Novel Approaches to ID Testing
Using NGS-Based Metagenomics
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Conventional Infectious Disease Testing

Multimodal

Ag Detection
PCR Serology

Culture

L]
) (

n
D )
] OM@RDX
j IJ‘_'i n..h‘-“\'”
) () (a0
\

Y]

) 1)9
)

)
! j'
|

9 NG

)|
'i) I‘

) ()




Conventional Infectious Disease Testing

Complex & Sequential Laboratory Workflows

Samples Media for culture Growth and subbing Susceptibility Typing
Rapid 1-2 days 1-2 days 1-6 weeks
growers ; 1 T 1 10 ' 1
3 [ i | e ] ?
Sterile Blood T >| A = Aerobic bacilli | *===== P rununs >
Yo Vsazt — =]
] e E:
Body fluid TS B | Gramistain £ Staphylococci |smmma=d temmnape
O =
Urine e C ‘ S| BN T 2
. Streptococci  |r=mm=s= L SRLLLLD) o
Pus D B = Fastidi
astidious
— X immmaads tmammale
c
Surface swabs E L el LI
.0 Anaerobic ?
MALDI-TOF |—>| g & : S e e >
Sputum 3 ER= organisms
(7]
A 4 A Az Miscellaneous 7
Contaminated Faeces G e.g. Legionella spp. | "= === =P t=====p
H ‘ Acid fa_st stain > Mycoba_cteria SPP. | e
and Hain test Nocardia spp. All M. tuburculosis
Slow L : I L : |
growers 1-3 weeks 1 week — 3 months

Nat Rev Genet. 2012 Sep;13(9):601-12
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Limited Yield for Many Infectious Syndromes

Current tests often pathogen-specific, combined into panels

I I Encephalitis
Pneumonia Meningitis

Panel ..
| Empirical
" ' | Treatment
10+ Tests

No Pathogen Found

Glaser, CID;43(12):1565

Freifeld, CID;52(4):e56

Murdoch, Arch Intern Med.;169(5):463
Jain, NEJM;373(5):415




Metagenomics — One-Stop Testin

Patient
DNA/RNA Viral DNA/cDNA Libraries
Bacterial —
—
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Pathogens
-Virus X
- Bacterium Y
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NAAT, Targeted Sequencing, Unbiased Metagenomics

NAAT

=)

ATGCATGCATGCATGCATGCATGCATGC
TACGTACGTACGTACGTACGTACGTACG

e

ATGCATGCATGCATGCATGCATGCATGC

Sensitive

Specific

Fast

Can only detect
targeted pathogens

Targeted Sequencing

—

ATGCATGCATGCATGCATGCATGCATGC
TACGTACGTACGTACGTACGTACGTACG

<=

Targeted

ATGCATGCATGCATGCATGCA

* Broader scope

* Hypothesis driven

* Classification limited
due to genetic snapshot

Unbiased Metagenomics

Unbiased

ATGCATGCATGCATGCATGCATGCATGC
TGCATGCATGCATGCATGCATGCATGCA
GCATGCATGCATGCATGCATGCATGCAT
CATGCATGCATGCATGCATGCATGCATG
ATGCATGCATGCATGCATGCATGCATGC
TGCATGCATGCATGCATGCATGCATGCA
GCATGCATGCATGCATGCATGCATGCAT
CATGCATGCATGCATGCATGCATGCATG

* Broadest method

* Hypothesis-free

* Unlimited multiplexing
 All classes of

pathogens
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Why Do | Think This Is Worthwhile?




