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Taking on the Paridemic:
Transforming Your Clinical Lab into a




COVID-19 Data Challenges

COVID-19 response has demonstrated great advancements in
- Scientific knowledge at a molecular level

- Benefits of real-time epidemiology

- Positive use of mass communications

Reflecting on initial response:

- Initial testing response was built around government labs

- Subsequent responses were disjointed across suppliers and labs
- Assay platforms and reagent supplies were limiting testing

Challenges going forward:

- Testing capacity is still limiting

- Data is varied and imperfect

- Data is buried in siloed local systems
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Next Generation Digital Platforms

Next generation digital platforms should be able to provide better integration of the science,
laboratories, health systems and data management

- exchange for standardizing, adapting, and distributing testing methods
- interchangeable data model that make it possible to correlate different testing results with the
epidemiological mapping

- modeling of virus movement and drift while integrating patient data vs outcomes would give us
the opportunity to move into proactive response

Through our partnership with CSI, L7 has developed and qualified an integrated workflow for
performing COVID-19 diagnostic testing
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There are approximately 39 trillion bacterial cells
living amongst our 30 trillion human cells.




DIAGNOSE

verb: to identify the nature of an illness
by examination of the symptoms.

a : unigue in kind or quality
b : unprecedented

DETECT

verb: to identify or perceive that which is hidden.

a : new and original
b : revolutionary
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Diagnosis has always been
at the heart of medicine.

At CSI, we are no longer
diagnosing disease,
we are detecting it.
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THE ST.C STANDARD:

exposed

verb: to reveal the true nature of.

a : to make visible or uncover
b : to publically reveal

Problem

Up to 49% of
sepsis cases
are culture
negative.
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i OUR SOLUTION

> :
bleeding edge
noun: the very forefront of technological development.

a: innovative or pioneering
b: featuring new methods; advanced and original

Sample tracking
throughout the
process for fast,

accurate results.

Urine Collection Sample Processing Sequencing Analysis Results

Proprietary
hacterial

Proprietary
RAPID-DX"

bioinformatic
pipeline

amplification
technique

CSI-Dx™ Solution



VALIDATION of SARS-CoV-

SARS-CoV-2

Linear regression of counts

’ 'Eenomel:opies : i
LIMIT OF DETECTION

“Spike-ins” of known counts of SARS-CoV-2 genome copies
were spiked into pooled VTM of confirmed negative
COVID-19 samples at increasing concentrations:

LOD of SARS-CoV-2: 10-32 Genome Copies per uL
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ANALYTICAL & CLINICAL ACCURA! '

Analytical validation compares 20 confirmed negative sz
against 20 negative samples “spiked” with SARS-CoV-2 at
LOD:

Analytical Sensitivity: 100%  Analytical Specificity: 1C
Clinical validation assess the CSI-Dx result against qPCR resul
of clinical specimines:

Clinical Sensitivity: 89%  Clinical Specificity: 100%
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CSI-DX Implementation
Study

Using L7 ESP Platform
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CSI-DX process for COVID-19 detection using NGS and RT-gPCR

single platform to manage wet lab process, bio-informatics and lab operations
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Clinical

Order COVID Bead Library In Parallel COVID Report e-fax or
Receipt Extraction, Purification Normalization  !llumina Seq Analysis Generztion % HL7 to
Sample Plating, Library Pool & ) Providers
Receipt Library Quantification Purification & RT-gPCR e-S|g\r/1?atures
Sample Preparation & Quantification DocuSian

Accession Library QC g
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ESP CSI- Ordering and Accessioning Applet

Description: bulk ingest of accessions (done by clinics/hospital). Hospitals log into ESP and
upload a CSV file with patients/sample info.

Advantage: Moved accessioning responsibility outside of the lab. Lab users just have to
confirm that the information entered matches the received physical/faxed copy and that the
sample is in good condition.

