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Diagnostics Highlighted as a Priority: WHO

“Rapid, simple to use, A Overall, re?l rapid
S X /A . . . low-cost point-of-care
T o financially accessible and . .
!nfectionds,'i.nt_:luding.human I.t d POC t t tests for dlagnOS|ng N.
Immunodericiency virus -
s quality-assure ests gonorrhoeae and
:::};:!‘Bmam.camevlnersn" David Lewis, Franels Ndow, Rosanna Peeling are urge ntly needed to Chlamydia

enable screening, diagnosis ) ,_J trachomatis need to

and, when possible,

treatment at the first contact

with patients. Such

technologies can support J
national and international

efforts to accelerate efforts

towards elimination targets

of priority STIs by 2030.”

be developed”

https://www.who.int/teams/global-hiv-hepatitis-and- https://www.who.int/publications/i/item/9789240024168
stis-programmes/stis/testing-diagnostics



Diagnostics Highlighted as a Priority: US

STI

n eW a n d e m e rgi ng d isea Se t h reats Sexuallr Transmitted Infections . o,
National Strategic Plan -/@
‘-7

for the United States | 2021-2025

Goal 3: Accelerate Progress in STl Research,
Technology and Innovation

3.3: Support the development and uptake of
innovative STI diagnostic technologies,
therapeutic agents, and other interventions for
the identification and treatment of STI’s, including

https://www.hhs.gov/sites/default/files/STI-National-Strategic-Plan-2021-2025.pdf



Why are STl POC diagnostics important?

» NG antimicrobial resistance catalyzing need to move from empiric
algorithmic care to diagnostic certainty and targeted treatment*

» Asymptomatic infection reservoir — women<25 years old

» Prevent sequelae — infertility, pelvic inflammatory disease, ectopic
pregnancy

» Mother-to-child transmission (syphilis, gonorrhea, chlamydia)
» Massive increases in congenital syphilis

» Need for integration — Trichomonas, syphilis increase risk for HIV?

* Mycoplasma genitalium resistance in men https://www.who.int/publications/i/item/9789240024168
with symptomatic urethritis 1. Cohen MS J Int AIDS Soc 2019; Wu MY STl 2021; Masha SC STI 2019



Where are we now? Limited Menu of Assays in US

POC
OTC Self-Test
Peaith
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Solana TV*

Cepheid NG/CT* Chembio HIV/syphilis*

*CLIA-waiver not granted Manabe YC Clin Chem 2021



HIV Self-Tests

OraQuick® In-Home HIV Test Oral 2" HIV 1/2 antibodies  FDA / WHO
(OraSure Technologies, USA) PQ
OraQuick® HIV Self-Test (OraSure Oral 2" HIV 1/2 antibodies WHO PQ
Technologies, USA)

INSTI™ HIV Self Test Blood 2nd HIV 1/2 antibodies WHO PQ
(BiolLytical Laboratories Inc., Canada)

SURE CHECK® HIV Self-Test Blood 2" HIV 1/2 antibodies WHO PQ
(Chembio Diagnostic Systems, Inc, USA)

Mylan HIV Self-Test Blood 3rd HIV 1/2 antibodies WHO PQ

(Atomo Diagnostics Pvty. Ltd, Australia)

Check Now™ HIV Self Test Blood 3 HIV 1/2 antibodies WHO PQ
(Abbott Rapid Diagnostics, Germany)



Platforms with HIV viral load tests

Comban Sample Tvbe Sample Limit of | TAT (min)
P i L Volume Detection
92 min
-i Cepheid (USA) Xpert S - 40525"35

Diagnostics for oy 90 min
ORIl SAMBAII Blood 120 ul ‘ P
(UK) /ml

i 52 min
Abbott (USA) [EETETIVY Plasma 50 ul 800/‘;:{"95
=] io (Indi Plasma 500 40+ min
| Molbio (India) TrueNat 500 copies o traction
Blood 250 /i) time (20 min)

