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What’s new with the evolution of SARS-CoV-2?
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What’s in a name?

What name does WHO use for the virus?

From a risk communications perspective, using the name SARS can have unintended
consequences in terms of creating unnecessary fear for some populations, especially in
Asia which was worst affected by the SARS outbreak in 2003,

For that reason and others, WHO has begun referring to the virus as “the virus responsible
for COVID-19" or "the COVID-19 virus” when communicating with the public. Neither of
these designations are intended as replacements for the official name of the virus as
agreed by the ICTV

February 2020

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
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14.9 million excess deaths
associated with the COVID-19
pandemic in 2020 and 2021

5 May 2022 | News release | Reading time: 3 min (852 words)

New estimates from the World Health Organization (WHO) show that the full death toll associated directly or
indirectly with the COVID-19 pandemic (described as “excess mortality”) between 1 January 2020 and 31 December
2021 was approximately 14.9 milion (range 13.3 million to 16.6 million).

“These sobering data not only point to the impact of the pandemic but also to the need for all countries to invest in
more resilient health systems that can sustain essential health services during crises, including stronger health
information systems,” said Dr Tedros Adhanom Ghebreyesus, WHO Director-General. “WHO is committed to working
with all countries to strengthen their health information systems to generate better data for better decisions and
hefter outcome:

Analysis | Publsho o 1 Dosember 2020 Mot | wimoaturecom |
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associated with the COVID-19 pandemic
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Phylogenetic Assignment of Named Global Outbreak (PANGO) lineages

BA.1, BA.2.75, BQ.1.1, XBB.1, ...

75t identified descendant of BA.2).

* Alphabetical prefix (proceeding in sequence A, B,... then AA, AB..., etc).
* Numerical suffix (e.g., A.1,A.2, A.3,...B.1,B.2 ... AA.1, AA.2, ... BA.1, BA.2... etc.).

* Descendants indicated with decimals and additional numbers (e.g., BA.2.75 is the

* PANGO labels have a maximum depth of three layers of descendants, then the
label rolls over to a new prefix (e.g., BQ.1.1 is an alias for B.1.1.529.5.3.1.1.1.1.1.1).

* Variants designated with a prefix beginning with X are recombinants.

https://www.pango.network/the-pango-nomenclature-
system/statement-of-nomenclature-rules/
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WHO announces simple, easy-to-say labels
for SARS-CoV-2 Variants of Interest and
Concern

31 May 2021 |

WHO has assigned simple, easy to say and remember labels for key variants of SARS-
CoV-2, the virus that causes COVID-19, using lefters of the Greek alphabet.

These labels were chosen after wide consultation and a review of many potential
naming systems. WHO convened an expert group of partners from around the world fo
do so, including experts who are part of existing naming systems, nomenclature and
virus taxonomic experts, researchers and national authorities

WHO will assign labels for those variants that are designated as Variants of Interest or
Variants of Concern by WHO. These will be posted on the WHO website

These labels do not replace existing scientific names (e g. those assigned by GISAID,
Nextstrain and Pango), which cenvey important scientific information and will continue to
be used in research

While they have their advantages, these scientific names can be difficult to say and
recall, and are prone to misreporting As a result, people often resort to calling variants
by the places where they are detected, which is stigmatizing and discriminatory. To avoid
this and to simplify public communications, WHO encourages national authorities, media
outlets and others to adopt these new labels.

May 2021
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https://www.who.int/news/item/31-05-2021-who-announces-simple-easy-to-say-

labels-for-sars-cov-2-variants-of-interest-and-concern

Variants of interest (VOI)
Working definition

A SARS-CoV-2 variant

« with genetic changes that are predicted or known to affect virus characteristics such as
transmissibility, disease severity, immune escape, diagnostic or therapeutic escape
AND

|dentified to cause significant community transmissien or multiple COVID-19 clusters
in multiple countries with increasing relative prevalence alongside increasing number
of cases over time, or other apparent epidemiological impacts to suggest an emerging
risk to global public health

Epsilon, Zeta, Eta, Theta, lota, Kappa, Lambda, Mu

NOTE:

* Nu and Xi were skipped between Mu and
Omicron (“new” / Xi Jinping).

* No new Greek letters have been assigned since
Omicron in late 2021.

* Now also a category “Omicron subvariants under
monitoring”.

Variants of concern (VOC)
Working definition:

A SARS-CoV-2 variant that meets the definition of a VOI
(see below) and, through a comparative assessment, has
been demonstrated to be associated with one or more of
the following changes at a degree of global public health
significance:

« Increase in transmissibility or detrimental change in
COVID-19 epidemiology, OR

« Increase in virulence or change in clinical disease
presentation, OR

« Decrease in effectiveness of public health and social
measures or available diagnostics, vaccines,
therapeutics

Alpha, Beta, Gamma, Delta, Omicron

https://www.who.int/activities/tracking-SARS-CoV-2-variants
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Source: Nextstrain.org
Date: Dec. 15, 2022
@TRyanGregory
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SARS-CoV-2:

“Isn’t it all just Omicron now?”

