECDC. SARS-CoV-2 increased circulation of variants of concern and vaccine rollout in the EU/EEA, 14th update; 15 February 2021. Available at:
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-covid-19-14th-update-15-feb-2021.pdf (accessed 22 Feb 2021) 8. Challen R et al. BMJ 2021;372:n579; http://dx.doi.org/10.1136/bmj.n579 9. Bager P et al..
Available at SSRN: http://dx.doi.org/10.2139/ssrn.3792894 23



https://doi.org/10.1101/2020.12.21.20248640
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-covid-19-14th-update-15-feb-2021.pdf
http://dx.doi.org/10.1136/bmj.n579

Single point mutations can potentially enhance
infectivity of SARS-CoV-2 revealed by in silico
affinity maturation and SPR assayf

Tablel. Results of the binding affinity predicted by Rosetta Flex ddG and
measured by SPR assay.

Mutant Flex ddG-AAGygie®  SPR-Kp " SPR-AAG i gins €

WT 0.00 21.0843.01 0.00
Q498W 3.66+1.80 7.10 2.70
Q498R 2.04+1.34 11.60 -1.48

T500W -1.9040.56 21.80 0.08

 S477H -1.39+1.16 13.90 -1.03

Y505W -1.23+0.41 16.10 0.67

* T500R -1.2141 38 12.20 -1.36
NS01V -1.0241.09 158.50 5.00
Y480W 1.0140.50 38.90 .52
Q493M 0.8241.39 6.90 2.77

Xue T et al., Single point mutations can potentially enhance infectivity of SARS-CoV-2 revealed by in silico affinity maturation and SPR assay. bioRxiv preprint RSC Adv 2021; 11: 14373



SARS-CoV-2, Wuhan-Hu-1 susu Spike-RBD bdlgesi
ile ACE2 reseptoru baglanmasi:

(N501 aaile ACE2 nin Y41 bolgesi arasinda 3,5
angstromluk iki baglanmadan olusan kopru)

Predictions calculated with PyMOL.

Santos JC, Passos GA. bioRxiv doi.org/10.1101/2020.12.29.424708

SARS-CoV-2, N501Y mutanti, (B.1.1.7 soyu) Spike-
RBD bolgesi ile ACE2 reseptori baglanmasi:

(Y501 mutant aa ile ACE2 nin K353 bdlgesi arasinda
hidrojen bagi ve Y41-K353 arasinda baglanmalar)

Predictions calculated with PyMOL.



SARS-CoV-2'de Mutasyonlar (E484K)

« E484 bolgesinde olusacak mutasyonlar (Brezilya ve G. Afrika
suslarinda oldugu gibi) KOnvalesan serumlarin notralizasyon
aktivitesini etkiler (10-kattan fazla azalma) '

» Brezilya'da bildirilen ve P.1. varyanti ile olusan re-
enfeksiyon olgusunda, var olan notralizan antikorlardan
kacis s6z konusudur (E484K mutasyonu) 2

« Varyantlar, dogal enfeksiyon ya da asilarin olusturacaklari
himoral bagisikliga karsi kismi diren¢ gosterirler; bu
durum o6zellikle disuk titrede antikoru olanlarda gézlenir3

1. Greaney AJ et al. bioRxiv preprint doi: https://doi.org/10.1101/2020.12.31.425021 2. Vasques Nonaka CK et al. Life Sciences 2021; DOI:10.20944/preprints202101.0132.v1. 3. Planas D et al. bioRxiv preprint doi:
https://doi.org/10.1101/2021.02.12.430472
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SARS-CoV-2 varyantlarinda gozlenen S bolgesi mutasyonlarin

onemi
(Varyant icinde gozlenen diger mutasyonlar varliginda)

Wutasyon | etleri

D614G Bulasmada artis; mortalite / agir hastalik: ?

K417N/T mAbs ve konvalesan serumdan kagis

501Y ACE2 reseptorlerine affinite artisi; ytksek viral yuk
Bulasmada (% 40-70) ve patojenitede artis

E484K mAbs ve konvalesan serumdan kagis

69-70 del. Konformasyonel degisim: imminiteden kagis, tanida sorun

N453Y Vizonlarda reseptore baglanmada artis; insanda etki: ?

