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National Center for Emerging and Zoonotic Infectious Diseases |-

Laboratory Update: WGS/Metagenomics

J WGS implementation

1 Associated tools and databases
J What is changing/not changing?

- Future of clinical diagnostics
] Metagenomics development



PulseNet Sequencing Capacity — April 2018

Certified labs
= 51 local labs in

45 states
= 5 federal labs

* FoodNet or FoodCore

[ Has sequencer but not certified
[ PulseNet certified

@® OutbreakNet Enhanced
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PulseNet Isolates by PFGE and WGS
1996-2017

Genomes*: 74,744

*as of June 13, 2018

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

[ Total Isolates, PFGE W WGS




National Investigations
(30 — 60 clusters monitored per week)

Outbreak Response Team Weekly Unit Meeting
Active Clusters
All data are considered preliminary and subject fo change. Document noi for distribution.

Monday, August 05, 2013

Outbreak Lastwkon #Wks Isolate Etiologic “‘“‘ Total Last PNLL  py clugter # PFGE
Log  RLHH.

IS FU  dates Em. mew  request PN patiern_in rop$ Epiconfact Surv Epi Priority  Commenty
PATHOGEN: E. coll (n=2 ) S
20130117 0710 7 0502013 E. coll 12 2 0728 130BMAEXH-A  Nguyen  Nguyen  Hypoth Cluster of KY cases repored at
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071213 O167:H7 EXFXO1 0530 & (s e WA rncnant o o
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PATHOGEN: Listeria (n=4 )
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Clusters (Pre-WGS)

State and Local Investigations
~ 1,500 per year




Cost-Benefit Study (Pre-WGS)

An Economic Evaluation of PulseNet
A Network for Foodborne Disease Surveillance

Robert L. Scharff, PhD, JD,* John Besser, PhD,? Donald J. Sharp, MD,? Timothy F. Jones, MD,>
Peter Gerner-Smidt DMS, MD,” Craig W. Hedberg, PhD"

The PulseNet surveillance system is a muleu]llr subl\ pms, nel\vurk ol pllbhk. heallh and food
regulatory agency laboratories designed to ide S i
outbreaks. This study estimates health an

Each year, an estimated.....
« 270,000 cases are prevented
« $507,000,000 saved




Collaborative Nation-Wide Real-time Listeria monocytogenes WGS s
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Pilot Study: 2013 - 2016

OPFGE (1-year pre-WGS) @ 3-Year average WGS
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No. of clusters No. of clusters$ No. of Median no. of
detected detected sooner outbreaks cases per
or only by WG solved (food| cluster
source
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linked to
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PulseNet Cases (Human): U.S.*

Listeriosis 800
Shiga toxm-producmg E. coli 5 000
disease
Salmonellosis 42,000

*laboratory confirmed, approximate



Minnesota ETEC Study

Enteric Pathogens Reported in 2016 by Clinical

Laboratories that Started Using BioFire Prior to -
R ; 3 5% most common enteric
Pathogen # Reported % of Total pathogen reported
Campylobacter 231 27.4 (1 36% of cases traveled
EAEC 175 20.7 (640/0 dld nOt!)

Salmonella 108 12.8

STEC (0157 and

non-0157) 99 11.7

ETEC 73 8.7

EPEC 61 7.2

Shigella 59 7.0

Yersinia 25 3.0

Vibrio 13 1.5

Total 844 100



WGS analysis workflow in PulseNet Labs: BioNumerics

Public Health databases

Database managers

and end users
Q ‘( Sequencing

i lic
. Genus/species | 7-gene MLST ST closed to the puP
— Serotype cgMLST Allelic profile //c e
Pathotype wgMLST Allele Code public pomain
Virulence Plasmid profile
/ Resistance (SNPs on demand) TITTTY §
" AR
~ — -
\f E Calculation Engine: _
Temporary storage, External storage
§ . QA/QC NCBI, ENA
Reference ID and Allele ’ T”m“?'”g QC checked raw sequence
Databases * Mapping data submitted to NCBI
- Species name + de novo as§embly
. Allele names, * SNP detection

 Allele code (strain names)

- allele detection



Names to be uploaded to SEDRIC

Listeria
Nomenclature
“allele code”

LMO1.0-5.
LMO1.0 - 5.

