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MMV e Goals for today’s lecture

* Understanding the coronavirus replication cycle

* Overview of highly pathogenic coronaviruses - origins

 Update: SARS-CoV-2 and COVID-19
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MV\W Coronaviruses

o Family: Coronaviridae
o Genus: Coronavirus
o Enveloped

o Size: 80—-150 nm

o Genome: 27 —-32 kb

o ss (+) RNA
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MMV )=~  Coronaviruses — Epidemiology
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HKU1 229E

e Human Coronavirueses are endemic worldwide

* Cause approx. 15% of the yearly common colds ‘ 1

NL63 0C43

 Three pathogenic human Coronaviruses \

Discovery of
HCoV-HKU1 (ref.'®)

Y _ : . | Discovery of Emergence of
SARS COV First |‘ HCoV-229E" SARS-CoV-2 (refs+191.152)
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Emergence of SARS-CoV-2
[ MERS-CoV'® pandemic

Discovery of
HCoV-NL63 (ref.'™)

: Emergence of |
SARS-CoV/'#us

Discovery of
HCoV-OC43 (ref.”)

* MERS-CoV
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* SARS-CoV-2

V Kovski Nat Rev Microbiology 2020 https://doi.org/10.1038/ s41579-020-00468-6
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Coronavirus
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Avian Cetacean
Lineage A, B, C, D COFORAvIrus COrOnavirus
Genus Alphacoronavirus Betacoronavirus Crammacoronaviris Deltacoronavirus

4 Genera (Alpha-, Beta-, Gamma-, Deltacoronaviren)
e Coronaviruses can infect many species
* A zoonotic origin is suspected for all human CoVs



I\M\?}m:;u;gww Coronaviruses - Zoonosis

Genetically
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Genomic Organization
and
Replication Cycle
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MMV ) = Coronaviruses —Genomic organisation

Nonstructural proteins (nsp) Structural and accessory proteins
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MMV ) s COronaviruses — Structural proteins

RNA viral genome

Created with BioRender.com
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Spike glycoprotein (S)

Nucleocapsid phosphoprotein (N)

Binds receptor
Induces fusion
Target of neutralizing antibodies

Binds viral RNA
Target of cellular immunity

Membrane glycoprotein (M)

Determines budding
Triggers virus assembly

Envelope protein (E)

Involved in assembly and release
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wwoue COronaviruses — Replication cycle

20ronavirus
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HCoV-0C43 HCoV-HKU1 HCoV-229E  HCoV-NL63

MERS-CoV ~ SARS-CoV-2 SARS-CoV

Spike protein receptor
binding domain

Human receptor

L)
Unknown TMPRSS2 APN ACE2

Westhoven et al (2025) mBio
https://journals.asm.org/doi/10.1128/mbio.02437-25

TMPRSS2

Nasal respiratory tract
800 =

400 —|

Trachea
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Coronavirus - entry

Virus spike protein

Diagram

Subunit
S1

Subunit
S2

SARS-CoV2

Created with BioRender.com

Virus spike protein
Crystallographic structure seen by electron microscopy
(PDB ID: 6VXX-PDB)
Binding Site to
ACE2 receptorin
Human cells (RBD)
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Qu et al. (2024) PNAS
https://doi.org/10.1073/pnas.2407437121

@Cleavage of
SARS-CoV-2
S protein
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SARS-CoV-2

Activation
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and host
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Target
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Coronavirus
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nsp 1 2 3 4 5 6 78 91011
ppla‘ ‘
1
pplab | |
1 1 | | tLt tt ttt 1 t T
nspl |:’ Host mRNA degradation, translation inhibition nsp9 D Binding of single-stranded RNA
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Coronavirus
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Model of Putative Coronavirus Replisome
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Coronavirus
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SARS-CoV-2

- =
N

SARS-CoV-2
Infected Lung Cell

Q Nucleus
v Golgi

4
ag2 i
% % Peroxisomes

% Cytoskeleton

Q© Double Membrane Vesicles

Paclitaxel

O Viral Replication Organelles Electron tomography

e Spatial compartment for replication and transcription
e Concentration of macromolecules

