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1 What are viruses?



"AVirusis a piece of (bad) news wrapped in protein’
- Peter Medawar (Nobel Prize 1960)




"\iruses appear to be obligate parasites in the sense that their

reproductionis dependent on living cells’
- Thomas Milton Rivers (1926)




Viruses are passive agents!

- VVincent Racaniello (at least 2012)
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Diversity

Mimivirus
(Giant virus)
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Measles
Rabies
200nm

150nm
180X80nm
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Adenovirus Rotavirus
100nm 90nm 80nm

e
=
o

s

(9] Papillomavirus Dengue virus, Hepatitis C virus
Ebolavirus 60nm Zika virus
80x970nm

Hepatitis B virus  Hepatitis A virus,
50nm 42nm
50nm

Parvovirus
Poliovirus 20nm
30nm

Hulo et al. (2011) Nucleic Acids Res - ViralZone
https://viralzone.expasy.org/



Abundance

All three domain of life have been found infected by viruses

For example, marine viruses:

1030 viruses in the entire marine biota (estimate)

1023 viral infections every second (estimate)

Viruses Kill about 20% of the total microbial biomass every
day forcing a constant and large-scale turnover

Biomass Abundance

Nature Reviews | Microbiology



Abundance

Excfkétes 1073 (10,000,000,000,000) viral particles every day

Smith et al. 1998 EID
httoe//Adx Adoi ora/10 R201%2FeidDA401 ORNOT10R



Nervous system

DNA vir‘ulses RNA vi‘rtilses Teguments
Herpesviridae 5;:/1';3;::22:9 DNA viruses
Blood Herpesviridae
DNA viruses RNA viruses Mpyoviridae
Adenoviridae Hepeviridae Popiﬂo.njmwndae
Baculoviridae Flaviviridae Podowndqe.
Herpesviridae Bunyaviridae Polyqt?awndae
Marseilleviridae | Paramyxoviridae P?prl?'t.:e
Myoviridae Retroviridae Siphoviridae
Polyomaviridae Unclassified phages
Papillomaviridae Anelloviridae
Poxviridae Circoviridae
Siphoviridae Inoviridae
Unassigned Microviridae
Anelloviridae Parvoviridae
1 H H Inoviridae
Viruses are part of any microbiome Microvirdoe e
Parvoviridae DNA viruses RNA viruses
Adenaviridae Coronaviridae
Digestive tract Iridoviridae Picornaviridae
Infecting directly the host (e.g. Herpesviruses) ONAvitisss | RNAviruses
I - > Mimiviridae Paramyxoviridae
Herpesviridae Pi viridae 4
v o . Myoviridae
Marseilleviridae Re e p Irich
Myoviridae Caliciviridae ﬁ gpl f;m""f’fd ae
Papillomaviridae Astrovirdae A ZCO‘Q:VIfI lae
. i i Podoviridae Virgaviridae odoviridae
Nnrecting other memmoers or the micropiome o Picomaviridae Poxviridae
Polyomaviridae : S
P Siphoviridae
Poxviridae e
A = Unclassified phages
Siphoviridae bt
i Anelloviridae
Unclassified phages igp
il Parvoviridae
Anelloviridae
ENeosD Aoy Genito/urinary tract
Inoviridae DNAWI
Microviridae viruses
Adenoviridae
Herpesviridae
Papillomaviridae
Polyomaviridae
. Anelloviridae
Viral Groups

[l double stranded DNA viruses
. single stranded DNA viruses
El double stranded RNA viruses
. (+) single stranded RNA viruses
[ () single stranded RNA viruses
. Retroviruses

Popgeorgiev et al. 2013 Intervirology
https://doi.org/10.1159/000354561



Viruses...

