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CENTER
FUNCTIONS
1

» Support IRB, trial design and protocol support
« Support production of comparable data
« Develop Viral Quality Assurance panels with
known viral concentrations including new
variants
* Provide Benchmarking Services for new
diagnostic performance and usability
« Validate new amplification and affinity-
based tests with emerging variants
« Provide a preconfigured Laboratory Information
Management System (LIMS) for data collection
and sharing
* Advise on
Diagnostic test metrics, usability
Vendors and Resources
Regulatory questions & FDA submissions
Intellectual property issues



CENTER
FUNCTIONS
2

Help awardees organize data for sharing

Coordinate use of a common data model, data

elements, other standards, and submission of
data (when allowed) to the DCC Host and make

available data (and code) for researchers
* Manage Data Use Agreements, Users
« Organize distributed computing if needed
* Advise on statistics and Al methods
 Support of data sharing between DCC and
the NIH data hub

Offer training to enhance teamwork, anti-racism






Multiple Pls

Eli Aronoff-Spencer, MD, PhD Hua Xu, PhD
UC San Diego Lucila Ohno-Machado, MD, PhD =iz UTHealth

The University of Texas

Health Science Center at Houston

4

Infectious Diseases, User Centered Privacy Technology, Predictive Data Representation, Biomedical
Design, Diagnostics & Informatics Modeling, Evaluation Methods Natural Language Processing



NLM Team

Program Officer: Project Scientists:

Yanli Wang, PhD Dina Demner-Fushman, MD, PhD
Leslie Derr, PhD

Anthony Kirilusha, PhD

Marie Gallagher




Administration & Coordination Core NIH

Public .
Data Collection, Integration, Sharing and its programs

Data Use & Diagnostics Core

; i radCDCC i
SR overnns

Data Discovery & Programs
Coordination Center

Data Safety Monitoring Board Training — Bloss

I i |
Data Collection, Data Use & New Tests

Integration, Sharing Diagnostics ) )

Xu Q\Dx—rad SRR EEE > Aronoff-Spencer Special Populations
A
i i FDA-Approved Tests i
(Meta)data Indexing Privacy & Security Integration PP . Expert Consultation Laboratory and

Roberts, Du, p ) Zhang, Rose, Test Benchmarking and Dx News Standard Samples

Bernstam ang, Ruo Zaslavsky Pride Schooley Carli, Smith

Administrative Core and Compute Platform — Ohno-Machado




Program Management

Steering Committee

Data Discovery &

Data Safety Monitoring Board

Coordination Center

radCDCC External Advisory Board

Training — Bloss

Data Collection, i
Integration, Sharing

Data Use &
Diagnostics

Aronoff-Spencer

e teamwork

l

Xu H@Dx-rad Awardees <>
[ I

(Meta)data Indexing

Roberts, Du,
Bernstam

&
&
'

Privacy & Security Integration FDA-Approved Tests Expert Consultation
Ji K Zhang, Rose, Test Benchmarking and Dx News
lang, Kuo Zaslavsky oride SChOOIey

 data
transformations
e standards

« "de-identification” ¢ datatransfer
» ledger/auditing * integration

Administrative Core and Compute Platform — Ohno-Machado

Laboratory and
Standard Samples

Carli, Smith

send VQA
test usage



PA-20-272 and NOT-OD-21-035

Virus Counter: Rapid and Sensitive Diagnostics Based on Digital Detection of Individual Pathogens

Boston University

PA-20-272 and NOT-OD-21-035

MOF-SCENT: Metal-organic Frameworks for Screening COVID-19 by Electronic-Nose Technology to Improve Selectivity and Time Response

Missouri University of Science and Technology

PA-20-272 and NOT-OD-21-035

6
6
6

Broad-spectrum Detection of VOC and Non-VOC Biomarkers from Patient Exhalant using Biomimetic Multiplexed eNose Biosensor for COVID-19 Diagnosis

