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Life expectancy bounce-backs amid continued losses

Life expectancy changes since the start of the COVID-19 pandemic

Estimates for 2021 are adjusted for the weeks with missing data in 2021 Avg. change

20162019 A ey As of

[ 1912119720 20/21A¥y5.y  WeEK

Bulgaria o 5 . -42.4 -178 246 +1.6 52
Slovakia L % -33.8 93 245 +3.1 51
Poland Pt e e -26.3 -145 -11.7 +2.0 52
Lithuania e -+ 258 182 7.7 +5% 52
UsA § . -25.8 255 -0.3 +20 52
Hungary ee——® -23.8 83 155 +28 52
Estonia $ = 234 18 215 +35 52
Czech Republic C— e -21.2 115 9.7 422 51
Chile — =209 -130 -79 : 52
Croatia —t -204 96 109 +32 52
Greece PR =155 3.1 125 : 52
Scotland TF—_e 96 -89 -0.7 +08 52
Northern Ireland > i 94 88 07 +1.9 52
England and Wales - e 93 -11.4 21 +1.7 52
Austria (= 7.5 -80 +04 +25 52
Netherlands g 75 1.7 +02 +19 52
Portugal S . 1.5 82 07 +1.7 52
Slovenia _— - 7.2 104 +32 +25 52
Spain (o} -6.4 150 +86 +2.9 52

Italy C——— 6.3 126 +62 +3.] 47
Germany P 55 26 -29 +23 52
Iceland o 1.6 29 +13 +9 52
Belgium — 1.1 -120 #10.9 +3.0 52
France [ —— 48 -1.0 62 +52 +1.7 52
Denmark - 03 +#1.1 15 +2.1 52
Finland o * 0.2 05 +03 +1.8 51
Sweden — * 0.2 76 +74 2.6 52
Switzerland i -® 40.9 -80 490 +30 52
Norway 2 420 421 01 22 52

42 months 36 30 24 -18 12 6 Life +6 months
< expectancy
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Life Cycle of SARS-CoV-2



https://www.youtube.com/watch?v=k2GlafQ9YhY
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https://covid-19.ensembl.org/Sars_cov_2/Location/View?r=MN908947.3:1-29903
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https://cdn.rcsb.org/pdb101/learn/resources/flyers/covid-genome/covid-genome-prots.png

SARS-CoV-2 proteiny

* Replicase polyprotein 1ab

* Multifunctional protein involved in the transcription and
replication of viral RNAs. Contains the proteinases responsible for
the cleavages of the polyprotein.

Host translation inhibitor nspl

* Inhibits host translation by interacting with the 40S ribosomal
subunit. The nsp1-40S ribosome complex further induces an
endonucleolytic cleavage near the 5'UTR of host mRNAs, targeting
them for degradation. Viral mRNAs are not susceptible to nsp1-
mediated endonucleolytic RNA cleavage thanks to the presence of
a 5'-end leader sequence and are therefore protected from
degradation. By suppressing host gene expression, nsp1 facilitates
efficient viral gene expression in infected cells and evasion from
host immune response.

Non-structural protein 2 (nsp2)

 modulation of host cell survival signaling pathway by
interacting with host PHB and PHB2. Indeed, thesé two
Protel_ns play a role in maintaining the functional integrity of
he mitochondria and protecting cells from various stresses

Non-structural protein 3 (nsp3) - PL-PRO

* Responsible for the cleavages of polyprotein

https://swissmodel.expasy.org/repository/species/2697049



https://swissmodel.expasy.org/repository/species/2697049

Non-structural protein 4 (nsp4)

 assembly of virally-induced cytoplasmic double-
membrane vesicles necessary for viral replication.

3C-like proteinase (3CL-PRO)

+ Cleaves the C-terminus of replicase polyprotein at
11 sites

Non-structural protein 6 (nsp6)

« initial induction of autophagosomes from host reticulum
endoplasmic. Later, limits the expansion of these
phagosomes that are no longer able to deliver viral
components to lysosomes

Non-structural protein 7 (nsp7)
« viral RNA synthesis

Non-structural protein 8 (nsp8)
« viral RNA synthesis

Non-structural protein 9 (nsp9)

« viral replication by acting as a ssRNA-binding protein.