LMO1.0 - 5.
LMO1.0 - 5.

71 Alleles 51 Allel

N\

LMO1.0 -5 . |

2 5]-indistingu
2.5

Organism 5
version

Found Clusters

Sirnilarity Profile:
WGST Tier:  [1,1.1.1

Options
[ Include non-human sources

[ Include historical isolates

Include unsatisfactory name files

Minimum cluster size

Cluster Size: | 3

Past Days to Check:

Days: | |1?_CI

Select | 321.1.1-3
[ 156.1.1.3-3
0 1w11.24-3
[ 51.2.253-4
[ 51.21.14-5
O] 26.1.1.1-8
[ 43.223-3
[ 51.21.23-8
] 14159-3

| Recalculate

— distant




Metrics for Pathotype Detection in BioNumerics

Pathotype
Abbreviation

E. coli pathotype

Present
Genetic
markers

Gene combination

Gene notes

. Shigella or ipaH, ipaD, or . .
Shigella/EIEC Enteroinvasive icsA (VifG) One or more of these Invasion plasmids
Shiga toxin - . . .
STEC (EHEC) producing stx1 or stx2 any Shiga toxin-encoding genes
_ aaiC, aggR or aafA,: aatA Gene encoding secreted protein of EA_EC
. aaiC, aggR, (Chromosome), regulator gene (plasmid),
EAEC Enteroaggregative must also have one of the . .
aatA, aafA mediated adherance, Aggregative adherence
other three present - .
fimbriae (plasmid)
ETEC Enterotoxigenic Cfa, est, eltA Use gene names in colonization factors,_ Heat _stable toxin, Heat-
Database labile toxin
. eae plus one of the other | intimin, hemolysin, plasmid encoded EPEC
EPEC Enteropathogenic |eae, ehyl, pEAF two Adherence factor
DAEC Diffusely adherent afaC afimbrial adhesin

*Two pathotypes that can be reported out as a hybrid pathotype
(STEC/EAEC) if genes from both pathotype are present.




Virulence/Serotype Detection in BioNumerics

@ Comparison H

File Edit Layout Groups Clustering Statistics Fingerprints  Characters)

: resistance

# _]L‘ wgs

C _]J wgMLST

| 2 quany

JL‘ wgs_TrimmedStats

C _]J wgMLST_CallTypes
’-'l_" ﬂ virulence

L _]ﬂ resistance

_‘J ﬂ plasmids

BC-3606
UEL 182368
yC-3357
C-3987
BC-3256

Predicted pathotype) (Predicted serotype ) WGES id

EAEC
EIEC/Shigella
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC

0104:H4
O124/0164:H30
O145:H34
O5FHT
O103:H25
O145:H34
O145:H34
0111:Ha
C15fHF
O119:
O3 HF
C109:H21
0111:H&

2012C-3196
2015C-4874
2014C-3185
2017C-3356
2014C-3318
2012C-36590
2015C-4188
2012C-35964
2009C-3606
2012EL-18236
2017C-3357
2011C-35987
2013C-3256




Genotype-Phenotype Concordance for Salmonella,

all drugs tested

Phenotype
Resistant Not resistant
)
E; PR 1478 48
=
] NPR 127 31443
O
Measure Value (%)
Sensitivity 92.1
Specificity 99.9
Positive Predictive Value 96.9
Negative Predictive Value 99.6
Kappa coefficient 0.94 (very

good)

15



Predicted resistance

Example: Sa/monella ser. Newport, routine surveillance 2005

Genotype Phenotype
— Ampicillin
Amoxicillin/
clavulanic acid
bla —— Cefoxitin
Ceftriaxone
—— Ceftiofur
aph(3)-Ia > Kanamycin
aac(3)-Via > Gentamicin
aadA2, strAB —> Streptomycin
floR —> Chloramphenicol
sull, sul? > Sulfisoxazole
dffA12, sull, su/}-t Trimethoprim/
sulphamethoxazole
tetA —> Tetracycline
> Cipro intermediate/Nalidixic acid

gyrA83




Sequence

(

Users upload raw sequence
data using Bionumerics
Software. Calculation
engine determines