University of Washington

PA-20-272 and NOT-OD-21-035

A Rapid Saliva Antigen Test for SARS-CoV-2 Detection

Brigham and Women’s Hospital

PA-20-272 and NOT-OD-21-035:

A Rapid Breathalyzer Diagnostics Plat.form for COVID-19

Rutgers University

PA-20-272] d NOT-OD-21-035
"RFA-0D-2(
"RFA-0D-2(
"RFA-0D-2(
RFA-OD-2
RFA-OD-2
RFA-OD-2

A9 A

ANeD

RADx-rad: A Rapid, Sensitive, Point-of-care, Antigen-based Diagnostics for SARS-CoV-2

Boston Biomedical Innovation Center (B-BIC)

Washington University

oA

Louisiana State Univ A&M Col Baton Rouge

rticles

Emory University

General Electric Global Research Center

University of Washington

as

Clemson University

RFA-OD-20-015

a

Development and Proof-of-Concept Implementation of the South Florida Miami RADx-rad SARS-CoV-2 Wastewater-Based Surveillance Infrastructure

University of Miami Coral Gables

RFA-OD-20-015

a

Wastewater Analysis of SARS CoV-2 in Tribal Communities

Arizona State University-Tempe

RFA-OD-20-015

a

Improved Scalability, Sensitivity, and Interpretability of Pathogen Detection, Including SARS-CoV-2, in Wastewater using High-Throughput, Highly
Multiplexed Digital Array PCR Technology

University of North Carolina, Chapel Hill

RFA-OD-20-015

Wastewater Assessment for Coronavirus in Kentucky: Implementing Enhanced Surveillance Technology

University of Kentucky

RFA-OD-20-015

Wastewater Detection of COVID-19

Missouri State Dept/ Health & Senior Services

RFA-OD-20-015

Optimizing SARS-CoV-2 Wastewater Based Surveillance in Urban and University Campus Settings

Columbia University Health Sciences

RFA-OD-20-016 Marshallese: Alternate Surveillance for COVID-19 in a Unique Population Washington State University
RFA-OD-20-016 Validation of Smart Masks for Surveillance of COVID-19 University of California, San Diego
RFA-OD-20-016 Multi-modal Wireless COVID Monitoring & Infection Alerts for Concentrated Populations Stanford University

RFA-OD-20-016 Early Detection, Containment, and Management of COVID-19 in Dialysis Facilities Using Multi-Modal Data Sources University of California, Santa Barbara

RFA-OD-20-017

Portable GC Detector for Breath-based COVID Diagnostics

University of California, Davis

RFA-OD-20-017

COVID-19 Detection through Scent Analysis with a Compact GC Device

University of Michigan at Ann Arbor

RFA-OD-20-017

A Handheld Microchip for GC Analysis of Breath to Screen for COVID-19

University of Louisville

RFA-OD-20-017

Effective, Reagent-free Detection of the Odor Signature of Covid-19 Infection Using a Nano-Enabled Sensor Array

University of Pennsylvania

RFA-OD-20-018 Multi-parametric Integrated Molecular Detection of SARS-CoV-2 from Biofluids by Adapting Single Extracellular Vesicle Characterization Technologies Ohio State University
RFA-OD-20-018 AFS/SERS Saliva-based SARS-CoV-2 Earliest Infection and Antibodies Detection University of California, Los Angeles
RFA-OD-20-018 Exosome-based Non-traditional Technologies Towards Multi-Parametric and Integrated Approaches for SARS-CoV-2 Johns Hopkins University
RFA-OD-20-018 Microfluidic Isolation and Characterization of SARS-CoV-2 and Virus Related Exosomes Massachusetts General Hospital

RFA-OD-20-020

A Scalable Aptamer-based Electrochemical Biosensor for Rapid Detection of SARS-Cov-2 from Saliva

mPOD, Inc.

RFA-OD-20-020

Designer DNA Nanostructure Based Biosensing for Rapid COVID-19 Detection and Monitoring using Saliva Sample

Atom Bioworks, Inc.

