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In 2003

The emergence of SARS and the identification of a
coronavirus as the causative agent of the disease
astounded the coronavirus community, as it was the
first definitive association of a coronavirus with a
severe disease In humans.
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COVID-19 CORONAVIRUS OUTBREAK March 9t 2020

. . Last updated: March 09, 2020, 15:01 GMT
https://www.worldometers.info/coronavirus/
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\ PRE-EXISTING CONDITION DEATH RATE  DEATH RATE
( :OronaVIruS ( :asesu confirmed cases all cases
* cardiovascular disease 13.2% 10.5%
Diabetes 9.2% 7.3%
1 1 1 ? 4 6 Chronic respiratory disease 8.0% 6.3%
, Hypertension 8.4% 6.0%

COVID-19 Fatality Rate by AGE: :
- o , view by country Cancer 7.6% 58%

*Death Rate = (number of deaths / number of cases) = probability of dying if infected by the virus (%).

no pre-existing conditions 0.9%

This probability differs depending on the age group. The percentages shown below do not have to add
up to 100%, as they do NOT represent share of deaths by age group. Rather, it represents, for a
person in a given age group, the risk of dying if infected with COVID-19.
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COVID-19 CORONAVIRUS PANDEMIC April 24, 2020

Last updated: April 24, 2020, 10:32 GMT

Graphs - Countries - Death Rate - Symptoms - Incubation - Transmission - News

Coronavirus Cases:

Country, Total New Total
2 7 4 4 6 0 6 Other Cases |7 | Cases Deaths
e CEsEREl ey 7 B World 2,744,606 +21,562 191,790
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Understanding the Enemy



Size & Content :’,’,‘ e L I fe

Diameter: =100 nm

Volume: ~10° nm3 =103 fL

Mass: ~10° MDa = 1 fg

| |

published in eLife, March 31%, 2020
https://elifesciences.org/articles/57309

Spike trimer

Length: =10 nm
Copies per virion: =100
(300 monomers,

measured for SARS-CoV-1)
Affinity to ACE2

receptor K;: =1-30 nM
primed by TMPRSS2

Membrane protein Nucleoprotein  Envelope protein
=2000 copies =1000 copies =20 copies
(measured for (measured for (100 monomers, measured

SARS-CoV-1) SARS-CoV-1) for TGEV coronavirus)
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published in eLife, March 31%, 2020
https://elifesciences.org/articles/57309

——— Replication Timescales

In tissue-culture
Virion entry into cell: ~10 min (measured for SARS-CoV-1)

Eclipse period: ~10 hrs  (time to make intracellular virions)
Burst size: ~103 virions  (measured for MHV coronavirus)



9 eLife

published in eLife, March 31%, 2020
https://elifesciences.org/articles/57309

Genome

Nucleotide identity to SARS-CoV-2

96% 91% 80% 55% 50%
bat CoV  pangolin CoV SARS-CoV-1 MERS common
cold CoV
+ssRNA ORF1a ORF1b S 3a M 7/bgN
PL| pro 3CL| pro RdARp  Hel EonE ° 78
| p'olyprotein I |

Length: =30kb; B-coronavirus with 10-14 ORFs (24-27 proteins)

Evolution rate: ~103 nt™ yr! (measured for SARS-CoV-1)
Mutation rate: ~10°° nt’’ cycle'1 (measured for MHV coronavirus)



Polyproteins encode many domains per gene

E— Structural & Accessory Genes
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Published online 2014 Dec 29. doi: 10.1016/j.antiviral.2014.12.015
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SARS-CoV-2 most likely came from
bats perhaps via an intermediate host

SARS-CoV-1 bats = civet = humans
MERS-CoV bats = camel = humans

hCoV_19/pangolin/Guangxi/P1E/2017 |EPI_ISL_410539|2017
hCoV_19/pangolin/Guangxi/P5L/2017 |EPI_ISL_410540|2017
hCoV_19/pangolin/Guangxi/P4L/2017 |EPI_ISL_410538|2017
hCoV_19/pangolin/Guangxi/P5E/2017 |[EPI_ISL_410541|2017

