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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. 

In 2003





https://www.worldometers.info/coronavirus/

March 9th 2020



April 24th, 2020



Understanding the Enemy









Polyproteins encode many domains per gene



SARS-CoV-2 most likely came from
bats perhaps via an intermediate host

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







Research effort on COVID-19/SARS-COV-2
• 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
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Structures exist for most of the proteome



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

• ML/AI 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/AI is helping discover novel small molecules 
that can inhibit various virus proteins

Molecular States Classified by ML

Consensus hits

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



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

NCCC(Cn1nnc(c1)c1ccc2c(n1)cccc2)(F)F

CC(CNC(=O)Cc1cccc2c1[nH]c1c2cccc1)N C[C@@H]1CNCCN1C(=O)c1ccc2c(c1)c(C)c(nn2)C

Cc1nc2ccccc2nc1N1CC2(C1)CCNCC2 Cc1nc2ccccc2nc1NCC1(F)CCNCC1

NC1CCN(CC1C)c1c2CCCCc2nc2c1cc(C)c(c2)F

NCC1CCN1C(=O)[C@@H]1C[C@H]1c1ccnc2c1cccc2 NCc1ocnc1Cn1nnc(c1)c1cnc2c(c1)cccc2

2045 compounds with softmax = 1.0
Predicted docking score < -8.50



Vivarium is BSL3

Left is BSL2  BSL3



CanonicalizationChemical Databases Compute Features

Fingerprinting

ML based filtering

Similarity Search

Generate Images DNN filtering

Computing 

Resources

cureFFI

GDB

MOSES

ZINC15

And more…

Our HPC- and AI-enabled small molecule filtering pipeline

https://2019-ncovgroup.github.io



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

https://2019-ncovgroup.github.io



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

21 sources, 3.9B molecules, 

80 TB computed features



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)

● Identify 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



1. Manual Extraction

● Engaging CELS admin staff

● Currently have extracted 803 screened 

molecules and structures from 61 articles 

and reviews. (top figures) 

● Capacity to extract from ~100 articles

2. Deep Learning (NLP)

● Team has labeled ~1500 abstracts with 

drugs in their natural language context in 

CORD-19 papers (bottom figure)

● Building named-entity models to enable 

automated extraction of drugs from entire 

corpus (~40k articles)

Current F1: 82.7 – more validation needed

Resulting data and models will be 

published openly

Mining literature for drug discovery and repurposing



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





Epidemiology



WE ARE MODELING COVID-19 SPREAD AMONG 
PEOPLE IN CHICAGO

• 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

Joint DOE Laboratory Plan for Pandemic Modeling and Analysis Capability

32

Where are people going, 

coming from?

Who is infecting who?

Who may be infected? 
Where are people located?

With who?



Modeling PEOPLE WITH ARGONNE’S CityCOVID

• CityCOVID is a city-scale agent-based model

• 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)

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

and adapts:

• to the disease

• to public health messaging

• to public health interventions

• Up to 1012 (trillion) individual contacts during a yearly simulation
33
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MODELING INDIVIDUAL AGENT DISEASE STATES WITH CITYCOVID



CityCOVID PARAMETER ESTIMATION ON THETA

35

• CityCOVID is implemented as an MPI 
application using the Repast HPC ABM 
toolkit and the Chicago Social Interaction 
Model (ChiSIM) framework

• Each model is distributed across 256 ranks 
for efficient execution (each simulated year, 
at an hourly time step, takes approximately 
8-12 minutes to complete for a full city-scale 
run) 

• We are using our large-scale model 
exploration framework (EMEWS) to 
implement sequential approximate Bayesian 
computation (ABC) parameter 
estimation/calibration workflows, 
coordinating large ensemble runs (30k+ 
models) on Theta



36

• CityCOVID enables running policy scenarios, 
such as those examining the consequences of 
easing current in-place restrictions

CityCOVID MODEL OUTPUTS

 CityCOVID generates projections of 
epidemiological variables, including 
COVID-19 exposures and deaths

Simulated Restriction
Easing Begins

Model Output Uncertainty Bands
Calibrated on Empirical Data



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









Supercomputing Focus 
Areas
 Accelerating development 

of treatment options

 Learning how epidemics 
impact critical social 
services

 Improving understanding of 
human virus interactions

Virus Evolutionary 
Analysis

Computational 
Drug Screening

Computational 
Epidemiology

RICK STEVENS
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Questions