Mammals:

ey

Nextstrain.org

Upham et al. (2019)

Zoological taxonomy

Class Mammalia
Order Carnivora

Family Ursidae

Genus Ailuropoda

Ailuropoda melanoleuca
Genus Helarctos

Helarctas malayanus
Genus Melursus

Melursus ursinus
Genus Ursus

Ursus americanus

Ursus arctos

Ursus maritimus

Scientific name Common name
Ailuropoda melanoleuca | Panda bear
Helarctos malayanus Sun bear
Melursus ursinus Sloth bear
Ursus americanus Black bear
Ursus arctos Brown bear / Grizzly bear
Ursus maritimus Polar bear
Pango lineage Nickname Comments

BA2320 Basilisk
BA2T75 Centaurus
BA2.752 Chiron
BA486 Aetema
BF7 Minotaur
BJ.1 Argus
BM.1.1.1 Mimas
BN.1 Hydra
BQ1 Typhon
BQ.1.1 Cerberus
XBB Gryphon

Giant serpent

Father of centaurs

King of centaurs

Heads with bony, saw-toothed protuberances
Human body with bull head

100-eyed giant

Giant

Multi-headed snake monster

Snake creature, father of Cerberus
Three-headed dog, guards Hades
Body of lion, head of eagle

Variant labels
WHO vOC
Omicron
PANGO lineages
BA.2 lineage
BA.2.3.20
BA.2.75
BA.2.75.2
BA.5 lineage
BA.5.6.2
BQ.1
BQ.1.1
BF.7




Viral evolution occurs at two levels

Within hosts
Intra-host evolution

* Variable “swarm” (“quasispecies”) of viruses
* Infection with multiple versions
* Mutations within host after infection

* Selective pressure is on outcompeting other
versions of the virus within the host.

* Faster replication?
* Better at entering cells?
* Attack more tissues?

* Could lead to more damage to host
(increased virulence)

* Most successful version within host most
likely to be transmitted to new host

Especially likely if persistent infection

Among hosts
Inter-host evolution
* Selective pressure is on infecting new hosts.

* Getting to new hosts
¢ Higher viral load, more shedding?
Hanging in air longer?

‘ * Infecting new hosts
* Enters more easily accessible tissues? (e.g.,
‘ higher in respiratory tract)
‘ * Better at entering host cells?
‘ * Escaping host immunity
‘ * Can avoid detection or destruction by host
immune system
‘ * Ability to re-infect / infect vaccinated hosts
|

Especially likely if unmitigated transmission

Fww.nature.com/scientificreports
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The case history of a U.K. man in his 70s shows how selective “pressures” bring about viral
mutations
By Stephani Sutherland on February 23. 2021
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Do viruses always evolve to become milder to their hosts?

No.

* Virulence evolves more
as a byproduct, not as a
trait under direct
selection.

* Much more important:
* Success within hosts.
* Transmission to new
hosts.

B McGill Office for Science and Society Search Q

# latestContent WhoWeAre Publiclectures Dr.Joe'sBooks OSSPress Events

Do Bad Viruses Always Become Good Guys in the End?

We are often told that viruses always evolve to become benign. In reality, virulence is a
double-edged sword.

Jonathan Jarry M.Sc. | 18 Dec 2021 COVID-19 f in CEZD
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A personal take on science and society Nature | Vol 601 | 27 January 2022 | 485

World view

By Aris
Katzourakis

COVID-19: endemic

doesn’t mean harmless

Rosy assumptions endanger public
health — policymakers must act now
to shape the years to come.

Aris Katzourakis
@ArisKatzourakis

For the umpteenth time: viruses do not inevitably

for more virulent strains.

5:11 AM - Mar 9, 2022 - Twitter Web App

evolve to become milder, SARS-CoV-2 is not on an
evolutionary trajectory towards ever lower intrinsic
virulence, lockdowns and interventions do not select

12
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Is Delta the last Covid ‘super variant’?

And then along came Omicron...

13
Daily new confirmed COVID-19 deaths CANADA
7-day rolling average. Due to varying protocols and challenges in the attribution of the cause of death, the number of
confirmed deaths may not accurately represent the true number of deaths caused by COVID-19.
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Cumulative confirmed COVID-19 deaths CANADA

Due to varying protocols and challenges in the attribution of the cause of death, the number of confirmed deaths may
not accurately represent the true number of deaths caused by COVID-19.

40,000

30,000

20,000

10,000

“Omicron”

Our World
in Data

Canada

2022 was the deadliest year of the pandemic in Canada.

Mar. 9, 2020 to Dec. 31, 2021 (662 days): ~30,320 deaths
Jan. 1, 2022 to Dec. 14, 2022 (349 days) : ~18,340 deaths

Before Omicron: 46 deaths per day
After Omicron: 53 deaths per day

0 T T .
Mar 9, 2020 Feb 24, 2021 Sep 12, 2021 Mar 31, 2022 Dec 14, 2022
Source: Johns Hopkins University CSSE COVID-19 Data CCBY
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Global diversity of variant lineages
J 9
1
There is no “robust hybrid TN T T )

immunity” to immune-

escaping Omicron variants.

No longer distinct waves
caused by individual
variants replacing
previously dominant
variants.

Now a “cloud” (or “soup”
or “swarm”) of Omicron

variants.

Wave vs. high tide?