Espemally when you study biology :
Molecular biology
Cell biology

- Genetics

- *Ecglo

...are everywhere i

- Medical sciences (diseases and treatments)
Biochemistry
Epidemiology
Computational biology

@brgfx( ) & Miehelle Yun

https:7/ www.quantamagazine.org/scientists-discover-nearly-200000-kinds-of-ocean-viruses-20 190425/


https://www.freepik.com/brgfx
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2 SARS-CoV-2



SARS-COV-Z

Betacoronavirus

SARS-CoV / SARS-CoV-2

~———————— Spike glycoprotein
trimer (S)

Nucleoprotein (N)

and RNA genome

Membrane protein
(M

pentamer (E)

© ViralZone 2020
SIB Swiss Instute of Bioinformatics

Monopartite

Linear ssRNA(+) genome
29.9 kb in size

13 Open reading frames

SARS-CoV-2

5 S 3
ORF1b Genomic RNA

(mRNAT)
ppla |nsl| n2 | ns4|3CL] ns6 |73/g0 l
pp‘lab ns4|3CL| ns6 |78 910 : '
* Ribosomal I'—
" frameshift © S - nansssirtAL MRNAZ
32 mRNA3

*PL proteinase 77 3CL protease E waay MRNAS

- . gy MRNAS

06 mRNAG

Subgenomic RNAs ol 7a mMRNA7
Leaky scanning?----'|| 7b

° B AarsaBAMAL MRNAS

= different from SARS 2003 o], aaara MRNAQ
Leaky scanning? ---'| |9b
© ViralZone 2020
SIB Swiss Institute of Bioinformatics ﬂ 14 mRNA?
| ORF10?



e Others

2etacoronavirus

Diverse sets of hosts (mammalians)

& Hiiman 100 ©DQ022305|Bat-SARSr-CoV HKU3
oKF294457|Bat-SARSr-CoV Longquan-140
® Bat 9 #KJ473815|Bat-SARSr-CoV GX2013

eDQ071615|Bat-SARSr-CoV Rp3
0r ®DQ412043|Bat-SARSr-CoV Rm1
#DQ648857|Bat-SARSr CoV 279
oKY417147|Bat-SARSr-CoV Rs4237
oKY417148|Bat-SARSr-CoV Rs4247
oKY417142|Bat-SARSr-CoV As6526
©FJ588686|Bat-SARSr-CoV Rs672
oKY417143|Bat-SARSr-CoV Rs4081
oKY417149|Bat-SARSr-CoV Rs4255
©JX993988|Bat-SARSr-CoV Cp-Yunnan

100 , KP886808|Bat-SARSr-CoV YNLF-31C

oKP886809|Bat-SARSr-CoV YNLF-34C

1001 eDQ412042|Bat-SARSr-CoV Rf1
100 E eDQ648856|Bat-SARSr-CoV 273

100

10 ®KJ473812|Bat-SARSr-CoV HeB2013
©KJ473813|Bat-SARSr-CoV SX2013
KJ473814|Bat-SARSr-CoV HuB2013
#KJ473816|Bat-SARSr-CoV YN2013
oKF569996|Bat-SARSr-CoV LYRa11
100; *KC881006|Bat-SARSr-CoV Rs3367

*KF367457|Bat-SARST-CoV WIV1
100, ®KY41751|Bat-SARSr-CoV Rs7327
#KY417152|Bat-SARSr-CoV Rs9401
#KY417144[Bat-SARSr-CoV Rs4084
8 ——— eKY417146|Bat- SARSr-CoV Rs4231
eKY417150|Bat-SARSI-CoV Rs4874
100 ®AY278488|Human-SARS-CoV BJO1
—WI-I #AY572034|Civet-SARSr-CoV 007
#AY572035|Civet-SARSr-CoV 010
[ 77— eKY417145/Bat-SARSr-CoV Rf4092
#KJ473811|Bat-SARST-CoV JL2012

101

E=1

100

100

#EP|_ISL_412977|Bat-CoV RmYN02
100 — #MG772933|Bat-SL-CoV ZC45
55 L eMG772934|Bat-SL-CoV ZXC21

oEPI|_ISL_410721|Pangolin-CoV-GD
©MN996532|Bat-CoV-RaTG13
oEPI_ISL_577800|Mink-CoV
oNC_045512|Human-SARS-CoV-2
oEPI_ISL_487275|Felis catus-CoV
oEPI_ISL_420293|Tiger-CoV
oEPI_ISL_450403|Dog-CoV