* “Hiding” of replication intermediates from cytosolic sensors
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Coronavirus
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|: Genome replication from full-length negative-sense genomic RNA
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V Kovski Nat Rev Microbiology 2020 https://doi.org/10.1038/ s41579-020-00468-6
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MV\\D Innate Immune antagonism by SARS-CoV-2

IFN-B / IFNAR interaction
can occur in an autocrine
and paracrine fashion
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Coronavirus
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Transport vesicles \
D Viral membrans ;
Nuclear membeane '
—

Other rmembearne
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ER and ER-GOLGI Intermediate compartment:
(ERGIC) Assembly and budding site

https://www.nature.com/articles/s41467-021-24887-y

Created with BioRender.com

Blue arrows: SARS-CoV-2 assembly intermediates
Pink arrows: Transport vesicles
Black arrows: vesicles containing virus particles

27
DMV: Double membrane vesicles SMV: Single membrane vesicles
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Coronavirus
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Egress through exocytosis-like mechanism (main) or lysosomal trafficking (alternative)

Lysosome

/ Disrupted '

lysosomal functions

} ‘ ’ trafficking
)\ (deacidified)

[B-coronavirus

Normal
biosynthetic
pathway

Egress via
(acidified) | Jysosomal

Lysosome

29

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7590812/



MV\\AI}@?;;T; bbbbbb Highly pathogenic coronaviruses

SARS-CoV
MERS-CoV
SARS-CoV-2



S SARS-CoV

SARS-CoV

Severe acute respiratory Coronavirus
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m Molecular & Medical

SARS-CoV - Transmission

Friday,
Feb 21 2003

Metropole Hotel
Professor Liu
checks into the
9th floor

Prof. Liu enters the hotel

In the elevator he meets

* Businessmen from the US
 Lady from Toronto

* In the hallway:

 Stewardesses from Singapur

A couple of days later....

.... he dies!
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NM\7} i s SARS-CoV - Transmission

Friday,
Feb 24 2003 Next days ...

Guangdong Province

~ travellers to

checks into the -G x - J e
9th floor T R - ‘t

' . 4 ﬁ
1 infected

traveller to 3 infected
VIETNAM travellers to
SINGAPORE

Ihlax 2 infected
Case travellers to
. CANADA
Metropole Hotel boevore
IRELAND : B il A g
Professor Liu £ 20 XN o £ e

2 fected b

travellers &
B index case to
J HONG KONG

Finally ... 8°098 infected, ... 774 (9.6%) died



SARS-CoV - Conclusion

Molecular & Medical

Virology

MW )

2002/2003 SARS

— Severe atypical pneumonia in Guandong Province, China = 24

countries affected
— 20-30% of infected:

ICU, external Respiration necessary

— 774 Deaths, ca. 8.000 infected =2 10 % Mortality

— Droplets/Aerosols, , Superspreader”

— No new natural infections since 2004

Science 15 Mar 2013: Vol. 339, Issue 6125, pp. 1272-1273
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MERS-CoV

Middle East Respiratory Sydrome Coronavirus
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MMV s MERS-CoV

2012 MERS
— ldentified in Saudi Arabia
— So far 2.589 laboratory confirmed cases in 27 countries (940
deaths)

— Acute respiratory syndrome, Pneumonia
* Ca.34.3% CFR
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MERS-CoV - Transmission

— Zoonotic transmisson

* Close contact to infected animal

e Camels are zoonotic reservoir

— Human-to-human transmission

(not very efficient)

— Aerosol/Droplet

‘x I May be via

Bats
The primary host
for MERS-CoV

saliva, feces
or airbore

Bats to
camels

Direct contact of humans with bats or thewr secretion

Camels
TESErvairs or
intermediate
hosts

i

'

May be via
saliva, feces
or airrbome

Camels
1o human

—

Hurman
tor hiian
Person-to-person

direct contact,

o S via large
respiratory
1111 droplets due to
coughing and

Milk  Urine SMEEZINE OF via

fomites

Meat

Via direct contact




MV\\?} Veetogy " SARS-CoV-2
SARS-CoV-2

Severe Acute Respiratory Syndrome Coronavirus - 2
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Next Generation Sequencing:
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e SARS-CoV-2 — Identify Pathogen