hCoV lgfpangnllm’GuangxllP2V}'2317 EPI_ISL_418542|2017

hCoV_19,/USA/WAS_UW5/2020 | EPI_ISL 413485|2aza 03 01
hCoV_19/USA/WA12_UW8/2020 | EPI_ISL_413563|2020_03_03
hCoV_19/USA/WA7_UW4/2020 |EPI_ISL_413458|2020_03_01
hCoV_19/Chongqing/YC01/2020 |EPI_ISL_408478|2020_01_21

hCoV_19/USA/WA1_A12/2020 |EPI_ISL_407214|2020_01_25

hCoV_19/Fujian/8/2020|EPI_ISL_411060|2020_01_21
hCoV_19/USA/WA1_F6/2020 |EPI_ISL_407215|2020_01_25
hCoV_19/USA/WA1/2020 |EPI_ISL_404895|2020_01_19
hCoV_19/Japan/TY_WK_501/2020 |EPI_ISL_408666|2020_01_31
hCoV_19/Japan/TY_WK_521/2020 |EPI_ISL_408667|2020_01_31
hCoV_19/Japan/TY_WK_012/2020 |EPI_ISL_408665|2020_01_29
hCoV_19/Shenzhen/HKU_SZ_005/2020|EPI_ISL_405839|2020_01_11
hCoV_19/Wuhan/HBCDC_HB_02/2020 |EPI_ISL_412978|2020_01_17
— hCoV_19/Beijing/235/2020 |EPI_ISL_413521|2020_01_28
I~ hCoV_19/Beijing/105/2020 |EPI_ISL_413518|2020_01_26

— hCoV_19/Korea/KCDCR6/2020 |EPI_ISL_412870|2020_081_3@

| hCoV_19/Beijing/233/2020|EPI_ISL_413520|2020_01_28
- hCoV_19/Beijing/231/202@|EPI_ISL_413519|2020_01_28
hCoV_19/Korea/KCDC@7/202@ | EPI_ISL_412871|2020_01_31

hCoV_19/Tianmen/HBCDC_HB_07/202@ |EPI_ISL_412983|2020_02_08

hCoV_19/Taiwan/NTU@1/2028 | EPT_ISL_408489]2020_01_31
hCoV_19/India/1_31/2020|EPI_ISL_413523|2020_01_31
hCoV_19/Korea/KCDC05/2020 | EPI_ISL_412869|2020_01_30

— hCoV_19/Shenzhen/SZTH_002,/202@ | EPI_ISL_406593 |2020_01_13

hCoV_19/Shenzhen/HKU_SZ_@02/2020 | EPI_ISL_406030|2020_01_10
hCoV_19/Guangdong/205F@12/2020 |EPI_ISL_403932|2020_01_14
hCoV_19/Guangdong/20SF@25/2020 |EPI_ISL_403935|2020_01_15
hCoV_19/Wuhan/WHB4/2020 |EPI_ISL_406801|2020_01_05
hCoV_19/Wuhan/HBCDC_HB_03/2020 |EPI_ISL_412979|2020_01_18
hCoV_19/Guangdong/205F@13/2020 |EPI_ISL_403933|2020_01_15
hCoV_19/Australia/NSWe1/2020 |EPI_ISL_487893|2020_01 24
hCoV_19/Taiwan/3/2020 |EPI_ISL_411926[2020_01_24
hCoV_19/USA/AZ1/202@ |EPI_ISL_406223|2020_01_22

hCoV 19/Anhui/S7eR5 /2028 |EPT ISL 41348517028 A1 24



"Characteristic” Infection Progression in a Single Patient (-,:4 el_lfe

published in eLife, March 31%, 2020
Basic reprod uctive number RO: typ|Ca“y 2-4 https://elifesciences.org/articles/57309

Varies further across space and time (Li et al. 2020; Park et al. 2020)

(number of new cases directly generated from a single case)

infection with

virus Case Fatality Rate (ECDC 2020)
Incubation period: =5 days diagnosis after =5 days ~0.8%-10% (uncorrected)
(99% < 14 days unless asymptomatic Infected Fatality Rate
<«(Lauer et al. 2020; Li et al. 2020)>m ~0.3%1.3%
/ exposed infectious
. Recovery
= <« Latent period =3 days » - «Interval of half-maximum » & mild cases: =_2 weeks
. - infectiousness =4 days E severe cases: =6 weeks

Inter-individual variability is substantial and not well characterized. The estimates are parameter fits
for population median in China and do not describe this variability (Li et al. 2020; He et al. 2020).