Q677H/Q677P  Bulasmada ve yayilimda artis

P681H S1/S2 firin kirilma bolgesine yakin; virisin hiicreye girisini veya
hicreler arasi bulasma & hiicre icine girisi kolaylastirma: ?

Dunning J, WHO ad hoc consultation on COVID-19 variants, 12 Jan 2021
Davies NG et al., Science 2021;10.1016/science.abg3055; ECDC. SARS-CoV-2 increased circulation of variants concern and vaccine rollout in the EU/EEA, 14th update; Challen R et al., BMJ 2021;372:n579;doi.org/10.1136/bmj.n579



Spike (S) proteininde mutasyon ve delesyonlar

Yaygin olarak dolasimda olan ¢ varyantin ozellikleri:
- S1 alt-birimi, konak hicre reseptoriinii tanimada roll olan ve antikora baglanma epitoplarina sahip NTD ve RBD icerir.
- S1- NTD bélgesinde DELESYONLAR; RBD bélgesinde SUBSTITUSYONLAR:

* bulasma ozelligini (Tr)

*asi etkinligini (Ef)

* virtlansi (Vi) etkiler

| S1 (attachment) | S2 (fusion)
IsPlNTD B RBD W]
" RN Y LA—| TR D -
69-70 144/145 242-244 367 417 452 477 484 501 614 Countries
13 303 319 541 Tr Ef Vi (n)
B.1.1.7! A A E/K Y @G 2§t 75+
B.1.351 A N K Y @G A ¥ 7 32+
Pl N/T K Y G 4+ 7?2 11+
A.23.1! F -4+ ¥ 7 15+
B.1.525 A K G p ? ? ? 18+
B.1.429] R G p ? 2?2 ? 16+
B.1.526 N K G p ? ?2 ?2 A+
and/or **

A,Ala; D, Asp; E, Glu; F,Phe; G, Gly; H, His: |, lie; K, Lys; L, Leu; N, Asn; R, Arg; S, Ser; T, Thr; V. Val. Y, Tyr.

McCormick KD et al., Science 2021;371(6536): 1306



Soy ismi (lineage) B.1.1.7 B.1.351 B.1.1.28

Alternatif isim V0C202012/01 V0C202012/02 P.1
ik bildirim U.K (Eylal 2020) G. Africa (Agustos 2020) Brezilya/Japonya (Ara. 2020)
Spike geninde * N501Y  N501Y * N501Y
onemli * 69/70 deletion * E484K * E484G
mutasyonlar e 144Y deletion  K417N  K417N
Spike geninde « A570D  L18F  L18F
diger mutasyonlar < P681H * DS80A * T20N
* T716l * D215G * P26S
* S982A * R246l e D138Y
* D1118H e A701V * R190S
e 242/44 deletion * H655Y
* T10271
Bulasma Artis (36-75%) Artis (daha 6nceki suslardan Artis
1,5 misli)
Daha agir hastalik Epidemiyolojik verilere gore Hastanede mortalite Bildirilen etki yok
mortalitede olasi artis oranlarinda anlamli farkhhk
yok

* Rambaut A et al., Preliminary genomic characterization of an emergent SARS-CoV-2 lineage in the UK defined by a novel set of spike mutations. https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-
spike-mutations/563; **Faria NR et al., Genomic characterization of an emergent SARS-CoV-2 lineage in Manaus: preliminary findings., https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586



https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563

Ozellikler 201/501Y.V1 20H/501Y.V2 20J/501Y.V3

Anlamli azalma; ancak yine de
koruyuculuk saglayacak
notralizasyon sinirinin Gzerinde

MODERNA, PFIZER/BIONTECH,
OXFORD/AZ asilari icin anlamli
degisim yok

Notralizasyon
kapasitesi

Asilara olasi etki

Azalma; re-enfeksiyon riski

MODERNA &
PFIZER/BIONTECH;
notralizasyon aktivitesinde
azalma; ancak hastaliktan
korunmada azalma bilinmiyor

NOVAVAX & J-J: Asi etkisinde
azalma

OXFORD/AZ : hafif/orta
siddette hastaliga karsi
minimum asi etkinligi

Azalma; az sayida re-
enfeksiyon bildirimi var

Olasi azalma; inceleme
suruyor



Figure 2, Variant distribution and total sequences reported from India during 2021. Based on data