The NEW ENGLAND JOUBRMAL of MEDICINE

BEIEF REPORT

A Novel Coronavirus from Patients
with Pneumonia in China, 2019

Na Zhu, Ph.D., Dingyu Zhang, M.D., Wenling Wang, Ph.D., Xingwang Li, M.D.,
Bo Yang, M.S., Jingdong Song, Ph.D., Xiang Zhao, Ph.D., Baoying Huang, Ph.D.,
Weifeng Shi, Ph.D., Roujian Lu, M.D., Peihua Niu, Ph.D., Faxian Zhan, Ph.D.,
Xuejun Ma, Ph.D., Dayan Wang, Ph.D., Wenbo Xu, M.D., Guizhen Wu, M.D.,
George F. Gao, D.Phil., and Wenjie Tan, M.D., Ph.D., for the China Novel
Coronavirus Investigating and Research Team

SUMMARY

In December 2019, a cluster of patients with pneumonia of unknown cause was
linked to a seafood wholesale market in Wuhan, China. A previously unknown
betacoronavirus was discovered through the use of unbiased sequencing in samples
from patients with pneumonia. Human airway epithelial cells were used to isolate a
novel coronavirus, named 2019-nCoV, which formed a clade within the subgenus
sarbecovirus, Orthocoronavirinae subfamily. Different from both MERS-CoV and
SARS-CoV, 2019-nCoV is the seventh member of the family of coronaviruses that
infect humans. Enhanced surveillance and further investigation are ongoing.
(Funded by the National Key Research and Development Program of China and the
Mational Major Project for Control and Prevention of Infectious Disease in China.)
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SARS-CoV-2 - Timeline

Declared as Public

.| Health Emergency

¢ | of International

® | Concern by WHO®@"

Named as “SARS-CoV-2"

by the International

Committee on Taxonomy

of Viruses®

was endorsed by
WHO®

https://doi.org/10.1128/CMR.00228-20

was reported which TQ

&

2020

2021

First cases A novel coronavirus
presenting was announced as Named as First vaccine was Over 106 million
pneumonia were the causative agent coronavirus disease | | Declared as approved for confirmed cases
detected in by Chinese 2019 (COVID-19) by pandemic by | | emergency use and 2.3 million
Wuhan, China™ authorities® WHO® WHO® by US FDA® casualties!'®
7th 30th 1 th 11 th 1 1th gth
Dec. Jan. Feb. Mar. Dec. Feb.

E 1 Oth 1 3th 1 7th 20th E gth

E First complete viral First use of immunoassay First point-of-care ' Over 250

. | genome sequence was reported in a serological device gained : commercial

E was deposited on detection of SARS-CoV-2- emergency use E diagnostic

' | GenBank"” specific antibodies*® authorization from ! devices!? 3

! US FDA@?) :

! First RT-PCR assay A/C i
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SARS-CoV-2 - Pandemic

JOHNS HOPKINS | CORONAVIRUS Home Topics ¥ By Region Events & News About _
UNIVERSITY & MEDICINE RESOURCE CENTER

Tracking Home Data Visualizations ~ Global Map U.S. Map Data in Motion Tracking FAQ

JHU Has Stopped Collecting Data As Of 03 I 10 I 2023 | After three years of around-the-clock tracking of COVID-19 data from... Show More ~

@ COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Total Cases Total Deaths Total Vaccine Doses Administered

10/03/2023, 14:21 6,881,955 13,338,833,198

| Deaths by 28-Day Cases 28-Day Deaths 28-Day Vaccine Doses Administered

Country/Region/Sovereignty 28,01 8 28,1 56,730

Weekly Cases

us
28-Day: | 9.451
Totals: 11,123,836

Japan
28-Day: | 2,804
Totals: | 73,046

Germany RUSSIA

28-Day: 12,275
Totals: | 168,935

Russia
28-Day: | 989
Totals: | 388,521

Korea, South
28-Day: 1396
Totals: | 34,093

Taiwan*
28-Day: 1778
Totals: |17.672

Brazil
28-Day: 11,613
Totals: | 699,310

Austria MONGOLIA
28-Day: 1197
Totals: |21,970

Urumgl

Weekly Doses Administered

December 2019 (Wuhan)
Caused COVID-19 Pandemic

Johns Hopkins University (10/03/2023)
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SARS-CoV-2 — Origin

