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THE MGB CENTER FOR COVID INNOVATION

Home About Us Funding Devices O Diagnostics O Data & Analytics O

CENTER FOR
g COVID INNOVATION

To aid in the fight against the COVID-19 pandemic, the Direct-to-Consumer
(DTC) working group came together to identify rapid diagnostics and mobile
health solutions with potential to be deployed within our healthcare system
and beyond. An overview of these efforts, which were accomplished
through the collective altruism from the researchers, clinicians and staff
from across the MGB healthcare system along with collaborators from
around the country and the globe, is highlighted below. The full details of
this work can be found in Results from our clinical
evaluations of these products will be posted as they become are available.

Therapeutics O

Contact Us

In response to the urgent public health need for accurate, effective, low-cost, and scalable COVID-19 testing technology, the Direct-To-Consumer (DTC)
working group within the Mass General Brigham (MGB) Center for COVID-19 Innovation was tasked with identifying viable diagnostic solutions with potential

Gary Tearney

for use as a DTC product. To identify potential products, we performed a deep horizon scan for antigen and serology based diagnostics and down selected to
the most promising. Product evaluations are based entirely on company provided data. Those that passed our first scoring algorithm based on Specificity and
Sensitivity data were then further evaluated by our second scoring algorithm based on additional technical specifications in combination with data about the
company and distribution capacity. The results of these efforts are displayed in the table below. All blank fields represent information we were unable to
obtain. The performance metrics for some of the high scoring products are currently being validated in-house through the Diagnostics Accelerator. Once
complete, this data will be made available.

<2 Hide fi = filter [E Group It Sort

Institution name
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MHEALTH TECHNOLOGY TASK FORCE

EMB Engineering in Medicine and Biology

Emerging Topics

Can mHealth Technology Help Mitigate the
Effects of the COVID-19 Pandemic?

Catherine P. Adans-Dester, Stacy Bamberg, Francesco P. Bertacchi, Brian Caulfield, Kara Chappie.
Danilo Demarchi, M. Kelley Erb, Juan Estrada, Eric E. Fabara, Michael Freni, Karl E. Friedl,
Roozbeh Ghaffari, Geoffrey Gill. Mark S. Greenberg, Reed W. Hoyt, Emil Jovanov.,

Christoph M. Kanzler, Dina Katabi, Meredith Kernan, Colleen Kigir
Steffen Leonhardt, Nigel H. Lovell, Jose Mantilla, Thomas H. MeCoy, Jr.,

Sunghoon I. Lee,
Nell Meosky Luo.

Glenn A. Miller, John Moore, Derek O'Keeffe, Jeffrey Palmer, Federico Parisi, ‘\hy'unal Patel.
Jack Po, Benito L. Pugliese, Thomas Quatieri, Tauhidur Rahman, Nathan Ramasarma,

John A. Rogers, Guillermo U. Ruiz-Esparza, Stefano Sapienza, Gregory Schiurring, Lee Schwamm,
Hadi Shafiee, Sara Kelly Silacci, Nathaniel M Sims. Tanya Talkar, William J. Tharion,
James A. Toombs, Christopher Uschnig, Glonia P. Vergara-Diaz, Paul Wacnik, May D. Wang
James Welch, Lina Williamson, Ross Zafonte, Adrian Zai, Yuan-Ting Zhang,

Guillermo J. Tearney, Rushdy Ahmad, David R. Walt, Paolo Bonato

Abstract — Goal: The aim of this project was to review mobile
health (mHealth) technologies and explore their use to monitor
and mitigate the effects of the COVID-19 pandemic. Methods: A
Task Force was assembled by recruiting individuals with
expertise in electronic Patient-Reported Outcomes (ePRO),
wearable sensors, and digital contact tracing technologies. Its
members coll d and discussed available information and
summarized it in a series of reports. Results: The Task Force
identified technologies that could be deployed in response to the
COVID-1¢ pandemic and most likely would be suitable to
address future pandemics. Criteria for their evaluation were
agreed upon and applied to these systems. Conclusions: mHealth
technologies are viable options to meonitor COVID-19

patients and be used to predict symptom escalation for

earlier intervention. These technologies could also be
utilized to monitor individuals who are presumed non-
infected and enable prediction of exposure to SARS-CoV-
2, assisting clinicians to prioritize diagnostic testing.