® Human 100]
® Livestock

©® Domestic fowls
® Bird

® Bat

® Rat

® Others

100 ®AF353511|PEDV|Porcine
*DQB48858| Scotophilus bat coronavirus 512|Scotophilus bat
oNC_022103|Bat coronavirus COPHE15|Myotis lucifugus

oNC_018871|Bat coronavirus HKU10|Rousettus bat

©EU420138|Miniopterus bat coronavirus 1|Miniopterus bat

93r- ®NC_002645[HumCoV 229E|Human
oKT253272|229E-related bat coronavirus|Hipposideros abae
oNC_028752|Camel alphacoronavirus|Camel
©JQ410000|Alpaca respiratory coronawruslVlcugna pacos
oNC_005831|HumCoV NL&3|Hum:
oNC_048216|NL63-related Bat-CoV BIK YNL63-9b| Triaenops afer
#EF203064|HKU2|Rhinolophus bat
©MF094687|SADSr-CoV|Rhinolophus bat
oMF167434|SADS-CoV|Porcine
oNC 032730|Lucheng Rn rat coronavirus|Rat
®AY994055|FIPV|Cat
#DQ811789|TGEV|Porcine
#DQ811787|PRCV|Porcine
oKP849472|Alphacoronavirus 1|Canine
MN535736|Mink coronavirus 1|Neovison vison
NC_030292|FRCoV-NL-2010|Ferret
KY370053|Sorex cor irus T14|Sorex
KY967715|Suncus murinus coronavirus X74|Suncus murinus

®AY585228|HumCoV OC43|Human
MG977444|HumCoV OC43 isolate TNP F1778_2|Pan troglodytes verus
*KF906251|HKU23|Dromedary camel

g7| ®NC_003045|BovCoV|Bovine
I00 EF424621|SACoV|Sable antelope
1001 EF424622|GiCoV|Giraffe
+DQ915164|Bovine coronavirus isolate AlpacalAlpaca
.JX860640{Camne respiratory coronavirus K37|Dog
«DQ011855|PHEV|Porcine
L.C061272|Equine coronavirus|Equus caballus adult
©JN874559|HKU14|Rabbit
|(.\I/<3'$(3)32;42IHKU24‘R'9"US noné‘el gc:ls .

les coronavirus Myodes rufocanus

®AY59701 1|{<0dU1 |Human
®AF029248|MHV|Mouse
#FJ938068|Rat coronavirus Parker|Rat
#EF065505|HKU4|Tylonycteris bat
*EF065509|HKUS|Pipistrellus bat
©JX869059|MERS-CoV|Human
oKT751244|MERS-CoV|Camel
KC545383|Hedgehog coronavirus 1|Eril P

99— oEF065513|HKU9|Rousettus bat
AE oNC_030886|Rousettus bat coronavirus GCCDC1|Rousettus leschenaulti

oMG693168|Eidolon bat coronavirus C704|Eidolon helvum
®AY274119|SARS-CoV|Human
AY686863|SARS-CoV|Palm civet
AY545919|SARS-CoV|Badger
5| ®KC881005|Bat-SL-CoV RsSHCO14|Rhinolophus sinicus
*KC881006|Bat-SL-CoV Rs3367|Rhinolophus sinicus
oKF367457|Bat-SL-CoV WIV1|Rhinolophus sinicus
#DQ022305|HKU3|Rhinolophus bat
eMG772933|Bat-SL-CoV ZC45|Rhinolophus pusillus
*MG772934|Bat-SL-CoV ZXC21|Rhinolophus pusillus
*MN996532|Bat-CoV RaTG13|Rhinolophus affinis
oEPI_ISL_412977|Bat-CoV RmYNO2|Rhinolophus malayanus
NC_045512|SARS-CoV-2|Human
oEP|_ISL, 487275|Cat CoV|Felis catus
EPI_ISL_420293|Tiger-CoV|Panthera tigris jacksoni
oEP]_IST 450403| 0g-CoV|Canis lupus familiaris
EPI_ISL_577800|Mink-CoV|Neovison vison
EPI_ISL_410721|GD pangolin-CoV|Manis javanica
oNC_| 025217|Bat Hp-betacoronavirus Zhejiang2013|Hipposideros pratti
65 ®AYB41576|IBV|Peafow!
< oKR902510|Avian coronavirus 9203|Chicken
5§l ®NC_001451|IBV|Fowl
M95169|Avian coronavirus