Worksheet: covid

Archive
COVID Report -

< Prev  COVID Report - (0) ¥ || Next > ¢ 10f1 Protocols =

&
Aliquot Patient Last Name Patient First Name Date of Birth Gender Physician Last Name Physician First Name Physician Phone Physician Fax File Link Start g 'g
ALIQ000001 Simpson Homer 5/12/1989 Male Riviera Nicholas 400742742 400742742 Final Report v done[” g %
ALIQ000002 Parker Peter 8/10/2001 Male Stark Tony 5031211212 5031211212 Final Report +done[d ‘g
ALIQ000003 Everdeen Katniss 3/12/1989 Female Haymitch Habernathy 4041211212 4041211212 Final Report v doneld *
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COVID RT-gPCR branch

v COVID-19 Chain

0 0 0 0 0 4 0
eI COVID Plating Library Prep ~ =~ ‘Bead-Purification . Library Library lllumina COVID Analysis
K Quanfification- - _ _ _ | Normalization, Sequencing
i Pool Purification & _ _
0 N 1 Quantification - - 0
COVID Sample COVID Extraction el COVID Report
Preparation AR SR
Tt _— ) 1 IR
~~~~~~~~~~~~~~ \\
_________________ Rotor-Gene rt- A
_______________________________________ QPCR -7
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COVID RT-gPCF

4
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Submitted Setup Rotor- Create Aliquot & Ingest Rotor- Rotor-Gene Completed
Gene Select... Gene Results Results
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COVID-19 RT-gPCR Bulk Results Ingest

Description: ingest results from RT-qPCR. Results for the 3 probes are mapped back to samples in ESP.
Advantage: No need to manually input data (i.e. reduced human error). Generated report can be printed and

the heatmap can highlight contamination issues.

< 4 LIMS Q_  systemadmin (&

Worksheet: COVID_Testing_April2020

Archive
Rotor-Gene rt-gPCR
Ingest Rotor-Gene Results - (0) v < 3of 4 Protocols =
)
Aliquot RP Well File Analysis Result Ingest Notes Start Complete = Q '5
c 7}
24 Samples 5,46, 47,48 49, 50, 51, 52, 53, 54, 55, 56,... 0 RotorGeneTestRun - test_run_r Pending analysis Vv donel” 3 E
2 3
o
o
o
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o
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COVID RT-gPCR

Rotor-Gene Standard Report, 2020-04-03T16:23:40.573906

Expected Controls Results
Control Type  Name 2019 COVN1 2019 COVN2 RP Expected CT Values EXpIOI‘e RT'qPCR reSUItS direCtIy in ESP Wlth a

Extraction HSC - + <40 CT

Nepive  [NTC__|- - — [ Nowe _ table of Control and Sample measurements, as
well as an interactive heatmap to highlight
Controls Results . .
contamination Issues
Control Replicate1 Replicate2 Replicate 3
HSC 19 35 23
NTC 51 21 33 Samples Heatmap
nCoVPC | 236 532 162 - i
Samples Results
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COVID NGS branch

v COVID-19 Chain

0 0 0 0 0 4 0
g )
R COVID Plating Library Prep Bead Purification Library Library lllumina COVID Analysis 7
AN R Quantification Normalization, Sequencing JPtae -
ot Pool Purification & T
0 1 T Quantification ~_____---"777C 0
COVID Sample COVID Extraction COVID Report
Preparation
: 1
Rotor-Gene rt-
gPCR
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COVID Library Prep
Bulk ingest lirary

Worksheet: COVID-19 Test NGS - Library Prep
Library Prep

Biomek Lib Prep Ingest - (0) s

Library Group Sample Well

4 Samples > All Samples AO01, A02, A03, A04

< A LMs

Worksheet: COVID-19 Test NGS - Library Prep
Library Prep

NEB Kit Summary - (0)

Library Primer Plate Index Well
LIBO0O00O1 AO1
LIBOO0002 A02
LIBO0O0003 AO3
LIBOO000O4 AO04
Select lot
numbers

IEIUNFQRMATCS

File

1t

PCR Plate Barcode
whj2794
whj2794
whj2794

whj2794

1 of 2 Protocols

Ingest Result Ingest Notes

Pending import

PCR Plate Sample Well
A01
A02
A03

AO4

17 Index ID

S762

S§729

§702

S763

Start

Start Pipeline

PRI X XLt RN GRS Submit to Next Workflow

17 Index

TTACCGAC

AGTGACCT

TCGGATTC

CAAGGTAC

¢ Complete

15 Index ID
S$512
S591
$523

S505

15 Index

CGTATTCG