89-96 %

progenitor of
SARS-CoV-2

o

Adaptation to
reservoir or ﬁ
intermediate hosts
produces - )
SARS-CoV-2 O
v <

S ~
Wild caught

and farmed animals
transported to
wildlife markets

Divergence to two strains of
pangolin coronaviruses
or two independent spillovers.

progenitor
sarbecovirus

GX
1 pangolin
- CoV
GD
- - ) pangolin

86-92% Cov

Animal Farms

Spread of SARS-CoV-2 to
other animals or species

Divergence of
lineage A to lineage B

® ->@

a8 \ lineage B
008
>
i
Other Wildlife % Huanan Seafood %
Market (s) d Wildlifi
000 ket 99
Known part
of pathway WU H AN
g | |
Spread of R Spread of Soe .
w0 o= @ @@
viruses viruses

Divergence to two strains of
pangolin coronaviruses
or two independent spillovers.

progenitor
sarbecovirus

progenitor of
SARS-CoV-2 ® GX
A - 1 pangolin
) -
GD
T - - ) @ Pangolin
CoV
1 ~ -
~ o -~
v "~ —~ “Wuhan Institute of Virology h
. ~
Argzgtsg(i)rnotro g ! ( | Recombination/ \
intermediate hosts | |nsfe'|:'t(|;osr,1 Covert
produces O ¢ or Military
SARS-CoV-2 —& :
| GoF, transfer in Operations
~ | cell culture
~ or humanized mice
™~ | P
~ a2
AY R -
Divergence o QU,, e
lineage Ato lineage B -
9 9 SARS-CoV-2 -
Fo lineage A
O-->@ \ - & )
d
/ Infection of laboratorian,
- lab animal escape,
‘ improper sewage or waste
lineage
~ /
Other Wildlife % Huanan Seafood ;
Market(s) and Wildlife
LA L Market (AL
wa W Wi
of pathway WU H AN
) ¢
([ 11 200 200 200
Spread of Spread of
E N ' A
viruses viruses

https://virological.org/t/early-appearance-of-two-distinct-genomic-lineages-of-sars-cov-2-in-different-wuhan-wildlife-
markets-suggests-sars-cov-2-has-a-natural-origin/691
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SARS-CoV-2 - Transmission

Created with BioRender.com

Aerosols/Droplets

342
. :0::: 2

Airborne

N

Direct contact

é

Indirect contact

Main route
\al

Less frequent
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SARS-CoV-2 - Transmission

Membrane

Spike protein

Genomic
RNA

SARS-CoV-2

How is the virus spread?

Created with BioRender.com

The virus can spread easily

The virus can remain
suspended in the air

A single sneeze can
produce up to

10,000 droplets in very tiny droplets
o"
* o
©
®
o
©

The spike proteins stick thightly to
glycans of mucins in the mucus

that line the airway epithelium




MV\\7} Reproduction Number

Average Basic Reproduction Number (R) of common viral infections

Infectious illness R,
*MERS @ | @ 0.5
*Seasonal flu @ o 1.0
*Birdflu @ @ ( 1.2
*Swineflu @ © ¢ 1.5 Contagious
Ebola . ._' 19 individual
*coviD-19 @ @ @ ( 2.2 'i‘
*Spanishflu @ @ @ ( 2.2 2.
*sSsRs @ © O @ 28 /H\ /H\ /H\
Polio ‘ C N N X 35 Infected
Zike @ @ @ @ @ ( 4.2
Yellowfever @ @ @ @ @ ( 43
HVE® 000000 6.0
Mimps @ O O O0OO0OO0OO0O 7.0 Not infected
*Chickenpox @ ©® ©®© © O OO0 O® O ¢ 85
Measles @ @ O O O OO O O® O o0

*Mode of transmission:
air droplets

The average basic reproduction number (R ) is an epidemiologic metric that describes the transmissibility of infectious agents. R ¢
measures the expected number of secondary infections produced by a single infectious individual in a susceptible population during the
mean infectious period.