Kinetics of infection and clinical deterioration
suggest that pathology is from immune over-
stimulation

e Which immune
Stage | Stage Il Stage Ill param eters correlate

(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
[ [

| . . .
S S R - B with disease severity?
w I I .
8 : | | o  Serum cytokines (IL-6, IL-
= I
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2 : p— o  Antibody response
§ : Host inflammatory response phase o  Tcell response
|
| | |
| .
. — ; — e Why do some patients
I 1 o
— y———— . GEENUI = develop severe disease
= il Ml Hypoxia (Pa02/Fi02<300mmHg) [ SIRS/Shock d t‘p
y Cough, diarrhea, headache , " Cardiac Failure a n SO m e n 0 .
Lymphopenia, increased : Abnormal chest imaging : Elevated inflammatory markers 9 G.e rm I in e .ge n e.tlcs
PfO!hl'?mbin time, incrgased D- W Transaminitis | (CRP, LDH, IL-6, D-dimer, ferri}in) @) Alrway m|cr0b|0ta
Dimer and LDH (mild) | Low-normal procalcitonin 1 Troponin, NT-proBNP elevation g .
[ [ o PfE-EXlStlng cross-reactive
Potential ( Remdesivir, chloroquine, hydroxychloroquine, convalescent plasma transfusions ] immun |ty
Therapies [ ] [ Corticosteroids, human immunoglobulin, J

S e— IL-6 inhibitors, IL-2 inhibitors, JAK inhibitors




Research effort on COVID-19/SA

* Work at the APS and SBC to solve
structures and screening small
molecules (nsp15), 3CLpro,
PLpro, etc.

 Participation in the NVBTL
working groups (EPI, Testing,
Manufacturing, Therapeutics)

 Computational work on five subproblems
* Antiviral drug screening = priority compounds for wet lab screening
 Epidemiology = transmission and interventions
 Evolution = origins, diversity and host-adaptation
* Vaccine = epitope analysis and antibody design
* Host-pathogen interactions / host response = severity and drugs



Antiviral Drug Screening



Mol. weight Seq. similarity

Protein (kDa) with SARS-CoV Description
Nsp1 19.8 91.1% Suppresses host antiviral response
Nsp2 70.5 82.9%
Nsp3 2173 86.5% NSD3-NSP4-NSD6 complex involved in
viral replication
Nsp4 56.2 90.8% I\!sp3-Ns_p4-Nsp6 complex involved in
viral replication
Nsp5 33.8 98.7% Main protease (3C-like)
Nsp6 33.0 94.8% Nsp3-Nsp4-Nspé complex involved in
viral replication
Nsp7 9.2 100.0% Nsp7-Nsp8 complex is part of RNA
polymerase
Nsp7-Nsp8 complex is part of RNA
Nsp8 21.9 99.0% o ol‘;m or aF; . P P
Nsp9 12.4 98.2% ssRNA binding
Essential for Nsp16 methyltransfer
Nsp10 14.8 99.3% agt?\?itya or Nsp16 methyltransferase
Nsp11 1.3 92.3% Short peptide
Nspi12 106.7 98.3% RNA polymerase
Nsp13 66.9 100.0% Helicase/triphosphatase
Nsp14 59.8 98.7% 3’5’ exonuclease
Nsp15 38.8 95.7% Uridine-specific endoribonuclease
Nsp16 33.3 98.0% RNA-cap methyltransferase
S 141.2 87.0% Spike protein, mediates binding to ACE2
Orf3a 311 85.1% Activates the NLRP3 inflammasome
Orf3b 6.5 9.5%
E 8.4 96.1% Envelope protein, involved in virus
morphogenesis and assembly
M o5 1 96.4% Membrane glycoprotein, predominant
component of the envelope
Orfé 7.3 85.7% Type | IFN antagonist
Orf7a 13.7 90.2% Virus-induced apoptosis
Orf7b 5.2 84.1%
Orf8 13.8 45.3%
N 456 94.3% Nucleocapsid phosphoprotein, binds to
RNA genome
Orf9b 10.8 84.7% Type | IFN antagonist
Orf9c 8.0 78.1%
|Orf10 4.4 -

mAbs targeting S1
or S2 (REGN3051)