/N A

Analy.

resistance genes and Qi“e;
mutational resistance IS : :
using Resfinder plug-in. ata

[
D

R genes fa
R genes and predicted isolates (it
resistance back to states tested phe
through NARMS and NARMS Ap
Bionumerics Unit reviey

assigns pr

NARMS Now: Human Data

CDC > NARMS > NARMS Nove: Human Dsta

‘Welcome to NARMS Now: Human Data, an interactive tool from CDC that contains antibiotic resistance data from bacteria isolated from humans as part of the National Antimicrobial Resistance
Monitoring System (MARMS). More

Selectaview: Dashboard Tabular

Search Options

Bacteria Saimonefla  [v] | Serotype Heidelberg [v| | Amtibiotic ceftrianone [v] | From 1996[v| Te 2015)v]
States Al v
Resistance By State Display: JUENEEIET| Resistance by Year Disp\ay:
2015° 250
400
350
-]

300

& 2
’ 150
100
50
0.0

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

Percentage
B
8
s

|
Hoto partisipatingsiote 3] Moisalsiestested 0% Bercernge fesistert: 100% feor
——
Persarageresitam 95% configenosinterusl ()
Quick Stats (based on current search) Download
1671  Toual SafmonelisHeidelberg isolates tested @Mﬂﬂmmmmwﬁamh'
129  Total resistant to cefiriaxone [38] Download all NARMS Mow dats *
Please read this disclaimer before using these data. @WMMMMM

[ Datadict

* Note: Downloadable isolate-level data are not available from all states.

Last update: 04/29/2018.

Please read this disclaimer before using these data.

1CpuI WO



CDC-NARMS routine surveillance testing

State Public
e Health Lab

AST

A o o o o O _ &performed E
! 1in 20

—~—— + 5% of isolates have
qg phenotypic antimicrobial
susceptibility data

» 950/ of isolates have no
susceptibility data

060080666@



CDC-NARMS routine surveillance testing and WGS

State Public
Health Lab

isolates

shipped /' 1000/ of
to CDC isolates

— undergo
qg WGS and
screened for
resistance

genes

5% of isolates have
phenotypic antimicrobial
susceptibility data

+ predicted

resistance from genes

959, of isolates
have predicted
resistance from
genes



CDC & FDA AR Isolate Bank:
Sharing Bacteria and Data to Support Drug, Diagnostic Development

Isolates obtained from Isolates and resistance Data used to inform
outbreaks and data shared with antibiotic and diagnostic test
surveillance programs. researchers. development

Current inventory: 228 isolates in 5 panels



Reference Characterization by WGS:
'‘One Shot’ Characterization Of STEC

5 _/@ DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Centers for Disease Control
and Prevention (CDC)
Atlanta GA 30333

Genus/Species: Escherichia col
Serotype: 0104:H4
Pathotype: Shiga toxin-producing and enteroaggregative £. coli (STEC/EAEC)

Virulence profile: six2a, aggR, aggA, sigA, sepA, pic, aatA, aaiC, aap

Sequence Type: ST678
wgMLST code: 102.45.26.35.3

Antimicrobial resistance genes: b/a,z.,, bla ry..,5 StAB, sul2, tet(A)A, dffA7

Predicted resistance: ampicillin, ceftriaxone, streptomycin, sufoxizone,
tetracycline, trimethoprim




Prospective WGS Impacts

[ More clusters detected (and ruled out)

J More outbreaks solved with fewer cases

However....
[ More data to handle, evaluate, and store
[ More clusters to investigate

[ More workforce development



WGS: New Concerns

J WGS turnaround time issues s (£
 Culture-independent diagnostic testing (CIDT)