Non-structural protein 10 (nsp10)

» viral mMRNAs cap methylation

https://swissmodel.expasy.org/repository/species/2697049



https://swissmodel.expasy.org/repository/species/2697049

RNA-directed RNA polymerase (Pol)

» Responsible for replication and transcription of
the viral RNA genome.

Helicase (Hel)
 RNA and DNA duplex-unwinding activities with 5'
to 3' polarity
Proofreading exoribonuclease
(ExoN)

« exoribonuclease activity acting on both ssRNA and
dsRNAin a 3'to 5' direction and a N7-guanine
methyltransferase activity.

Uridylate-specific
endoribonuclease

* Mn(2+)-dependent, uridylate-specific enzyme, which
leaves 2'-3'-cyclic phosphates 5' to the cleaved bond.

2'-O-methyltransferase

« MRNA cap 2'-O-ribose methylation to the 5'-cap structure
of viral mMRNAs. - to evade immune system

https://swissmodel.expasy.org/repository/species/2697049
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Spike glycoprotein (S protein)

« attaches the virion to the cell membrane by binding to
human ACE2 receptor

ORF3a protein (ORF3a)

* potassium sensitive ion channels svwoporm) and may
modulate virus release. Up-regulates expression of
fibrinogen subunits FGA, FGB and FGG in host lung
epithelial cells. Induces apoptosis in cell culture

Envelope small membrane protein (E)

« central role in virus morphogenesis and assembly.
Acts as a viroporin and self-assembles in host
membranes forming pentameric protein-lipid pores that
allow ion transport. Also plays a role in the induction of
apoptosis

Membrane protein (M)

« viral envelope that plays a central role in virus
morphogenesis and assembly

* Regulates the localization of S protein at cis-Golgi, the
place of virus budding.

ORF6 protein (ORF6)

» Disrupts cell nuclear import complex formation by
tethering karyopherin alpha 2 and karyopherin beta 1 to
the membrane. blocking the expression of interferon
stlgnutl_ated genes (ISGs) that display multiple antiviral
activities

https://swissmodel.expasy.org/repository/species/2697049
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ORF7a protein (ORF7a)

« antagonist of host tetherin (BST%%, disrupting its antiviral effect.
May suppress small interfering RNA (SiRNA)

ORF7b protein (ORF7b)

* No known function — locates to host Golgi and host endosome

ORF8 protein (ORF8)

« Binds to IL17RA receptor Ieac_iin? to IL17 pathway activation and
an increased secretion of pro-inflammatory factors. Contributes to

cytokine storm during COVID-19 infection..

Nucleoprotein (N)

. P_ackagles the positive strand viral genome RNA into a helical "~~~
ribonucleocapsid (RN_P% and plays a fundamental role during viric
assembly through its interactions with the viral genome and
membrane protein M

ORF9Db protein (ORF9b)

* inhibition of host innate immune resgonse by targeting the
mitochondrial-associated adapter MAV

ORF9c protein (ORF9c)

« May play arole in host-virus interaction.

ORF10 protein

* No known function

https://swissmodel.expasy.org/repository/species/2697049
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Interactions
with Human cells



Reakce organismu na SARS-CoV-2

* Replikace viru - WP4846

* Viral subversion of host defence:
* ER stress and unfolded protein response - WP4861

e Autophagy and protein degradation -WP4860, WP4936,
WP4863

* Apoptosis - WP4864

* Integrative stress response:
* Renin-angiotensin - WP4883, WP4965
e Coagulopathy - WP4927

* Innate Immune Response:

* PAMP signalling - WP4912

* Induction of interferons and the cytokine storm - WP4868,
WP4880, WP4876

e Altered host metabolism - WP4853

https://covid.pages.uni.lu/map contents



https://www.wikipathways.org/index.php/Pathway:WP4846
https://www.wikipathways.org/index.php/Pathway:WP4861
https://www.wikipathways.org/index.php/Pathway:WP4860
https://www.wikipathways.org/index.php/Pathway:WP4936
https://www.wikipathways.org/index.php/Pathway:WP4863
https://www.wikipathways.org/index.php/Pathway:WP4864
https://www.wikipathways.org/index.php/Pathway:WP4883
https://www.wikipathways.org/index.php/Pathway:WP4799
https://www.wikipathways.org/index.php/Pathway:WP4927
https://www.wikipathways.org/index.php/Pathway:WP4912
https://www.wikipathways.org/index.php/Pathway:WP4868
https://www.wikipathways.org/index.php/Pathway:WP4880
https://www.wikipathways.org/index.php/Pathway:WP4876
https://www.wikipathways.org/index.php/Pathway:WP4853
https://covid.pages.uni.lu/map_contents
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Interacting proteins
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SARS-CoV-2 S protein + ACE2

RBD/RBM

e Hlavni kontakt s bunkami

Mittal A, Manjunath K, Ranjan RK, Kaushik S, Kumar S, et al. (2020)
COVID-19 pandemic: Insights into structure, function, and hACE2
receptor recognition by SARS-CoV-2. PLOS Pathogens 16(8):
€1008762. https://doi.org/10.1371/journal.ppat.1008762

"7
Berka K (2022) https://virus.img.cas.cz/ https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1
008762



https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1008762
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ACE2 —what is it? Why do we care?

Renin-angiotensin system
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Receptor binding domain (RBD) antibodies
contribute more to SARS-CoV-2 neutralization
when target cells express high levels of ACE2
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Fig. 1. 293T cell clones expressing ACE2 at different levels. (A) ACE2 expression in 293T cells
engineered to express different levels of ACE2. ACE2 surface expression was measured by flow
cytometry, and the histograms show the distribution of expression levels over a population of
cells. Vero E6 cells are included for comparison. (B) Relationship between ACE2 expression in
the four 293T target cell clones and infection by lentiviral particles pseudotyped with the
SARS-CoV-2 D614G spike.

https://www.biorxiv.org/content/10.1101/2022.08.29.505713v1
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Expression of ACE2
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Intermediates in SARS-CoV-2
spike—mediated cell entry

VLP+tEV with [SARS,,..-PEG,],-chol 5%’

. 3

viral membrane

Membrane-anchored
Inhibitory peptide

)

b iR

host membrane

Prefusion S Extended S2 Folded S2
bound to ACE2

intermediates intermediates

Virus-like particle (VLP) Target extracellular vesicle (tEV) Scale bar: 10 nm

» Prefusion spike
» Postfusion spike

https://www.science.org/doi/10.1126/sciadv.abo3153
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Spike protein in detail
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Ke, Z., Oton, J., Qu, K. et al. -
Structures and distributions of
SARS-CoV-2 spike proteins on
intact virions. 2 operlREDS
Nature 588, 498—-502 (2020).
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Glycosylation ;

Oligomannose-type glycan content:  [[] 100% — 80% []79% — 20% []
https://www.biorxiv.org/content/10.1101/2022.08.24.505118v1



https://www.biorxiv.org/content/10.1101/2022.08.24.505118v1

S:T19R

Mutace S proteinu o r——

N SE1%-
] HEEEE nmnmmnnm o s

S:R158G

IIII I S:A222v
’ 1

HEEE f sozsea
Lty
L rrrrrrr
HEEE

ANNNNNRNER  srom

ARININARNAR § srov
INNEIIE  sooon

I S5:D979E

EEEEEEEEEENE
HEEN

{l‘g -———————————— N N

https://virus.img.cas.cz/



https://virus.img.cas.cz/

Antibodies
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CoV-AbDab

The Coronavirus Antibody Database

Protilatky @

--------
A ® .1 A& W ¥ ®m &

http://opig.stats.ox.ac.uk/webapps/covabdab/
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Rare, convergent antibodies targeting the stem helix broadly neutralize diverse
betacoronaviruses
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Escape calculator for SARS-CoV-2 RBD

escape (arbitrary units)
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https://ibloomlab.github.io/SARS2 RBD Ab escape maps/escape-calc/
https://academic.oup.com/ve/article/8/1/veac021/6549895
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Varianty - Genomy SARS-Cov-

Genomic epidemiology of SARS-CoV-2 with subsampling focused globally over the past 6 months
& Built with nextstrain/ncov. Maintained by the Nextstrain team. Enabled by data from (@

