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Why monitor pathogens in non-human
animals?



Animal infections can impact evolution of pathogens
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Are secondary animal reservoirs a problem in
SARS-CoV-27



SARS-CoV-2 can infect ~50 non-human mammals

Published or pre-print articles —
SARS-CoV-2 experimental or natural infection in animals

Big Cats* Cats Deer Mice Hamsterst S
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/ O = Not susceptible to SARS-CoV-2 infection

*Big cats include: lions, tigers and puma

tHamster species include: Chinese hamsters and golden Syrian hamsters

$Non-human primate species include: African green monkeys, baboons, common marmosets,
cynomolgus macaques, pigtail macaques, rhesus macaques, and savanna monkeys
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Secondary Spillback into humans has been observed

Transmission of SARS-CoV-2 on mink farms between humans and mink
and back to humans
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Why are White-Tailed Deer a priority?



White-Tailed Deer are susceptible

(Hale, 2021) 10.1101/2021.11.04.467308 (Kuchipudi, 2021) 10.1101/2021.10.31.466677
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White-Tailed Deer are susceptible
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White-Tailed Deer: large/mobile populations near humans

(Kotwa, 2022) 10.1101/2022.01.20.476458



White-Tailed Deer: large/mobile populations near humans

(Kotwa, 2022) 10.1101/2022.01.20.476458



How can we monitor SARS-CoV-2 evolution
in White-Tailed Deer?



Use pre-existing surveillance programs for WTD

® SARS-CoV-2 sampling added to Chronic
Wasting Disease surveillance program
(Nov 1st - Dec 31st 2021)

USDA photo by Scott Bauer - Image Number: K5437-3



Use pre-existing surveillance programs for WTD
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® SARS-CoV-2 sampling added to Chronic
Wasting Disease surveillance program
(Nov 1st - Dec 31st 2021)

e Nasal swabs and RPLN samples from
hunter-harvested carcasses
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USDA photo by Scott Bauer - Image Number: K5437-3



17/298 White-Tailed Deer were positive for SARS-CoV-2
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Another recent spillover from local human
infections”?



Samples formed a highly divergent B.1 lineage
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Possible Deer-to-Human transmission
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Supporting Circumstantial Evidence:
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e Plausible Epidemiological Link



How did all this diversity evolve?



No recombination but possible elevated mutation rate
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No recombination but possible elevated mutation rate

Evolutionary rate of SARS-CoV-2 increases during zoonotic
infection of farmed mink

I SARS-CoV-2 coronavirus I SARS-CoV-2 Molecular Evolution

0 ash.porter i
Evolutionary rate of SARS-CoV-2 increases during zoonotic infection of farmed mink
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Genomic signs of host adaptation
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e 37/49 previously associated with non-human animal hosts (23 new to WTD)
e Elevated C>U mutation rate (APOBEC3)
e Codon usage patterns



No detectable positive selection
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No detectable positive selection
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Does this diversity impact phenotype?



No change of spike antigenicity
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No change of spike antigenicity
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Are WTD a secondary reservoir?



Limited “One Health” surveillance means lots of uncertainty
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Take-aways

e Highly divergent SARS-CoV-2 in WTD with likely deer-to-human transmission

e Signs of genomic adaptation to animal host (animal-associated mutations,
C>U, codon usage, elevated mutation rate)

e No indication of strong selection or change of antigenicity (c.f. Omicron)



Take-aways

e Highly divergent SARS-CoV-2 in WTD with likely deer-to-human transmission

e Signs of genomic adaptation to animal host (animal-associated mutations,
C>U, codon usage, elevated mutation rate)

e No indication of strong selection or change of antigenicity (c.f. Omicron)

e Need to better understand the interplay of virus, disease, and immune
selection in non-human animals (and impact on pathogen evolution)

e Similar scenarios could generate future variants of concern

e Therefore, clear need for broader “One-Health” surveillance
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Challenging to sequence due to Ct
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Combining approaches to maximise coverage
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Ruling out contamination from human SARS-CoV-2
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No sign of additional human cases
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No indication of recombination
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Signs of host adaptation: C>U and codon usage
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No recombination but possible elevated mutation rate
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0.0030

0.0025

0.0020

0.0015

0.0010

0.0005

0.0000

Global human
Global animal

B.1 lineage
Ontario WTD clade

/

2020-6

2021-1
Collection Date

2021-6

2022-1

Global human: 0.9x102 to 1.0x103

Global animal: 1.0x103 to 1.1x103

B.1 lineage: 0.4x10°to 0.6x107

Ontario WTD: 0 to 8x103

Mink: 3.18x10°to 10.6x1073



Viral cultures
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