Index Terms — COVID-19, mHealth Technology. Electronic
Patient Reported Outcomes (ePRO), Wearable Sensors, Digital
Contact Tracing.

referred to as mHealth [1], has gamed the attention of the
public at large. mHealth technology could be used to monitor
patients with mild symptoms who have tested positive for
COVID-19. These patients are typically mstructed to self-
quarantine at home [2] or undergo monitoring at community
treatment centers [3]. However, a portion of them eventually
experience an exacerbation, namely the sudden occurrence of
severe symptoms, and require hospitalization. In a recent
report from South Korea, approximately of those initially
experiencing mild symptoms, and hence treated in community
centers, were eventually admitted to a hospital as they
developed more severe symptoms [3]. In this context. mHealth
technology could enable early detection of such exacerbations,
allowing clinicians to deliver necessary interventions in a
timely manner thus improving clinical outcomes [4].
Smartphone applications enabling self-reports [5], [6] and
wearable sensors enabling physiological data collection [7]
could be used to monitor clinical personnel and detect early
signs of an outbreak in the hospital’healthcare settings [8].
Similarly, in the community, early detection of COVID-19
cases could be achmeved by building upon prior studies which

https:/lieeexplore.ieee.org/document/9162431
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ELECTRONIC PATIENT-REPORTED OUTCOMES

Supplementary Materials

ering in Medicine and Biology

e¢PRO Solutions to Screen and Monitor
COVID-19 Cases
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ELECTRONIC PATIENT-REPORTED OUTCOMES
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Transmission of 2019- from an Asymptomatic C

666 Citing Articles
TO THE EDITOR
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Then | coronavirus (2019-nCoV) from Wuhan using concern in the medical
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Chinese Translation

ptomatic Transmission, the Achilles’ Heel of Current Strategies to Control Covid-19

M.D., M.PH., Deborah S. Yokoe, M.D., M.P.H., and Diane V. Haviir, M.D.
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Presymptomatic SARS-CoV-2 Infections and
Transmission in a Skilled ing Facility

COVID-19 patients
may be infectious
prior to being
symptomatic. This
renders the self-
report of symptoms
meaningless in
identifying these
cases.
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WEARABLE SENSORS

N N o A californ

Harnessing wearable device data to improve state-level y e R
real-time surveillance of influenza-like illness in the USA:
apopulation-based study

Jennifer M Radin, Nathan EWineinger, Eric JTopal, Steven R Steinhubl

Summary

Background Acute infections can cause an individual to have an elevated resting heart rate (RHR) and change their Lancer bigitalHeatth 2020:
routine daily activities due to the i ical response to the i insult. C we aimed to  2e8553

evaluate if population trends of seasonal respiratory infections, such as influenza, could be identified through FPubished Oniine
wearable sensors that collect RHR and sleep data.
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Can population-
based results be
| used to detect

infections at the

| ««\w/*”’ individual level?
Learning from Large-Scale Wearable Device A W : .
Data for Predicting Epidemics Trend of B A et e B Are p h yS 10 I 0 g IC al

COVID-19 ™! changes specific

Figure 3:Weekly CDC ILI rates, predicted ILI rates from the basaline m,,,,,, model, and predicted rz

1 1 1 1 1 . . Model 1 is used, with the lower heart rate cutoff. Data are from March 16, 2016, toMarch 1. 2018. CD l)
Guokang Zhu,™ Jia Li,” Zi Meng,™ ¥i Yu,” Yanan Li,” Xiao Tang,” Yuling Dong,™ Guangxin 0 - H

Sun,? Rui Zhou,* Hui\f\l’angfl Konggiao Wang - ,% and Wang Huarlg1
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Research Article | Open Access
Volume 2020 | Article 1D 6152041 | 8 pages | https://dol.org/10.1155/2020/6152041
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DIGITAL CONTACT TRACING IN THE COMMUNITY

1 of

ng in Medicine and Biology Supplementary Materials

Technology-based Contact Tracing Solutions for
Containing the Spread of COVID-19 in the Community

]
3 ﬂ oA Jose
6 Mantilla

@ OB

Phones broadcast Phone keeps log of
randomly generated CEN transmitted and received
CENs

Contact

Event 6 m.i

Murmber

Permission # provided Permission # and CENs Phone matches local SWEE
upon diagnosis sent to public database CENs with public Patel
database

https://www.covid-watch.org/article
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COVID-19
patients may be
infectious prior
to being
symptomatic.
This renders the
self-report of
symptoms
meaningless in
identifying these
cases.
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MHEALTH SOLUTIONS

Wearables

Digital Contact Tracing

Can population-
based results be
used to detect
infections at the
individual level?
Are physiological
changes specific
of COVID-19?