Proportion of sequences (smoothed)

2020
2020

Week of sample collection

95%Cl  — A+ 95%Cl  — B+ 95%Cl
95%Cl — BA275 95%Cl — BA2752 95%ClI
95%Cl BA4.6 95%Cl BA4(exc. BA4.6) 95%Cl
95%Cl  — BA.*(Other) 95%CI  — BEA1 95%Cl
95%Cl  — BQ1 95%Cl BQ.1.1* 95%Cl

Source: GISAID (2022-10-28 update)/ Plots by @DGBassani. Data acknowledgement locator: 10.55876/gis8.220924nz
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Province-Wide COVID-19 Wastewater Signal

2.0

BA.1
15 \ BA.2

10

0.5

Standardized Concentration of SARS-CoV-2 Gene Copies

Sampling Date

—— Complete Data
Incomplete Data, Provisional Estimates*
o ”n ’
Waves (published: December 15, 2022)

“High tide”

/

17
Number of COVID-19 patients in hospital CANADA
BA.1
10,000
“Omicron”
8,000
BA.2
GLO00 Wild Type e
(wave 2) Alpha
(wave 1)
2,000
Apr 1, 2020 Feb 24, 2021 Sep 1é, 2021 Mar 31‘, 2022 Dec 5, 2022'
Source: Official data collated by Our World in Data — Last updated 15 December 2022 OurWorldInData.org/coronavirus « CC BY
18
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The Omicron cloud and the Great Convergence
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What could happen with this variant cloud?
wetacs et (L
1) One variant eventually becomes dominant everywhere. P Q;lf a2 Q-
Jmarss e o P e——
/ 'EE»:\ZZ 7755 p— ] o, sz easox
2) One variant becomes dominant in one place, another variant ey =i A e
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1
4) Different subsets of variants become dominant in different ﬂ
places (then maybe they swap). .
g
)
. . . . 8
5) Turnover in variants within the soup as new ones evolveand %
older ones disappear, with high numbers of infections but no R
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20
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What could happen next with variant clouds?

Selact all squares with

1) Clouds come and go in waves? the ship of Theseus

If there are none, click skip

All of the current variants will disappear and a
new cloud composed of different variants will
arrive.

2) Clouds persist without breaks in between, but the
membership of the cloud changes?
A bit of a "Ship of Theseus" situation (when
does it count as a new cloud if all the
component variants are being replaced?).

3) This cloud ends and then we don't get clouds like this
anymore?
Perhaps a new, deeply divergent lineage (not
within "Omicron", but something WHO would
call Pi or Rho) arises instead.

3
) | .

21

More questions about clouds of variants

1) Can someone be infected with more than one of the variants in the cloud at the
same time?

2) Can someone be infected with one variant and then another in rapid succession?
3) Do the variants differ in acute symptoms or severity?

4) Do the variants contribute differently to the risk and/or effects of long COVID?

5) Will different variants infect different subsets of the population based on their

immunity? For example (strictly hypothetically), might XBB infect people who had
a Delta infection, while BQ.1.1 infects people who had a BA.1 infection?

22

11
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Could a major new variant (Pi or Rho) still evolve?

Yes.

At least four ways this could happen:

1) A lot of change in an Omicron lineage in a different evolutionary direction.
2) Within-host evolution of an older variant in host with persistent infection.
3) Recombination among variant lineages (e.g., “Deltacron” or worse).

4) Ping-pong zoonosis.

23
%f@ “
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Is SARS-CoV-2 running out of evolutionary space?

No.

1) The virus mutates A LOT. No shortage of new genetic variation.

2) Evolutionary landscape (which mutations are fit) is ever-changing, so
selection pressures change.

3) Most discussion is about the spike protein, but there are other regions in the
SARS-CoV-2 genome.

4) Orgel’s Second Rule: “Evolution is cleverer than you are”.

25
The total number and mass of SARS-CoV-2 virions
Ron Sender™'(, Yinon M. Bar-On™'", Shmuel Gleizer® ", Biana Bernshtein®™2, Avi Flamholz“"’, Rob Phillips"""e ,
and Ron Milo®?
C WORLD WIDE MUTATION POTENTIAL
0.5 0.3-3 x10° 6
mutations world wide 0.1-1 X10°
X & Fack] = mutations transmitted
per infections ;
infection per day per day world wide
3 %] 04 3 1 05
hacac X alternative = possible single
bases base mutations
every single base mutation is being generated
de-novo and transmitted to a new host every day
26
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S1Mutations

Spike mutations

Phylogeny

Clade A

Omicron variants evolve very quickly

e be e e®
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What about China?

“Zero COVID” approach has kept the virus under control for 3 years. Now strict
control measures are being relaxed.

1.4 billion previously unexposed potential hosts. 850 million live in cities.
Limited vaccine protection (less effective, low booster rates).
Evolutionary landscape for the virus will be very different in a new and densely-
populated host population.

* Less about immune escape, more about transmission.

* Lots of available hosts nearby means less selection against virulence.

Variants that evolve in this new host population may not be able to outcompete
other variants globally — but then there’s the possibility of recombination.

28
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Scientists have their eves on several ‘Deltacrons’—
new COVID variants with the potential to attack the
lungs like Delta and spread as easily as Omicron

5Y ERIN PRATER

November 1, 20 5:00 AM £OT
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Recombination with other coronaviruses?

Journal of Epiderniology and Global Health
ATLANTIS Vol 11(2): June (2021), pp. 155-159
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Perspective
The Recombination Potential between SARS-CoV-2 and
MERS-CoV from Cross-Species Spill-over Infections

Abdulrahim A. Sajini'*®, Almohanad A_ Alkayyal®, Fathi A. Mubaraki*

1 Er
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Article Histery
Receved 12 july 2020
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ABSTRACT

Countries in the Middle-East (ME} are tackling two corana virus outbreaks simultaneoudy, Middle-Eastern Respiratory
Syndrome Coronavirus (MERS-CoV) and the current Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).
Both virusesinfect the same host (humans) and the ssme cll (type-11 alveolar els) causing lower respirstory llnsses such as

neumonia Molecularly, MERS-CoV and SARS-CoV-2 enter alveolar P
and angiotensin converting enzyme-1I, respectively. Intracellularly, both viruses hide

Keywords arganelles w generate negative
SARS Cov-2 RNA strands and initiate replication using very similar mechanisms. At the mescripion level, both viruses utiise identical
MERS-CoV Transeription (TRSs). totranscribe
covin i genes. sing whole genome alignments of both viruses, we identify chasers of hlghsrqmmc hamology at ORFla and ORF1b.
huzmans Given the high recombination rates detected in SARS-CoV-2, we speculate that in co-infections recombination 3 feasible via
4"~"=:=“ chiilh TRS and/or ch Accordingly, mitigation measure and testing for both MERS-CoV and
smshisgin SARS-CaV-2 in ME countries.
£ 2020 The Authors. Published by Atlantis Press Intermationl BV.
This s an open access article distributed under the CGC BY-NC 4 8 license (hitp://creativecommuns.orglicenses/by-nc/ 10/).