53— o JF 705860|Duck-CoV|Duck
©AY646283|IBV|Partridge
-NC_OdGQGSlGoose coronavirus CB17|Branta canadensis
00 r EU111742|Bell whale coronavirus SW1|Beluga whale
KF793826|HK! Dolphm
-J006504?\HKU19\nght heron
©JQ065048|HKU20|Wigeon

Zhou et al (2021) Animal Diseases 100
https://doi.org/10.1186/s443%9-021-00005-Q | EF584908/AICCoV|Asian leopard cat

©JQ065049|HKU21|Common-moorhen
100y ®FJ376620|HKU11|Bulbul

10011 ¢ FJ376619|HKU11|Bulbul
oFJ376621|HKU12|Thrush
©JQ065044|HKU16|White-eye

oL C364342|HKU27|Falcon

#L C364343|HKU28|Houbara
«LC364344|HKU29|Pigeon
©JQ065046|HKU18|Magpie-robin
oFJ376622|HKU13|Munia

100; #L.C364346|HKU30-UAE|Quail

95fL o MH532440|HKU30-Poland|Quail
eMG812377|HKU17-USA|Sparrow
3k @JQ065045|HKU17-China|Sparrow

¢JQ065042|HKU15|Porcine

oNC_028814|BtRf-Alpha-CoV HuB-2013|Rhinolophus ferrumequinum
NC_010438|Miniopterus bat coronavirus HKU8|Miniopterus bat
oNC_028833|Nyctalus velutinus alphacoronavirus SC-2013|Nyctalus velutinus

oNC_046964|Pipistrellus kuhlii coronavirus 3398|Pipistrellus kuhlii
oNC_028811|Myotis ricketti alphacoronavirus Sax-2011|Myotis ricketti

Alphaco%navilus

Betacoronavirus

Y B
Gammacoronavirus

e .
Deltacoronavirus



https://doi.org/10.1186/s44149-021-00005-9
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3 How do RNA viruses evolve?



Central dogma of molecular biology

Protein

Ribosome

1 TRANSCRIPTION

TRANSLATION 1

RNA polymerase

— X —

REPLICATION
DNA polymerase




\Viral heretics

Protein

1 RNA REPLICATION
RNA-dependent RNA-polymerase
“INSL\

12

— OOX—




RARP s error-prone

DNA polymerase: 107 to 10 error/nt replicated

RARP: 103 to 10-° error/nt replicated

lack of proofreading ability in RNA polymerases



Virus mutation rate

Mutation rate

10-2 .
10-3 -
10-4 -
10-5 -
10-6 -
10-7 -
10-8 -
10-9 .
10-10.
10-11 -

@ Viroids

ssDNA @

viruses
dsDNA _ Higher
viruses Bacteria eukaryotes

Lower ‘
eukaryotes
102 103 104 105 106 107 108 109 1010

Genome size



Mutation Rate (log1q s/n/c)

SARS-CoV-2's RARP s sligntly less error-prone

@]
O
) o
S o
o0 %
]
O
O
»
oo® +——SARS-CoV-2
35 4.0 45 5.0

Genome Size (logqg bases)

Class
® ss(+)RNA
® ss(-)RNA
® dsRNA
RT
® ssDNA
dsDNA

Sjaarda et al. (2021) mSphere
https://doi.org/10.1128/mSphere.00011-21

Proof reading activity!