First Applications: Pathogen Discovery

Three SOT recipients (same donor)
A New Arenavirus in a Cluster
e Feve I, ence p h ad I (@) pat hy of Fatal Transplant-Associated Diseases
* Died 4 to 6 weeks after transplantation T L T T T

Donor
* Cerebral hemorrhage 10 d after travel to rural areas of Eastern Europe
All tests negative
* Bacterial and viral cultures, pathogen-specific PCR’s
* Viral and panmicrobial oligonucleotide microarray
Detected by metagenomic cDNA sequencing

* 454 sequencing (~100,000 total sequences)
 LCMV-like arenavirus (protein level)

Palacios et al., NEJM. 2008 Mar 6;358(10):991-8




From Case Reports
to Analytical Performance and Diagnostic Yield




NP Swabs (n=109)

>95% Positive Agreement with PCR Panel
NP/OP Swabs (Viral Pathogens), RNA-seq & Taxonomer

mm RVP+, RNA-seq/Taxonomer+

PCR Panel (RVP) s RVP+, RNA-seq/Taxonomer-
B8 RVP+, RNA-seg/Taxonomer-, gPCR-

HMPV
l. Positives (n=42) HRV
IIl. Unselected (n=67) IAV
IBV
RNA-seq (HiSeq) PIV-1
| PIV-2
PIV-3
RSV
- 0 5 10 15
—— Count (n=42) Graf ... Schlaberg, JCM. 2016 Apr;54(4):1000-7
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NP Swabs (n=109)

Ty

PCR Panel (RVP)

l. Positives (n=42)
Il. Unselected (n=67)

RNA-seq (HiSeq)

5-10 M reads/specimen

>90% Overall Agreement with PCR Panel
NP/OP Swabs (Viral Pathogens), RNA-seq & Taxonomer

Bl RVP+, RNA-seg/Taxonomer+
Bl RVP-, RNA-seq/Taxonomer#
Bm RVP+, RNA-seq/Taxonomer-

ADV B8 RVP+, RNA-seq/Taxonomer-, qPCR-
HMPV
IAV
PIV-1
PIV-3
HRV
RSV-A
RSV-B
HCoV*
CMv*
HBoV*
EV*
MV*
PIV-4

1 I

0 5 10 15 20 25

Count (n=67)
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Reproducible & Quantitative Results

Reproducibility Sequence Agnostic
i 47% CV
0.1 .0. Human poliovirus 1 Mahoney (NC_002058)
g HRV-B14 (NC_001490)
3 0.015 HRV-A89 (NC_001617)
c 100
§ 16% CV ® Run 1 Strain M (03-2014, L)
g 0.001+ ,
2 ® Run 2 00 Strain C (06-2013, UT)
<
§  0.00014 ® Run3 o6
8 63% CV 100
- P Strain A (12-2013. I
0.00001+ [ 100]
-0;'.— T train F (09-2013, UT) | RVP-Negative
0.000001 Strain J (10-2013, IL)
HMPV HCoV HRV : HRV-C, strain N4, lineage 2 (GQ223227)
100 Strain G (09-2013, PA)
Bacterial Load 1073 . 100 Strain K (12-2013, WA)
H. influenzae 108) o’ g Strain L (03-2014, LA)
o 100 HRV-C08, strain p1031, lineage 3 (JN990702)
105 // .
g /
g 104 L] /,o’
103,
,/' rain U (U3-2013, U
10103 164 165 166 167 165 169 Stra”’] E (07—201 3‘ UT)
CFU per mL 0.2

Graf ... Schlaberg, JCM. 2016 Apr;54(4):1000-7
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CAP of Unknown Etiology: Putative Pathogens in 30%
NP/OP Swabs (Viral Pathogens), RNA-seq & Taxonomer and Panviral Group PCR

OR

HBoV 10.0
Coxsackievirus 9.4
Measles virus 6.6
Polyomavirus 6.6
HRV-A 4.0

ADV 39

C. trachomatis
B-papillomavirus
HSV
Rotavirus
EBV

HPIV-4
HRV-C
Anellovirus
HHVB
Parvovirus B19
HHV7
Echovirus
CMV

HPeV
Cardiovirus
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95%Cl aOR
2.2-46 9.1
0.5-185 51
0.3-140 1.0
03-140 1.3
0.4-39 3.5
0.2-97 0.1
0.2-97 0.5
0.2-97 1.4
0.2-97 4.0
0.2-97 1.0
0.5-15 22
0.2-29 9.3
0.2-29 29
0.9-3.2 1.6
0.5-3.5 1.0
0.1-21 1.0
0.3-2.5 1.2
0.02-11 0.9
0.04-41 05
0.04-41 0.7
0.01-51 08

