<~

CardinalHealth’

The promise anceality of Next
Generation Sequencing (N&@ased
testing for diagnosis of Infectious Disea

Huanyu Wang, PhD, D(ABMM)
Sophonie Jean, PhD, D(ABMM)

June 3@, 2022



Disclosures

None
We do not endorse any commercial products discussed in the presentation

2 © 2022 Cardinal Health. All Rights Reserved CardinalHealth’



Learning ODbjectives

A Compare NGBased testing to traditional nucleic acid amplification methods

A List advantages and limitations of N@&Sed testing for diagnosis of
Infectious diseases

A Identify clinical scenarios in which Ni&Sed testing should be considered

A Identify strategies to improve appropriate use of N@Sed testing for
Infectious diseases
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Outline

AOverview of classical infectious disease (ID) testing

AEvolution of sequencing
0 Seguencing technologies
o Practical applications for ID

ACurrently available NGS tests for ID
o Clinical performance ohetagenomidNGSHNGS
o Clinical impact and utility ofNGS
o Diagnostic utilization criteria fonNGS

ASummary
AFuture prospects
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Diagnostic techniques In the microbiology
laboratory

Classical microbiology

Microscopic Cultivation and
examination identification:
~1hr TAT ~2-14 days

A Inflammation A Enzymology,

response biochemistry or
A Organisms molecular method
A Presumptive A Antibiotic
diagnosis susceptibility
testing

A Definitive diagnosis
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Diagnostic techniques In the microbiology
laboratory

Classical microbiology Molecular microbiology
Microscopic Cultivation and Direct detect viral
examination identification: genome/genes B8 Em—
~1hr TAT ~2-14 days ~1-3 day TAT
A Inflammation A Enzymology, A DNA probes O | G
response biochemistry or A PCR |
A Organisms molecular method A DNA sequencing O

A Presumptive B Ar e A Definitive diagnosis

diagnosis suspeptibility Epidemiology:
test.ln.g. | A Outbreak investigation
A Definitive diagnosis A Newly emerged pathogen
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Diagnostic techniques In the microbiology

Classical microbiology Molecular microbiology  Immunoserology
Microscopic Cultivation and Direct detect viral Antigen tests
examination identification: genome/genes ~ 1hr TAT

~1hr TAT ~2-14 days ~1-3 day TAT
Antibody tests
A Inflammation A Enzymology;, A DNA probes ~7 days
response biochemistry or A PCR _
A Organisms molecular method A DNA sequencing
A L A Definitive diagnosis
A Presumptive Ant'b'Ot'_%_l_
diagnosis susceptipility : : _
testing Epidemiology:

S A Outbreak investigation
A Definitive diagnosis A Newly emerged pathogen
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What is Sequencing?

The process of determining the number and order of nucleotides (adenine, guanine, cytosine, thymine) tl
make up a molecule of DNA

Aldentify a microorganism

AAnalyze genetic mutations within genomes: antimicrobial resistant marker, virulent
factors

Alnvestigate an outbreak
AUnderstand host response
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It starts with Sanger sequencing

A1953Crick, Watson and Franklin discovered the structure of DN/ bm

A197 7Eredrick Sanger developed the first DNA sequencing method: chain terminatior
method

Sanger sequencing dominates the field for three decades
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Sanger sequencing: chain termination

Template Sequence
3 'GAGCAAATTCCGATACATTATTGT... 57

Primer

DNA synthesis

“

LDN#’. polymerase OH

5’CTCGTTTAAG... 3’

CTCGTTTAAGG —@
CTCGTTTAAGGC
CTCGTTTAAGGGT
CTCGTTTAAGGGTA =@
CTCGTTTAAGGGTAT — @
CTCGTTTAAGGGTATG
CTCGTTTAAGGGTATGT
CTCGTTTAAGGGTATGTA
CTCGTTTAAGGGTATGTAA
CTCGTTTAAGGGTATGTAAT

G € I AT @T & A T
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Sequence Chromatogram

A Modified DNA replication reaction

A Dideoxynucleosid&iphosphates
are fluorescently labelled and
terminates DNA extension when
Incorporated

A Resulting DNA fragments are
analyzed and sequences are
determined by fluorescent signal

A Readlength: ~1000bp, highly
accurate

A Poorly parallelizable
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Application: Targeted sequencing