https://doi.org/10.1128/mSphere.00011-21

VWIthiNn-Nost evolution

Replication mechanism
Not totally random Not totally clonal

Population
*%
%11*

’ = - | Fitness does not directly relate to
> - replication success
Allows “hitchhikers”

"Quasispecies theory”
Lauring and Andino (2010) PLoS Pathogens



Between-nost evolution

Viral population is shaped by:
Bottleneck,
Immune response, ~ |t's a complex mess.
Host genetic background & physiology,

Environment...



Other mechanisms of virus evolution

Recombination

ﬁ Co-infection is needed



Virus mutation rate

Mutation rate

10-2 .
10-3 -
10-4 -
10-5 -
10-6 -
10-7 -
10-8 -
10-9 .
10-10.
10-11 -

@ Viroids

ssDNA @

viruses
dsDNA _ Higher
viruses Bacteria eukaryotes

Lower ‘
eukaryotes
102 103 104 105 106 107 108 109 1010

Genome size



Constraints on virus evolution

10-% 4
10-3 |
10-4 |
10-5 |
10-6 |
10-7 |

Mutation rate

10—8 4
10-9 |
10-10 .

10—11 1

Excessive

Viroids  mytational load

SSDNA| ° '
viruses

dsDNA
viruses

Cost of fidelity

102

103 104 103 106 107
Genome size

108

109

T

1010



~tNess”

Evolutionary biologists use the word fitness to describe how good a
particular genotype is at leaving offspring in the next generation relative
to other genotypes

Of course, fitness is a relative thing.

e HH B R

https://evolution.berkeley.edu/evolution-101/mechanisms-the-processes-of-evolution/evolutionary-fitness/



—ItNess Of VIruses

7z
{h

-

1
8]

Replicative fitness

i Transmission fithess

—

~

Epidemiological fitness

Xe;

/

Wargo & Kurath (2012) Curr Opin Virol
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4 Evolution and future of SARS-CoV-2



Why study virus evolution®?

https://nextstrain.org/

For what it leads to

Genetic flexibility

/\

Adaptation Drug resistance

Emergence
\_ g

~

J

For what it tells us

[ Insights into their epidemiology




Understanding the
trajectory of SARS-CoV-2



Genetic changes (can) trigger/follow epidemiclogical change

STAGE 5 Exclusive to humans
Sustained human-to-

STAGE 4 human transmission

Limited human-to-

STAGE 3 human transmission
Primary human

STAGE 2 infections only
Exclusive
STAGE 1 to animals

Influenza

Ebola Rabies

HIV/HCV

Wolfe et al. Nature 2007 https://doi.org/10.1038/nature05775
Pike et al. CID 2010 https://doi.org/10.1086/652860

Introduction
(from reservoir)
Transmission in
| §

human population

-y
-

Infections by: T
O introduced strain
(Rop<1) T t
@® evolved strain
(Rg>1)

Emergence

Antia et al. 2003 Nature
https://doi.org/10.1038/nature02104



\Virus-nost interaction

Stable
(reservoir)
/\
Resistant Dead-end Evolving
(nothing happens) (stops) (unstable)

May take some time!



Transmission and emergence

R 0 "R nought” or “R zero” R j Effective reproduction number

(takes into account immunity, etc)
Reproduction number

(in an idealized, naive population)

average number of people who will contract the disease from one infected person

R, <1 R,=1 R,>1

Decline, eventually dies out Maintenance, endemicity Epidemic



Transmission and emergence

Increasing transmission can increase R,

BUT it's not the only thing! i‘

COoVID-19
(original strain)
3 people

Ro l

1918 flu HIV
Ebola SARS

(delta strain)  Chickenpox (omicron strain)

12-15 people
More contagious

2 people 4 people

Ll S

ltis also dynamics; changes in the virus or else can change R,


https://www.npr.org/sections/goatsandsoda/2021/08/11/1026190062/covid-delta-variant-transmission-cdc-chickenpox