(DC

CENTERS FOR DISEASE"

CONTROL AND PREVENTION

Positivity Rate

Patients (n=70)

95% CI Controls (n=90)

1.6-103*
0.5-
0.1-
0.1-%
0.2-199
0.0-=
0.0-=
0.0-=
0.1-
0.0-=
0.2-32
0.4-741
0.2-174
0.7-3.5
0.3-3.3
0.0-88
0.3-44
0.0-35
0.0-8.4
0.0-9.7
0.0-10.9

50%

40% 30% 20% 10% 0 10% 20% 30% 40% 50%

Schlaberg et al., J1D;215(9):1407-1415
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Can This Be Implemented In Routine Practice?




Specimen-Dependent Performance (Depletion, Enrichment)

Abundant, Unwanted Host Nucleic Acid




Specimen-Dependent Performance (Depletion, Enrichment)

Analytical sensitivity is variable
* Specimen composition/cellularity
* Sequencing depth
* Genome size

Internal controls to monitor

¢ Pathogen
B Human cells

Normalized Reads

ATGCATGCATGCATGCATGC A |C
Ol memscmcencones S e
A ATGOATGGATECATGEATG A RTGCATOCATECATECATEC
° AT GG BOATSCATOCATOG ° ATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGC [ | ATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGE ATGCATGCATGCATGCATGC
a | FEenciens W s
ATGCATGCATGCATGCATGC A ATCCATGCATCCATCCATCC
[ ] - - r . o [ ] ATGCATGCATGCATGCATGC o
ATGCATGCATGCATGCATGC A G CoATaCATeC
ATGCATGCATGCATGCATGC
u N
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® 5 ATGCATGCATGCATGCATGC A ATCCATGCATOCATECATEC
ATGCATGCATGCATGCATGC
° AT T oSS [ ATGCATGCATGCATGCATGC G N R Yea St M 0) I d
m| e my fetemaene
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Schlaberg R, Chiu CY, Miller S, Procop G, Weinstock G, Arch Pathol Lab Med. 2017 Jun;141(6):776-786
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Contamination Risk (Bacteria), Need for Controls

Reagents contain microbial nucleic acid
* Low DNAYield -> High Contamination Risk

* Highly variable between lots/batches (many reagents, frequent lot changes)

Salter ... Walker, BMC Biol.;12:87
Naccache S ... Chiu CY, J Virol.;87(22):11966-77
Thoendel Patel, J Clin Microbiol. 2017 Mar 29




Contamination Risk (Viruses), Need for Controls

Kit & NA-Yield Dependent Detection

1000+ %)
] o)
o) S
§ y 4
£ 1004 §
-o -
N : T
(4]
g 104 8
®) ] N
< T
£
> o
LRT URT Plasma CSF 0 100 200 300 400

Normalized Viral Reads

Salter ... Walker, BMC Biol.;12:87
Naccache S ... Chiu CY, J Virol.;87(22):11966-77
Thoendel Patel, J Clin Microbiol. 2017 Mar 29
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Laboratory Workflow Complex to QC

Guaranteeing Consistent Performance

* Involves dozens of steps

* Several steps involve >1 kits/reagents

* Some kits involve reagents from different lots

Rapidly-evolving field

* New, improved reagents & protocols

* Performance comparisons can be complex and expensive
* Update testing protocols frequently




Rapid, Accurate Classification Needed

Millions of DNA Sequences Millions of Microbial References

@US500699: 120:HCLVIANOG: 1:11101: 16312: 1035 1:N: 0: TTAGGCNCTACTCT

@¥5500699 | 126:HCLYIAPX: 1111101 12449611038 1:N: 9: TTAGGTHNCTACTCT
TGACTCCAGTEACTTAGGEATC TrEToE

@US500699 1 126:HCLYIAROX: 1:11101: 900111038 1N:0: TIAGGCHNCTACTCT
T v TrCTGCT

N0 T,
@S500699: 120:HCLVIARX £ 3411:1009 1:N:0: TTAGGCTCTACTCT
CAG GAAGCTAGLGE CARGGE
1N 0 T

(@NS300699 : 120:HCLYIARXK: 13 11100: 151411043 1:N:0: TTAGGCTCTACTCT
FGAACTCCAGTCACTTAGGEAT TCTRCT

@US500699 1 128:HCLYIAFXX: 11111001 12418: 1052 1:N: 0: TTAGGCHTCTACTCT

@NSS00699 128:HCLVIAR: 15111015 130203 1052 1:N: 03 TTAGGC+TCTACTCT
TCACT TETCT

1iN:0: T

5500699 126:HCL!