CTCCTAGA

TAGTTGCG

GAGATACG

suwn|od)

prep details

Protocol Details

Q  system admin (&

NEBNext Ultra Il RNA Library Prep Kit Lot Number
dbwk872
dbwk872
dbwk872

dbwk872

suwnjod

Protocol Details
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COVID Analysis

< A LMs

Worksheet: COVID-19 Test NGS - COVID Analysis
COVID Analysis

COVID RAPID-Dx - (0) :

Library Pool Group RunfolderName
4 Samples All Samples TestRunRapidDx
€ A uwms

Worksheet: COVID-19 Test NGS - COVID Analysis
COVID Analysis

COVID Ingest Run Report - (0) s

Library Pool Number of Raw Sequences

4 Samples 17882640, 20453714, 21934046, 26841438

IEIUNFQRMATCS

1 of 3 Protocols

CSldx Sample ID

e2n4bn-LIBPOOL000001, eff42c36-LIBPOOL000004, hs4k5k-LIBPOOL000002, sh36dk-LIBPOOL000003

2 of 3 Protocols

Number of Filtered Sequences

16016823, 18421900, 19754993, 24117139

Number of ERCC Sequences

138582, 180170, 182306, 84802

Start

ERCC/Filtered Sequences Ratio

102.247,1156.5677,132.289, 232.954

Start Pipeline

Q  system admin (&

v
7/ Complete = O ®
|l a
3 =
5 S
w h
2
o
o
Q  systemadmin (&
2
Number of Human Sequ... &|
€l a
14729605, 16932212, 1832... g 3
w o
2
=
o
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CSI-DX Interpretation process
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Worksheet: COVID-19 Test NGS - COVID Analysis

COVID Analysis

COVID Analysis Results - (0)

Library Pool

LIBPOOL0O00001
LIBPOOL000002
LIBPOOL0O00003

LIBPOOLO00004

IEIUNFQRMATCS

CSldx Sample ID

e2n4bn-LIBPOOL000001
hs4k5k-LIBPOOL000002
sh36dk-LIBPOOL0O00003

eff42c36-LIBPOOL000004

<>

Sample Type
Sample
Sample
Sample

Sample

)

3 of 3 Protocols

ERCC/Filtered Sequences Ratio
1156.677
102.247
132.289

232.954

SARS-2 Count

0

0

72

43

Result

Not Detected

Not Detected

+ 2019-nCOV

+2019-nCOV

Next Step
Report
Report
Report

Report

v Complete
v

v

suwn|o)

Protocol Details
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COVID Report Generation
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Worksheet: COVID-19 Test NGS - COVID Report

COVID Report

Property
Detection Method
COVID-19 Results
Report Result
Sample ID
Collection Date
Sample Type
Patient Last Name
Patient First Name
Date of Birth
Gender
Physician Last Name
Physician First Name
Physician Phone
Physician Fax
File Link

File UUID
Start

Complete

IEIUNFQRMATCS

COVID Report - (3)

LIBPOOL000001
NGS

Not Detected
Not Detected (Negative)
e2ndbn
3/26/2020

Swab

Pope

Olivia
12/23/1989
Female

Rosen

David
5031211212
5031211212

Final Report

9d626a70-2353-4132-8868-1e48a94265f6

v done(”

)

1 of 1 Protocols

LIBPOOL000002
NGS

Not Detected

Not Detected (Negative)
hs4k5k
3/26/2020

Swab

Leduc

Antoine
5/15/1985

Male

Rosen

David
5031211212

5031211212

Start Pipeline

LIBPOOL000003

NGS

+2019-nCOV

Detected (Positive) [CRITICAL]

sh36dk
3/26/2020
Swab
Matthews
Taylor
12/23/1986
Unknown
Rosen
David
5031211212

5031211212

Start Pipeline

Q

LIBPOOL000004
NGS

+2019-nCOV

system admin (&

suwn|od

Detected (Positive) [CRITICAL]

eff42c36
3/26/2020
Swab
Targaryen
Daenerys
8/1/1983
Female
Rosen
David
5031211212

5031211212

Start Pipeline

Protocol Details
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SARS-CoV-2 Detection

Sample Inf Practice Information
Patient Name: Olivia Pope Sample Type: Swab Physician Name: David Rosen
DOB: 1989-12-23 Sample ID: e2n4bn Phone: (503)121-1212
Sex: Female Collection Date: 2020-03-26 Fax: (503)121-1212
Patient ID: e2ndbn Samples Received: 2020-03-26 Report Completion Date: 2020-04-10

Test Description

The CSI-Dx™ test utilizes Next i ing (NGS) and CSI®'s validated RAPID-Dx™ bioinformatic pipeline to directly detect pathogenic RNA from
transcriptionally active bacteria, fungi, viruses, and protozoa. Sequencing of nucleic acids directly from clinical samples has allowed for the detection of a wide array of