Clathrin-mediated endocytosis
inhibitors (chlorpromazine, ouabain)

GenomicRNA 5’ C

Translation

C

mAbs, peptides and TMPRSS2 inhibitors
Attachment small molecules (camostat mesylate)
and entry against host receptor Cell surface
S$2 subunit antiviral QLPp
peptides (HR2P) Host o
t =
Furin inhibitors e g >
(dec-RVKR-CMK) | DY P8 S
] Endosomal Endosomal
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v b,

acidification
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l@.
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J

i

of ORF1a/b l PLpro inhibitors (GRL0617) | Fitiors [GSVATO00T) |
inhibitors
3CLy hibitors (1
| 3CLpro inhibitors (opinavin)| IRdRp inhibitors (ribavirin, BCX4430)
ppla EE—— l \ Replication—

pplab e nsp1-16

S Cnening ————| CYP inhibitors (alisporivir) |——j

transcnptlon
/ complex

\ /‘\\

NFAT pathway Membrane-bound RNA
synthesis inhibitors (K22)
siRNAs against structural and [— .\/i{ﬂl’puclei&gﬁidg&tggs i
mRNA synthesis accessory genes (SARS-CoV S, Inibiors IMER, )
and splicing E, M. N, ORF3a/7a/7b)*
Genome
replication
, , Transcription . ,
3 \ / /5'6)  andreplication 3 SN NS 36
N AVAAAVA AU U ks 3

ERK-MAPK and PI3K—AKT—n:|TOR
signalling inhibitors (trametinib)

Translation l

S

£ ) o N o ¢
J ooc? l Budding and
assembly

Membrane-binding

[ Host-based treatment options
[0 Virus-based treatment options

| photosensitizer (LJ001) [

Recombinant
interferon alfa
and interferon beta

Interferon inducers
(poly (1:C), nitazoxanide)
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Mol. weight Seq. similarity

Protein (kDa) with SARS-CoV Description

Nsp1 19.8 91.1% Suppresses host antiviral response

Nsp2 70.5 82.9%

Nsp3 2173 86.5% I\!Sp3-Nsp4-Nsp6 complex involved in
viral replication

Nsp4 56.2 90.8% I\!sp3-Ns_p4-Nsp6 complex involved in
viral replication

Nsp5 33.8 98.7% Main protease (3C-like)

Nsp6 33.0 94.8% Nsp3-Nsp4-Nspé complex involved in
viral replication

Nsp7 9.2 100.0% Nsp7-Nsp8 complex is part of RNA
polymerase
Nsp7-Nsp8 complex is part of RNA

Nsp8 21.9 99.0% o ol‘;m or aF; . P P

Nsp9 12.4 98.2% ssRNA binding

Nsp10 14.8 99.3% Eg;\ﬁ?;ial for Nsp16 methyltransferase

Nsp11 1.3 92.3% Short peptide
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Nsp14 59.8 98.7% 3’5’ exonuclease

Nsp15 38.8 95.7% Uridine-specific endoribonuclease

Nsp16 33.3 98.0% RNA-cap methyltransferase

S 141.2 87.0% Spike protein, mediates binding to ACE2

Orf3a 311 85.1% Activates the NLRP3 inflammasome

Orf3b 6.5 9.5%

E 8.4 96.1% Envelope protein, involved in virus
morphogenesis and assembly

M o5 1 96.4% Membrane glycoprotein, predominant
component of the envelope

Orfé 7.3 85.7% Type | IFN antagonist

Orf7a 13.7 90.2% Virus-induced apoptosis

Orf7b 5.2 84.1%

Orf8 13.8 45.3%

N 456 94.3% Nucleocapsid phosphoprotein, binds to
RNA genome

Orf9b 10.8 84.7% Type | IFN antagonist
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Structures exist for most of the proteome

@ mutations
novel inserts

b

v

R

N-terminal C-terminal
domain domain
wN
W &
~
e e V50
\.i

PR g
‘ )

wORF7a

Figure 3. Structurally characterized structural proteins and an ORF of 2019-nCoV. Highlighted in
pink are mutations found when aligning the proteins against their homologs from the closest related
coronaviruses: 2019-nCoV and human SARS, bat coronavirus, and another bat betacoronavirus BtRf-
BetaCoV. Highlighted in yellow are novel protein inserts found in wS.