RFA-OD-20-020

Direct Bioelectronic Detection of SARS-Cov-2 from Saliva using Singlemolecule Field-effect Transistor Array

Quicksilver Biosciences, Inc.

RFA-OD-20-021

A Multimodal Platform for Oral Screening of COVID-19

Innotech, LLC

RFA-OD-20-021

A SARS-CoV-2 Breathalyzer for Direct Virus Detection

Aerosol Devices, Inc.

RFA-OD-20-022

SCENTinel: A Rapid Smell Test for COVID-19 Surveillance

Monell Chemical Senses Center

RFA-OD-20-022

Rapid Olfactory Tools for Telemedicine-friendly COVID-19 Screening and Surveillance

University of Florida

RFA-OD-20-022

Wl wlw| NN wwwl s s s s s a s s s s s s oo

Longitudinal at Home Smell Testing to Detect Infection by SARS-CoV-2

ADK Group, LLC
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Awardees

‘ Wastewater

Arizona State University

University of Miami Coral Gables
ASU-Tempe

UNC Chapel Hill

U Kentucky

Missouri Dept/ Health & Senior Services
Columbia University

® Biosensor Detection/Tracing

Washington University

Louisiana State Univ A&M Col Baton Rouge
Emory University

General Electric Global Research Center (GA)
University of Washington

Clemson University

‘ Novel Biosensing
* mPOD, Inc. (NY)
* Atom Bioworks, Inc. (NC)
* Quicksilver Biosciences, Inc. (NY)
* Innotech, LLC (RI)

« Aerosol Devices, Inc. (CO)

Q Chemosensory Testing
+ Ohio State University
* Monell Chemical Senses Center (PA)
 University of Florida
+ ADK Group, LLC (MA)

Multimodal Surveillance
* Washington State University
+ UC San Diego
 Stanford
* UC Santa Barbara



Awa I’d eeS (continued)

(O SCENT

University of California, Davis
University of Michigan at Ann Arbor
University of Louisville

University of Pennsylvania

O VOC Detection

Boston University

Missouri University of Science and Technology
University of Washington

Brigham and Women'’s Hospital

Rutgers University

Boston Biomedical Innovation Center (B-BIC)

National Institute of Environmental Health Sciences

@ PreVAIL kIDS

University of California, San Diego
Johns Hopkins University

Baylor College Of Medicine

Children's Hospital of Philadelphia
Central Michigan University
Connecticut Children's Medical Center
Robert Wood Johnson Medical School
University of California, San Francisco

‘ Exosome-based

Ohio State University

University of California, Los Angeles
Johns Hopkins University
Massachusetts General Hospital



;;.*--m

———

ADI\/IINISTRATION & COORDINATION CORE

>
»\{




Data Sharing to Accelerate Research

Large quantities of data are needed for statistical
significance, Al models, etc.

Testing data can be sensitive, and ‘de-identification’
techniques do not always protect privacy

Research is competitive, and researchers want to quality
control their data and be first to analyze the data



Activities Planned

 Survey NIH and Awardees for Needs Analysis

Advisory Board meetings

Monthly all-hands calls

Bi-Monthly Steering Committee call

Help Desk & Weekly technical office-hours
 Training in Data Transformation, Teamwork, Anti-Racism

* Web portal with News, Awardee Highlights, Resource requests
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Data Core

fil

Assist in data
collection

Data
transformation
and organization

Data Sharing

Help install LIMS
if needed

Develop APIs
from awardees’
LIMS

Cloud hosting

OMOP
CDE
PhenX
Metadata
Al-ready

Privacy
technology

IRB
DUAs

data analyses



RADx-rad Spokes a»
N—’
4

Surveillance

RADx-rad DCC

n Data Collection

- Data collection
- Data hosting
- Data Privacy

INACLI HIPAA-compliant cloud
IDAS H data platform

S DSC i a

Data Integration

- Data representation models

- Data standardization &
harmonization

- Al-ready Data Preparation

- Quality control

A TR schema.org,
O & 8o & | |dentifiers.org, DATS

SoDH (PhenX), CDE, DR2,
OMOP, FHIR, USCDI

COVID-19 TestNorm, SignSym,
PubTator/cTAKEs/CLAMP

Standards

Mappings

n Data Sharing

IRB management

Dataset search

Data workbench
Knowledge dissemination

COVI-13 DATA INDEX SRV g1

Dataset Search Engines

Caias e

Query Builder

Query Builder and Data Explorer

upyter  Interactive Analysis
e

I

I

]