pathogens1,2 and circumvents many of the limitations seen in previous methods of diagnostics such as culture or PCR3-9. The CSI-Dx™ test has been analytically
validated to report the presence of pathogenic microbial and viral nucleic acid when present at levels above each microbe’s established Limit of Detection (LOD). The
results included within the report display qualitatively if the sample yielded normalized RNA sequence counts of Covid-19 above its LOD. If the sample yields normalized
RNA sequence counts above the i validated LOD, itis i to be detected, whereas normalized RNA sequence counts below the LOD are considered to
be not detected.

CSI DX Results

Result Reference Interval

SARS-CoV-2 Detected (Positive) [CRITICAL] None

Disclaimer: (i) This test was ped and its i i by C i Source (CLIA #39D-2180522). This test has not
been FDA cleared or approved. The Pennsylvania Department of Health Bureau of Laboratories (BOL) independent review of this validation is pending, and therefore all
results in this report are considered presumptive and for research purposes only until the review is completed. This test is only authorized for the duration of time the

ion that ci exist justifying the ization of the use of in vitro diagnostic tests for detection of SARS-CoV-2 virus and/or diagnosis of
‘COVID-19 infection under section 564(b)(1) of the Act, 21 U.S.C. 360bbb-3(b)(1), unless the authorization is terminated or revoked sooner. (i) Negative results do not
preciude 2019-nCoV infection and should not be used as the sole basis for treatment or other patient decisions. Optir i types and timing for peak
viral levels during infections caused by 2019-nCoV have not been determined. A false negative result may occur if a specimen is improperly collected, transported or
handled. False negative resuits may also occur if amplification inhibitors are present in the specimen or if i numbers of isms are present in the speci
(iii) Test performance can be affected because the epidemiology and the full clinical spectrum of the virus causing SARS-CoV-2 is not fully known. At this time, neanmme
workers and clinical laboratories may not know the optimum types of samples nor the most ideal collection times to obtain appropriate levels of viral RNA. Detection of viral
RNA may not indicate the presence of infectious virus or that Covid-19 is the causative agent for clinical symptoms. The performance of this test has not been established
for monitoring treatment and disease resolution of SARS-CoV-2. (iv) Oomammanon Source Identification, LLC and its affiliates assumes no liability to patients with respect
to actions of physicians, healthcare facilities, and other users. iti lination Source ification, LLC assumes no liability for the misuse or misinterpretation

of information obtained through this report.
X

Laboratory Director: Dr. Holmes Morton, M.D.

/ / *-(//\-f !

!
Technical Supervisor: Dr. Regina Lamendella, M.D

CSl, 419 14th Street, Huntingdon, PA, 16652
For inquiries, the physician may contact: 717 - 413 - 1629
CLIA #39D-2180522 | PA Lab ID Number #37318

IEIUNFORMATCS

Final clinical report generation an

electronic signatures

Physician Clinical Report Generation

Description: one-click final report generation.
Advantages: No need to look for different pieces of
information across spreadsheets, LIMS, Analysis and

Order forms nor input them into a PDF.

ESP generates Ready to fax PDF with e-signatures

©
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COVID Report

Report elements are dynamic and depend on detection method (i.e. NGS or rt-gPCR), as well as test result.
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SARS-CoV-2 Detection

Patient Information Sample Information Practics Information
Sample Type: Swab. David Rosen
008: 1989-12:23 Sample ID: e2ndbn Phone: (503)121-1212
Sex: Fomale Collection