1. PROSPECTIVE Similarly, Saudi Arabia, where MERS-CoV was first reported in

September 2012, has reported 2156 cases as of June, 2020

“The world is facing the worst public health crisis since the Spanish

flwin the 1918s. Different countries are battling an outbreak caused At the onset of MERS-CoV outbreak, dromedary camels were rec-

The Qatar FIFA World Cup 2022 and camel pageant
championships increase risk of MERS-CoV transmission and

global spread

Mass gatherings, such as sporting events and
festivals, create ideal conditions for human-to-human
transmission of a range of infectious diseases, which
can rapidly spread globally due to ease of travel®
In Qatar two mass gathering events are being held
simultaneously, the FIFA Workd Cup 2022 championship®
and the Camel Mzayen Clubfs camel beauty pageant
festival. These have attracted hundreds of thousands
of pecple from within the Middle East and across the
warld. Many are attending both events, interacting
closely with each other and with camels, creating ideal
conditions for the transmission of camel-associated
z00notic pathogens with epidemic potential! These
pathogens include the highly lethal MERS-CoV.
Dromedary camels in the Middle East are a major
reservoir of MERS-CoV. Humans sporadically become
infected through direct or indirect cantact with MERS-

CoV-infected camels or camel dairy products
MERS-CoV was first reported as a new human
pathogen from Saudi Arabia in 2012 MERS-COV is
the most lethal of the three z00notic coronaviruses
(ie, MERS-CoV, SARS-CoV, and SARS-CoV-2) that have
caused human outbreaks” As of Nov 1, 2022, 2600
e

by Severe Acute Respiratory Syndrome Coronavirus 1 (SARS
CoV-2). SARS-CoV-2 was first detected among paticnts with pneu-
monia in Wuhan, China in December 2019, then spread worldwide
mainly by aie-travel [1]. The virus causes a respiratory illness called
Coronavirus Disease 2019 (COVID-19) and has varied presentation
from asymptomatic to mild and in some cases leads to severe dis-

ognized as reservoirs with the primary mode of 1o
humans being from direct o indirect contact with infected ani-
mals [6.7]. More importantly secondary mode of transmission
has been confirmed from human to human after close contact [5].
Infected dromedary camels can shed viral-RNA from oral, nasal
and gastrointestinal secretions [6.7], While for SARS-CoV-2 no

Middle East respiratory syndrome (MERS), including
894 deaths (ie, a 34% case fatality rate), globally from
27 countries * Although the majority of infections have
accurred in the Middle East, eight countries in Europe
have also reported confirmed infections, all with travel

avoiding consuming raw camel milk or camel meat
However, these messages are easily overlooked in the
festive and competitive atmosphere. Furthermore,
contact between imported and local - dromedary
<camels participating i the pageant, camel owners, and
attendees of both events is inevitable, and so is the
consumption of popular foods in Qatar, which includes
camel dairy products.

Proactive surveillance for MERS-CoV during and after
‘the FIFA Werld Cup 2022, and the camel pageant festival
is essential since undetected infections could cause
substantial global outbreaks. A notable case was the
large 2015 MERS-CoV outbreak in South Korea, where
an individual from South Korea visited four countries
in the Middie East and fell ill after returning to Seoul
Waiting in an overcrowded hospital emergency room,
the infection spread to others, and the ensuing MERS-
CoV super-spreading events resulted in 184 infections
with 36 deaths * Although this major outbreak outside
the Middle East should have been a wake-up call for
global public health authorities, attention on MERS-CoV/
has been diverted over time by outbreaks of Ebola virus
disease, Zika, and COVID-19.*

The risk of visitors to Qatar retuning to their home
countries infected with MERS-COV remains real. All
public health authorities and health-care workers, not
anly in the Middle East but in all countries from where
attendees of either event have travelled, should have
heightened awareness of the possibility of MERS.CoV

CER®

LoncetGibeath 2022
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Oucember13 2072
ot g 10106
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voir for COVID-19. Now, researchers think a deer in

ANIMALS COROMNAVIRUS COVERAGE

A deer may have passed COVID-19
to a person, study suggests

The virus is widely circulating in white-tailed deer. Until now, no humans
are known to have been infected by deer.

BY DINA FINE MARON 0 v =

BLISHED MARCH 4, 2022 » 6 MIN READ

FORBES 5 INNOVATION > HEALTHCARE

Covid Ping-Pong: Human To
Deer, Deer To Human

William A. Haseltine Contributor @

31

So what can we do?

Vaccinate and boost, but also
MITIGATE TRANSMISSION.

Fewer infections means:

* Fewer mutations added to viral gene pool.

* Weaker natural selection on viral populations.

* Fewer co-infections and potential
recombinations.

* Fewer persistent infections in

immunocompromised hosts, less chance of

major new variant.

COVID IS AIRBORNE

* Hand-washing and wiping
surfaces are NOT effective
against COVID.

* High quality (N95)
masks/respirators, worn
correctly.