!

domain1

wNsp8 wNsp9 wNsp10 wNsp12

wNsp14 wNsp15 wNsp16

Figure 2. Structurally characterized non-structural proteins of 2019-nCoV. Highlighted in pink are
mutations found when aligning the proteins against their homologs from the closest related coronaviruses:
2019-nCoV and human SARS, bat coronavirus, and another bat betacoronavirus BtRf-BetaCoV. The
structurally resolved part of wNsp7 is sequentially identical to its homolog.

Viruses 2020, 12(4), 360; https://doi.org/10.3390/v12040360



HPC/Al is helping discover novel small molecules
that can inhibit various virus proteins

— ‘ 1,000,000,000 compounds

Physics based models

Y .

. . Y
| APS ‘ - PDB (Structure) screened with Al models Al-based models
COVID-19 specific targets =D UL ulpie e
prioritized
J: Al-based consensus
B Docking @ Scale across supercomputing 6,25,000 compounds ranking/ scoring
facilities prioritized l
Multiscale molecular
S— iL}temur%ej — = —— 156,250 simulations simulations
Drug Data bases ‘ (that’s about 12H on 1024 summit nodes) DeepDriveMD
o 7(PubMed_) - ‘ - FE_N.tiMIN, DRUGBANK, ZINC, etc_.)r o ( P )

Ranked hits/ compounds «

ML/Al approaches are enabling the identification of potential leads that can bind to 8 viral protein targets
DeepDriveMD helps identify conformational states that bind to specific ligands
Identified over 30 lead molecules that have been submitted to various open forums for experimental validation

Collaborations with University of Chicago, Brookhaven National Lab, Frederick National Laboratory and the University of Michigan



HPC/Al is helping discover novel small molecules
that can inhibit various virus proteins

[ ]

o{ Consensus hits * ey
{ ]
[ ]

ADP-ribose-1"-monophosphatase (ADRP) (Nsp3)

Molecular States Classified by ML



Sampling of Top Hits from ML (Enamine REAL 1.2B) for ADRP-P1

H

\ H
/C:_:c’

. \

ow Ny
"¢ H " e

\\ /c‘——n_\\ //‘c__\.\w ,/[w‘:“‘\c/' A

S—c

NS
B c p— N

NCCC(Cnlnnc(c1)clccc2ce(nl)ccec2)(F)F

F
?.i/
—C

\

C—_

e l\c\— N— // - N\\\ H
H \c\/ \c< M \\ /C“‘*c/
H\N/ H H\c< HE [ES. \\c‘
\/c( " \ /

NCC1CCN1C(=0)[C@@H]1C[C@H]1clccnc2clccec2

H

| H
C::::c/
=
| e
c_ / \F\
Va S
e e/
// \\G/' r-. f\é\
/
- / A
:_’/’c\
F

w‘c\c/ 1 “:N ‘C// \_'-\\c c/ H
k) / \

0 =)

H N
N / N '
o q ! Mo oot
‘\C/ H CE= N
H‘/ H / /c
\ Nyl
\\ M // c— Ny
N~ é_'C/c\ /
H P —N
C""NN’;N /C
/ b

NCclocnclCnlnnc(cl)clenc2c(cl)ccec2

?‘1% \c/ ~
}:1‘ /CI // HH
c \ /C // "
1 \ﬁw’J\ p
ey / \ﬁ@{\
F
c"/c'ﬁ H H// HH

NC1CCN(CC1C)c1lc2CCCCc2nc2clcc(C)c(c2)F

2045 compounds with softmax = 1.0
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Our HPC- and Al-enabled small molecule filtering pipeline

Chemical Databases Canonicalization Compute Features ML based filtering
B ﬁ 5 i o ni'j"-:—'-‘;‘i.
Ex Y ety — S TONNTEDO
namine Pk 2 FRNTERH %
T < - % . ¥
@RUGBANK f};{}( ! ’3

Fingerprinting Similarity Search
eMolecules ,

cureFFI MOSES
ZINC15 I Hach Fingerprint

N
Generate Images DNN filtering
C SureChEMBL ' . _#®
< .,jﬁ.;' QQ N

0, Ly 03 0
mg - o
1, PN N S
SO ¢ OO
= i =( ’ m/g/k\/‘
N [/
i o
ot Ha
I cH
e
o

Pub@hem it & ® %
And more - .InpulLayev(j() Hid e\n L; er

https://2019-ncovgroup.github.io



First release: 21 sources, 3.9B molecules, 80 TB computed features

https://2019-ncovgroup.github.io



21 sources, 3.9B molecules,
80 TB computed features

ENAMINE REAL 1.2 billion molecules
which comply with “rule of 5" and Veber
criteria: MW<500, SlogP<5, HBA<10,
HBD<5, rotatable bonds<10, TPSA<140.

