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Image: http://peabody.yale.edu/exhibits/treeoflife

Dr. T. Ryan Gregory

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

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it

February 2020

What’s in a name?
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https://www.pango.network/the-pango-nomenclature-
system/statement-of-nomenclature-rules/

Phylogenetic Assignment of Named Global Outbreak (PANGO) lineages

• 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 
75th identified descendant of BA.2).

• 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.

BA.1, BA.2.75, BQ.1.1, XBB.1, …
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May 2021

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

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”.

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

Alpha, Beta, Gamma, Delta, Omicron

https://www.who.int/activities/tracking-SARS-CoV-2-variants

5

6



12/17/2022

4

Eta

M
utations

Source: Nextstrain.org
Date: Dec. 15, 2022
@TRyanGregory

“Isn’t it all just Omicron now?”

Upham et al. (2019)

SARS-CoV-2: Mammals:

Nextstrain.org
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Viral evolution occurs at two levels
Within hosts

Intra-host evolution
Among hosts

Inter-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

• 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
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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.
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November 21, 2021

And then along came Omicron…

CANADA

Wild type
(wave 1)

Wild type
(wave 2)

Alpha Delta

BA.1

BA.2

BA.5 BA.5+

“Omicron”

Nov. 2021
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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

“Omicron”

CANADA

2022 was the deadliest year of the pandemic in Canada.

• There is no “robust hybrid 
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?
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BA.1
BA.2

BA.5
BA.5+

BQ*, X*

ONTARIO

“Waves”

“High tide”

CANADA

Wild Type 
(wave 1)

Wild Type 
(wave 2) Alpha

Delta

BA.1

BA.2

BA.5

BA.5+

“Omicron”
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The Omicron cloud and the Great Convergence

1) One variant eventually becomes dominant everywhere.

2) One variant becomes dominant in one place, another variant 
becomes dominant elsewhere (then maybe they swap).

3) The same subset of variants in the cloud becomes dominant 
everywhere (and no single dominant variant takes over by 
itself).

4) Different subsets of variants become dominant in different 
places (then maybe they swap).

5) Turnover in variants within the soup as new ones evolve and 
older ones disappear, with high numbers of infections but no 
one variant or subset of variants ever reaches a very high 
frequency.

What could happen with this variant cloud?
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1) Clouds come and go in waves?
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. 

What could happen next with variant clouds?

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?

More questions about clouds of variants
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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.

Meredith et al. 
(2011) https://evolution.berkeley.edu/

• Lots of evolutionary 
change in a lineage within 
a group can lead to very 
different biology.

23

24



12/17/2022

13

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”.
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Spike mutations

“Omicron”

Omicron variants evolve very quickly

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.
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Recombination with other coronaviruses?
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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!
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Questions?
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Wild type 
(wave 1) Wild type 

(wave 2)

Alpha Delta

This time last year…

The number of confirmed COVID-related 
deaths in Canada in the past 3 years has
exceeded the number of Canadian combat 
deaths in 6 years of World War II.

OurWorldInData.org
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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

@DGBassani
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@DGBassani

Coming soon: CH.1.1 (“Orthrus”)?
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@Firefoxx66
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3 years 12 years

Influenza A H3N2SARS CoV-2

SARS-CoV-2 can evolve year-round

Nextstrain.org

@Mike_Honey_
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Better at binding to host cells

@RajlabN
https://public.tableau.com/app/profile/raj.rajnarayanan

Evolution of immune escape and ACE2 binding in Omicron variants

CDC.gov
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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). 

@LongDesertTrain
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@Firefoxx66
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Omicron

Gamma

Alpha
Lambda

Beta
Iota

Omicron

Omicron

Delta

Delta

Epsilon
Eta

Mu Nextstrain.org

Deep divergences of the major variants

• Omicron is not descended from Delta.
• Delta is not descended from Alpha.

All mutations
Omicron variants evolve very quickly
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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?

59