5500690 128:HCL

Image from: PNAS;112(41):12764-9
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User-friendly Data Analysis Solutions Needed

Diagnostic data analysis

—Rapid (minimal impact on TAT) ) Ezz
—Easy to use S 1501
—Consistent performance % 122:
—Validated ol
— Easily updatable and expandable BT S S s s s s

Kraken (Wood, Salzberg; Genome Biol 3;15(3):R46)

SURPI (Naccache, ..., Chiu; Genome Res;24(7):1180-92)
CLARK (Ounit, ..., Leonardi; BMC Genomics;16:236)
Taxonomer (Flygare, ..., Schlaberg; Genome Biol 26;17(1):111)




Moving Away from Sequential Subtraction

FASTQ

Slow
w Disadvantages
* Speed depends on sample composition
!ﬁ TaxID * Misclassification

— Comparison to database subsets
TaxID — Heterogeneous query sequences
— Difficult to define thresholds

TaxID

Unknown




Rapid, Interactive DNA Search Engine (Taxonomer)

Human Fungal
15t Step: Baatial 2"d Step:

Read Binning Databases  Read Classification
Bacterial Viral | uman Reads

ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGCATGC
ATGCAT i

ATGCAT
ATGCAT
ATGCAT
ATGCAT
ATGCAT

Flygare ... Schlaberg; Genome Biol. 2016;17(1):111

A_RUPLAEEII?ATDI'\'IES MNATIOMAL REFERENCE LABORATORY l I H EA LTH
UNIVERSITY OF UTAH



ify)

is (Expl

ics Data Analys

End Metagenom

to-

End

(q0)
i)
Qo)
()
o0
=
O
c
Q
>
O
Q
(Vs

User

iplexing

Demult

)

s

e
e i B

Adapter Trimming, Quality Filtering

Hn

-

G e e e

i
i

i
e
e

L
Gl e e

x

e R PR A

R

"
e e

B e e e

Read Binning, Classification (kmer/Alignment)

g

i

)

i

i

G

g
i

S E e
S
e

L

T

L

idated Cutoffs and Interpretive Rules

R

i

e

e e

i

i
i
SR B L L

i

Ul

Ive

Interact

s

N

Telg!

t

P B

isualiza

Results

S,
HEEa s

Val

e

S

S

s

s

s
L

L L

e

T

T

s
Ll

D
e e )
SR

T

i
L

b

Result Review and Interpretation

1
&

RS

i

AR R R R S R S R R R R R R R

g

g

Documentation, Report Generation

T ——
R

R

SRR R R

UNIVERSITY OF UTAH

AL




End-to-End Metagenomics Data Analysis (Explify)

Accession: 18036109192

Summary: Respiratory pathogens detected

Report Status

° Report Actions
= DI Approved
Run QC Sample QC
Q (2]
Seq Quality 44" Pos Control 4" Neg Control 4" RNA o DNA o
® c2]

1st 2nd MD Notes Organism a Abundance Type Taxonomer Score % Coverage Reads Details Refs
O 0O @ ] Influenza B virus RNA ' o0 l 60% 28,520 g
1st 2nd MD Notes Organism « Abundance Type Taxonomer Score % Coverage Reads Details Refs
—
RNA i 1 or 96% 226,554
(OO -] r Legionella pneumophila -+ o
DNA i | ' 44% 71,846

ist 2nd MD Notes Organism = Abundance Type Taxonomer Score % Coverage Reads Details Refs
O 0 @ " GB virus C RNA I | 63% 2,608 &