Tradeoffs Between Sample Volume and Limit of Detection




COVID-19 Diagnostic Development: RADx Tech

m Validation Core Clinical Review Committee
A SAWR A

Johns Hopkins

National Institute of GaTech/Emory wyw il
Blodmgdlcal Imaging N _ ° ® v'Public Health/STD
snd Bleehgmecung v Engineering =) v Global Health

v'Design/Prototype

e . ] ¥ Clinical Validation
¥ Clinical Validation

pe ‘/:Biobank samples
v'validation in
LMICs

v Biobank samples

v In-Home

Validation
CIMIT/MGH

¥ Coordinating Center

Lamar Alexander, Roy Blunt

¥'Collaboration/Management
Platform

v'Business/Commercialization

UMass

/ RADXx Tech \ o Northwestern

. ® - > v'Heart, lung, blood
/HN/_MDS_ L 5 § v Engineering

RADx Advanced Technology Engineering BIO 9C3|  Clinical Validation
v'Global Health MA
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v Clinical Trials

Platfo rms idea to impact

o egge L‘/Jl;zidation in ® \/.'B.usin.ess/c.ormner
K — $1 bllllon / CMS Sca'|e up Core ® cialization

Clinical Studies Core

¥ Clinical Validation O VENTUREWELL,

Posted on April 20, 2020
https://www.poctrn.org https://www.washingtonpost.com/opinions/2020/04/20/how-sp2ed-up-testing-shark-tank-government/



https://www.poctrn.org/

RADXx Tech Impact: OTC Tests & Paradigm Shift

Cumulative EUA Tests + Test Products

2500 2.3B ‘lle .

272+ Laboratory W = 2.3 billion total test capacity

el it Capacity — * ~260 million tests and products

- » Over the Counter /@ .

2 1500 o Test Products i * 44 EUA’s: 9 OTC, 8 Antigen, 1 RT-LAMP

R 1250

5 1000 1year J’.

,; /50 5 months ['?'IiﬂM] e

s 500 (20m F [ ° °

= e 260M Shifting the Paradigm

g..ti*l‘!’f.-lllllllllll

SEESEEEEEEEEEEEEEEE  Public >>Private™ Private>>Public
§F8285835285333828.3¢8¢8

Lab >>poc™= OTC, POC >>LAB

s Capacity == Cumulative Capacity

https://www.nibib.nih.gov/covid-19/radx-tech-program/radx-tech-dashboard



RADXx Tech Impact: Mostly Mature Technology

Cumulative EUA Tests + Test Products

2.3B
52250« Laboratory Cumulative =) e 2.3 billion total capacity
5 * Point of Care C ity — ~ Y
S 1750 | « Over the Counter SRRy . e ~260 million tests and products
= 1500 | o y .
1250 P « 44 EUA’s: 9 OTC, 8 Antigen, 1 RT-LAMP
S 1000 1 year "’.
% 750 5 months (300M) ,."
2 0 - o Shifting the Paradigm
e
g.---lrf‘!’f.-lllllll|lll g g
S S fecRdfiisfdsendaag Public >>Private™® Private>>Public
go288¢s<82532028882

s Capacity —@— Cumulative Capacity Lab >> POC‘ OTC’ Poc >> LAB

https://www.nibib.nih.gov/covid-19/radx-tech-program/radx-tech-dashboard

Scientific Proof of Optimization Prototype Clinical Impactful

/Innovation / Concept / Feasibility 7/ Development /Testing



Automated POC Molecular Testing Platforms

A
IDEAL
TEST
Minute _
Molecular Roche Liat Cepheid Xpert Xpress  bioMerieux Biofire QlAstat
miDiagnostics 20 minutes 45 minutes Filmarray 60 minutes
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SARS-CoV-2 RSV) (22 organisms) (22 organisms)
& 53— | ......_, E g —~ e
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Automated POC Molecular Testing Platforms: OTC

SENSITIVITY
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POC Platform Pivot to STI’s

IDEAL
TEST O Developed
Minute . . . _ l
Molecular Roche Liat Cepheid Xpert Xpress  bioMerieux Biofire QlAstat _ Y In progress
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What are the key features for POCT?