Virus Bacterium Fungus

. i
{ » L
b '
O - -
S

T

11 © 2022 Cardinal Health. All Rights Reserved

Strengths
- Lowest error rate
- Long read length (~1000bp)

Limitations
- Long run time .
-/ FyQi NBaz2t dS YAE

BRLLLLLLLLLLLLLLLLLY 1111
o T \ g GACTAGTCTG
— g‘ 1 > T ,
TTTTT I
|' a

1 Nucleotide 10

A 16S ribosomal RNA
A HIV polymerase gene
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Application: Whole genome sequencing

Strengths
- Lowest error rate

I\.\“" “. UE?:-:.. Transformation CICIF'E' leltath)nS
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e @Eﬁ ' | [ | - Lower amount of data pe
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| f | \ run
v g T X 1oweence 10 o High case per base ($0.5
per kilobasg

Assembled genome sequence
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Next generation sequencing (NGS)

A2005The 454 system, first NGS platform to come to market

A2007lllumina acquired the comparfyolexahat developed

sequencing by synthesis technology and graduate became the
NGS platform market leader to this day -

:

A2007soLi e 2GSY AYGNRRAZOSa aasldz.

market L
A2011L 2y ¢
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Next generation sequencing:

1. Library preparation
Adapter ligation

Fragmentation mmm
.. P T
Eﬂﬂﬂmﬂ -H_',__..-'T-':' m i __'_I__! ™ TITTTITTTIT A__,uml TN

2. Clonal amplification
Emulsion PCR Bridge PCR
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Next generation seqguencing

3. Sequencing and data acquisition

/2 A |

J'

SOLilplatform: The 454 system:
Sequencing by ligation Pyrosequencing
oo
—
3l-I-I-S’ /_mn/. Multiple bases at a time TTTTTTIT GAATTCT - e
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lon Torrent:

Proton detection
sequencing

4., Data analysis and assembly

Contigs (overlapping regions)

Reads cluster 1 l ads cluster 2 l Reads cluster 3

i

Assembled sequence
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cycles

Golan D. and Medvedev P. Bioinformatics 2013
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Application: Targeted NGENGS

Strengths

- Direct from clinical specimen without
requirement of isolation

- Can resolve mixed detections

- High sensitivity

J Selection and enrichment
by PCR or probe

Limitations
ORI AR SRR - Long run time
s Q@@%% - Relatively expensive

Seguencing and

I Library preparation,
alignment

A Microorganism identification
direct from clinical specimen

A Detect viral resistance in clinical
Individual genomic regions sample
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Application: Whole genome NGS

X .- [ s

Strengths

- Relatively inexpensive ($2
10 permegabase

- Relatively quick TAT

Limitations
- Uncultivable organism

© 2022 Cardinal Health. All Rights Reserved

J Sequencing and
alignment

Individual genome

A Novel microorganism
identification

- A Bacterial typing and viral typing

for outbreak investigation

A Antimicrobial resistance and
virulence gene
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Application:MetagenomicdNGS inNG $

One technology for all Library preparation

PN JOIAN PN

PN FNIN g gy FNFN ﬁ“.ﬁ&v
PN l PN
) ' | Strengths
‘ 5 \ B/ >equencing of all - Unbiased detection
' nucleic acids
. . - Detects rare pathogens
l — T e - Relatively quick turnaround
Total nucleic acid extraction . . .
t e l Limitations
- Low sensitivity
; " Pathogen identification ;;}B.I:}él}[&rhé" : :
viruses Bacteria Fungi  viruses Parasites Human ’ analyses tmnsr::;tome - Compllcated reSUIt
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Third generation sequencing

AZOllPacific Biosciences introduces single molecular sequenc :
technology

AZOlZOxfordNanoporetechnologies launches portable system
RNA and DNA sequencing
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Single molecule sequencing

A Single molecules are sequenced. No
requirement of DNA amplification

A Long reads: 10kb, allows for the
resolution of large structural features

protein —.