2020.04-13
Test Description
‘The CSHDx’

transcriptionally acive bacteria, fungi, viruses, and protazoa. Sequencing of
pathogens!,

PCR3-9. The CSI-Dx™ test has been analytically
[t The

0D. nple

be not detected.

sARS-Cov:2 None
Disclaimer: (i)
aper
S-Cov-2 vius andio diagn
)oft Act 21 US.C. .
pracuce 201 poak
i  ransporied or
handied p
® o At tme, hincars
optimum types ofsampl Vel RNA
RNA may

o actions of physicians, healthcare faciltes, and other users. Additionaly.
of nformation obtained through this report.

OV

Laboratory Director: Dr. Holmes Morton, M.D.
Technical Supervisor: Dr. Regina Lamendella, M.D
CSl, 419 14th Street, Huntingdon, PA, 16652

For inquiries, the physician may contact: 717 - 413 - 1629
CLIA #39D-2180522 | PA Lab ID Number #37318
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SARS-CoV-2 Detection

‘Sample Information

DOB: 1983-08.01 Sample ID: eff42c36
Sex: Fomale 20200326
Test Description
PCR wel
gene Results R aN2)are

This cloared
or approved.
Diagr sting g LIA pror
2020, bor: 0L) indapendant
uration
dagnosis Act, 21US.C.

OV

Laboratory Director: Dr. Holmes Morton, M.D.

Technical Supervisor: Dr. Regina Lamendella, M.D

CS|, 419 14th Street, Huntingdon, PA, 16652
For inquiries, the physician may contact: 717 - 413 - 1629
CLIA #39D-2180522 | PA Lab ID Number #37318

NGS Negative/Positive

rt-qPCR Indeterminate

%
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ESP architecture allows users to define content

Apps @ @ O @ Q @ @Custom Connecters & Apps

ESP REST API

Knowledge Catalog Service

Connector Content Library

Workflow Chains (Experiment treatment) Content Library Analytics Catalog Service

Protocol/Method/Experiment/Analytics Content Library e Grtels Somies

Data Model Content Library

Data & Meta-Data & Tag Catalog service
. File Cloud Sample Experiment Protocol Instrument Analysis
Sample Cluster Instrument Audit Project Workflow Pipeline Reporting User
Registry Execute Monitor service Service Service Service Service Service
Software + Instrument + Equipment + Automation + BMS Connector Service

@_ﬁ %\? Info'rr:\qﬁcs N 5 O

CMs DB

IEIUINFOR[\/IATCS



Contamination

CSI had previously implemented ESP Content for pathogen detection — Lyme Disease Source

using urine samples

|dentification
CSI-Dx”
Extract Extract Library Prep Bead Purification
Quantification Normalization

Sample Plating & Extraction . . . .
S Library QC Library lllumina Analysis

Accessioning o ;

Normalization Sequencing

The process begins when ESP ingests a Sample Accessioning form is received from a clinical institution. As the
samples move through the Sequencing workflow, ESP is gathering data from Illlumina Sequencers, fluorimeters, a
Biomek Liquid Handling Robot, and various bioinformatic pipelines. ESP enables the scientists to determine presence
of a given pathogen in the patient’s blood, and smoothly inform any physicians of the findings.

All of this data is kept inside ESP in a secure and query-able fashion.
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CSl responded to Covid-19 market demand in < 2 weeks

Apps @ @ @ @ @ @ @Custom Connecters & Apps

ESP REST API

Knowledge Catalog Service

o
m tracton e covpReport
o

||||||||||||||||||
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e
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Analytics Catalog Service

Process Catalog service

Extract Extract Library Prep Bead Purification
y X cvmisin oo

e ey e s Data & Meta-Data & Tag Catalog service

. Cloud Sample Experiment Protocol Instrument Analysis
Registry Execute e Service Control Service

Sample Cluster Instrument Audit Project Workflow Pipeline Reporting User
Registry Execute Monitor service Service Service Service Service Service

Software + Instrument + Equipment + Automation + BMS Connector Service
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