Broad Community

&

& 2

NIH Data Hub

&

Individual COVID-19 researchers




Initial Activities of Data Core

* Survey on datasets that will be generated from the RADx-rad
program and other related efforts

« Communication structure with RADx-rad spokes (e.g., meetings,
point of contact for with domain expertise for each data type)

 Resources for data collection, integration and sharing
« Computational infrastructure setup
« Standard specifications (e.g., CDEs)
* Collection of tools (e.g., CDE mapping tool)



DISCOVERY &
DIAGNOSTICS

CORE

a0l




Quality Assurance and Usability Support

AWARDEE

CENTER

AGGREGATED DATA

results transmitted to DCC

l

“Diagnostic to be self-validated|«

shipped to awardee

VQA PANELS

testing results transmitted to awardee

|

Aggregated cross-validated
Performance of tests across
specimens & populations,
correlation to infectivity

|

Sample to be compared

SAMPLE TESTING AND

Characteristics of sample types
(Viral and Antigen Load, Infectivity,
Antibody profile)

Diagnostic to be externally validated

shipped to DCC

DIAGNOSTIC
shipped to DCC BENCHMARKING,
INFECTIVITY
results transmitted to awardee
PERFORMANCE &

USABILITY TESTING

Matching test-to-problem, Usability
barriers and best practices




Sample
Benchmarking &
Validation

g-RT PCR

Genome Sequencing

Antigen EIA

LC-Mass
Spectroscopy

Antibody EIA

.
*'Q

SARS CoV-i\‘

Vero EG6 cells

72h

] VIRAL Quality
Authentic SARS- ASS“r;nczPanel
| coV-2 viral Stock (VQA)
‘. Known Viral Load ™ Blood
0 . & Infectious Titre
> S Inactivation 1 Respiratory
. . Secretions
3 Heat v
Q| Plaque Assay .
7| p : UV Light I Sali
S | (infect t U . ’ aliva
";; (nfecioueont, )t Chemical| || |nactivated
Viral Stock
S ’ L Stool
"@ Waste water
ddPCR
(viral copies, CP) | Buffer

Native and Variant
Viral Stocks

* Provide Viral Quality Assurance Samples including variants and nonSARS viruses to
awardees so that they can test, generating standardized datasets

» Validate existing tests against SARS-COV2 & Variants
» Validate new affinity reagents & nucleic acid approaches
*  Support Usability evaluation and improvement

*  Assist with FDA submissions and Regulatory needs



CONNECTED DIAGNOSTICS

INITIATIVE

€)X

Diagnostic Data Data
Connectivity Aggregator and Presentation
Connecting medical Gateway Supporting timely and
diagnostic devices for Providing secure data actionable data use

digitization and
transmission of data

storage and routing

Healthcare

« Electronic medical records
- Mobile alerts

Public Health

I.I
- Result go to regional and
national T8 programs
* Monitoring & Evaluation
- Surveillance

Data
Aggregator &
Gateway

Impact measurement

dxapl.org
applications
dxapl.org

data upload & transfer
Connected 3rd party

Health System Management
* Inventory management
system

Device Management and Quality
} Assurance
355

+ Device performance,
- Manufacturer external quality
assessment (EQA)

Standardised Inteerface for

HOSTED LIMS
(CDx)

« Connected Diagnostics (CDX)
Platform makes it easy to collect
and use diagnostic test data across
multiple devices, tests, and disease
verticals.