Created with BioRender.com
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MMV ) i< Superspreader — SARS-CoV-2

@ o
.. e © @ y o & ®-0 ,@ ® .. @
Transmission o O @ Q© ® &
) o O O e O &
O Social a o © o ® o oe®° o @
@ Fanmily @ @ © 090 .O & o © @ o ©e 4 @
@ Work & 08 oy o® 0 Q0 ® e °
0 9000% ® @ o 0 ®e o o ©
O Local travel ‘OQ S.00 @ S ® 2 o®
@ Wedding o o 8505900 o ® %0 & & o © ® e
@ Temple o O 00 OOOO O @ e ® ° @ @
i clorer OS5 2w Ne ®o % e 0po
® Bar 0 00000 g® & ° © © o @0
Source @ O O%% O OR® (] e o Ce 3; : ¢ © ®
o Imported source QO 080000 @) @ o ® o@ © .O o » @
@ Local source @0 7005 7! T @ o %0 S 6 ° ® : o o0o°
Intervention o9 @ Qe e O @ @ © ? o © @ 0
. ® % e @ Q. © ©5 eo0 0
Dl Government quarantine ® @) ) Q o © @ o o ®
‘Ol Home quarantine @ @) @ s @ ® 00
@ © (Ye) |
Q *@® & o : o ©
® o & o @

Nat Med 26, 1714-1719 (2020). *
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SARS-CoV-2 — Tropism

%rimary target of infection:
uman respiratory system

Created with BioRender.com

SARS-CoV-2
infection

£ 3

wscon THE 29
®

| inhibit  Bromhexine
e, hydrochloride

* Entry mediated by ACE2 und TMPRSS2 (Lung)
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Heart/Circulation

Pulmonal Disease

A%

Neurological Symptoms

Gastrointestinal symptoms

COVID-19

Dermatological Manifestation

Created with BioRender.com
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COVID-19 — Multi Organ Tropism

Host Tissues Known to Express ACE2

Brain

—ARDS

Lungs
Epithelial cells
Type Il alveolar cells

Oesophagus

Stomach
Gallbladder

Heart

L Respiratory failure

— Myocardial infarction

— Heart failure

Cardiomyocytes

Liver /

Colon

Small

— Myocarditis

— Arrhythmia

— Endothelial dysfunction

— Vascular inflammation

Vasculature
Endothelial cells
Smooth muscle cells

intestines

Created with BioRender.com

| Micro/macrovascular
thrombosis

— Vasospasm
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MV\W wwsws COVID-19 — Course of disease

Stage | Stage |l
(Early Infection) (Pulmonary Phase)

: A : 1B

Viral response phase

Severity of lliness

Time course

Mild constitutional symptoms
Fever >99.6°F (37.56°C)
Dry Cough, diarrhea, headache

Shortness of Breath
Hypoxia (Pa02/Fi02<300mmHg)

Clinical
Symptoms

Lymphopenia, increased Abnormal chest imaging
prothrombin time, increased D- Transaminitis

Dimer and LDH {mild) Low-normal procalcitonin

Clinical Signs

https://doi.org/10.3390/transplantology1010001

Stage lll
(Hyperinflammation Phase)

ARDS
SIRS/Shock
Cardiac Failure

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation
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COVID 19 — Cytokine Storm

Alveoli

Created with BioRender.com

Cytokine Storm

@
@

®

Coronavirus infects lung cells

Immune cells, including
macrophages, identify the
virus and produce cytokines

Cytokines attract more immune cells,
such as white blood cells, which in
turn produce more cytokines,
creating a cycle of inflammation that
damages the lung cells

Damage can occur through the
formation of fibrin

Weakened blood vessels allow fluid
to seep in and fill the lung cavities,
leading to respiratory failure
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SARS-CoV-2 - Diagnhostic

1) Direct (Virus)

Viral proteins (Antigens)

!.YJI.*-— Spike protein (S)

Envelope protein (E)
Lipidic membrane ——
;3 Nucleocapsid protein (N)
f “ A4—— Membrane glycoprotein (M)

Viral RNA 8@ 29.7 kb

RT-PCR
Sequencing
Antigen-ELISA
Rapid Antigen Test

Western Blot

I1) Indirect (Immunreaction)

Antigen N Isotype
LI 4%  switching
5
’,
s Inmune response IgM/IgA lgG
,’/ Activation Secretion Secretion
SRl } Anti SARS-CoV-2 antibodies
Patient serum
A Colored
.