Showing 2912 of 2912 genomes sampled between Dec 2019 and Aug 2022.
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Clinical trla\s
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Drugs

Favipiravir

Molnupiravir

AT-527

Galidesivir

Sofosbuvir

Azvudine

Tenofovir, ricitabine
PF-07321332
PF-07304814
s-217622
FB2001
Ebselen
Lopinavir/ritonavir

Triazavirin
Chloroquine/hydroxychloroquine

Umifenovir/arbidol
Niclosamide
Chlorpromazine
Baricitinib
Proxalutamide
Dutasteride
Camostat mesylate
Nafamostat mesylate
PTC299
Teriflunomide
Nitazoxanide
Fluvoxamine
Plitidepsin
Ivermectin
Apilimod

“Registered on ClinicalTrials.gov.
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Androgen receptor antagonist
5-alpha-reductase inhibitor

TMPRSS?2 inhibitor
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DHODH inhibitor
DHODH inhibitor

Endosomal entry/Inflammatory response regulation
Sigma-1 receptors agonist

eEF1A inhibitor
IMPA/B1 inhibitor
PIKFYVE inhibitor

Development strategy

Repurposing
Repurposing

Novel
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Repurposing
Repurposing
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Novel
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Novel
Repurposing
Repurposing
Repurposing
Repurposing

Repurposing
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Zhao et al. Mechanism of Action of Small-Molecule Agents in Ongoing Clinical Trials for SARS-CoV-2: A Review
Front. Pharmacol., 25 February 2022 https://doi.org/10.3389/fphar.2022.840639

Approval status
(for COVID-19)

Approval by FDA
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Non-approved
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EUA by FDA
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Non-approved
EUA by FDA at
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(chloroquine)
Non-approved
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Non-approved
EUA by FDA
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Non-approved
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Mittal A, Manjunath K, Ranjan RK, Kaushik S, Kumar S, et al. (2020) COVID-19 pandemic: Insights into structure, function, and
hACE?2 receptor recognition by SARS-CoV-2. PLOS Pathogens 16(8): e1008762. https://doi.org/10.1371/journal.ppat.1008762
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1008762
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http://pdb101.rcsb.org/learn/resources-to-fight-the-covid-19-pandemic/the-search-for-drugs-to-fight-covid-19
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* Blokuje replikaci SARS-CoV-2
e 74dné zavainé vedlejsi efekty na OH OH
dobrovolnicich

* prevence hospitalizace se zavaznymi formami
a smrti

https://www.mpg.de/17362204/0812-bich-molnupiravir-152115-x
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Kabinger, F., Stiller, C., Schmitzov3, J. et al. Mechanism of molnupiravir-induced SARS-CoV-2 mutagenesis. Nat Struct Mol Biol 28, 740-746
(2021). https://doi.org/10.1038/s41594-021-00651-0
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https://erictopol.substack.com/p/why-paxlovid-is-a-just-in-time-breakthrough
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Protease Inhibitors — Spike and
Maturation

Strong
inhibition

Airway cell

TMPRSS2

Activation of S protein by proteolytic cleavage

Infection

Nafamostat, an existing safe drug, may inhibit entry of SARS-CoV-2.
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AN ARRAY OF VACCINES

Virus

Viral vector Nucleic acid Protein-based

Inactivated | Replicating I DNA B Protein subunit

Weakened

Virus

Viral vector
Nucleic acid
Protein-based
Other*

Non-replicating RNA Virus-like particles
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Number of vaccines in development

* Other efforts include testing whether existing vaccines against poliovirus or
tuberculosis could help to fight SARS-CoV-2 by eliciting a general immune
response (rather than specific adaptive immunity), or whether certain
immune cells could be genetically modified to target the virus.

onature

https://www.nature.com/articles/d41586-020-01221-y as of April 2020
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Vakciny ve vyvoiji

Coronavirus Vaccine Tracker

By Carl Zimmer, Jonathan Corum, Sui-Lee Wee and Matthew Kristoffersen Updated Aug. 31, 2022