» Connects to common diagnostic
platforms and add new ones easily

* Share data and aggregated
results easily

* Free and Open Source Software



D-C3PO member member ublic
Dashboard RADx-rad PORTAL P

site 25 portal

NEWS & UPDATES Q HELP DESK DIAGNOSTICS

FDA presents updated guidance for
development of novel diagnostics Search /Ask an Expert O\ Q Request VQA Panel

“In the news, FDA updates guidance for home collection, rapid antibody and antigen diagnostics.”

Emerging insights into COVID-19 .
testing in underserved populations Performance Q Send Sample to verify

" Reports issued today cast light on SARS-CoV-2 testing in underserved populations’

e _ Calculator
COVID-19 disparities tackled by National _
Institutes of Health L ————— Q Send Test to validate

“[RADx-UP] is designed to get at least $200 million on the street by the end of December
record pace for NIH,”

New Design Thinking for Community
Driven Innovation

A new study using participatory design methods to develop connected cancer care solutions has
published new findings. - LA.U.N.C.H. project FCC Connect 2 Health Taskforce

Q Protocols & Usability

Cross valididation of molecular

LcS aCross specimens
giaods to develop connected iaﬂ(m care solutions has |nteractive tOO‘ to assess the performance of post data
- Jiagnostics in high a low prevalence setting
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Immediate Steps

$okg
e 7 b -

DCC to meet with DCC to meet with Organize Steering
POs of every FOA Pls, and conduct Committee
needs analysis

4

Organize DSMB

Qo

Organize cloud
infrastructure for
48 projects

\,
\
Schedule monthly
all-hands calls



Needs Assessment Survey

*  With what method are you detecting SARS-CoV-2? What are you detecting?

*  Will you need viral standards? What form of inactivation do you prefer?

*  Would you like us to validate your assay?

* Do you need help analyzing the data?

* Do you need help with data storage?

* Do you need help with data sharing?

*  What kind of data will your solution generate?

*  Whatis your data format?

*  What metadata standards do you use?

*  What software/libraries do you use to process the data you generate?

*  Will you be assessing usability of your test, and would you like help with that?
*  What else would you like the DCC to help with? What do you NOT want our help with?

FOA
Validation of Smart Masks for Sur

DETECTION METHOD
orimetric analysis of SARS p...

WHAT ARE YOU DETECTING?
Other

WHAT ARE YOU DETECTING
Proteases

VIRAL STANDARDS
We don't know yet

NO VIRAL STANDARDS REA

VIRAL STANDARDS DATE

INACTIVATION FORM
Heat

OTHER FORM OF INACTIVAT

BENCHMARKING NEEDED
Yes

BENCHMARKING DATE
March 15, 2021

DATA ANALYSIS NEEDED
We don't know yet

DATA ANALYSIS DATE

DATA STORAGE NEEDED
No

DATA STORAGE DATE

DATA SHARING HELP
We don't know yet

DATA SHARING DATE

USABILITY ASSESSMENT
Yes

USABILITY ASSESSMENT D
February 2, 2021

USABILITY HELP
We don't know yet

DATA GENERATED
Patient medical characteristics

DATA GENERATED OTHER

DI and Risk ir

DETECTION METHOD
PCR

WHAT ARE YOU DETECTING?
Nucleic acid

WHAT ARE YOU DETECTING.

VIRAL STANDARDS
No

NO VIRAL STANDARDS REA
Our research does not require in
vitro testing. We are working with
patient samples.