Substrate* product

u..&.a».‘ buebube

Mechanism of antibody detection

‘VQQLQQ_QJ.._Q}

Antibody-ELISA

Neutralization Assay

T-Cell activity
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SARS-CoV-2

Proxalutamide,

p e
Dutasteride,
Virus bmdrng ~ Wirus bmdmg Camostat mesylate,
_ Mafamostat mesylate,

Bromhexine s
\ Vrial entry e “ : \/ R
v
Y "ﬁ’ ki oY v v “‘ Cell membrane
| I +

Fusion g TMPRES2 : / o Cyloplasma
T Maolnupiravir, , Release of viral particle

T

Endosome

Arbidol Favipiravir, : .
Remdesivir, Nitazoxanide
Chloroquine, VV116
/\ Niclosamide, ol !.\ N
Chlorpromazine, Galidesivir, | InI’Ian'nﬁah:n!"_.,ur
Baricitinib, Sofosbuvir, | response
Azvud a3
Ap]llmcd Arbidol, L NS, Process !
\/ Replication/ transcription > o I Gl
e ‘ : Chlorpromazine,
Baricitinib,
PTC299, ¢ | preags,
Teriflunomide, : Teriflunomide,
BAY 2402234 ~{ propH i e,
[

Mitazoxanide

iy : Proteclysis
EF1A
e T Qg nslation Proteciysh i Transport
Plitidepsin ’r-'_.'_,- O — Translation Endoplasmic
JCLpro reficufum

PF-07321332, PF-07304814, 5-217622, FB2001
Ebselen, Lopinavir/Ritonavir, Triazavirin

https://www.frontiersin.org/articles/10.3389/fphar.2022.840639/full

IMP /81 = Ivermectin

e ] - i o et R i i e = il



NMV} st SARS-CoV-2 - Antivirals

Remdesivir Nucleoside- Replication
Analog

Paxlovid Protease IMPRO Oral

(Nirmatrelvir/  inhibitor

Ritonavir)

Molnupiravir Nucleoside Copying errors Oral
derivate

Bebtelovimab mAB Spike V.

Several more.....
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SARS-CoV-2 - Vaccines

- - .hl
[_ mRNA 1 [_ Non-Replicating Viral Vector )
Moderna (mRNA-1273) BioNTach (BNT162b3) : ml[uimm m{s::_nhc ""'“.,,]'“
Lipid nanoparticha Lipid nanopartichs
.-i""'l-' '|!‘|-|.-
. b
& o -
E oS £ 3
& e ol - % .
"-P. .‘.; T T—
e e "u-"i."'-., 5 ; "
¢ o T s O - R S I om—
| . I . . Regcation-asicet h Aepicasionekcknt o Replicstion-defeient b
i icienl human catian-deficer chimpanzes eplicat eficient Fuman
LNF""'BI'H.'-.EI{IEMET'Ed r'nH.H.ﬂ- LHF-E":_'EFEUIMN mR.hIh adenoyinus (Ad26] vector adenavirug [CRad0x] ) vecios adersovirus (Ad5) veslos
encading 5-2F protain encoding 5-2P protein expressing 5-2F prolein Expressrg wildiyes 5 prolein expresEing wildtype S protein
Y F i
( Inactivated Virus | | Protein Subunit |
Bharat Blotech Sinopharm
Sinocvac [CoronaVac) (BBV152) (BBIBP-Corv) MHovavax (MVK-CoW237T3)
] [ 5-2P Pratein

Vero call-propagated, B-

propictacione- insttivaled,

alum-adjuvarted vires

Alge-IMDG-adjuvanted
whiobs inactieated virus

Matrix M-adjuvanted
recarmbinant full-length
5-2P protein

B-propanolide-nactivated,
glurn-adjuvarted vires
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Virus Host
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Coronaviruses — Replication errors

ssRMNA (+ sense)

ssRNA (- sense) :
+«—  Random errors

- D
o (D)
ssRNA (- sense)

Trends in Microbiology
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MMV ) = Coronaviruses — Replication errors

DMA polymerase ©-@ O nucleoside
triphasphat

v Extension
® (error)
.