* <20 minutes — willingness to wait threshold unless you
change clinic workflow

* Easy to perform — able to be performed by paraprofessionals

e Affordable — low cost of goods (COGS) for device and
consumables

* Small footprint — many labs in clinics have limited real estate
* Multiplex or parallelization, random access

Widdice LE STD 2018; Gettinger J STD 2020
Robinson M IEEE Open J Eng Med Biol. 2021



Trade-offs: Speed, Sensitivity, Cost, Eco Footprint

Lateral Flow Assays Isothermal One-Pot Molecular POC PCR
" E9E _ >
el L il
;;;J é LAMP, CRISPR, endonuclease
Lower sensitivity Intermediate sensitivity High sensitivity
Low cost Intermediate cost High cost
Fast (<15 min) (20-40 min) (15-90 min)

Kersh EN J Clin Microbiol 2021



Trade-offs: Speed, Sensitivity, Cost, Eco Footprint

Lateral Flow Assays
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Lower sensitivity
Low cost

GC (high organism burden)

Abstract 133

Isothermal One-Pot

.
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LAMP, CRISPR, endonuclease

Intermediate sensitivity
Intermediate cost

GC/CT

Molecular POC PCR

High sensitivity
High cost

GC/CT



Trade-offs: Speed, Sensitivity, Cost, Eco Footprint

Lateral Flow Assays
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Lower sensitivity
Low cost

}

Increase signal-to-noise
Without adding cost

Isothermal One-Pot

5&

LAMP, CRISPR, endonuclease

Intermediate sensitivity
Intermediate cost

:

Bring down cost of goods
(new isothermal technology)
OTC — lateral flow output

+battery

Molecular POC PCR

High sensitivity
High cost

:

Suitable to context
Lower consumable costs
Less plastic =
OTC — lateral flow output "¢
+battery :




Improve Amplification Technology

* Concentration capture sample processing innovation—> Increases
sensitivity
* Membrane filtration, magnetic bead processing!
* Could pair well with LFA or isothermal approaches that are often less sensitive
(LAMP, HDA, RPA, CRISPR, endonuclease)
* Increase speed of PCR to decrease TAT — rapid heating and cooling (15 min)
* MobiNAAT — miniaturization of heat block minimizing thermal mass?
e Dash (Minute Molecular)

* Multiplex — multiple pathogens or AMR detection
* Novel probe design; melt curve analysis; ratiometric
fluorescence detection

e Simplify the read-out — paper LFA after amplification

Fluorescence
detector Thermoelectric

element

loop-mediated amplification LAMP, helicase-dependent 1Credle J Mod Pathol 2021; 2Trick A, Sci Transl Med 2021
amplification HDA, Recombinase polymerase amplification RPA, Hsieh K Lab Chip 2022



Beyond Amplification Technology

* Improve Performance
* Increase signal to noise to achieve high sensitivity- nanotubes

* Leveraging the decreasing cost of sequencing to detect multiple
pathogens and variants!

 Assays that assess host response (VirScan)3

* Pheno-molecular approaches to AMR*

* Brief antibiotic exposure prior to quantitative detection of nucleic
acid (NAAT)

* Overcomes need to know the exact genetic basis of resistance
* Can also target mRNA transcription

Wong KH Curr Protocols in Molecular Biol 2013, Hoff K Langmuir 20216; 2Karthikeyan S Nature 2022;
3Xu GJ Science 2015; 4Savela ES PLoS Biology 2020



What is needed to increase the number of
people who know their STI status?

* More timely test results (POC tests) — within clinical encounter

* Process Innovation—>Broaden and ease access to testing — self-
collection, patient-provider interaction minimized

Clinician Collects
specimen
—» RESULT




What is needed to increase the number of
people who know their STI status?