* Air filtration and ventilation.

* Reduce indoor gathering sizes.

* Masks and clean air are
variant-proof strategies!

32
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Number of COVID-19 patients in hospital o one could have

foreseen this.

CANADA
Relax, it has
10,000 peaked.
No one could have NEEnE
8,000 This is good, foreseen this. N —
actually. Like Noone foreseen
a natural could have this.
vaccine. foreseen
6,000 No one could have this.

foreseen this.
foreseen this.

No one could have

Relax, it’s
Hybrid

Our World
in Data

Canada

4,000 We need to work mild.
together to flatten It's immunity,
the curvel No one could have Sgastnal. baby!
foreseen this. Ok, now
Thank Uptick Ies
an 2
2,000 Vaccines! Herd seasonal.
) goodness ; :
Relax, it’s that's overl immunity here Now for that sweet,
only in China we come! sweet post-
0 Endemic.  pandemic lifel v.5 (Dec. 2022)
Apr 1, 2020 Feb 24, 2021 Sep 12, 2021 Mar 31, 2022 Dec 5,2022  @TRyanGregory
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e Unreliable prior
immunity

¢ High incidence of
infection

e Potentially low burden

Jelo

p&' _;‘ Immune Disease

) 'd escape - severit

i p Y

= J"‘ gt“‘ (evolutionary (evolutionary
t pressure)

7=

Beta, Gamma, Delta (+)
Omicron (+++)

. B_n‘lﬂ =
o ® ‘o, .
Alpha, Delta (++)*
Omicron (+7)
* Strong but waning
Intrinsic prior immunity
transmissibility ¢ Very high burden in
(evolutionary pressure) naive populations

¢ Intermediate burden in
immune populations

by-product)

Alpha, Delta, Gamma (++)
Omicron (?)

e Unreliable prior immunity
¢ High burden in naive or

immune populations
e Highest need for

non-pharmaceutical

measures of control

12/17/2022

18



12/17/2022

A IN-HOST EVOLUTION
3-7 replication cycles total genetic variation
T 1_
g 3x10>-3x108 0.5 10°-108
/, : infectious % mutations ~Y mutations
: ts lineage er host
10-100 =% rodiead periineay P
'5@ infectious g/aﬁe 3%10%-3x108 B
units per / : 4% |infectious
@ cycle 4: 3 é: ¢ |units possible mutations o
& % g g |produced 108 variation spans most
/v' : /v : : 34104 S A single bases  single base mutations
fad 4% 45& e 3 bases X bases SRS
= (two) b;sgs at most 1% of the two
mutation rate of a specific lineage combinations bases combinations
3-7 3x10°° 0.5
replication X mutations X 3x1 O_“ ~ Mmutations
cycles per per nt per nucleotides ™~ per lineage
infection cycle per infection
37
B INTER-HOST EVOLUTION ] total genetic variation
3%
&
i 10'3-1015 0.5 S
s : infectious X mutations ~ 10°-10
generation S units per lineage mutations
interval / ® 10'3-10"5
4-5 days infectious
— ** units in possible mutations (103)2=101° variation spans all
$@ - £ currently two bases possible two base
3 mfec;ed 3510 % 3 alternative combinations combinations
people” '
/ bases bases (105)3=10'5  variation does not span
three bases all possible three base
w@ ﬁﬁ &ﬁ @# combinations combinations
£ fe 2% 9%
| * see text
evolution rate
0.5 4-5 3 mutations
mutations days - per month;
per between 1073 mutations
infection infections per nucleotide per year
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Daily new confirmed COVID-19 deaths
7-day rolling average. Due to varying protocols and challenges in the attribution of the cause of death, the number of confirmed deaths may not
accurately represent the true number of deaths caused by COVID-19.

{ UNEAR | LOG

This time last year...
Wild type

(wave 1)

Wild type
(wave 2)

150

100

50
Canada
. Mar 14, 2020 Aug B: 2020 Now 1E-|‘ 2020 Feb 24‘. 2021 Jun 4:2821 Dec 16,2021
39
Cumulative confirmed Our World
TOVID - ¢ . in Data .
COVID-19 deaths The number of confirmed COVID-related
Due to varying protocols and challenges in . .
the attribution of the cause of death, the deaths in Canada in the past 3 years has
number of confirmed deaths may not .
accurately represent the true number of exceeded the number of Canadian combat
deatranzed D OI-15: deaths in 6 years of World War II.
Dec 14,2022
@® Canada 48,657 _ _
O, da During the Second World War, approximately
1,159,000 Canadians and Newfoundlanders served.
40,000
The number of deaths totalled 44,090.
30,000 .
e 24,525 of the 709,000 who served in the
Canadian Army
20,000 )
» 17,397 of the 250,000 who served in the Royal
10,000 Canadian Air Force
» 2,168 of the 200,000 who served in the Royal
0 | Canadian Navy
Mar 9, 2020 Dec 14, 2022
Source: Johns Hopkins University CSSE COVID-19 Data CCBY OurWorldInData,org
40

20



12/17/2022

Daily new confirmed COVID-19 O;r[\;\ggld
deaths
7-day rolling average. Due to varying protocols and challenges in

the attribution of the cause of death, the number of confirmed
deaths may not accurately represent the true number of deaths

caused by COVID-19.

LINEAR | LOG

150

100

50
Canmada

0 ‘
Mar 14, 2020 ™~ sep10,2022

Source: Johns Hopkins University CSSE COVID-19 Data

» Mar 14,2020 O

CCBY

O Sep 10,2022

More than twice as many COVID deaths occurred
in Canada in summer 2022 vs. summer 2021.