Digital contact tracing can be
effective in suppressing the epidemic
only if alarge portion of the
population adopts an app. In addition,
being within Bluetooth radio range of
the smartphone of a person who have
tested positive for COVID-19 does not
necessarily imply that a viral
transmission took place. Measures of
proximity and duration of contact
would be relevant in this context. In
large metropolitan areas (e.g. among
people using public transportation),
this approach is likely to lead to a
large number of “false positives”.
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MHEALTH TECHNOLOGY AND DIAGNOSTIC TESTS

NON-INVASIVE
MONITORING

Collect i
mHealth Data _ LDV.I[?—lg
High to Positive

(i.e. Self-Report, - ) )
Community [an1Fact 'I:ra::ing & Probabilistic ‘ 2’:‘ gl?;l:ﬁ?:y
to Be Physiological Data) Model of of In-fm:,tican - ,FDVID—lEl
L + COVID-19 = C
Monitored Negative

Clinical Data Infection Low

(i.e. Risk Factors) Probability ‘

+ of Infection

Family Health Status ‘

Back in the
Groupto Be
Monitored

https://ieeexplore.ieee.org/document/9162431
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WHAT IS HAPPENING Now?
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HEALTH
MACHINE
LEARNING KNOWLEDGE
DATABASE

* Yaus?

B '..-'. N N
-0
% ¥ ‘ k. Al ENGINE 2.0

MEMBER  Deployed machine models for 18 DATALOGY 1.0
A disease screenings; validated MDs tune Bayesian network
through clinical trials & large data Built member & sponsor reporting,
BAND sets c ] vetted by practicing clinicians

aEw,
"

Clinically validated signals

Production ready SMART COACH 2.0

A Behavior change engine, toolset
— & content proven over 13M users;

COVID-19, DPP, sleep, activity,
& stress content ready HEALTH TEAM 1.0

.
GEEcBAmE - mOiu0n .
S6F . Team In place for pilot;
Today & fan O3 ( . —3l P P
.
.

Clinical workflows integrated

F

D . = . CLINICIAN PORTAL 1.0
g COVID-19 management & reporting
APP 2.0 ) - - tools deployed; Flexible architecture
Building on 10x greater engagement ) - set up to support Health Cloud, our
foundation; Deployed with Smart N CC, or other solution depending on
Coach and COVID-19 Risk Cards [ ] data sovereignty; APIs ready to
ingest FHIR data

*

Symptoms Check-in

Ogll.health
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COMMENT | VOLUME 2, ISSUE 6, E282-E285, JUNE 01,2020

Virtual care: new models of caring for our patients and
workforce

Lee H Schwamm Juan Estrada - Alistair Erskine - Adam Licurse

Published: May 06,2020 - DOI: https://doi.org/10.1016/52589-7500(20)30104-7

") Check for updates
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The coronavirus disease 2019 (COVID-19) pandemic has accelerated the widespread adoption of collaboration and communication
software to enable medical care at a distance® and reduce the risk of transmission of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) between patients and health-care providers from gathering together in hospitals, offices, or clinics. Most virtual care
solutions have been implemented to ensure adequate physical distancing between patients and health-care providers, while
ensuring that patients without COVID-19 can still access ambulatory care for acute or chronic medical conditions. Although previous
efforts to expand virtual care offerings have been met with resistance, the COVID-19 pandemic has highlighted the tremendous value
of care delivery at a distance to prevent contagion, but also to provide access to care under these extraordinary circumstances. As a
culture, we have learned that many of the patients or providers we had previously deemed too uncomfortable or inept at using
technology have actually become quite proficient with videoconferencing for shopping, exercise, socialising, and learning.