* More timely test results (POC tests) — within clinical encounter

* Process Innovation—>Broaden and ease access to testing — self-
collection, patient-provider interaction minimized

Clinician Collects
specimen ﬁ
Q » RESULT
Self-test HIV only

0 _[




Number of Website Mail-in Testing Services that Offer
STl Testing by State
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" Pathways to Change:

°. @ e Recommendations for Direct-To-Consumer (DTC) Testing Services for STls

1. Establish a national quality feedback system
2. Ensure publication of consumer-friendly, multilingual test performance data
3

3. Provide FAQs for each DTC test site in multiple languages

3 UOI3I)04d
Jawnsuo)

m
3
-
=]
=
m
=
3
]
2

1. Offer tests in aligned with guidance from leading public health and medical organizations
2 Provide population warnings (e.g. advising course of action for pregnant women) prior to ordering of

tests

1. Revise licensing and accreditation requirements for DTC services
2. Provide details of assays offered and rigorous validation data

fmend
ojesoqe

1. Use local (health department or other outreach program) DTC services when possible
2. Recommend appropriate tests which align with public health and clinical guidelines
3. Advise special populations (e.g. pregnant women) about specific risks of using DTC

4, Schedule follow-up appointments
5. Offer confirmatory testing and/or additional screening based on individual patient risk

6. Verify that reporting by DTC service was completed

Clinical
Management

1. Develop national guidance for validation and verification of shipped samples

2. Collaborate with FDA and industry to develop a pathway to claims for self-obtained and
shipped samples

3. Revise STl reporting process to reflect changing testing landscape

4. Develop policies for public health cost underwriting to increase accessibility

o
e
23
O =
T A
4 =
1)
=
-

Direct-to-
Consumer
Test Services

Exten C et al. STD, Vol 48, No 11, 2021



| IWTK |1 WANT THE KIT IWANT Dot sty W Loci I Wa ntT h (& K i t ( I WT K)

‘Take Control, Know Your Status

HOME ABOUTUS WHATARESTI? v  AREYOUATRISK? GETTESTED ~  SERVICES &RESOURCES FAQs  PRIVACYPOLICY  CONTACT US Est — 2004 (c h I a myd ia sc ree n i ng p rog ra m )

Mail-in, self-collection, online platform for STI testing

Order.a Free, Accurate, and Confidential STI/HIV Home-Test Kit Alaska

d. Q!!

\‘ Read More /l

Oklahoma

Maryland

B
Arizona

Return your STl samples
to our laboratory
using the mailing

envelope we provide

and/or complete your
in-home HIV test

_ Collect your samples
> inthe privacy and
comfort of your home

Check your
STl test results by
logging in to IWTK

Order your test kit online

HIV home test

- =D

Home collection kit: Chlamydia, gonorrhea, and trichomonas testing




Expansion of IWTK Due to COVID-19
BCHD Partnership

HEED 2l 2P IWTK | WANT THE KIT
Stay at home /\ Patient BCHD Sexual Take Control, Know Your Status
orders calls to Health
Lru request Clinics
BCHD clinics P testing Direct Referrals ONLINE
. ’ . — . .
closure ! Q\\ 2 ﬁ ﬁ 3 ORDER ; 4
mt \

initiation
discussion

lK its shipped

April 2020 Results Reporting E— 3. /\
- Kit return
t BALTIMORE 7.p € & ﬁ_‘l f ||
REferral Of | CITY H EA LTH — Johns Hopkins Un|vers|ty
~ BCHD clients to - : » DEPARTMENT — )\ POC (=~ STDs
IWTK Public health epldemlology department

v

BCHD - Baltimore City Health Department



IWTK: Impact of COVID-19 Self-Collection Mail-in

Number of testing kits orders

700
600
500
400
300
200
100

Average monthly # CT, NG, TV Pre-COVID: 175

Pre-COVID
(134 orders)

<
v

SEPT-2019
OCT-2019
NOV-2019

DEC-2019
JAN-2020
FEB-2020

MAR-2020

COVID: 615

=e-Pre-COVID =-e=2020 =e-2021

COVID (435 orders)

APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
JAN
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SEP
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NOV
DEC



Lessons learned from COVID-19 in US

» Public health testing capacity is limited
» Monetary investments can bear fruit (RADx Tech)

» Paradigm shift toward POC and OTC testing (regulatory
barriers)

» Mail-in self-collection increased in popularity for STI testing
during pandemic times

» Economies of scale — repurposing platforms for STls



Development Approaches

What is the motivation?