June 1 - August 31, 2021: 1,366 deaths.

June 1 - August 31, 2022: 3,061 deaths.

OurWorldInData.org
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Variant E

Variant D

Number of infections

Variant A

Next
variant
emerges
and starts
seeding
new
epidemig

Variant F

e H B

@DGBassani
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Where we could be, if we decide to target transmission.

Targeting Transmission

Variant E

Variant D

Variant C
Variant B

Number of infections

Variant A

Variant F

« Airborne precautions:
ventilation, filtration, CO2
monitors, 95PFE+ respirators

* Proactive boosters

¢ Push for intranasal vaccine
(preventing infection)

+ Testing, tracing, isolating

Preventing/delaying seeding of

new variants:

* Travel quarantine, vaxx pass,
testing

« Airborne precautions on
airplanes and airports

.
AY
!\

-

7
1
1
1

@DGBassani
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Coming soon: CH.1.1 (“Orthrus”)?

Mike Honey
@Mike Honey_
SARS-CoV-2 variant update for Europe:

CH.1.1 "Orthrus" has sparked fresh waves in multiple
countries, just a month or two after their BQ waves.

The convergent lineage swarm seems to generate
endless waves at short intervals.

it

H

®
ﬂ-uﬁ\7
.

S

Lineage Frequency

aus.social

Mike Honey (@mike_honey @aus.social)

Attached: 2 images - Content warning: SARS-CoV-2 variants and statistics for
Europe

7:15 PM - Dec 14, 2022

‘ Federico Gueli

@siamosolocani

VARIANT UPDATE

Who is the fastest according to #collection24 updated
with all designated lineages

CH.1.1 family seems taking the lead but BQ.1*+144del
could catch up with it.

New baseline could be set to S:F486P growth rate. It is
the fastest mutation now
cov-spectrum.org/collections/24...

11:43 AM - Dec 10, 2022

44
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Sp|ke 51 SUbunit defining mutations shown

-1

(BA.2.10.1.1)

BM.1.1.1

305 318 541

22F: XBB

o NTD RBD

@Firefoxx66 305 318 Breakpoint 541

45

Perspectives in Ecology and Conservation 18 (2020) 223-234

Perspectives in ecology and conservation

AB O Supported by Boticirio Group Foundation for Nature Protection

ECOLOGICA E CONSERVE

www.perspectecolconserv.com

Essays and Perspectives

Assessing the SARS-CoV-2 threat to wildlife: Potential risk to a broad ()
range of mammals |

Fernando Martinez-Hernandez®!, Ana Belem Isaak-Delgado®!, Jorge Alberto Alfonso-Toledo®!,
Claudia Irais Mufioz-Garcfa“, Guiehdani Villalobos?, Nidia Aréchiga-Ceballos®,
Emilio Rendén-Franco®*

- Pan troglodytes d 1
- Nannospalax galili £ 0.1797
- Delphinapterus leucas e 0.1620

- Felis catus 7 3 0.1417
“ Ovis aries §y 0.1408

31 Canis familiaris 3 0.0538

34  Equus caballus o 0.0375

36  Manis javanica Y 0.0314

43 Loxodontadfricana M 0.0173

47 Pteropus alecto k 0.0146

53 Vombatus ursinus -=» 0.0046

oW 57 Desmodus rotundus k 0.0020

46

23



12/17/2022

SARS-CoV-2 can evolve year-round

2020

Influenza A H3N2 o

3 years

12 years

Nextstrain.org

47

COVID-19 Genomic Sequencing analysis. Data from gisaid.org Source files and more info on github.

n=30,395 sequenced genomes, up to 8 December 2022
Canada - Ontario

Lineage L2 ®BA.2.* @ BA2.75.* @BA4.* ® BA5.* @BQ.* @X*

80%

o
o
R

40%

Lineage Frequency

20%

0% "
Jtil 2022 Aug 2022 Sep 2022 Oct 2022 Nov 2022  Dec 2022

: I|Iﬂl'l"“l“lll"ll"]llll“'llll"lﬂ"“II"I"||||]I'||III"'||||"|]||FI||||I'||||||II|||||II|||||||||||||||||||||||]|||||||||'l|||||"||||||||||||--|-'

500

samples (n)

@Mike_Honey_
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@RajlabN

Evolution of immune escape and ACE2 binding in Omicron variants

https://public.tableau.com/app/pi

ty ————>

Avg. Immune Escape
in
immuni

Better at escaping host

rofile/raj.rajnarayana

A3l 7l X8B14

M8l .
CH11 xgB11 . —
cpazy BOLZ0 L1 o e
° . Boiiis oy
XaH . 1 CML6.1
Boagg E "BQ111 BN.L31e e

LBN1
o) iz I BG.1.113 BN.13
BR12 BE121 BOLIE 4o, 0
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i, “CM.4

XBB.L O~ M5 BA.2.3.20

.. k21l all
8A5235 MB0« § ?ﬁBF-il

BA 5127

. XBE 4
DG.1 i

BAS214 | BA.5.2.24
aA5s k1 BF7

o. °BFI6 o BASLE
85223 BF.10g7 4

BE9.