SARS-COV-2 variants

22B (Omicron

21M (Omicron

I~ L L
——_t 0,80 &5

0%)) L oiv)
S SiieTs

-
T e

https://nextstrain.org/ncov/gisaid/global/ém eé 2020-Apr 2020-Aug 2020-Dec 2021-Apr 2021-Aug 2021-Dec 2022-Apr 2022-Aug 2
Date



SARS-CoV-/
variants

Variants of Concern

(voCQ)
S1 52
Cleavage Fusion Heptad Heptad Trans-
| NTD RBD peptides repeat 1 repeat 2 membrade
[
Omicron common mutations \
T478K E484A |
G142D Y H655Y
| K417N N440K|| “[y505H D614G | P681H  N764K D796Y Q954H
[ I T 1l [ [ [ [ 1
s375F Q498R N679K N969K
S373P
S477N \
Omicron lineage specific mutations |
ins214EPE
ATV i i43as !
el 69-70 G339D T547K g N856K Log1F
BA.1 [ I — I T i T f f
951 NL211-2121 S371L Gdaes || ,
G4965
D405N Q493R \
T19l IAz7s V2113G G339D T376A i |
1 Il
BA.2 |—|L||| [ Tl I
del24-26 S371F Q493R '
D405N |
191 A275 V2136 63390 T3TeA || 08 i
1 Il
BA2.12.1 | ”|I | !| l l |
del'24-26 S371F 1452Q  Q493R |
D405N \
R408S
T191 A275 K147E F157L V213G G257S G339H T376A N460K |
I [ | | s | |
BA.2.75 | Tt I I - I :
del 24-26 WISR 210V S371F G4465
\
del 69-70 DAOSN |
T191 A27S | V213G G339D T376A |R408$
BA.4, L | ; | |
BAS I I I i —]
del 24-26 S371F L452R F486V [
|
\
del69-70  del1a4 Nflsow A.:S7OD DI614G P6£I§1H 'II'716I SI982A D1I118H
Alpha | 1 I I | I T I I
(8.1.17) |
D80A D215G K417N  E484K N501Y D614G (ATOWV
| || | |
Beta [ i o | 1 ! |
(6.1351) (L18F) (dél241-243) ‘
T20N
L18F| 265 D138Y R1905 K417N/T E484K N501Y DO14G H65Y moz7 ViR
Gamma [ ] 1 [ I I ]
(P1)
TI9R del 156-157 L452R T478K D614G  P681R D950N
| ||F158G | | | | |
Delta (I i Il i i i 1 [ | [
(B.1.617.2) (T951) (A222V) (W258L) (K417N)

(G142D) (Y145H)
[sublineage AY.4.2]

[sublineage AY.1]




t's just a mild flu..



—uture of COVID

more virulent... less virulent...

...less chance ...more chance
for transmission for transmission

https://evolution.berkeley.edu/evo-news/evolution-from-a-viruss-view/



Why is it hard to treat viral
infections?



Why so few antivirals”

reason 1 Inhibiting virus growth can affect the host cell

Virus replication engages host function Side effects

reason2  Difficult to grow or have an animal model (or dangerous)

Reason3 A compound must block virus replication completely

Partial inhibition is not acceptable



AlSO..

Acute infections are short

When patient feelsill, usually too late

Antivirals for these infections must be given early or prophylactically

One counter example though?

But safety issues?
Giving drugs to healthy people?



Resistance

Resistance to ANY antiviral drug must be anticipated

Special concern for chronic infection

Patient cannot be treated with the same drug
If no other drug available... infection cannot be stopped

Viral mutants resistant to every antiviral drug in arsenal

Genetic analysis of resistance provides insight into mechanism, and may reveal new strategies to reduce or circumvent problem



HigN mutations rates

RNA viruses have an error prone RNA polymerase

no correction mechanism Except one order (Nidovirales)...