B.1.617.1: L452R, E484Q, D614G, P681R ve Q1071H (bazilarinda V382L)
B.1.617.2: T19R, A157-158, L452R, T478K, D614G, P681R, ve D950N
B.1.617.3: T19R, A157-158, L452R, E484Q, D614G, P681R, ve D950N.

from GISAID EpiCoV available as of 10 May 2021
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A cross-sectional overview of SARS-CoV-2 genome
variations in Turkey

Results: 410 complete genomes and 206 S region sequences were included. Overall, 1200 distinct
nucleotide variations were noted. Mean variation count was noted as 14.2 per genome and increased
significantly during the course of the pandemic. The most frequent variations were identified as A23403G
(D614G;92.9%), C14408T (P323L, 92 2%), C3037T (89.8%), C241T (B3.4%) and GGG288B1AAC
(RG203KR, 62.6%). The A23403G mutation was the most frequent variation in the S region sequences
(99%). Majority of the genomes (%98.3) belonged in the SARS-CoV-2 haplogroup A. No evidence for
recombination was identified in genomes representing sub-haplogroup branches. The variants of concemn
B.1.1.7, B.1.351 and P1 were detected, with a statistically-significant time-associated increase in the
variant B.1.1.7 prevalence,

Genome (n=410} S region (n=206)
Variant n % n % Total
B.1.1.7 31 7.6 145 70.4 176
B.1.351 2 0.5 7 3.4 g
P1 - - T 0.5 T
Total 33 153 - 186

Erglinay K et al, Res Square https://doi.org/10.21203/rs.3.rs-472330/v1



Virus variants and their
effects on COVID-19 vaccines



Spike bolgesinde mutasyonlar ve notralizasyon

Human ACE2 .
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Konvalesan donem serumlari ile varyantlarin etkilesimi

501Y.V2 varyantina karsi olusmus

notrallzan ant|k0r|ar, Wu han SU$U |Ie A Binding::\‘tibodies B Neutralizing‘ir:tibodies
glicli capraz reaksiyon verir D -
;;:‘ ? 2§5A2 :%II § 10,000+ A& :is.s,::
501Y.V2 varyantina karsi olusmus %, = # g ? w3
. . £ ¥ W oA
antikorlar, 501Y.V3 (Brezilya varyanti) l : -
SU§IarInI da nétralize eder GSH éohon Admi'ssion Fo||o'w-up GSN(':ohon Adml'sslon Follo'w-up
501Y.vV2 Original variant 501Y.vV2 Original variant

Figure 1. 501Y.V2 elicits robust binding and neutralizing antibody responses. Plasma samples

BU bU|gu Ia r 501YV2 antikorla rinin from hospitalized individuals infected with either the 501Y.V2 variant (n=89) or the original variant

d |éer Vva rya ntla ra ka r§| da etk| || (n=62) were tested for (A) Binding (ODso.m) to the sequence-matched SARS-CoV-2 spike antigen
v . .« . and (B) neutralizing activity (ID,) against SARS-CoV-2 pseudoviruses. Binding was assessed at a

oldugunu ve bu tip icin hazirlanacak

asinin glclu ve kapsamli koruma

saglayacagini gostermektedir.

Moyo-Gwete T et I., bioRxiv 2021; doi.org/10.1101/2021.03.06.434193



Pfizer/BioNTech asisi uygulanmis kisilerin serumlari ve
konvalesan donem serumlari, V2 ve V3 varyantlarina karsi

azalmis (2/3) notralizan ozellik gosteriyor

C} Infecied Vaccinated
103 10°
16+ | ns i | &
o
B oim s @ | & e 0 o . - WT
IR EEARTE . .y - UK
E = T -g_, - E H i Wy é -2 S5SA
107 N 104 ;;i—' § -8~ BRA
o : : 1 1 n - - : :
WT UK SA BRA WT UK 5A BRA
{1.8x){8.5%)(4.0x} (1. Bx (5. Ex)4,4x)