For the past two decades, our academic medical centre and others have been building capability in ambulatory virtual visits in
specialty care, virtual urgent care for minor complaints, and interfacility emergency virtual consults for time-sensitive conditions
like acute stroke.? 3 % 3 These efforts have been rudimentary at most institutions due to complex technology integration,
substantial regulatory barriers, and a lack of reimbursement. One of the greatest criticisms of virtual care in the past has been its
depersonalisation of the patient-provider experience, which is too distant for the intimate connection required for good care.®
Ironically, this attribute of care delivery at a distance is now virtual care's greatest asset. Providers are scrambling to provide options
that ensure safe, effective, and equitable access to care for patients in the setting of relaxed regulations and broader
reimbursement. Here we describe two innovations in virtual care delivery that have been developed and deployed across our
organisation, virtual rounds and a virtual intercom communication system, and give suggestions for how these innovations might be
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Location (GPS)
Communication Gateway

Cell phone network

N

e-textile
Data Glove

Bonato, IEEE Eng in Med & Biol 2010; 29(3): 25-36
Patel et al, J Neuroeng Rehabil, 2012; 9: 21
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Motion Analysis Lab (MAL)

Using state-of-the-art lak y and field focused on bic hanics, wearable

sensors and robotics, our team of clinicians and engi is dedicated to enhancing

mobility in individuals with mobility-limiting conditions, ranging from stroke to cerebral

palsy to traumatic brain injury.

Welcome to the MAL

The Motion Analysis Lab (MAL) at Sj
state-of the a

study and treatm

Paolo Bonato, PhD
Dept. of PM&R

Harvard Medical School
labs/motion-analysis Spaulding Rehabilitation Hospital
pbonato@mgh.harvard.edu

Motion Analysis Lab

https://spauldingrehab.org/research/programs-
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NEW TECHNOLOGIES, ETHICS AND POLICY
ENGAGEMENT FOR SUSTAINABLE
DEVELOPMENT: HEALTH & HUMAN WELL-
BEING (H&HWB)
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Megatrends point ta transformation in Life Sciences creating
Opportunities for Disruption.insklealthcare —
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Evolution of loT and Big Data Commerce
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Health 4.0 — Hypermobility & Microfluidics

From a 1-to-1 art to digital mass industrialization & scale, transforming to interconnected & democratized applied science
Healthcare Timeline

Key trends shaping Healthcare

Next

Convergence of

20" Century | Technologies

* Health 4.0

- Decentralization
enabled by Empowered

nano/microtech and engaged

- Focus on prevention customers _ :
. 1 By n e Shift toward
A %g | e \ I-leligusi}gization T decentra’tizjd’
& 2o, - Healthcare-loT, Bi CONRECLeC,
* Health 2-9 ;teggaa;'ré?;;?oﬁ‘ data, Machine . Regulatory preventive, and
- Foun.d.ton of modern Learning, Al changes personalized
treatment

oD exlty - Access: Democratized
models

Level of Technology

& specialization

Digital Revolution:
healthcare loT, Al
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Imprecision Medicine - Do we already have what we need?

IMPRECISION MEDICINE

For every person they do help (blue), the ten highest-grossing drugs in the
United States fail to improve the conditions of between 3 and 24 people (red).

1. ABILIFY (aripiprazole)
Schizophrenia

hee
i #

3. HUMIRA (adalimumab)
Arthritis

)
@ @
™
5. CYMBALTA (duloxetine)

Depression

Teen

reee

8. REMICADE (infliximab)

Crohn's disease
D
D
birsh: number

2. NEXIUM (esomeprazole)
Heartburn

SHHHHH
JILILILLLLL,

!

Standard approach

SHHHHHH
TR

Asthma

SHHHHB
TR MO

Neutropenia
i

7. ENBREL (etanercept)

Psoriasis

—

9. COPAXONE (glatiramer acetate)
Multiple sclerosis

Tailored approach

Treatment

Treatment A
(effectivein 20% of
target population;
80% is waste)

Treatment A
Treatment B

Treatment C

Y
it

Towards Precision Medicine

Treatment D



Understandin biological complexity

Genome

Transcriptome
Proteome
Metabolome

Microbiome

Epigenome

Exposome
Social graph

Biosensors
Imaging

Source: Anna Maria Sybilla Merian, Source: Eric Topol

Metamorphosis insectorum Surinamensium. 1705
9




— Metabolome

Lipidome

IN|OD|O B IO IN |-

\\4\ ( Omics and exercise research tracks J
\$L Genome/epigenome
UL Transcriptome
Proteome
§ Secretome
bt AL Phosphoproteome
=\ Acetylome

o Source: Cold Spring Harb Perspect Med. 2017 Oct; 7(10): 2029884.



Opportunity for DIAGNOSTIC CARE

Omics and exercise schedule of events

O

variables

Duration and Intensity
frequency

Cell types Organs

S
%
&

Genetic
variability

Nutrition Training Health and
status status disease

Source: Cold Spring Harb Perspect Med. 2017 Oct; 7(10): 2029884.