GDB-13 enumerates small organic
molecules up to 13 atoms of C, N, O, S and
Cl following simple chemical stability and
synthetic feasibility rules.

https://2019-ncovgroup.github.io



Mining literature for drug discovery and repurposing

Thousands of papers already published
about COVID-19 and similar
coronaviruses

Developing human and machine
pipelines to identify, extract drugs
(current) and mechanisms (future)

|dentify key molecules for simulation
team as starting points

Build a list of known antiviral molecules
and molecules active against
SARS/MERS/HKU/SARS-CoV-2

Use this list and “most-similar”
molecules to build confidence in ML and
simulation predictions

COVID-19 Open Research Dataset (CORD-19)

Access this dataset to help with the fight against COVID-19

A Free, Open Resource for the Global Research Community

In response to the COVID-19 pandemic, the Allen Institute for Al has partnered
with leading research groups to prepare and distribute the COVID-19 Open

Research Dataset (CORD-19), a free resource of over 45,000 scholarly articles,
including over 33,000 with full text, about COVID-19 and the coronavirus family of / \
viruses for use by the global research community.

This dataset is intended to mobilize researchers to apply recent advances in
natural language processing to generate new insights in support of the fight
against this infectious disease. The corpus will be updated weekly as new
research is published in peer-reviewed publications and archival services like
bioRxiv, medRxiv, and others.

oo’

CORD-19 Explorer is a quick and easy way to search the CORD-19 corpus, or you can download the complete data below.
Participate in the CORD-19 Challenge

Kaggle is hosting the COVID-19 Open Research Dataset Challenge, a series of important questions designed to inspire the community to
use CORD-19 to find new insights about the COVID-19 pandemic including the natural history, transmission, and diagnostics for the virus,

management measures at the human-animal interface, lessons from previous epidemiological studies, and more.
Download CORD-19

By downloading this dataset you are agreeing to the Dataset License. Specific licensing information for individual articles in the dataset is
available in the metadata file.



Mining literature for drug discovery and repurposing

- . I_rlol;ocule_l virus reference type df = pd.read_csv('./data/literature_molecules.csv')
1 M an u al Ext r a.Ct I O n 2 Remdesivir SARS-CoV-2  10.1038/541422-020-0282-0  Experimentg 97-"¢2d(®)
" 3 Chloroquine SARS-CoV-2  10.1038/s41422-020-0282-0  Experi id virus reference type smiles p
4 Nitazoxanide SARS-CoV-2  10.1038/541422-020.0262-0  Experimentd o pemgesir SARS; 1010BZZ e Oeteoee SELCOC0CNPLO)
5 Nafamostat SARS-CoV-2  10.1038/s41422-020-0282-0  Experimentd
& || percidovir SARS-CoV-2  10.1038/s41422-020-0282-0  Experimentg 1 ' Crieroaune it 1EReRS ewperimental CON(CCCCINCTeenczetcee(e2)CTIoe
() Engaglng CELS admln Staﬁ ; fr::lapr::::'rm ::::g::z :212:::::§§ﬁ:&g§:§3 E:::::::: 2 2 Nitazoxanide %A“:‘: '\0‘\003280/75@5?6 experimental CC(=0)0clcccee1C(=0)Neince(s1)[N+](=0)[0-]
5 Loratadine SARS-CoV-2  10.1101/2020.03.22.002386v1 Experi 33 e ez experimental NG(=Nc (=00 Tcco(c2)CI=RININ
« Currently have extracted 803 screened o omnanbicn | sARSCov2  10101202000220025801 Expermars
. 11 Midostaurin SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimentd N mols - &
molecules and structures from 61 articles 12| Ponatinb SARS.CoV-2  10.1101/2020.03.22002386v1 Experimenta ws - fcnemrolsonsstes sm) for sn n df['sniles'](3r_ots]
12 Silmitasertib SARS-CoV-2 10.1101/2020.03.22.002386v1  Experimentd Chem.Draw.MolsToGridImage (ms,molsPerRow=3, subImgSize=(250, 250), legends=["{}".format(x[
and reVI eWS (top fl gureS) 14 |Valproic Acid SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimentd
. 15 Haloperidol SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimentd
. . 16 Metformin SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimenta
« Capacity to extract from ~100 articles 7 Vigasia SARS.Covz  10.1012020.0022002386v1 Exprimen - ‘
18 S-verapamil SARS-CoV-2  10.1101/2020.03.22.002386v1 Exp _J Q}— Q(fo
19 Indomethacin SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimenta ! F\—}‘ =
20 Ruxolitinib SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimenta "
2 D e e p L e ar n I n g (N L P) 21 Mycophenolic acid SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimentd
] 22 Entacapone SARS-CoV-2 10.1101/2020.03.22.002386v1 Experimentd Remdesivir Chioroquine Nitazoxanide
22 Ribavirin SARS-CoV-2  10.1101/2020.03.22.002386v1 Exp
! 24 E-52862 SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimenta
« Team has labeled ~1500 abstracts with i [P il S
. . . 26 RVX-208 SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimenta _ ,{ \ 0 7 .}@v\(\ } ,( O y
drugs N thelr natural Ianguage Context N 27 XL413 SARS-CoV-2  10.1101/2020.03.22.002386v1 Experimentd  —{ )X ) ‘ A . "@"( &)
CORD-19 papers (bottom figure) o