TR .,

Errors:

DNA polymerase: 1: 107 — 10° nucleotides

v Proofreading _

| coog RNA polymerase: 1: 1000 — 10.000 nucleotides

oge om® Coronaviruses: Proof-reading function (NSP14

SRR 8 (NSP14)
Extension
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wwe Coronaviruses — Replication errors

RMNA
Base GCUACGGAGCUUCGGAGCUAG
Codon '!Z-:l-.'lzl"'l Codon 2 Codond Codond Codon b Coadoné Codon 7

Aminpackd  Alanine Threanine Glutamale Leucime Arginine  Serine  Stop

Point mutations

Ho mutation
Silent Honsense Missense

conservahbye Ma-CanSeE Ak e

1P, (il TTC 7T ATC TCC TGC
mEMA el AAG AR LIAG AGG ACG
probeim lewel Lys Lys STOP Arg Thr
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SARS-CoV-2 - Variants

Caf 4]
‘i’tﬂ!ﬂ
R
Ve, 8
i W
o
Alpha Beta Gamma Delta Omikron
B.1.1.7 B.1.351 B.1.1.28.1 B.1.617.2 B.1.1.529
Entdeckung: Sept. 2020 | | Entdeckung: Okt. 2020 | | Entdeckung: Jan. 2021 | | Entdeckung: Okt. 2020 | | Entdeckung: Nov. 2021
Spike-Mutationen: Spike-Mutationen: Spike-Mutationen: Spike-Mutationen: Spike-Mutationen:
7 Mutationen: 9 Mutationen: 12 Mutationen: 7 Mutationen: 30 Mutationen:
N501Y, AS70D, L18F, DaoaA, D215G, L18F, T20N. P265, T19R, del157-158, gﬂiﬁrﬁ:&]ﬁm'
D614G, PEB1H, RZ46l, K417N, D138Y, R190S, K417T, | | L452R, T478K, A211/1212), ins214EPE,
T716l, S982A, E484K, N50TY, EAB4K, N50D1Y, D614G, P6B1R, 63390, S371L, 5373
D1118H Da14G, A70TV 06145, HERRY, Das0N S3I75F K4TTN, N440K,
T10Z71, V1176F GA465, S47TH, TATEK,
E4B844, Q493R0, G,
Zwei Deletionen: Eine Deletion: Zwel ifrm_“ha GOA496, N YS05H, TS4TH,
Substitutionen: D614G, HE55Y, N6TOK,
HES-V70del LAL 242-244 del PEETH, N764K, DTI6Y,
¥14ddel L452R, E484Q HESEH, QO54H, NOSOK,

L981F

GELBE
LISTE.
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S1 S1 /82(685/686) S2
614G+
614G+

K458'

[J Increased infectivity

[J Decreased infectivity

[] Increased sensitivity to neutralizing mAbs
[l Decreased sensitivity to neutralizing mAbs

Spike Mutations: Can affect infectivity and antibody recognition
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SARS-CoV-2 - Omicron

| sars-cov-2

1,
@

1

pd
-
.

1
»

Alpha Beta Omicron Delta Gamma
(B.1.1.7) (B.1.351) (B.1.1.529) (B.1.617.2) 1)
-90% i > .
tra::’:mig‘soi - 20% more 3'f2 times 30-100 % 1.7-2.4 times
st transmission aster transmission more
A : than alpha transmission rate than beta transmission rate
previous variant than delta variant than other local
variants
1 Dol
" P ks s Evolved from
Most i o B
prevalent aw 5{4@ @ BA.2, but more
strain in transmittable
i BA.1 BA.2 BA3 BA.4 BA.5 shion BA2 and
o BA.4
Less Very limited  Eyolved from BA.2

transmittable
than BA.1

oYy
8 8

BA.2.74 BA.2.75 BA.2.76

transmittable  comparatively

less transmissible

9 more spike protein
mutation, more contagious

1ttps://www.mdpi.com/2076-393X/11/1/160 in India



MMV ) g SARS-CoV-2 - Omicron spread

BA.1 8 BA2 BA.3 W-BA4 @ BAS ...

