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The Huanan Market in Wuhan was the
early epicenter of the COVID-19 pandemic
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The sarbecoviruses

most closely related to .

SARS-CoV-2 have been
detected in bats from
the karst terrain

common to China,
Laos and Vietnam.
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The bat progenitor of SARS-CoV-2 is highly recombinant and
emerged in the decade before COVID-19
Recombination « The origin of SARS-CoV-2, as well as

SARS-CoV, involve multiple
recombination events.

» The closest bat virus ancestors existed

) less than a decade prior to their

4 emergence in humans.

. Geography

« The direct ancestors of SARS-CoV-2 and
SARS-CoV are unlikely to have reached
their respective sites of emergence via
dispersal in the bat reservoir alone,
supporting interactions with
intermediate hosts through wildlife trade

playing a role in zoonotic spillover.

- Emergence of Emergence of
Timing SARS-CoV-1 SARS-CoV-2
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https://www.cell.com/cell/issue?pii=S0092-8674(24)X0013-6
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Contact hamsters

Bat sarbecoviruses don’t cause

[
lung pathology and fail to
® o 3
transmit in hamsters
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BANAL-236
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Bat Coronaviruses are Gl tropic

Cynomolgus macaques (IN plus IT innoculation)
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https://www.sciencedirect.com/journal/ebiomedicine
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Only 16 amino acids distinguish BANAL-20-52
.; and SARS-CoV-2 Spikes -,
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98.4% amino acid sequence identity and 99.2% chemically similar amino acids.

S1: 14 amino acid differences and the 4 amino acid FCS insertion. S2: 2 amino acid differences

138 synonymous changes between the BANAL-20-52 and SARS-CoV-2 Spike genes.

23 of 76 and 23 of 62 synonymous or nonsynonymous changes and in S1 and S2 respectively are C — U. .
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3 of the amino acid differences between

BANAL-20-52 and SARS-CoV-2 Spike affect
stability, which was critical for Gl spread

T372A

removes glycan
increases up
conformation/

ACEZ2 binding
decreases pH stability

76T
adds glycan
at N74

P218Q
increases NTD
hinge flexibility

S32F
removes
glycan
at N30
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The differences alter monomer interactions in Spike trimer

BANAL-20-52

SARS-CoV-2 Hu-1

SARS-CoV-2 B.1
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Detecting SARS-CoV-2 cryptic lineages using publicly
available whole genome wastewater sequencing data

Reinier Suarez, Devon A. Gregory, David A. Baker, Clayton A. Rushford, Torin L. Hunter, Nicholas R. Minor, Clayton M. Russ,
Emma E. Copen, David H. O’Connor, Marc C. Johnson

| Version 2

VI Published: June 9, 2025 < https://doi.org/10.1371/journal.ppat.1012850
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Omicron adapted for immune evasion

>10years* | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

2 RBDs
all RBDs up 10%

XBB.1 XBB.1.5 EG.5.1 KP3.1.1 XEC

BM.1.1.1
XBJ.1
: B.1.1.159 BA.2 BA.2.86 JN.1
N S50L
A/B A0 Alpha BA.1 BA.5  reversion
lineage split
in non-bat BA 4 up 2579 1 EED

53%
* Pekar et al., Cell, Volume 188, Issue 12, p3167-3183. e18June 12, 2025
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Omicron
borrowed
some old
tricks using
some of the
same old
residues such
s371F | 1) :, \ 7500 73§ oo dkasg, 1)\ as L445 and
72 ﬁo @*}3,4 A e RSN F45|f to affect

T376A ”u;} ‘i ;’ Yo & *
Y505H 4{:&?‘&3& SRERL 78 N2 2p RN 4 " structural
| | » - T stability
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A Circulation of bat-CoV progenitors

Enteric tropism;
Spike in locked position C SARS-CoV-2 human

to resist low gastric pH spiIIovers D Worldwide spread

' Further human
adaptation

Adaptation for
respiratory

Expanded host spread Imm.une
range; interspecies evasion

transmission Spike changes:

L50S, T372A, N519H,

P681 insertion of PRRA

path

Omicron

It takes more than a furin cleavage
site to turn a virus pandemic
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B Circulation in nonbat animal(s)




It takes more than a
horn to turn a horse
into a unicorn.

Ordinary Ordinary Horse
Horse with a horn

Rainbow .
colors Magic

Ordinary .
Horse Unicorn
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Polybasic sites in current circulating
strains of H5N1 Influenza virus

Clade Accession(GSAID) Designation Sequence at HA1/HA2 junction (2a321-360)

23.44b B3.13 EPL_ISL_ 19590708 A/California/2024 321 YVKSNKLVLA TGLRNNPLRE KRRKRGLFGA IAGFIEGGWQ 360
2344 DI.1 EPI ISL 19634828 A/Louisiana/2024 321 YVKSNKLVLA TGLRNSPLRE RRRKRGLFGA IAGFIEGGWQ 360
2.3.44b D1.3 EPI_ISL 19785793 A/Ohio/2025 321 YVKSNKLVLA TGLRNSPLRE RRRKRGLFGA IAGFIEGGWQ 360
232:a EPI ISL 19836227 A/India/2025 321 YVKSNKLVLA TGLRNSPQKE RRKKRGLFG AIAGFIEGGW 360
2.32:1¢ EPI_ISL_ 19850663 A/Vietnam/2025 321 YVKSSKLVLA TGLRNSPQRE RRRKKRGLFG AIAGFIEGGW 360

Circulating H5N1 bird/cow influenza viruses

have furin cleavage site but it will take

additional changes to make them pandemic
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ANNUAL REVIEW OF VIROLOGY Volume 10,2023

Review Article | Open Access

Influenza: Searching for Pandemic Origins

Robert G. Webster!
@ Hide Affiliations and Author Notes

Division of Virology, Department of Infectious Diseases, St. Jude Children's Research Hospital, Memphis, Tennessee, USA; email: robert.webster@stjude.org

Vol. 10:1-23 (Volume publication date September 2023) | https://doi.org/10.1146/annurev-virology-111821-125223

"Subsequent studies established that:
(a) aquatic birds are a natural reservoir of influenza A viruses,
(b) these viruses replicate primarily in cells lining the intestinal tract,
(c) reassortment in nature can lead to novel pandemic influenza viruses, and

(d) live bird markets are one place where transmission of influenza virus from
animals to humans occurs.”

#GVNAnnualMeeting2026 ‘ GVN USFHealth é%?s?g%{l

GLOBAL VIRUS NETWORK

CANCER
INSTITUTE




	Slide 1: New data on COVID-19 Origins
	Slide 2: The Huanan Market in Wuhan was the early epicenter of the COVID-19 pandemic
	Slide 3
	Slide 4
	Slide 5
	Slide 6: Bat sarbecoviruses don’t cause lung pathology and fail to transmit in hamsters
	Slide 7: Bat Coronaviruses are GI tropic
	Slide 8: Only 16 amino acids distinguish BANAL-20-52  and SARS-CoV-2 Spikes
	Slide 9: 3 of the amino acid differences between BANAL-20-52 and SARS-CoV-2 Spike affect stability, which was critical for GI spread
	Slide 10
	Slide 11
	Slide 12: Omicron adapted for immune evasion
	Slide 13
	Slide 14
	Slide 15
	Slide 16: Polybasic sites in current circulating strains of H5N1 Influenza virus
	Slide 17