XBC.L

co *BAS221 BRI
BAS .
. 8Ll

BF.25
BA5210
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K2

Better at binding to host cells ——

o
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Avg. Ace2 Binding
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United States: 12/4/2022 - 12/10/2022 NOWCAST

United States: 9/4/2022 — 12/10/2022

USA

WHOQ label Lineage # US Class  %Total 95%PI
Omicron  B@.1.1 voc 8% 31206% ||

BQ.1 voc 311% 200334% [}

BAS VOC  115%  10.3-12.7%

BF.7 VOC 57%  50-65% £

XBB VOC 47%  2681% o jE

BN.1 VOC 43%  3.849% O E‘

BA5.26 VOC 7%  1.4-20% || 3 5%

BA46 VOC  1.6%  1.4-1.9% § . g; E g =

BF.11 VOC 08%  06-1.0% = . g g g

BA2 VOC 07%  051.1% 3 s E g ‘

BAZ75 VOC 06%  0507% : E

BA2.75.2 VOC  04%  0.3-05% a

BA4 VOC 00%  0.0-0.0% 10% § E .,;

BA11 VOC  00%  0.0-00% =) . &

B.1.1529 VOC 00%  0.0-00% [ N g 4 8 8 8 § 4 § o8 §

BAZ.12.1 VOC 00%  00-00% O E = % g ;E E ; _':-’; g ;: f.
Delta B.1.617.2 VBM  0.0%  0.0-00% [ ] T o -
Other  Other* 00%  0.0-0.1% [

Collection date, week ending

Enumerated lineages are US VOC and lineages circulating above 1% nationally in at least ane week period. "Other” represents the aggregation of lineages which are circulating <1%
nationally during all weeks displayed.

These data include Nowcast estimales. which are modeled projections that may differ from weighted estimates generated at later dates

# BA.1, BA 3 and their sublineages (except BA.1.1 and its sublineages) are aggregated with B.1.1.529. Except BA.2.12.1, BA.2.75, BA.2.752, BN.1 XBB and their sublineages, BA.2
sublineages are aggregated with BA.2. Except BA.4.6, sublineages of BA.4 are aggregated to BA.4. Except BF.7, BF.11, BA.5.2.6, BQ.1 and BQ.1.1, sublineages of BA.5 are aggregated to
BA.5. For all the lineages listed in the above table, their sublineages are aggregated 1o the listed parental lineages respectively, Previously, XBB was aggregated with other. Lineages
BA2.75.2, XBB. BN.1, BA4.6, BF.7 BF 11, BA.5.2.6 and BQ.1.1 contain the spike substitution R346T

CDC.gov
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/g™ chasewnelson 14 Nov'2

B

Mutagenic antivirals: the evolutionary risk of low doses
Chase W. Nelson!, Sarah P. Otto?

1. Institute for Comparative Genomics, American Museum of Natural History, New York, NY 10024,
USA; cnelson@amnh_org

2. Department of Zoology, University of British Columbia, Vancouver BC Canada VBT 124
otto@zoology.ubc.ca

One drawback of self-administered oral medications is the risk of low drug concentrations due to
missed doses, incomplete courses, or low initial drug penetrance at the site of action (e.g.,
mucosal membranes in the nasal passages or lungs). Critically, in the case of mutagenic
antivirals like molnupiravir, low drug concentrations might increase the mutation rate without
reaching the level required for error catastrophe, instead inducing only sublethal mutagenesis
(Sadler et al. 2010). This could accelerate within-host evolution of the virus, potentiating new
variants of concern that enhance transmissibility or immune escape (Pillai et al. 2008).

51
Nextstrain Clade A
[l 228 (Omicron) recombinant
[l vploaded sample
Almost certainly molnupiravir-created virus with more
new mutations in ~2 months as its predecessors had
accumulated in ~3 years of evolution
H.S:N969K ORF32:T223LET9LM:.D3N,M:Q19E M:A63T.N:P13L N:R203K N:G204R,N:S413R ORF10:L 37F|
ad
%36 9090 °
“migasc:.
0 20 40 60 80 100 120 140
Mutations
@LongDesertTrain
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"Template switching" while copying is probably not uncommon,
but if infected with one lineage, most "templates" (genomes) will be
identical, so it doesn't 'make a difference’

@firefoxx66 N N

However if co-infected with more than one lineage, this "template
switching" becomes "visible" because of the different mutations from
each 'parent’

@firefoxx66 N N
’\:_</ _— A\ — ’\,

@Firefoxx66
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PNAS 2021 Vol. 118 No. 12 e2025373118

Functional and genetic analysis of viral receptor ACE2
orthologs reveals a broad potential host range
of SARS-CoV-2

Yinghui Liu™', Gaowei Hu™', Yuyan Wang®", Wenlin Ren®'®, Xiaomin Zhao™", Fansen Ji?, Yunkai Zhu®, Fei Feng®,

Mingli Gong?, Xiaohui Ju®®, Yuanfei Zhu®, Xia Cai®, Jun Lan", Jianying Guo®©®, Min Xie?, Lin Dong?, Zihui Zhu?, Jie Na?,
af.2

Jianping Wu®€(®, Xun Lan?, Youhua Xie®, Xinquan Wang®f, Zhenghong Yuan®?2, Rong Zhang®?, and Qiang Ding

Sonicance T L
K X A ™
COVID-19, caused by SARS-CoV-2, is a major global health ¥
threat. The host range of SARS-CoV-2 and intermediate hosts .E .--....
that facilitate its transmission to humans remain unknown. We [ S @ @ & b ® N
found that SARS-CoV-2 has the potential to infect a broad ! . . H..-
! v/ g !m o & d

range of mammalian hosts, including domestic animals, pets,

livestock, and animals commonly found in zoos and aquaria.
Those species may be at risk for human-to-animal or animal-to-
animal transmissions of SARS-CoV-2. Our study highlights the im-
portance of banning illegal wildlife trade and consumption, and
enforcing the importance of surveilling animals in close contact with
humans as potential zoonotic reservoirs to prevent outbreaks in
the future.
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NATURE REVIEWS | MICROBIOLOGY https://doi.org/10.1038/

s41579-022-00722-z

Antigenic evolution will lead to
new SARS-CoV-2 variants with
unpredictable severity

Peter V. Markov!® Aris Katzourakis? and Nikolaos I. Stilianakis'3

The comparatively milder infections with the Omicron variant and higher levels of population
immunity have raised hopes for a weakening of the pandemic. We argue that the lower severity

of Omicron s a coincidence and that ongoing rapid antigenic evolution is likely to produce new
variants that may escape immunity and be more severe.