DIAGNOSTIC CARE can disrupt the $11T HEALTHCARE MARKET

Assessment of transformative disruption in U.S. healthcare market ($3T) - global impact even at
larger scale (S11T)*

Medical Value

->

Diagnostics Influence:
> 60% of Critical
Decision Making

< 2% Total Worldwide
Healthcare Spend




Example — Healthcare Testing™

—

B ...

From standardized, reactive, To personalized, preventative,
and in-person care and remote care

Healthcare !“’:- 7N Personalized
| Aﬁea [thcare crisis | 9 | /@).\

anywhere healthcare
lMPI—_ICATlONS . \Bla B Solmndaihy

- Security of healthcare data and systems

Healthcare at the edge



The vision of the Fluxergy platform

v" Low Cost: Disruptive cost structure
could enable complete testing at the
Point of Care*

v' Sample-to-Answer workflow

v Multiplex/Multimodal: Various
biomarkers; cells to molecules

duced healthcare costs:

*Fluxergy’s products are for Research Use Only (RUO) and are not foruse in diagnostic
procedures. Fluxergy Products*have not been evaluated or approved by the FDA or
USDA. None of these statements have been endorsed by the FDA or USDA. None of
the products discussed in this presentation are currently being sold or offered for sale.




Multiplex and multimodal panels on a single TestCard

ste an emulate different laboratory equipme

The FluxergyCards modular nature has the potential to allow
for a variety of assays and panels* to be included:

=2 PCR Multiplex panels up to 12 targets
@ Immunochemistry panels with 12+ markers
@ Chemistry panels with 12+ markers

@ Cytometry (e.q. cell counting)

mﬂ Y}: nn Mixed modality panels

*Fluxergy’s products are for Research Use Only (RUO) and are not foruse in diagnostic
procedures. Fluxergy Products*have not been evaluated or approved by the FDA or
USDA. None of these statements have been endorsed by the FDA or USDA. None of
the products discussed in this presentation are currently being sold or offered for sale.

15




Multiple detection systems in one analyzer

Real-Time PCR
* Fluorescence measurement

Colorimetric Detection
* End-point measurement for
immunoassays

Electrical Potentiometry
« Potential measurement across
ion-selective electrodes

Imaging Cytometry
* Image recognition



WE ARE AIMING TO ACHIEVE SCALABLE THROUGHPUT AT THE POINT-OF-

CARE THROUGH SMART DEVICE MANAGEMENT

@ —
orage
AI/I\/IaCh ne ' _ ig Data analytic
learning Privacy security
(256-bit encryption) D Cloud Platform E—
HIPAA Compliance
= ’ X

FluxergyAn aIy er

i (=] e

Fluxer gyCa d

Storage Server

anagement
imization/functions



SAMPLE-TO-ANSWER* DEVICE INSTEAD OF AN ENTIRE LABORATORY

elect a test, collect a sample Upload data,

and mix with supplied 15 —4 5 M I N 22?:98.

FluxergyBuffer.
ke analyze

£ |

=+ e %

NO XY J

&35

FluxergyWorks

* Storage

* Services

* Big Data analytics
* Cloud connectivity

sample

Insert FluxergyCard
into the
FluxergyAnalyzer and
run thete



POST-COVID-19

WHAT 10 DO WITH THE ESTABLISHED INFRASTRUCTURE FOR
DECENTRALIZED HEALTH TESTING?




DIAGNOSTIC CARE FROM WELLNESS TO CHRONIC CONDITIONS:
CONTINUUM OF TESTING SOLUTIONS

BLevEnton Screening Diagnosis Prognosis Stratification Treatment Monitoring
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B /n vitro diagnostics " Personalized pharmaceuticals/biologics

Multi-omics variation O
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Post-COVID-19 World_
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Dr. Ali Tinazli
Chief Commercial Officer @ Fluxergy



mailto:atinazli@fluxergy.com
https://www.linkedin.com/in/dralitinazli?lipi=urn%3Ali%3Apage%3Ad_flagship3_profile_view_base_contact_details%3Brtu%2BSU7GSoe%2BYE%2Fn8FpHgA%3D%3D

Riibitection

Information Resources

Applications of our technology: https://docsend.com/view/eusrgiwtbadmpizg

Investment summary: https://docsend.com/view/asg67xi6wv5ewnsm
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