« Building named-entity models to enable

Science and Veterinary Medicine Academy of Shandong Province .

automated eXtraCtlon Of drugs from entlre Ethyl acetate , twain-80 , and span-80 were purchased from BASF (
COI’pUS (~40k artlcles) Berlin, Germany ). PPV ( TCID 50 : 10 -5) and PK-15 cell were

] ) supplied by China Institute of Veterinary Drug Control . DMEM (
Current F1: 82.7 — more validation needed

GIBCO ) with the supplement of 100 IU mL -1 streptomycin brus ,

RGSUltlng data and mOdeIS WI” be 100 IU mL -1 benzylpenicillin prus , and 10 % fetal bovine serum
pu bllShed Open |y was used for resuspending and washing cells , culturing the cells , and

diluting mitogen . The




Computing at Argonne, Oak Ridge, TACC, SDSC, IU, LRZ, Brookhaven

NVIDIA DGX SYSTEMS

FASTER Al INNOVATION AND INSIGHT

¥




The COVI D _19 H Igh Pe rfOI‘manCe Bringing together the Federal government, industry, and

academic leaders to provide access to the world’s most

CO m p u -tl n g CO Nnso rtl um powerful high-performance computing resources in

support of COVID-19 research.
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Active projects

Quantum Calculations
on Large Biomolecules

Computational Efficiency

Fighting COVID-19 will require
extensive research in areas like
bioinformatics, epidemiology, and
molecular modeling to understand
the threat we’re facing and to
develop strategies to address it.

Here are some of our active

ojects. . : . :
prol Request computing resource for de Discovering molecular targets of the Harnessing Large-Scale Quantum-
novo protein therapeutics design human coronavirus with HPC and Al Based DFTB Calculations for a More
simulations to treat the COVID-19... Accurate Assessment of COVID-19...

€ € )
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WE ARE MODELING COVID-19 SPREAD AMONG
PEOPLE IN CHICAGO

Joint DOE Laboratory Plan for Pandemic Modeling and Analysis Capability

* Argonne, Oak Ridge, Los Alamos and Sandia will collaborate over a 3 month-period to develop an
integrated COVID-19 pandemic monitoring, modeling, and analysis capability that will address the
key questions about the pandemic
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Modeling PEOPLE WITH ARGONNE'S CityCOVID

() Household

g . Workplace

@ school

@ Nursing Home
’ Hospital

. Gym

A A

R .
@ CollegeDorm ' **

>y u®
o

(@ ENERGY

e CityCOVID is a city-scale agent-based model

e 2.7M+ individual agents (people)
* move to/from 1.2M spatially-located places
* on an hourly basis

* over a period of a year (8760 hours)