55
The Atlantic
Calling Omicron ‘Mild’ Is Wishful
Thinking
We are far past the point of hoping that this variant will spare us.
By Katherine J. Wu JANUARY 12, 2022
56
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Phylogeny
Clade A
W 2ot(Betav2)
Il 201 (8ipha,v1)
B 20/ (Gamma, v3)
[l 214 (0eita)
211063

W 21 (0eita)

21C (Epsilon)
21D (Eta)

[ 217 flota)

] 216 (Lambda)
[ 2am (v

] 21K (omicron)
] 21L(omicron)
[ 224 (0micron)

[ 228 (@micron}
B 22c ©micron)
[l 220 (0micron)
[l 22€(0micron)
Il 22F ©Omicron)
[] 154
[ 198
[] 208
0 20c

206
[0 20et€Un)
I 208
H 2or
B 200

Deep divergences of the major variants

* Deltais not descended from Alpha.

* Omicron is not descended from Delta. I

2020-Auz 2021-Apr

2021-Aug 2022-Apr

Nextstrain.org

2022-Aug 2022-

57

All mutations

Omicron variants evolve very quickly

Phylogeny NE o RESET LAYOUT
Clade A
W zoHBeav2) [ 228 (Omicren)
W 201Apne vy B 22¢ (@micron) y "
W >0commava [l 220 (©mieron) rate estimate: 27.283 subs per year E
214 (Deita) 22E (Omicron) / (\
= 211{oele) 22 (omicron) & c(o
B 2v et} [] 10a «\\
[l 2:5(Kappa) ImE] Qg /
[ 21c(Epsilon) ] 208 P A
[ 210(eta) ] 20c
B 21F tteta) O 206
] 216(Lambda) 20€ (EU1) =
] 2tH (M) 208

[ 21 ©micron)

] 21t ©micran)

[T 22a(omicron)
20

Mutatione

2020-Apr

2020-Aug 2020-Dec 2021-Apr 2021-Aug 2021-Dec.

2022-Apr 2022-Aug
Date

2022-C
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Feature

expectedtoreleaseareport Inearly February,
accordingto Marleyle Verter, amedical virol
©gIst at the UnIversity of Pretoria In South
Aftica, who Chalrs SAGD.

Aheadofthatreport, sclentiss arelvestigat:
ingthree theorles. Althoughresearchershave
sequenced millions of SARS-CoV-2 genomes,
they might simply have missed a series of
mutations that eventually led to Omicron.
Alternatively, the variant might have evolved
mutationsIn one person, s partef along-term
Infection. Orft could have emerged unscen i
other animal hosts, such as miceorrats.

Fornaw, whichever idea aresearcher favours
“often comes down o gut fecling rather than
any sort of principledargument” says Richard
Neher,a computational lologistt the Univer-
sity of Basel In switzerland. “Theyareall fair
ame; says final Bhiman, amedical scientist
atthe National institue for Communicable
DiseasesInjohannesburg, South Africa.“Fvery
one hastherfavourite hypothesis.

Crazlescgenome

Researchers agree that Omicran sa recent
arrival. 1t was first detected in south Africa
andBotswanain early November 2021 (see
“Omicron takzover: retrospective testing.
has since foundearller ssmples from Individ

d3 November, and n

£

outh Afriea, nited States.

THEHUNT FOR THE
ORIGINS OF OMICRO

on 2 November. An analysts of the mutation
rateln hundredsof sequenced genomes, and
ot how quickly the virus had spread through
populations Dy December, dates Its emer.
Eence to not long hefore that —around the
endofseptember or early October last year™
Insouthern Africa, omicronprobably spread
from the dense urban province of Gauteng,
betweenjohannesburg and Pretorta, toother

Researchers have three key theories about how the highly
transmissible variantarose. By Smriti Mallapaty

But because johannesburg s home to the
largestairport on the Africancontinent, the
varlant could have emerged anywhere in
the world —merely being picked upln South
Aftlcabecauseof the country's sophisticated

Ittle more than twa months after It
the

mIG-2020 (ref. 1) Ijustcameutafnowhere”

genetic sur X
a bioinformaticlan at the University of

How did Omicron first evolve?

* In an immunocompromised host with a persistent

infection?

In another species? (Mice and mink have been
proposed).

Much more gradually than previously assumed?

Contents lists available at SclanceDiract

Journal of Genetics and Genomics

Journal homepage: www journals el
SEN and-genomics/

sr.comijournal-of-ganetics-

Original research

Evidence for a mouse origin of the SARS-CoV-2 Omicron variant

of at “apeTown, SouthAfrica.  University's Centre for Epidemic Responseand
‘world taster than any previous ver-
slons. have tracked It in What stands out about Omicron Is Its.
butremain remarkable number of mutations. Martin 1
s i Science RESEARCH ARTICLES

thevariant has an unusualarmay of mutations,

Insaskatoon, Canada. Wsverydifficulttotry
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Gradual emergence followed by exponential spread
of the SARS-CoV-2 Omicron variant in Africa
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