J Interpretation concerns
o Confusion about the meaning of a "match” or "mis-match”
o No “absolute” cutoff values (SNPs or allele)

) Cluster triage

J Food industry concerns
o No “statute-of-limitations” on liability
o No precise definition of “outbreak”



Trends in the Cost of FBD Surveillance
) PFGE

] Reference testingl
1 WGS and data systems

1 Reflex culture

] Epidemiology capacity



Turnaround Time

JRight-sized sequencing kits

JReduce/eliminate batching by harmonlz'atlon

of protocols
= Norovirus (CaliciNet)
= Cryptosporidium spp. (CryptoNet)
= Cyclospora cayetanensis
= Hospital-acquired infections
= Legionella pneumophila
= Neisseria gonorrhoeae



WGS Advanced Analytical Tool Development
(Proposed)

1 Basic clustering tools
o Integration in Bionumerics
o Include resistance and virulence data in output
o New clustering mathematics?

1 Anomaly detection tool
o Integrate metadata into cluster analysis

- Source prediction tool
o Sequence historical isolates with known vehicles
o Apply machine learning methods



Coordination

U.S. Federal Agencies

Global Partners

« PulseNet USA
« Genome TrakR
¢ Gen-FS

* PulseNet International

 Global Microbial Identifier U.S. State and Local

Partners




PulseNet International: Global Vision

Eurosurveillance, Volume 22, Issue 23, 08 June 2017

Review
PULSENET INTERNATIONAL: VISION FOR THE IMPLEMENTATION OF WHOLE GENOME
SEQUENCING (WGS) FOR GLOBAL FOOD-BORNE DISEASE SURVEILLANCE

C Nadon ' 2, | Van Walle 2% , P Gerner-Smidt * , J Campos “ , | Chinen ° , J Concepcion-Acevedo  , B Gilpin & , AM
Smith 7, KM Kam ® , E Perez ? , E Trees ¢ , K Kubota '7 , J Takkinen ? , EM Nielsen '' , H Carleton 4 , FWD-NEXT Expert
Panel '

+ Author affiliations

. Public Health Agency of Canada, National Microbiology Laboratory, Canada

. These authors contributed equally to this work

. European Centre for Disease Prevention and Control (ECDC), Stockholm, Sweden

. Centers for Disease Control and Prevention, United States

. National Institute of Infectious Diseases “Dr Carlos G. Malbran”, Argentina

. Institute of Environmental Science and Research Limited; Christchurch, New Zealand
. National Institute for Communicable Diseases, South Africa

. Chinese University of Hong Kong, Hong Kong Special Adminstrative Region, China

. Pan American Health Organization/World Health Organization, Washington, DC, United States
10. Association of Public Health Laboratories, United States

11. Statens Serum Institut, Denmark

12. The members of the FWD-NEXT Expert Panel are listed at the end of the article
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SG 21

e PFGE = WGS: what has NOT changed?
L i
il

Subtyping methods work by grouping
together cases most likely to share an Yes

Yes
common exposure (such as a food)

“Matches” between cases and

food/environmental isolates provides a Yes* Yes*
hypothesis (but not “proof”) for investigators

The historical database is routinely
: “ " Yes Yes
examined for “matches” to current clusters

*Other data such as epidemiological and trace-back information are needed



PFGE = WGS: what is DIFFERENT? (1)

High for some
Specificity organisms, low High
for others

Our ability to evaluate the

\\ n = LOW High
closeness” of strains

Nature of the data Categorical® Continuous

*i.e. patterns are either indistinguishable or not



Current CDC “"Rule-of-thumb” cutoffs

Listeria monocytogenes <20 alleles (<30 “watch”)
Salmonella / STEC; Suspected foodborne <10 alleles or SNPs
Salmonella / STEC; Suspected zoonotic < 20 alleles or SNPs
Caveats

1 “Absolute” cutoff values not possible

J Combining epidemiology, microbiology, and trace-back
data is the best accurate way of “defining” clusters.