What guides development?

Clinical Needs-Driven

Technology-Driven

Innovate Solve problems

Technological capabilities Technical specifications

Value-Based

Achieve desired outcomes

Systems-level needs

What are the metrics?
What perspective matters?

How important is context?

Analytical performance Clinical performance

Developer interests Clinical perceptions

Context-free Cross-context

Clinical/Process/Economic Outcomes
Stakeholder perspectives

Context-specific

How is the technology marketed?
What are the cost considerations?
What is the main adoption issue?

What informs purchasing?

Innovation potential Business Case

Development costs Cost of test/device
Finding clinical champions

Health Technology Assessment Traditional Procurement

Integrating test into workflow

Value Proposition
Total cost
Integrating test into care pathway

Value-Based Procurement

Adopters are making value-based decisions

2 )

Korte B, Point Care, 2020 19(3):77-83



Frugal Innovation — Cost-Conscious Optimization

* R: real-time connectivity
* E: ease of specimen collection, environmental friendliness

* A: affordable

*S: sensitive
* Low cost without compromising quality

*S: specific * Consideration of cost of goods up front
* U: user-friendly

* R: rapid
* E: equipment-free
* D: delivered

Land KJ Nat Microbiol 2019; Mabey D Nat Rev Microbiol 2004;



Resource-Limited Settings: Not Monolithic

High Throughput
High complexity
Surveillance
Public Health

Unreliable electricity
Medium throughput
Skilled Human resource
Unreliable supply chain

Individual diagnosis
Low price/test
Low infrastructure




Resource-Limited Settings: Not Monolithic

High Throughput
High complexity
Surveillance
Public Health

Unreliable electricity
Medium throughput
Skilled Human resource
Unreliable supply chain

A
A A/l\A Individual diagnosis
R f

Low price/test
Low infrastructure

Consideration for USE CASE should be made early together with clinicians...
...this is often missing in medtech development



The Lancet Commission on diagnostics: transforming access @+k @
to diagnostics

Kenneth A Fleming, Susan Horton, Michael L Wilson, Rifat Atun, Kristen DeStigter, John Flanigan, Shahin Sayed, Pierrick Adam, Bertha Aguilar,
Savvas Andronikou, Catharina Boehme, William Cherniak, Annie NY Cheung, Bernice Dahn, Lluis Donoso-Bach, Tania Douglas, Patricia Garcia,
Sarwat Hussain, Hari 5 lyer, Mikashmi Kohli, Alain B Labrique, Lai-Meng Looi, John G Meara, John Nkengasong, Madhukar Pai, Kara-Lee Pool,
Kaushik Ramaiya, Lee Schroeder, Devanshi Shah, Richard Sullivan, Bien-Soo Tan, Kamini Walia

* 47% of the global population has little to no access to diagnostics
 Democratization of diagnostics will empower patients

» Affects major global health priorities: universal health coverage,
antimicrobial resistance, and global health security

“Innovation without access is not innovation at all.”

Oct 6, 2021 Lancet Commission



Unraveling the Gordian Knot

* Incentivize pivoting platforms from COVID-
19 to STIs (RADx)

* Improve the regulatory pathway in US

* Class lll classification for HIV has had a chilling
effect for fast followers

* Move true ‘beyond PCR’ innovation from
proof-of-concept to commercialization

* RLS in both US and in LMIC will need cost-
effective solutions to improve access to
diagnostics (technology and process
Innovation

https://uxdesign.cc/unraveling-a-complex-ux-problem-how-a-greek-myth-helped-me-conquer-information-architecture-743ebd7d0Oea
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“Life is not about waiting for the storm to pass, but learning to
dance in the rain”
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