* Each agent has contact with other agents at each place (possible disease

transmission)

e agent has individual behaviors, engages in activities, and responds

and adapts:
e tothe disease
e to public health messaging

e to public health interventions

* Up to 102 (trillion) individual contacts during a yearly simulation



MODELING INDIVIDUAL AGENT DISEASE STATES WITH CITYCOVID

infection with

virus Case Fatality Rate (ECDC 2020)
Incubation period: =5 days diagnosis after =5 days =0.8%-10% (uncorrected)
(99% < 14 days unless asymptomatic |“fei'ed Foatality Rate
<«(Lauer et al. 2020; Li et al. 2020)» w =0.3%-1.3%
exposed infectious //
s Recovery
= < Latent period =3 days » 1 < Interval of half-maximum » mild cases: =? weeks
. infectiousness =4 days severe cases: ~6 weeks

age dependent

Beta(incubation.duration.alpha,
incubation.duration.beta)
—2-6 days —

Y

Susceptible

susceptible.to.exposed.probability
seasonality.multiplier
seasonality.peak
age dependent
shielding.scaling

Jonathan Ozik jozik@anl.gov
Chick Macal macal@anl.gov
Argonne National Laboratory
April 20, 2020

Exposed [——m

14 - 35 days

Beta(severe.infection.duration.alpha, severe.infection.duration.beta)

Severe Infected

[
13%

87%

\4

At home

Hospitalization

4&

—0-3 days —
per day probability
remain
at home

(si.start.home.isolation.prob)

Beta(infection.duration.alpha, infection.duration.beta)

age
dependent

7-17 days

Infected

Asymptomatic
(business as usual)

Symptomatic
(at home)

Asymptomatic
(business as
usual)

\4

Deceased

Y

Recovered

F—-0-14 days =—— +—0-3 days—

per day probability
remain
asymptomatic
(start.home.isolation.prob) (end.home.isolation.prob)

remain

symptomatic

per day probability

34




CityCOVID PARAMETER ESTIMATION ON THETA

start
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a pllcatlon using the Repast HPC ABM f\/\ e
toolklt and the Chicago Social Interaction jfg*/\
Model (ChiSIM) framework EIEQ

e Each model is distributed across 256 ranks *§l§%ﬁ”\ T il
for efficient execution (each simulated year, sEENE .
gtlazn hourly time stepi tak$s ap{;__)rﬁmmatelyi ::gggg;ﬁ e L s
minutes to complete for a full city-scale ; i

un) P v INEEEEEY
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* We are usmg our large-scale model SREAEREIARE .
exploration framework (EMEWS) to RIS BN
implement sequential approximate Bayesian JEEARBS ISHEE "
FERBR AR IEREIR

computation ﬁABC) parameter
estimation/calibration workflows,
coordinating large ensemble runs (30k+
models) on Theta

{@)ENERGY Argonne &



CityCOVID MODEL OUTPUTS

= CityCOVID generates projections of e CityCOVID enables running policy scenarios,
epidemiological variables, including such as those examining the consequences of
COVID-19 exposures and deaths easing current in-place restrictions
10000 doble o e
double every 2 days §
every day 5 1e+05
Q
=
3
» 1000 2
S double <
8 every week @f 1e+03
() 0]
(@] —
100 5
% 1e+01
L
o
o
10 4/1 5/1 6/1 71 8/1 9/1 10/1
3/27 4/6 4/16 4/26 5/6 t Dates
|
Model Output Uncertainty Bands Simulated Restriction

36 Calibrated on Empirical Data Easing Begins



Evolution



>10,000 viral sequences
Phylogenetic trees updated daily
DOE = FEMA, BARDA etc.
Place, Date

Trees from WGS, SNPs

Tracking new mutations
Capturing significant variants
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RICK STEVENS

Associate Laboratory Director for Computing, Environment and Life Sciences

Supercomputing Focus
Areas

= Accelerating development
of treatment options

= Learning how epidemics
impact critical social
services

= Improving understanding of
human virus interactions

, ] Virus Evolutionary
A =z 2 Analysis

Number
of cases .
Pandemic outbreak:

Start of i no intervention
interventions

[ Computational
Epidemiology

Health-care system capacity

Pandemic outbreak: /o)L s \
with intervention YR HIT _?‘{/7///
Y TR e A\

<€——  Days since first case —————







Questions