| 2021-09-02 |2021-10-22 | 2021-11-23 |2022-01-06 | 2022-02-25
| | | | "
BA.1.1 BA.2.3 BA.2.9 BA.2.12.1
2021-09-09 2021-09-29 2021-12-11 2021-12-14
India United Kingdom
100% BA1 100% BA1
BA1.1 BA1.1
=BA2 #BA2
75% BA2121  75% BA212.1
g:ﬁg BA23
o amA3 Lo BA29
mBA4 #BA3
EBAS mBA4
25%, - Alpha 25% "BAS
= Delta ® Delta
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —— =NoVvOC 0% NoVOC
40 42 44 46 48 50 52 1 3 6 7 § 11 13 15 17 19 21 23 40 42 44 46 48 50 52 1 3 5 7 9 11 13 16 17 19 21 23
United States South Africa
100% BA.1 100% BA1
BA.1.1 BA1.1
. =BA2 =BA2
75% paotng T A3
BA23 BA29
50% BA2S 50% mEAS
=BA3 :i:
25% s 25% =Alpha
=BAS uBeta
= Delta = Delta
0% No VOC 0% NoVoC
40 42 44 46 48 50 52 1 3 5 7 9 11 13 15 17 19 21 23 40 42 44 46 48 50 52 1 3 5 7 9 11 13 15 17 19 21 23
2021 2022 2021 2022
Weeks Weeks

Xia et al. (2022) Signal Trasduction and Targeted Therapy
https://www.nature.com/articles/s41392-022-01105-9
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SARS-CoV-2 - Omicron

MK recombin i +M.BJ-T
BA.1 55 BAL S, BL.1 " Argus” h;::ﬂﬁm m XBB.1.3
+L152‘M thb ﬁl BL 1 4 RASET. NBOK, FABES
XBC —» XBC.1 2 BL1 N BL.13 Resistant to Evusheld®
a i A4 ol B
XAY.1.1 BA.2.10 '?"’ ©4L2 %0l [_] rasex, nasox, rasex
o o g " Places” ? BM.1 —+R3467 O] p—
3 B, a-}.?:.-' o BA.2.75. 1#&#5. BM.4,1+R386 - e
*Iﬁ"l’ léi!l; / BA: 75. T#REH!ET- ki o [ ] R3aex, Las2x, NaBOX, Fas6X
f p - /o BA 2.759 — m— . D RMEX, LAS2X. FABSX
j’E -"f -, BA275 st e ~+RI46T, FABES | Also resistant to bebtelovimab
- “Centaurus” :
g / 8A.2.75.7 . \ |
5;/ _~BA.2.76 ,&, 3& __-_-; :-E]mux.uszx.mm.m:
£F e BA.2.75.4 ——
BA.2 m‘;s,p .
+kasan BA.2.38.1/2 BA - ?5? % BN.1.1 % BS\ |:| KAS4K, LAS2X, NAGOX :
- BA2383+L451Q__BH1 . ‘BH4—31 - Dnmmmmi

j | #R346T,1452M_ppq
C— T

| #l452Ms BA.2. 13;"56;"73
+R493Q . pa2.3.21 +ﬁ‘*

+L452R, F486V* (R4930)
'

/

BA.5 *m BASS

£ adfocosi
Version Now 04 2022

o
! T L452n,-maercmgaca— — "ﬂﬁ
| | #L452R , BA.2.35 -~
L4520 BA2.12.1 BA.4

D[.‘L 1

+K444R, L452M, NAGOK

Bﬁ. 5 218—
CG.1,BA.5.2.7,BAS. 214
BV.2, BA.5.2.24
BA.5.2.25, BA.5.2.36
BE.1.1.1—

" BA,S'E

#BAS10.1, BASI1
i BAS.1.18/20/26/27/28 ",

Credit: Daniele Focosi

Quelle https://publichealth.jhu.edu/2022/omicrons-many-subvariants

D R346X, K444X, L4523,
NABOX, FABEX

_'H-BX. rcmx, Llﬁl}t, me

BQ.1.11/19
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