Copyright © 2018 IDbyDNA. All rights reserved. Explify Software Platform v1.2.0
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Research vs. Diagnostic Software

Research

L REFERENCE LA

Diagnostic

RunQC Sample QC

Seq Quality 4" Pos Control 4" Neg Control 4" RNA o DNA o

1st 2nd MD Notes Organisma Abundance Type Taxonomer Score % Coverage Reads Details Refs
(] B Influenza B virus RNA ' o ' 60% 28,520 - &
oria
1st 2nd MD Notes Organism Abundance Type  Taxonomer Score % Coverage Reads Details  Refs
RNA '_‘|'m %% 226,554
() ¥ Legionelia pneumophila ++ ' =]
DNA ' | 1 44% 71,846

1st 2nd MD Notes Organism = Abundance Type Taxonomer Score % Coverage Reads Details Refs

]

(] ¥ GBvisC RNA l ' 63% 2,608 -
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Curated, Comprehensive, Balanced Databases

e Curated
- Errors: misclassification

 Comprehensive
- False-negative results if correct match missing
- False-positive results (near neighbor) if correct match missing

e Balanced
- Reduce bias

Periodic updates, re-validation, version control




Curated, Comprehensive, Balanced Databases

Human Genome



A First Diagnostic Test




Considerations Before Making the Leap

Known Pathogens p Discovery

Standardization | y Specimen Variability

Intended Use u-u_d N Last Resort

Confidence ' B Promise

=D O

Resources (Laboratory, Data Analysis)




First Diagnostic Applications, One Experience

Complete, Accurate, Validated = e

I I Relevant TAT = - = __
Cost-Effective =

Actionable




Workflow

'U
@)
Z
@)

Library Prep

Extract Sequence
I .

Spike IC

Vi

II|IIIIII
IIIIIIIII

Analyze
Review

Report
Interface

AR[P

Go-0ra




Simplifying Diagnostic Workflows

P nayis > Report 3

Validated
e Databases

. ‘ o éfll Elf B 4 fai ) g
- ¢ A I go rlt h ms Classification Rev|ew QC/QA l
N * Cutoffs —

ARjP |

Workflow Manager

Wet Bench Workflow Analysis & Reporting

awp .
x_- nwwm

Nlknmn soaq ‘r




Validation

200+ validated pathogens
* Viral, bacterial, fungal

Patient Specimens
* Comparison to conventional tests
 Validation of testing system

1000+ Virtual Specimens
* Pathogens and near-neighbors
* Databases, algorithms, cutoffs

QC Metrics

* Run-level
* Specimen-level

Billion bases (Gb)

5x10"+
4x10™
3x10'
2x10'

1x10"

%o
0,0
%
o 0080p00°
OOOOOO O chO
o o] o 530000
000°9° " _s0 00
[e) 00 00 o0
00 Odjc)ooooo 0.0
————

r300

200

~100

100+
90+
80
70
60

% 50+
40+
30
20
104

Total Run Yield

Cluster Density

% PF Bases 2Q30  phiX Error

Clusters/um?

%

B

Base Pairs

O

Normalized Reads

Specimen-Level

600 o £108
(o]
[e]¢] o
0050%88850008 L107
4001 < .
OOOOoogOO £10
_O_OC_PQOJ;OQ - 5
° ° £10
200+ % °
° oe0 -10¢
- - 108
Library Size Read Count
107
108
10°
104
103
102
10°

100

Virus GPC

Schlaberg R, Chiu CY, Miller S, Procop G, Weinstock G, Arch Pathol Lab Med. 2017 Jun;141(6):776-786
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Validation: Generating Sequencing Reads v’ Sensitivity

External Controls
Internal Controls

Specimens
Pos. Neg.

| N iqd Py ]

..°>.0 ° ..>
'l .’l [ |

HYE. ..>

(A Specificity
[ Accuracy
v Reproducibility
v/ Stability
Wet Lab a N Analysis [
Sequencing QC Databases
Specimen QC Algorithms

