Sentinel - Pandemic response in the genomic and
information age
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| MARCH 2014 |

) “The Ebola virus has been identified as the cause
of an outbreak of haemorrhagic fever now believed
to have killed nearly 60 people in southern Guinea,

government officials say.”

BBC News
Sat 22 Mar 2014
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GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCC
ATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGA
GCCCTTGGTTGATCTCTGATTGGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATTCGATCCAATAT
TCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGT
TTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGEGECCGEGECGAAATTTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCG
ACACGAATGCAAAGTTTAATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCATATATGCTGACTCAATAGTTAACTTGACATCTC
TGCCTTCATAATCAGATATATAAGCATAATAAATAAATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGTTGACACCCTTACAAA
AACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAATTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGT
AACTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAACTAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAA
AAAACTGCTTATTGGGTCTTTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCAATACCCAGACGCCAGGTTATCATCACCAATT
TATTGGACCAATGTGACCTTGTCACTAGAGCTTGCGGGTTTATTCATCATACTCCCTTAATTCGCAACTACGCAACTGAAACTCCCAAACATATATACCGTTAAAATATGATGTAAC
TGTAACAAGTTTTAAGTGATGTACCAGTGGCGACATTGCCCATAGATTTCATAGTCCCAATTCTTCTCAAGGCACTATCAGGCAATGGGTTCTGTCCTTTGAGCTGCGGTGCCAACA
GTTCTTAGATGAAATTATTAAGTACACAATGCAAGATACTCTCTTCCTGAAATATTATCTCAAAAATGTAGGTGCTCAAGAGGACTTGTTGATGACCACTTTCAAGAAAAAATCTTA
TCTTCATTCAGGCAATGAATTTTTACACAAATGTTTTTGGTATGACCTGGCATTTTAACTCGAAGGGGTAGATTAAATCGAGGAAACTCAGATCAACGTGGTTTGTTCATGAGATTT
AATAGACATCTTAGGCTATGGGGACTATGTTTTTTGGAAGATCCCAATTTCACTGTTACCACTGAACACACAAGGAATCCCCCATGCTGCTATGGATTGGTATCAAACATCAGTATT
CAAAGAAGCGGTTCAAGGGCATACACACATTGTTTCTGTTTCTACTGCCGATGTCTTGATAATGTGCAAAGATTTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTAGC
AGAGGTTGAGGACCCAGTTTGCTCTGATTACCCCAATTTTAAGATTGTGTCTATGCTTTACCAGAGCGGAGATTACCTACTCTCCATATTAGGGTCTGATGGGTATAAAATCATTAA
GTTTCTCGAACCATTGTGCTTGGCTAAAATTCAATTGTGCTCAAAATACACCGAAAGGAAGGGCCGATTCTTAACACAAATGCATTTAGCTGTAAATCACACCCTGGAAGAAATTAC
AGAAATACGTGCACTAAAGCCTTCACAGGCTCACAAGGTCCGTGAATTTCATAGAACATTGATAAGGCTGGAGATGACGCCACAACAACTTTGTGAGCTATTTTCCATACAAAAACA
CTGGGGACATCCTGTGCTACATAGTGAAACAGCAATCCAAAAAGTTAAAAAACATGCTACGGTGCTAAAAGCATTACGCCCTATCGTGATTTTCGAGACATATTGTGTTTTTAAATA
TAGCATTGCAAAACATTATTTTGATAGTCAAGGATCTTGGTACAGTGTTACCTCAGATAGAAATCTCACACCAGGTCTTAATTCTTATATCAAAAGAAATCAATTCCCTCCGTTGCC
AATGATTAAAGAACTGCTATGGGAATTTTACCACCTTGACCATCCTCCACTTTTCTCAACAAAAGTTATTAGTGACTTAAGTATTTTTATAAAAGACAGAGCTACTGCAGTAGAAAG
GACATGCTGGGATGCAGTATTCGAGCCTAATGTTCTGGGATATAATCCACCTCACAAATTCAGTACCAAACGTGTACCGGAACAATTTTTAGAGCAAGAAAACTTTTCTATTGAGAA
TGTTCTTTCCTACGCGCAAAAACTCGAGTATCTACTACCACAATATCGGAATTTTTCTTTCTCATTGAAAGAGAAAGAGTTGAATGTAGGTAGAACTTTCGGAAAATTGCCTTACCC
GACTCGCAATGTTCAAACACTTTGTGAAGCTCTGTTAGCTGATGGCTTGCTAAAGCATTTCCCAGCAATATGATGGTAGTTACGGAACGTGAACAAAAAGAAGGCTTATTGCATCAA
GCATCATGGCACCACACAAGTAAGTTTGGTGAGCATGCCACAGTTAGAGGGAGTAGCTTTGTAACTGATTTAGAGAAATACAATCTTGCATTTAGTATGAGTTTACAGTACCTTTTA
TAGAATATTGCAACCGTTGCTATGGTGTTAAAAATGTTTTTAATTGGATGCATTATACAATCCCACAGTGTTATATGCATATTAGTGATTATTATAATCCACCGCATAACCTCACAC
TGGAAAATCGAAACAACCCCCCTGAAGGGCCTAGTTCATACAGGGGTCATATGGGAGGGATTGAAGGACTGCAACAAAAACTCTGGACAAGTATTTCATGCGCTCAAATTTCTTTAG
TTGAAATTAAAACTGGCTTTAAGTTGCGCTCAGCCGTGATGGGTGACAATCAGTGCATTACCGTTTTATCAGTCTTCCCCTTAGAGACTGATGCAGACGAGCAGGAACAGAGCGCCG
AGGACAATGCAGCGAGGGTGGCCGCCAGCCTAGCAAAAGTTACAAGTGCCTGTGGAATCTTTTTAAAACCTGATGAAACATTTGTACATTCAGGTTTTATCTATTTTGGAAAAAAAC