A Realtime basecalling and data
assessment

Time (seconds)
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Comparison of molecular infectious disease
methods

Realtime PCR Sanger sequencing tNGS MNGS
Prior knowledge of the Yes Yes* Yes* No
target bacteria vs. fungus bacteria vs. fungus
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Comparison of molecular infectious disease
methods

Realtime PCR Sanger sequencing tNGS MNGS
Prior knowledge of the Yes Yes* Yes* No
target bacteria vs. fungus bacteria vs. fungus
Enrichment of the target Yes Yes Yes No
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Comparison of molecular infectious disease
methods

Realtime PCR Sanger sequencing tNGS MNGS
Prior knowledge of the Yes Yes* Yes* No
target bacteria vs. fungus bacteria vs. fungus
Enrichment of the target Yes Yes Yes No
Availability Most clinical labs Most clinical labs Large academic/Reference labs Large academic/Reference lah
Turnaround time <8h <8h 1-7 days 1-7 days
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Comparison of molecular infectious disease

methods

Realtime PCR

Prior knowledge of the Yes

target

Enrichment of the target Yes

Availability Most clinical labs
Turnaround time <8h

Advantage A Quick TAT

A High sensitivity

Example of clinical SA/MRSA PCR

application
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Sanger sequencing
Yes*
bacteria vs. fungus

Yes

Most clinical labs
<8h

A Low error rate
A Longread

tNGS MNGS

Yes* No

bacteria vs. fungus

Yes No

Large academic/Reference labs Large academic/Reference lak
1-7 days 1-7 days

A Highly sensitive A Unbiased pathogen

A Detect a group of pathogen detection

simultaneously

16S rRNA sequencing o UniversalPCR from clinical sample mNG3Pathogen detectiorirom

unknown isolate

clinical sample
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Avallable NGS tests for Infectious Disease

FDAapproved

ASentose5Q HIV Genotyping Assay
0 Targeted NGS technology to detect HIV drug resistance

Emergency Use Authorization (EUA)

A Clear DX SAR®\V2 Test

A llluminaCOVIDSetest

A SARSE0V2 NGS Assay

A UCLASwabSe@OVIBL9 Diagnostic Platform
A Helix COVIR9 NGS Test
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Avallable NGS tests for Infectious Disease
CLIAcertified lab offerings

ARUP Bacterial strain typing Bacterialisolate Diagnostic LDT
HIV drug resistance Blood plasma X
Day Zero Diagnostics epiXactstrain typing Bacterialisolate X Diagnostic LDT
Mayo ClinicLaboratory Broad range bacterial sequencing Normally sterile body X Diagnostic LDT
fluid/tissue
Bacterial strain typing Bacterialisolate X
CMV drug resistance Bloodplasma X
MTBdrug resistance Bacterialisolate X
MicroGerDX gPCR + NGS DXA Varies X Diagnostic LDT
UW Medicine Molecular Microbiology Broad range PCR + NGS (bacteria, fungi, . Tissue, notblood X Diagnostic LDT
body fluids
Bacterial strain typing by WGS Bacterial isolate X
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Avallable NGS tests for Infectious Disease
CLIAcertified lab offerings

ARUP Bacterial strain typing Bacterialisolate Diagnostic LDT
HIV drug resistance Blood plasma X
Day Zero Diagnostics epiXactstrain typing Bacterialisolate X Diagnostic LDT
Mayo ClinicLaboratory Broad range bacterial sequencing Normally sterile body X Diagnostic LDT
fluid/tissue
Bacterial strain typing Bacterial isolate X
CMV drug resistance Bloodplasma X
MTBdrug resistance Bacterial isolate X
MicroGerDX gPCR + NGS DXA Varies X Diagnostic LDT
UW Medicine Molecular Microbiology Broad range PCR + NGS (bacteria, fungi, . Tissue, notblood X Diagnostic LDT
body fluids
Bacterial strain typing by WGS Bacterial isolate X
UCSF MNGSPathogernDx CSF X Diagnostic LDT
Karius TheKariusTest Blood plasma X Diagnostic ,L[H
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Performance of UCSRNGIathogenDxfor
diagnosis of infectious meningitis and encephalitis

Study Design

A Prospective, mulicenter study investigating usefulnessroNG Sof CSF for diagnosis
of meningitis and encephalitis

A Inclusion criteriaidiopathic meningitis, encephalitis, or myelitis without diagnosis at
enrollment

A Referencecomposite reference standard of conventional testing and orthogonal
confirmatory testing omNG3positive only samples
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