Figure 7. S proteins of SARS-CoV-2 variants from South Africa and Brazil show reduced neutralization sensitivity against

convalescent plasma and serum from BNT162b2 vaccinated individuals
(C) Serum dilutions 819 that lead to a 50% reduction in S protein-driven transduction (neutralization titer 50, NT50) were calculated

for convalsecent plasma (left) and vaccinee sera (right). Presented are the data derived 821 from panels A and B. The line indicates
the median. WT = wildtype, GB = Great Britain, SA = South Africa, BRA = Brazil

Hoffman et al : https://doi.org/10.1101/2021.02.11.430787; 37



Moderna asisi uygulanmis bireylerin serumlari ile elde edilen
notralizasyon sonuclari

B1.1.7 B.1.351
Phase 1 Human Serum Phase 1 Human Serum
1.2X% 6.4X
ns =p=0.0078
—~ G 4=
- S
E —A E
8 3- s 8 3
- =
& 2
=] )
g 24 | 2-
1 5
o =
E 1 1 1 E 1 | 1
G B117 G B.1.351

Neutralization of B.1.1.7 (UK) and B.1.351 (South Africa) SARS-CoV-2 pseudoviruses by serum from mRNA-1273-immunized

Phase 1 participants (7 days post-boost).
* Neutralization measured by a recombinant VSVbased PsVN assay.
* Individual participants sera represented as dots with lines connecting the D614G and variant neutralization titers.

Wou et al, 2021 (Moderna/NIH)



J&J Ad26 CoV2 asisinin farkli cografyalarda etkinlik bulgulari

Table 22. Vaccine Efficacy of First Occurrence of Moderate to Severe/Critical and Severe/Critical
COVID-19 Including Non-centrally Confirmed Cases With Onset at Least 14 or at Least 28 Days
After Vaccination, by Country of Participation, Per-Protocol Set, Study 3001

Onset at Least 14 Days Onset at Least 28 Days
Ad26.COV2.S Flacebo Ad26.COV2S Placebo
Country Cases (N) Cases (N) VE%* Cases (N) Cases (N) VE%?*
Subgroup Person-yrs Person-yrs 95% CI Person-yrs Person-yrs | (95% CI)
United States
Moderate to 51(9119) 196 (9086) 74.4% 32 (8958) 112 (8835) 72.0%
severe/critical 1414.0 13913 (65.0, 14034 1375.6 (58.2,
81.6) 81.7)
Severe/critical 4 (9119) 18 (9086) 78.0% 1(6958) 7 (8835) 859%
1417 2 1404 8 (331, 14052 13822 (-9.4,
94 6) 99.7)
South Africa
Moderate to 43 (2473) a0 (2496) 52.0% 23 (2449) 64 (2463) 64.0%
severe/critical 3776 37r9.2 (30.3, 3761 376.9 (41.2,
67.4) 78.7)
Severe/cntical 8(2473) 30 (24986) 73.1% 4 (2449) 22 (2463) 81.7%
3802 3829 (40.0, 3rr.0 379.0 (46.2,
89.4) 95.4)
Brazil
Moderate to 39 (3370) 114 (3355) 66.2% 24 (3354) 74 (3312) 68.1%
severe/critical 55T 548 8 (51.0, 554 8 5461 (488,
77.1) 80.7)
Severe/critical 2 (3370) 11 (3355) 81.9% 1(3354) 8(3312) 87.6%
5589 556.8 (17.0, b56.2 5498 (7.8,
98.1) 99.7)

Source: Sponsor tables GEFPEQSA, GEFPEDSC, GEFBOOSNC_A, GEFBODSNC_C
N=Total number of participants at risk per category