Whole Genome Multilocus

Resistance

Pet Store Puppies Linked To
Campylobacter Outbreak In People

(,0) Puppy Isolate
L Human Isolate

Predicted Resistant
ﬂ Predicted Susceptible
PFGE Not Performed %
PFGE Pattern A | |
PFGE Pattern B

PFGE Pattern C
PFGE Pattern D

~B00 00
—45000
—{0000

PFGE Pattern F I
PFGE Pattern G

Percent S|m§rity

83 84 85 86 87 88 89 90 91 92 93 94 95 95 97 98 99 10

0-59 Alleles Different

0-282 Alleles Different

Antimicrobial
Susceptibility Testing

D Predicted Susceptible,
Phenotypic Resistant

35000
—25000
—18000
—15000

| —
— —300 00
—
-_—
S —120 00

s —
e, W—

E— | = T

OONTOTUTUUTUUTUUTUNONTUUUUUNTUUUUNTUTUNUTOTUUNNTUTO

OWGS ID#

SZZ.

CZNzZZ

(
VNI N 2222100~ LI LILI LD G G) =0 —U2 % NI = NI O = NI TG W N =2 (0 —- U I I U) — NI — ) = D= = OO

01
F. 49
01
44
74
0
7
8
4
N 34
N 84
N 14
F. 1
N
01
= 0
F 0
PN 9
PN 59
201

—(000  UINB=O00ND—00MNLII0O~

.
O

U000 UINOOAD—NNOO =
= -

5 T RRREREE.

<
.
e
v

equence Typing, PFGE, and Antimicrobial

Clade 1
0-30 Alleles Different

_|Clade 2

0-21 Alleles Different

LIClade 3

0-32 Alleles Different




Single Outbreaks May Involve Multiple Strains, Serotypes, Even Species
L

8(;51115;/ :
3K-1635
289 2

212K-1747

2012-2013 Salmonellaserovar Heidelberg
multistate outbreak associated with
chicken from manufacturer X

c. §012K-1550
PFGE patterns 87| o.oTo0R1aK-1258
. 0>00‘0 043862012}/ 1256
Pattern 122 84| I e
5.0 n‘?_ 012K-1254
. Pattern 672 84| p.gz7o80 13K-1633 |
A 2012K-1315"*
0.001707 0 07858
B rattemss 95| 10§ 2013K- 1649
T
B rattern22 0.f139 04630 —=2013k-1650 | 21 SNPs
87 190,520,/ 3K-0982
. Pattern 326 o_T’ 2‘_&%?0.06016 &‘?13K-1636
O 291501361 7-60 SNPs
FRARSEXEE .oaest DT
[ n nenae -~ -JJoJd
. Pattern 258 73[ 0.06983

0.00B07 19&_ E17£BO13K_1638
0.08289 013K-1639 19 SNPs

0.0336

0.11613

** Chicken from manufacturer
X
*¥* Clinical isolate from 2011 T

2013K0573 6-35 SNPs
LRI
2013K-0574




Ice. cxeam-Assoaated Listeriosis

Median [mir

r

max| allele differences at node

i

¥ < i

£

8 cde_id

Patterns in OB (11)

GX6A16.0336/GX6A12.1840 (3b)

GX6A16.0061/GX6A12.0026 (1/2b)

GX6A16.0026/GX6A12.0227 (1/2b)

GX6A16.0336/GX6A12.2255 (3b)

GX6A16.0020/GX6A12.0227 (1/2b)

GX6A16.0026/GX6A12.0489 (1/2b)

GX6A16.0061/GX6A12.2551 (1/2b)

11[0-20)

GX6A16.0617/GX6A12.1840 (3b)

GX6A16.0026/GX6A12.0077 (1/2b)

GX6A16.0282/GX6A12.0355 (1/2a)*

GX6A16.0061/GX6A12.1512 (1/2b)

PFGE Data

24{0-256)

WGS Data

R

|

1{0-2)