VIRAL STANDARDS DATE

INACTIVATION FORM
Chemical

OTHER FORM OF INACTIVAT

BENCHMARKING NEEDED
No

BENCHMARKING DATE

DATA ANALYSIS NEEDED
We don't know yet

DATA ANALYSIS DATE

DATA STORAGE NEEDED
Yes

DATA STORAGE DATE
February 3, 2021

DATA SHARING HELP
Yes

DATA SHARING DATE
February 3, 2021
USABILITY ASSESSMENT
We don't know yet

USABILITY ASSESSMENT D

USABILITY HELP
We don't know yet

DATA GENERATED

Patient demographics ~ Patient
DATA GENERATED OTHER

RNAseq, proteomic data, peptide
array data

Real-Ti

DETECTION METHOD
i'm not

WHAT ARE YOU DETECTING?
Other

WHAT ARE YOU DETECTING
nothing

VIRAL STANDARDS
We don't know yet

NO VIRAL STANDARDS REA

VIRAL STANDARDS DATE

INACTIVATION FORM
Other

OTHER FORM OF INACTIVAT
none?

BENCHMARKING NEEDED
We don't know yet

BENCHMARKING DATE

DATA ANALYSIS NEEDED
We don't know yet

DATA ANALYSIS DATE

DATA STORAGE NEEDED
We don't know yet

DATA STORAGE DATE

DATA SHARING HELP
We don't know yet

DATA SHARING DATE

USABILITY ASSESSMENT
Yes

USABILITY ASSESSMENT D
February 28, 2021
USABILITY HELP

Yes

DATA GENERATED

Others

DATA GENERATED OTHER
no data



AWARD INFO (n= 27/48)

@ Other
Nucleic acid
Antigen
Antibody

ANDARDS AND
ARKING
Viral Standards

No
Yes
We don't know
yet

null
Mar 1, 2021
Feb 19, 2021
Feb 12, 2021
@ Feb 10, 2021
Jul 1, 2021
Feb 17, 2021
Apr 1, 2021

RADx-RAD AWARDEE DIAGNOSTIC NEEDS

Local clinical tests

breath analysis usin..

Impedance Sensor

Aptamer-based anti...
@ surface enhanced R...

EFIRM platform

PCR, Antibody, Antigen

AY

Benchmarking

No
Yes

We don't know
yet

null
Nov 1, 2021
Mar 31, 2021
Apr 1, 2021
Mar 5, 2021
@ Feb 1, 2022
Jan 3, 2022
Aug 1, 2022
Mar 15, 2021
Feb 24, 2021

Preferred Inactivation

Usability Needs

Diagnostics Needs:
Preliminary results

More than a third to a half of awardees will likely
need viral standards, some as early as spring, others
starting in summer 2021

Those who need standards require multiple forms
or inactivation in a diverse set of contrived
specimens

The most common detection method is nucleic acid
testing followed by antigen, antibodies and then
non-traditional approaches such as VOCs, Enzymes
or bioinformatic methods.

About a third will need help with benchmarking,
many aren't sure yet. Those with standard
diagnostics will mostly report LOD and TAT.

About a third will need help with usability, many
aren’t sure yet.

There are a diversity of data storage and sharing
types and some opportunities for LIMS use



Data needs: Preliminary results

» About a third of awardees anticipate
needing help with data analysis,
storage and sharing, many are not sure

RADx RAD Awardee Data Landscape

Data Analysis Needs Data Sharing Needs Data Types yet

o * There is a diversity of data file types,
" ™ ® other though CSV and JSON are most

e dontnon - : Che prevalent
Yes yet CSVJSON
CSv,DICOM . .
FASTAASTONCE + Data size range from kilobytes to
CSV,JSON,FASTAD...
>terabytes

* Earliest data sharing dates start in late
Needed By ;e[:;?o 202 1
Test source

\ | Jr—— Giatyes * There is a diversity of data types and

null @ Patient MegaBytes

demographicspaent Ldont ko VA analysis tools used: most common

Aug 1, 2021 Test LOD,Test @ TeraBytes

owwima e ones are Matlab (4), Python (3), R(2)

demographics,Patient... KBRS Er s
Larger than

et TeraBytes

demographics,Patient... 4
7.1% Patient

demographics,Patient...

others




We will help awardees be
successtul

Peace of mind for diagnostic
development, data quality, hosting
and distribution Resources & Support

Training for team success