PHASE 1 PHASE L PHASE 2 PHASE 2/3 PHASE 3 AUTHORIZED APPROVED ABAMDONED
Vaccines Vaccines : Vaccines Vaccines Vaccines Vaccines
. Combined . Combined :
testing safety trigl in expanded rials in large-scale  in early or approved  abandoned
and dosage o safety trials B efficacy tests  limited use  forfulluse  after trials

https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html
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Replicating viral vector Non-replicating viral vector
(such as weakened measles) (such as adenovirus)
The newly approved Ebola vaccine No licensed vaccines use this
is an example of a viral-vector method, but they have a long
vaccine that replicates within history in gene therapy.
cells. Such vaccines tend to be Booster shots can be needed to
Weakened virus Inactivated virus safe and provoke a strong immune induce long-lasting immunity.
A virus is conventionally weakened for a In these vaccines, response. Existing immunity to the US-based drug giant Johnson &
\rr]acm ne b"l’l bemgl passelzj through anlmalhor the ‘;'"‘S is rendered vector could blunt the vaccine’s Johnson is working on this
uman cells until it picks up mutations that uninfectious using .
make it less able to cause disease. Codagenix chemicals, such as effectiveness, however. approach.
in Farmingdale, New York, is working with the formaldehyde, or heat.
Serum Institute of India, a vaccine Making them, however, )
manufacturer in Pune, to weaken SARS-CoV-2 requires starting with L1rr, Coronavirus a % I » Coronavirus
by altering its genetic code so that viral large quantities of > » ; ;
proteins are produced less efficiently. infectious virus. y . spike gene o~ \ spike gene
— - ar -0 .
Vaccine o ~_viral ¥~ . ————Viralgenes
<y 1lr T = iral genes o N - .
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Virus rgﬁi}cates
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https://www.nature.com/articles/d41586-020-01221-y
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NUCLEIC-ACID VACCINES

DNA vaccine RNA vaccine

Electroporation Coronavirus
spike gene
RNA is often

.{I.. -
encased in a
*1 lipid coat so it
~ canenter cells
DNA RNA

A process called

electroporation

creates pores in

membranes to

increase uptake of

DNA into a cell /

/’ %\ © , Immune
© response

Coronavirus
spike peptide
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§

;XA

o > 4.
Viral proteins

RNA- and DNA-based
vaccines are safe and
easy to develop: to
produce them involves
making genetic material
» only, not the virus. But

R — > A they are unproven: no

mRNA licensed vaccines use
this technology.

Pfizer-BioNtech — mRNA for Spike protein
Moderna - mMRNA-1273 for Spike protein

PROTEIN-BASED VACCINES

Protein subunits

Twenty-eight teams are working on vaccines with viral protein subunits —
most are focusing on the virus's spike protein or a key part of it called the
receptor binding domain. Similar vaccines against the SARS virus
protected monkeys against infection but haven't been tested in people.
To work, these vaccines might require adjuvants — immune-stimulating
molecules delivered alongside the vaccine — as well as multiple doses.

A A_ Spike protein

M protein
Coronavirus
\ peptide
Aq; —r @ Immune
response

Virus-like particles

Empty virus shells mimic the coronavirus structure, but aren't infectious
because they lack genetic material. Five teams are working on ‘virus-like
particle’ (VLP) vaccines, which can trigger a strong immune response,
but can be difficult to manufacture.

VLP
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https://www.nature.com/articles/d41586-020-01221-y
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Leading vaccines

Developer

il i

HESE H B B B

Pfizer-BioNTech
Sinopharm
Oxford-AstraZeneca
Sinovac

Moderna

Novavax

Bharat Biotech

Johnson & Johnson
Baylor-Biological E

Gamaleya

How It Works

mRNA

Inactivated

ChAdOx1

Inactivated

mRNA

Protein

Inactivated

Ad26

Protein

Ad26, Ad5

Phase

Status

Approved in LS., other countries.
Emergency use in many countries.

Approved in China, Bahrain.
Emergency use in many countries.

Approved in Brazil, India.
Emergency use in many countries.

Approved in China.
Emergency use in many countries.

Approved in LL5., Canada, Switzerland.
Emergency use in many countries.

Approved in Canada, South Korea.
Emergency use in several countries.