Genomics Can Provide Powerful Information in Real-Time

Informing diagnostics, vaccines, and
therapies

Diagnostics

Identifying variation across the genome
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Sentinel

DETECT  known and novel infections rapidly

EMPOWER

the public

health 3w
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improve
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GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTG
AAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCCATTTSA
ATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGEE
ATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGA
CAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCC
TGATTCGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGY
TTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAA =CATGGGTT
TTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAACCGCAAGAAGCCTGGEGCCGGCGAAATT
TTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCGACACGAATGCAAAGTTTA
ATTCTTGAATTCAATAGCTCTCTTGCTATCTAACTAAGATGGAGTACTTCATATTGGGCTAACTCAT
ATATGCTGACTCAATAGTTAACTTGACATCTCTGCCTTCATAATCAGATATATAAGCATAATAAATA
AATACTCATATTTCTTGATAATTTGTTTAACCACAGAGAAATCCTCACTGTAAGCCAGCTTCCAAGT
TGACACCCTTACAAAAACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAA
TTGCTTTATTATATATTAATAAGCATTTTATCACTAGAAATCCAATATACGAAATGGTTAATTGTAA
CTAAACTCGCAGGTCATGTGTGTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAAC
TAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAAAAAACTGCTTATTGGGTCT
TTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCA
ATACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTTGTCACTAGAGCTTGCG




Detect:

Transmission Patterns

Genomics informs public health response
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COVID driven by superspreader
events

Novel Mutations

Contract Tracing

Gire et al. Science 2014, Lemieux et al. Science 2020, Diehl et al. Cell 2016, Yurkovetskiy et al. Cell 2020, Wohl et al. PLoS Biology 2020
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Ebola mutations increased
infectivity

COVID’s D614G mutation does as
well

Traditional epi is accurate but
underpowered




ACEGID has become a national diagnostic center

Established diagnostics in early February in Nigeria,
Sierra Leone and Senegal

* Running 1k diagnostics a week

e Serving 30 million people in Nigeria

QACEGID

nce for Genomics of Infeckous Disecse



Zika - deployable diagnhostics

s Clianie Virus circulating months
= before first detection Ehe Netw York Eimes
Pregnant Women Anxious as Florida’s Zika Test Results Take Weeks
7. I ———— oc

26
Metsky et al. Nature 2017, Myhrvold et al. Science 2018



GGTGGAAAGTTGTTGGGCGGTATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTG
AAAACTAATGACTTTGCCCCTGCATGGTCAATGACAGGAACCTATTTCCCATTTLA N TCCGA
ATTCCACATTGAATCACCGCTGTGGGCACTGAGAGTCATCCTTGCTGCAGGGA
ATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGA
CAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCC
TGATTCGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTT
TTATTGAGCAGTATTGAAATTGGGACTCAAAATCATACAATCATCATAACTCGAAT T TGGGTT
TTCTGGTGGAGCTCCAAGAACCCGACAAATCCGCA/RANCCGCAAGAAGCCTGGEECCGECGAAATT
TTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACH ALGCCCGTCCTCGACACGAATGCAAAGTTTA
ATTCTTGAATTCAATAGCTCTCTTGCTATCTA A!VI ). Y PCGGAGTACTTCATATTGGGCTAACTCAT
ATATGCTGACTCAATAGTTAAC ACA CTTCATAATCAGATAYATAAGCATAATAAATA
AATACTCATATTTCTTGATAATTTGTTTAACCACAGAQEEETOLICECSLTAAGCCAGCTTCCAAGT
TGACACCCTTACAAAAACCAGGACTCAGAATTCCTCAAATAAGAGATTCCAAGACAACATCATAGAA
TTGCTTTATTATATATTAATAAGCATTTTATCACTACGEAATCCAATATACGAAATGGTTAATTGTAA
CTAAACTCGCAGGTCALE M GTTAGGTTTCACAAATTATATATATTACTAACTCCATACTCATAAC
TAACATTAGATAAGTAGGTTAAGAAAAAAGCTTGAGGAAGATTAAGAAAAAACTGCTTATTGGGTCT
TTCCGTGTTTTAGATGAAGCAGTTGACATTCTTCCTCTTGATGTTAAATGGCTACACAACATACCCA
ATACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTTGTCACTAGAGCTTGCG




DETECT: with new technologies

Point-of-Care Massive Throughput
Rehydration and sample Paper strip Result i p(w_l
addition addition interpretation v
N O ‘ I
) -, e
\ v°“"°‘e m M
. / /5% l 90 min 5min ] i A
‘ DETECTION READOUT -
=
| £

Rapid Deep Learning-Based Design

Species Fetch latest data Curate & align Search Ranked design options
k ———————————— T .
) ) ) % ) ,
: 3. = =
14} A\ g
DATABASE OF 82 . @ N S
ACTIVITY EEGa  ab [
GENOMES & 55400 ——
Y x
METADATA FUNCTION R — == |DENTIFY MAXIMALLY ACTIVE AND
<

=== SPECIFIC PROBE SET




CRISPR-Cas |3 can achieve these goals

Highly sensitive assay

S _ 120000
£ = 80000
g3 «oo] ll W
giwoooi -
2 75004
28
-
T 8 5000
=]
2 S 00
o
23
[T
. e S d S
O
5 .8 BT ? 8
N C) Q- o \\°

Fully field deployable

*

7

Urine Saliva

Dengue Patient Healthy

Test line g '
Control Iine”

Distinguishes subtypes and variants

patient genotype: WT

Test line —

Control ling ==

Rapid assay development

Day 1: Days 2-5:
Design crRNAs crRNAs, primer,
& RPA primers target synthesis

Day 6:
lab
testing

No
(s}
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DETECT: with new technologies

e pnature L

NEWS . 19 FEBRUARY 2019

Faster, better, cheaper: the rise of CRISPR in
disease detection Incubation Sensitivity Specificity

Powerful gene-editing tool could help to diagnose illnesses such as Lassa fever

Time

early and rein in the spread of infection.

ahimen 30 mins 90% 94%

1 hour 94.7% 97%

2 hours 98% 98%

Note: samples tested have gPCR Ct <30

5 1S * P . 5 K

A researcher in Nigeria uses a CRISPR diagnostic test to look for Lassavirus in a blood sample.

CRISPR tools help
to detect illnesses ACE GI D

Researchers turn to powerful gene-editing method to
diagnose diseases and curb the spread of infections.




CARMEN - High Throughput Diagnhostics

Distinguishes human associated viruses Distinguishes subtypes and variants
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CRISPR-Casl 3 can be run on Fluidigm

SARS-CoV-2 FLUA FLUB HMPV HRSV controls
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Synthetic targets ranging from 10 cp/pL to 1 cp/pL 1 1 cp/pl detected

LOD around 1 - 5 copies/uL 1 1 cp/ul not detected
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Diagnostic Capture

Genomics

CONNECT: frontline workers with actionable information

Citizen Reporting

Sample/Clinical
Data Tracking

Contact Tracing

Dashboard
Visualizations






Creating global views of all genomics datasets

SARS-CoV-2 Sequencing € Tree ﬁ’ e
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Fathom Information Design & Broad Institute




htbnmlm Glabal sequencing Countries 172 Lineages 1,246  Mutations 61,302
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Enhancing public health investigations

. Lc?.okout

Residents with positive tests, all floors

@ Emma Thomas POSITIVE 12/27 .. -\

Affiliated Mavilies

Fathom Information Design & Broad Institute (data based on real work at CMU, but anonymized)



Combining genomic and epi data

10 outbreak clusters

8 mavilies represented

B sAsKETBALL

SEQUENCING

Fathom Information Design & Broad Institute (data based on real work at CMU, but anonymized)



Empower



All outbreaks - importance of empowering every actor

=

QACEGID CDC

AFRICAN CENTRE OF EXCELLENCE FOR GENOMICS OF INFECTIOUS DISEASES




in the system

: every actor

EMPOWER




Operation Outbreak




OO mobile app

Sick Recovered
Can test

interventions

OPERATION OUTBREAK
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Asymptomatic
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Psick ->dead
=0.5
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Pv.sick =04

Pv.sick ->rec

=0.1
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=0.9

Vaccine




OO Data

Visualize ground

truth data, including
“patient zero” and all
transmission events.