Repeat Algorithms Cutoffs




Specimens

|
m¥

} []
Lt

[
>

Data
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x10s
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TG oo R
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1
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CATGCATGCATGC
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ATG ATGCA GCATGCATGC
G AT GCATGCATGC
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ATGCATGCATGCATGCATGC
GCATGCATGC

ATGCA

Validation: Accurate Classification

Pathogens
Near neighbors
Commensals

v’ Sensitivity

v’ Specificity

v/ Accuracy

v/ Reproducibility
v  Stability

Contaminants

Virtual
Matrix
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Virtual
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Diagnostic Yield @'l

The Children’s Hospital

Immunocompromised Children with PNA (ICU) of Philadelphia’

Table 1. Underlying Conditions

Condition _______________________n_____|%

Bone marrow transplantation 17 42
Solid organ transplantation 11 27
Primary immunodeficiency 7 17
Chemotherapy 6 15
High dose steroid therapy 2 5

Table 2. Radiographic Findings

Condition %

Diffuse opacities [with consolidation] 28 [7] 68 [17]
Nodules 6 15
Pleural effusions 6 15
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Diagnostic Yield

Immunocompromised Children with PNA (ICU)

A
Explify™ Respiratory Results
60% Viral
Fungal
B Bacterial

40% A
20% -
0% -

Positive Invalid
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Bacteria

Parainfluenza virus
Human Bocavirus
Rhinovirus

Pneumocystis
Mucor
Fusarium

Staph. aureus
Strep. pneumoniae
S. maltophilia

GH

The Children’s Hospital
of Philadelphia”

B
Number of Pathogens/Case
100% A m 4
m 2
80% A 1
60% -
40% A
20% A
0%

Graf ... Schlaberg, manuscript in preparation
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Other Applications




Unexpected Pathogens in PJI

52-year-old man with chronic right knee prosthetic joint infection

* Swelling, drainage from multiple sinus tracts 6 mo after the TKA

* Mycoplasma salivarium by unbiased DNA sequencing

A. Knee pain, 6 weeks IV
stiffness, Referral to antibiotics
swelling, and Multiple Mayo Clinic R knee R knee
R knee sinus tract ~ courses of oral for arthroplasty arthroplasty Sinus tract
arthroplasty development  antibiotics evaluation resection reimplantation development
Nov April 2014 Ju]y[ Feb April ] July [ ‘ April
2012 2013 - 2015 2016 2016 2016 2017

Synovial fluid:
28 756 cells/mm?
(93% PMNSs),
cultures negative.
ESR: 53
CRP: 71.6

Synovial fluid:

2 288 cells/mm? (80%
PMNs), cultures
negative. PCR for M.
hominis negative.
ESR: 40
CRP: 93.5

ESR: 44  Mectagenomic
CRP: 51.3 analysis of Feb
2016 sonicate
{luid positive for

Synovial fluid:
11 596 cells/mm’
(94% PMNs).
168 rRNA gene
PCR/sequencing
positive
for M. salivarium

M. salivarium

Thoendel, ..., Patel R; Clin Infect Dis. 2017 Jul 15;65(2):332-335

# HEALTH

ARUPLAE-DI?ATC‘JRIES ‘ MNATIOMAL REFERENCE LABORATORY

UNIVERSITY OF UTAH



Serum, RNA-seq & Taxonomer

ldentification of ZIKV (Only) in Fatal Case

ZIKV strain P6-740, Malaysia (KX377336)

93

Viral Sequences

|dentified as ZIKV

1.5% Viral

B Viral
B Human

NS2A NS2B NS4A 2k

T N | I I I T
KX446951 — —

KX446950 I

I Mon-Synonymous Change I Synonymous Change
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ZIKV strain tc/PHL/2012/CPC-0740, Philippines (KUB81082)

ZIKV strain te/KHM/2010/FS513025, Cambodia (KU955593)