Approved in India.
Emergency use in other countries.

Approved in Canada. Limited in U.5.
Emergency use in many countries.

Emergency use in India, Botswana.

Approved in Russia.
Emergency use in many countries.



Zamitnuté vakciny — zvlastni zminka
0 o CSL .

USTRALIA
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e Opusténa 10.12.2020 \

* Na kreccich fungovala skvéle LSS

e Faze | — ¢ervenec 2020 — skvélé, hodné protilatek X7+,
zadné zavazné vedlejsi ucinky

* Ale pak — dobrovolnici zacali mit pozitivni testy na
HIV, aniz by HIV virus méli

e DUvod: Aby udrzeli S protein ve spravném tvaru —
drzeli ho na misté pomoci ,molecular clamp® — ke
kterému pouzili segment HIV proteinu — a ten
chytaly protilatkové testy na HIV

https://www.nature.com/articles/d42473-020-00504-2?source=globalbiodefense
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Zavery

 Mame uz docela dobrou predstavu ohledné

struktury a funkce drtivé vétsiny protein(
SARS-CoV-2

* Vede to k navrhu lécCiv a vakcin

e Sledovanim mutaci muzZzeme odhalit, které
protilatky uz na nové varianty nebudou plné
fungovat

* Bohuzel ani po nakaze tolika lidi stale ma virusiv
ramci RBD domény kde mutovat...
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Imunita

VACCINE BASICS:

The body’s adaptive immune system can learn to recognize new,
invading pathogens, such as the coronavirus SARS-CoV-2.
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Coronavirus infection*
The virus uses its surface spike
protein to lock onto ACE2
receptors on the surface of
human cells. Once inside,
these cells translate the virus's
RNA to produce more viruses.
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translated

into proteins
oproteins 7y
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Immune response*

Specialized "antigen presenting cells’
(APCs) engulf the virus and display
portions of it to activate T-helper cells.

T-helper cells enable other
immune responses:

B cells make antibodies that |
can block the virus from

infecting cells, as well as mark

the virus for destruction.

Cytotoxic T cells identify and

destroy virus-infected cells.

Anti-coronavirus
antibod
£ v

B cell
.
NS
’,’,}E rr,?;ﬁ
Prevents virus from ! {’}f’g
binding, or tags it
g, ortagsit <. i %‘7"

for destruction \(

Long-lived ‘memory’ ¥ \4
B and T cells that

recognize the virus

can patrol the body

for months or years,

providing immunity

*Simplified

https://www.nature.com/articles/d41586-020-01221-y
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Genomy SARS-Cov-

Genomic epidemiology of novel coronavirus - Global subsampling
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Klasifikace a
struktury
koronaviru

A

Family: Coronaviridae

Subfamily
Coronavirinae Torovirinae
IGenus
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Detail komplexu proteinu viru

Nsp3 -- a multidomain protein that includes RNA-binding domains, a sizes and shapes of each protein are based on

membrane-anchoring domain, and the papain-like protease cgrrgnt structural information, but the _arrangement
Nsp4 and 6 -- membrane-spanning proteins that remodel the ER within the complex is largely speculative:
membrane

Nsp5 -- main protease that cuts the viral polyproteins into functional
pieces

Nsp7, 8 and 10 -- proteins involved in organizing the replicase
complex

Nspl2 -- RNA-directed RNA polymerase creates new viral RNA
strands

Nspl3 -- helicase separates strands in an RNA double helix y
Nspl4 -- guanine N7-methytransferase includes an exoribonuclease *
involved in proofreading

Nsp15 -- uridylate-specific endoribonuclease breaks RNA, the
function of which is still under study

Nspl6 -- 2’-O-methyltransferase is involved in formation of the RNA
cap

-

Three structural proteins are also shown: Several accessory proteins (p6, p7a, and p8a) are

Nucleocapsid (N) condenses the viral genomic RNA also shown. These are dispensable for replication
Membrane (M) protein works with N to package the RNA into the of the virus. but are involved in the virulence of
virion infection.

Envelope (E) is involved in the process of budding

http://pdb101.rcsb.org/sci-art/goodsell-gallery/coronavirus-life-cycle
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