One mutation in 104 - 10° nucleotide

in RNA viruses of ~10kb, that makes 1 mutation per 1to 10 genomes.

DNA virues: most DNA polymerase have proofreading mechanisms

Slower evolution



Maths of drug resistance

Consider a unique drug resistance provided by a single mutation

u=10“*mut/base Each base is substituted in every 104 viruses
Each person has 10910" virions during pick viremia (SARS-CoV-2) e o 101078 035 2024615118
’|O1O

= 10°viruses with resistance to the one drug...
104



Volnupiravir (Lagevrio®.)

OH OH



Volnupiravir (Lagevrio®.)

HN/OH

NN

el

NH, OH OH

CL
o N @)
OH OH

Cytidine

As soon as possible after diagnosis of COVID, within
5 days of the start of the symptoms, for 5 days

O

EUROPEAN MEDICINES AGENCY

SCIENCI MEDICINES HEALTH

/1 pbout one month after treatment started 7.3% of patients (28 out of 385) who took Lagevrio
compared with 14.1% (53 out of 377) of patients who took placebo (a dummy treatment) had
been hospitalised or had died; none of the patients in the Lagevrio group died compared with
eight patients in the placebo group.

https://www.ema.europa.eu/en/news/ema-issues-advice-use-lagevrio-molnupiravir-treatment-covid-19

/7


https://www.ema.europa.eu/en/news/ema-issues-advice-use-lagevrio-molnupiravir-treatment-covid-19

Volnupiravir (Lagevrio®.)

Incorporates into replicating RNA

Induces C—U mutations
Mutagenic!



Volnupiravir (Lagevrio®.)

10-2 | K Excessive

5054 Viroids  mtational load
Incorporates into replicating RNA o

10—5 3 ‘N\/LO

10-6 { SSDNA &;

Mutation rate

Induces C—U mutations o7 | [
Mutagenic!
10-8 | dsDNA
viruses
10-9 ;
_ Cost of fidelity
Lethal mutagenesis 10-10 |
“error catastrophe” 10-11 : . . . . . v —_
“mutational meltdown” 102 10% 104 105 108 107 108 10°9 100
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Gago et al. 2009 Science https://doi.org/10.1126/science.1169202
Holmes 2011 J. Virol. https://doi.org/10.1128/jvi.02203-10



https://doi.org/10.1126/science.1169202
https://doi.org/10.1128/jvi.02203-10

Molnupiravir (Lagevrio®..)

What about low drug concentration?

increase the mutation rate without error catastrophe: sublethal mutagenesis

Peak viral shedding is likely to coincide with low Molnupiravir has a short plasma half-life.
initial drug concentration 1 hour
Symptoms onset Symptoms releif
Mild COVID Virus shedding Virus detection
Infectiousness) _.--=""""~ ~...
Infection — . N Recover
| 3 A . " Sequence content limits mutation rate elevation.
-5 0o 1 2 3 4 5 6 7 8 9 10 15 Days 20
Pre-existing bias for C—U mutations
Symptoms onset AdmissiontoICU _—"" "~ ""=~__ .
SeverecOVID s e genomic G:C content of 38%
Infection et Hyperinﬂammatoryphas;.\\\" plus_Strand C Content Of 18%
l _________ ~.. (complications) Recovery
_; ) --5--1 2 3 4 5 6 7 8 9 1=0 1;5 Dayszi()' °

r
Death

ViralZone, link Nelson & Otto (2021), link



https://virological.org/t/mutagenic-antivirals-the-evolutionary-risk-of-low-doses/768
https://viralzone.expasy.org/9116

—radicating SARS-CoV-2



Cradication o infectioys diseases

Which characteristics should an infectious
disease have to be, potentially, eradicated?



Cradication o infectioys diseases

No extra-human reservoir

\ Sterile immunity for life

Which characteristics should an infectious
/ disease have to be, potentially, eradicated? \
Limited infectivity

Effective tools available
(vaccines)

Disease and immunity easily determined
Public health and political motivation
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