https://www.fda.gov/media/146217/download



https://www.fda.gov/media/146217/download

Gunumuzde kullanimda olan Asilarin Varyantlara etkileri

Asi Etkinlik Varyantlara etkinlik
* Her 3 tipden yapay viriislere karsi in vitro deneylerde: ndétralizan antikor titresi 0,81-1,46
Pfizer %95 (Cl 95%; 90.3-97.6)* kez az bulunsa da, ¢capraz koruma var: varyantlar asi etkinliginde azalma / farklilasma
yaratmiyor 2
Moderna %94.1 (95% Cl, 89.3-96.8%;  * Asilanmis kisi serumlari ile gerceklegtirilen nétralizasyon testleri: V1’ e kargi farklilik 6nemli
P<0.001)? oranda degil; V3’e karsi 6 kez azalma var; ancak koruma yine de oluyor*
%82.4 (95%CI 62.7%-
AZ 91.7%) >12 haftada ° * G. Afrika®: V2 ile olusacak hafif-orta siddetteki hastaliga karsi koruma cok diisik (%22)
ilk dozdan sonra %76 * ingiltere 7 : asi etkinliginde farkhihk YOK (%70,4 vs %81,5)
(Cl: 59% to 86%)
%66 (orta/agir COVID-19) * G. Afrika susuna karsi %52-57 etkinlik.
J&JB Agir olgulara karsi tim  * ingiliz varyantina karsi: %72
cografyalarda %85  Diger varyantlara karsi bilgi yok
Coronavac  %50,1- %>96 * Brezilya varyanti icin tek dozda etkinlik %35,1°

1- Polack et al NEJM https://www.nejm.org/doi/full/10.1056/NEJM0a2034577?query=featured home; 2- Xie et al biorxiv preprint https://www.biorxiv.org/content/10.1101/2021.01.27.427998v1.full.pdf ; 3- . Baden et al NEJM https://www.nejm.org/doi/full/10.1056/NEJM0a2035389;
4- Wu et al., mRNA-1273 vaccine induces neutralizing antibodies against spike mutants from global SARS-CoV-2 variants, bioRxiv 2021 preprint doi: https://doi.org/10.1101/2021.01.25.427948; 5- Voysey et al, Preprint https://papers.ssrn.com/sol3/papers.cfm?abstragy fyl=3777268 ; 6-
Oxford University https://www.ox.ac.uk/news/2021-02-07-chadox1-ncov-19-provides-minimal-protection-against-mild-moderate-covid-19-infection ;7- Emary et al preprint https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3779160 ; 8- J&J Press Release, ENSEMBLE Trial Results
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Could mutations of SARS-CoV-2 suppress
diagnostic detection?
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A new SARSNCoV-2 1':Hrimll"|m|]rly detected by RT-TCR on nasopharyngeal samples,

with high lethality

Prerre FILLATEE, M., Marie-Jose DUFOLR, M7 Sylvie HEHILLIL B0 ! Remi VATAN, MDD, Pascale

Interpretation: We report a nosocomial outbreak of COVID-19 cases
related to a new variant, B.1.616, poorly detected by RT-PCR on
nasopharyngeal samples, with high lethality:

- Half of patients died in less than a month, a much higher rate
than the 16% mortality among other hospitalized COVID-19 patients

- The new variant is poorly detected, only 15% who had the B.1.616
variant tested (+) in standard nasopharyngeal swabs

Ascoli CA. Nature Biotech 2021;39: 270-280; Fillatte P et al., medRxiv preprint doi: https://doi.org/10.1101/2021.05.05.21256690




Vaccine-induced protection

Loss of neutralizing epitopes in the spike protein in severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) variants could
reduce protection induced by vaccination based on wild-type spike.
Most vaccinated people develop neutralizing a”lib()d}" (Ab) with an 2 variant in California carrying a L452R spike protein mutation
ICs,, (half maximal inhibitory concentration) within the protective
margin, although precise correlates of protection (CoP) are unknown.
Variants with £484K mutations and future escape mutants may bring
protection below this margin, prompting the need for new vaccines.

Transmission, infectivity, and antibody neutralization of an emerging SARS-CoV-

Xianding Deng'?%, Miguel A Garcia-Knight**, Mir M. Khalid***, Venice Servellita®?*,

Rapid Emergence and Epidemiologic Characteristics of the SARS-CoV-2
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= N440K variant of COVID-19 15 times more lethal? Is it a reason

for India to worry? Know here
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Altmann DM et al., Science 2021;371 (6534): 1103



Bilimin guzel tarafi, ona/inansaniz da inanmasaniz da
gercek olmasidir.

Neil deGrasse Tyson

I |gi n ize te§e kku rI e r Neil deGrasse Tyson, 5 Ekim 1958'de New York'ta dogdu ve o su anda astrofizik ve bilimin halka

ulastirilmasi alanlarinda ¢alisiyor. Hayden Gdzlemevi'nin yéneticisi ve Amerikan Doga Tarihi Mizesi'nde
Astrofizik BolumU'nde arastirmaci olarak gorev yapiyor.