Monitor infection
patterns.

Assign, in real-time,
physical distancing
scorecards to individuals
and institutions.

Track super-
spreader events.

Colubri et al., Cell 2020



OPERATION OUTBREAK

0

RECOVERED

8:00 pm

Thursday, October 29



OO Curriculum

Chapter topics include:

« Epidemiology
« Biology of microbes

~  Emerging pathogens
\ ¥  Genomics and Evolution
OPERATION OUTBREAK » Molecular diagnostics
 QOurimmune defenses
« Vaccines
* Prevention and control
» Social Drivers of Disease
* Public health policy

« Mathematical modeling

Course Video Series
(in production)




Overcome



GGTGGAAAGTTGTTGGEGECGETATAGAGTTTGATGTGACTCACAAAGGATGGCCTATTGCATAGACTGAAAACTAATGACTTTGCC
CCTGCATGGTCAATGACAGGAACCTATTTCCCATTTATTTCAAATCCGAATTCCACATTGAATCACCGCTGTGGGCACTGAGAGT
CATCCTTGCTGCAGGGATACAGGACCAGTTAATTGACCAGTCTTTGATTGAACCCTTAGCAGGAGCCCTTGGTTGATCTCTGATT
GGCTGCTAACAACCAACACTAACCATTCAACATACGAACACAACGTGTCAAGGAGCAATTGAGCCTAAAAATGCTGTCGTTGATT
CGATCCAATATTCTCAAGTTTATTAACGAATTGGAGCTCTACATGTTGTGAACTATAATGGATTATTGAGCAGTATTGAAATTGG
GACTCAAAATCATACAATCATCATAACTCGAACTAACATGGGTTTTCTGGTGGAGCTCCAAGAACCCGACAAATCGGCAATGAAC
CGCAAGAAGCC GIVCOpFOtem(GP)’TTTCCCTCCTTCATGAGTCCACACTGAAAGCATTTACACAAGGGTCCTCGACACGAATGC

G-GTT-AGT-GAT-GTC LLLI

ARAGTTTAATTCTTGAATTCAATAGCTCICIRES ¥y Y [—{@GGCTAACTCATATATGCTGAC
TCAATAGTTAACTTGACATCTCTGG LAS 3 ACTCATATTTCTTGATAATTTGTTT
AACCACAGAGAAATCCTCACTGT , ‘9° BT A7 ":‘3 RCTCAGAATTCCTCAAATAAGAGA
TTCCAAGACAACATCATAGAATT( f{" s 2 CPATAR X g:;;;—,-’,;; AATCCAATATACGAAATGGTTAATTG
TAACTAAACTCGCAGGTCATGTGY &&M o 'Z’, loSaigia i 2 EATACTCATAACTAACATTAGATAAGT
AGGTTAAGAAAAAAGCTTGAGCARKSY Ay eert b T TCCGTGTTTTAGATGAAGCAGTTGACATTCTT

o
CCTCTTGATGTTAAATGGCTACAC% L % ¥ ACCCAGACGCCAGGTTATCATCACCAATTTATTGGACCAATGTGACCTT
GTCACTAGAGCTTGCGGGTTTE @:gmirﬂﬁf-'uu-—--ﬁ-A TTCGCAACTACGCAAC
ATATGATGTAACTGTAACAAG GGCGACATTGCCCATA(
ACTATCAGGCAATGGGTTCTG \ACAGTTCTTAGATG
TCITCCTGAAATATTATCICA | CTTGTTGATGAC| .
AGGCAATGAATTTTTACACARA TTTTAACTC| 2
AACGTGGTTTGTTCATGAGAT ——— Cccm_AAT_GAT_GTCGGGAC TATGTTY ;4 AATTTCACTGTTACCAC
TGAACACACAAGGAATCCCCCLQ:V s8-8V | /Q:V:N:D-V puyAAACATCAGTATTCAR CAAGGGCATACACACAT
TGITTCTGTITCTACTGCCGATGICTTGATAATGTGCAAAGAT TTAATTACGTGTCGATTCAACACAACTCTAATCTCAAAATTA
COACDACCTTCACCACCCACTTTCCTCTCATTACCCCAATTTTAACATTCTCETCTATCCTTTACCACACCCCACATTACCTACTCL

CCAATTCTTCTCAAGGC
L. CACAATGCAAGATACTC
LAAATCTTATCTTCATTC
L CGAGGAAACTCAGATC




OVERCOME: through therapies and vaccines

CRISPR
Antivirals

Host Response
at Single Cell Resolution

Viral Antigen
Presentation
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Freije et al. Molecular Cell 2019, Kotliar et al. Cell 2020, Weingarten-Gabbay et al. Cell in press
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