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Outbreaky’omics





What is out there?







the future!

Karthikeyan, Levy et al., Nature 2022
Levy et al., Science 2023



Passive surveillance
that is

Active



What is possible in San Diego should also be possible anywhere else

Barnes et al., Nature Communications 2023
Yousif et al., Nature Communications 2023
Levy et al., Science 2023
Karthikeyan et al., Nature 2022



Real-time monitoring of viral dynamics | San Diego



Real-time monitoring of viral dynamics | South Africa

Yousif et al., Nature Communications 2023



Real-time monitoring of viral dynamics | United States



Profiling population-wide immunity using     ?



Shortening surveillance gaps



Surveillance Gaps are widespread | Zika example

From: Worobey, Nature 2017



Surveillance Gaps lead to cryptic transmissions

Ebola, West Africa: ~3 months (unexpected, new region)

Zika, Brazil: ~1.5 years (unexpected, new region)

Zika, United States: ~3 months (expected)

Mpox, Nigeria: ~2 years (unexpected, human-to-human transmission)

H5N1, United States: ~3 months (should have been expected)

SARS-CoV-2, China: ~1 month (novel)

SARS-CoV-2, United States: ~1 month (expected)

SARS-CoV-2 variants, South Africa: ~a few weeks (semi-novel)



Detecting outbreaks that we don’t know about (travel surveillance)

Grubaugh et al., Cell 2019



Detecting outbreaks that we don’t know about (travel surveillance)

?

Grubaugh et al., Cell 2019



Detecting outbreaks that we don’t know about (travel surveillance)

Cuba

Grubaugh et al., Cell 2019



Outbreak in Cuba was delayed by exactly a year

Grubaugh et al., Cell 2019



Understanding emergence





The origin of SARS-CoV-2 links to a single market in the middle of Wuhan

From: Lytras et al., Science 2021 Pekar et al., Science 2022

Crits-Christoph et al., Cell (accepted)

Andersen et al., Nature Medicine 2020

Worobey et al., Science 2022



The origin of SARS-CoV-2 links to a single market in the middle of Wuhan

Worobey et al., Science 2022 Holmes et al., Cell 2021

From: Li et al., Lancet Reg Health West Pac 2021 Worobey et al., Science 2022 Crits-Christoph et al., Cell (accepted)



Epidemic > Endemic



Early explosive spread in the United States | Single introduction into New Orleans

Zeller et al., Cell 2021



Then came the variants

Washington et al., Cell 2021



Connectedness was dynamic and changed as we moved from pandemic to endemic

Matteson et al., Cell 2023



Endemic | Functional surveillance



Software

De facto standard
FDA
CDC

Biobot
Internationally

De facto standard
Millions of download

Gangavarapu et al., Nature Methods 2023
Tsueng et al., Nature Methods 2023

Karthikeyan et al., Nature 2022 Grubaugh et al., Genome Biology 2019



Integrated programs | H5N1, SARS-CoV-2, others
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