ZIKV strain tc/THA/2014/5V0127- 14, Thailand (KUE81081)
10| ZIKV strain Zhejiang04, China (KX117076)
i ZIKV strain ZKC2/2016, China (KX253996)
ZIKV strain ZJ03, China (KU820899)
r ZIKV strain PF13/251013-18, French Polynesia (KX369547)
—— ZIKV strain Natal RGN, Brazil (KU527068)
— ZIKV strain Paraiba_01, Brazil (KX280026)
ZIKV strain Brazil-ZKV2015, Brazil (KU497555)
10) ZIKY strain MEX/INDRE/Sm/2016, Mexico (KU922960)
ZIKV strain MEX/INRDRE/Lm/2016, Mexico (KU922923)
ZIKV strain PAN/BEI-259634_\4/2016, Panama (KX198135)
o ZIKV strain PAN/CDC-259364_V1-V2/2015, Panama (KX156776)
ZIKV strain PAN/CDC-259249_V1-V3/2015, Panama (KX156775)
o ZIKV strain PAN/CDC-258359_V1-V3/2015, Panama (KX156774)
1o ZIKV strain COL/UF-1/2016, Colombia (KX247646)
ZIKV strain COL/FLR/2015, Colombia (KX087102)
ZIKV strain Rio-U1, Brazil (KU926309)

o5

=3

ZIKV strain 103451, Honduras (KX262887)
ZIKV strain FB-GWUH-2016, USA (KU8706845)
Index Patient
53— ZIKV strain Aedes.sp/MEX/MEX_I-7/2016, Mexico (KX446951)
ZIKV strain Aedes.sp/MEX/MEX_2-81/2016, Mexico (KX446950)
— ZIKV strain SSABR1, Brazil (KU707826)
wor ZIKV strain GZ01, China (KU820898)
ZIKV strain GD01, China (KU740184)
10| ZIKV strain PRIPRVABCS8/2015, Puerto Rico (KX087101)
100 ZIKV strain PRVABC-58, Puerto Rico (KX377337)
ZIKV strain PRVABCS59, Puerto Rico (KU501215)
———— ZIKV strain VE_Ganxian, China (KU744693)
— ZIKV strain Haiti/1/2016, USA (KX051563)
— ZIKV strain PE243/2015, Brazil (KX197192)
- ZIKV strain ZikaSPH2015, Brazil (KU321639)
ZIKV strain 1225/2014, Haiti (KU509998)
64 ZIKV strain Rio-S1, Brazil (KU926310)
100; ZIKV strain Dominican Republic/2016/PD2, Italy (KU853013)
ZIKV strain Dominican Republic/2016/PD1, Italy (KU853012)

[ )

=

Swaminathan, Schlaberg, et al. September 28, 2016, NEJIM

# HEALTH

UNIVERSITY OF UTAH




Gestational Psittacosis, Neonatal Death

e 32-year-old pregnant female (16 weeks gestation)

Persistent fever, neck pain, headache, nausea

Normal WBC, left shift, thrombocytopenia

Extensive workup without etiologic diagnosis

Pre-term labor at 21 weeks gestation
* Acute chorioamnionitis
e Congenital pneumonia

Chlamydia psittaci by RNA-seq

Paul, ..., Schlaberg, Submitted
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Other Infectious Syndromes

Organ System Pathogen (Examples)
CNS

Progressive encephalitis Variegated squirrel bornavirus 1

Ocular Chronic uveitis Rubella virus
Bloodstream Fever of unknown origin  Parvovirus B19, P. falciparum, ...

CEE e ICEEIMN Diarrhea Clostridium difficile, ...

Simner et al., CID;66(5):778-788
Shigeyasu et al., J Infect Chemother. 2018 Jan 20. pii: $1341-321X(17)30320-3
Grumaz et al., Genome Med. 2016 Jul 1;8(1):73
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Getting Closer to A Single-Test Alternative

Monitoring Oseltamivir Resistance, 3-Year-Old Immunocompromised Child

A B C->T (H275Y)

Oseltamivir Zanamivir "

CAGUCGAAAUGAAAGCCCCUAAUUAUUACUAUGAGGAAUGCUCCUGUUACCCUGAUUC
lllllllllllllllllllllllllllllllllll'”lllllllllllllll’} Y

107 CAGTCGAAATGAAAGCCCCTAATTATHACTATGAGGAATGCTCCTGTTACCCTGATTC
97 2% - 275Y CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC!

) CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC

275H CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEMACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEMACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC!
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATCACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATHACTATGAGGAATGCTCCTGTTACCCTGATTC

\\ CAGTCGAAATGAAAGCCCCTAATTATHMACTATGAGGAATGCTCCTGTTACCCTGATTC!
\ CAGTCGAAATGAAAGCCCCTAATTATHMACTATGAGGAATGCTCCTGTTACCCTGATTC!
\ CAGTCGAAATGAAAGCCCCTAATTATHACTATGAGGAATGCTCCTGTTACCCTGATTC!

\ CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEMACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATHACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEHACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC
CAGTCGAAATGAAAGCCCCTAATTATHACTATGAGGAATGCTCCTGTTACCCTGATTC
101 CAGTCGAAATGAAAGCCCCTAATTATEACTATGAGGAATGCTCCTGTTACCCTGATTC

D1 D2 D3 D4 DS D6 D7 Schlaberg R et al. Unpublished

-
o
o
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Much More Information than Pathogen Detection

— Presence/Absence of pathogen

Quantification
Drug resistance

Epidemiologic typing

Host-based diagnostics




Identification , Quantification, AMR
| l 1
Automated Rapid Sequencing Rapid, Automated
Sample & Library Prep Flexible Batch Size Data Analysis

Various )

@l ac
1]
‘ -

Al Pathogen 1
Al Pathogen 2

N

L\

Reagents & Consumables Reagents Validated
 DNA/RNA-free e Consistent performance e Databases
* Closed system e Stable reagents e Algorithms

* Few lot changes e Cutoffs




Sequencing-based, real-time, global pathogen surveillance

Mapping disease emergence factors Collection of

epidemiological
data

L4

Dy Hotspot identification

Sequencing Deployment of l

Pathogen e ® Cost additional resources -
* Genome size * Partability s Local surveillance

* Sequencer performance
* Depth of coverage (Collection and sequencing of pathogen samples)
e 4
®
Processing ; u ; E
* Extraction efficiency . - Domestic Sentinel .
o Physical enrichment Environment Wildlife o population Patients
* Library preparation "
* Contamination Informatics T !
* Computer power
*® Internet connection X —
o Bofarence databiases Rapid-response activation
¢ Closely related species S Full genomic work-up of «<——— Pathogen signal
® Pipeline performance gctiarn: individual samples
Host Sample « Confidence thresholds * Interpretable report
* Phase of infection | | ® Sample type ® Clear clinical or
* Pathogen titres ¢ Preservation epidemiological action Deposition in publicly

accessible databases

Gardy & Lorman; Nat Rev Genet. 2018 Jan;19(1):9-20
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Metagenomics In Routine Diagnostic Practice

Advantages
* Does not rely on differential diagnoses, ‘unbiased’ to get rid of ‘hypothesis-free’
 Resistant to genetic variation, suitable for discovery
* Detection of multiple microorganisms
* Does not rely on viability
* Workflow
Challenges
* Technologies need to become faster, easier to use, cheaper
* Specimen composition affecting performance
* Complex to validate and maintain
* Skills & resources often not available in microbiology laboratories

Allcock et al. J Clin Microbiol. 2017 Nov;55(11):3175-3182




Human Genetics Pediatric Infectious Diseases Pathology

Brett Kennedy Chris Stockmann Kim Hanson
Mark Yandell Carrie Byington Marc Couturier
ARUP Lab . Anne Blaschke Maria Pletnikova
aboratories Krow Ampofo Meghan Driscoll
Keith Simmon Neurolo
Karl Voelkerding Biomedical Informatics Stacey Clardy
SEQID Karen Eilbeck Viren Patel
Brandy Serrano
Amy Cockerham CHOP 10 @-I
. . Erin Graf a0 -
Jennle StanChfIE|d = 9\ The Children’s Hospital
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CDC, Viral Diseases HENS BILLeMELINDA
Infectious Diseases Seema Jain — GATES foundation

USTAR Center for
Cenetic Discovery
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Questions?

robert.schlaberg@aruplab.com