1

3{0-14)}

2014L.6727
201506049

2014L-6083

2014L-8129

20112417
201112484
2014L-6578

PFGEAscl-pattern
GX8A16.0081
GX6A16.0061
GX6A16.0061
GX6A16.0026
GX6A16.0026
GXEA16.0026
GXEA160026
GX6A16 0061
GX6A16.0061
GX6A16.0026
GXEA16.0026
GX6A16.0026
GX6A16.0061
GX6A16 0051
GX6A16.0061
GX6A16 0026
GX6A16.0026
GXEA16 0020
GX6A16.0020
GX6A16.0020
GX6A16.0020
GX6A16 0020

GX6A160336
GXEA16.0336
GX6A16.0336

PFGEApalpattern Outbreak

GX6A122551
GX6A12 2551
GX6A122561
GX6A120459
GX6A120439
GX6A120077
GX6A120077
GX6A12 1512
GX6A12 0026
GX8A120227
GX6A120227
GX6A120227
GXBA12 0026
GX6A120026
GX6A12 0026
GXBA120227
GX6A120227
GX8A12027
GX6A120227
GX6A120227
GX6A120227
GX6A120227

GX6A12 1840
GXBA12 1840
GX6A12 1840

1502KSGX6-1
15RKSGX6-1
15RKSGXE-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
15(R2KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX61
15@KSGX6-1
1502KSGX6-1
1502KSGX6-1
15(2KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1

1502KSGX6-1

Serotype
ot typed
ot typed
ot typeds
not typed
not typed
not typed
not typed
ot typedt
nottyped
120

720

ot typed
not typea
170

not typed
not typed
not typed
1

ot typed
not typed
not typed
not typed

888



Icew,cxeam-Assoaated Listeriosis

Median > diffe
, N = 8 8 cde_id PFGE-Asclpattern PFGEApalpattern Outbreak Serotype
1 : X L I

Patterns in OB (11)
GX6A16.0336/GX6A12.1840 (3b) F |
GX6A16.0061/GX6A12.0026 (1/2b)
GX6A16.0026/GX6A12.0227 (1/2b)
GX6A16.0336/GX6A12.2255 (3b)
GX6A16.0020/GX6A12.0227 (1/2b)
GX6A16.0026/GX6A12.0489 (1/2b)
GX6A16.0061/GX6A12.2551 (1/2b)
GX6A16.0617/GX6A12.1840 (3b)
GX6A16.0026/GX6A12.0077 (1/2b)
GX6A16.0282/GX6A12.0355 (1/2a)*
GX6A16.0061/GX6A12.1512 (1/2b)

PFGE Data




Ice. cxeam-ASSOC|ated Listeriosis

Median [min

r

max| allele differences at node

i

¥ $ i

8 cde_id

Patterns in OB (11)
GX6A16.0336/GX6A12.1840 (3b)
GX6A16.0061/GX6A12.0026 (1/2b)
GX6A16.0026/GX6A12.0227 (1/2b)
GX6A16.0336/GX6A12.2255 (3b)
GX6A16.0020/GX6A12.0227 (1/2b)
GX6A16.0026/GX6A12.0489 (1/2b)
GX6A16.0061/GX6A12.2551 (1/2b)

11[0-20)

GX6A16.0617/GX6A12.1840 (3b)
GX6A16.0026/GX6A12.0077 (1/2b)
GX6A16.0282/GX6A12.0355 (1/2a)*
GX6A16.0061/GX6A12.1512 (1/2b)

PFGE Data

24{0-256)

WGS Data

1{0-2)

2014L.6727
201506049

2014L-6083

2014L-8129

3{0-14)}

1

20112417
201112484
2014L-6578

PFGEAscl-pattern
GX8A16.0081
GX6A16.0061
GX6A16 0061
GX6A16.0026
GX6A16.0026
GXEA16.0026
GXEA160026
GX6A16 0061
GX6A16.0061
GX6A16.0026
GXEA16.0026
GX6A16.0026
GX6A16.0061
GX6A16 0051
GX6A16.0061
GX6A16 0026
GX6A16.0026
GXEA16 0020
GX6A16.0020
GX6A16.0020
GX6A16.0020
GX6A16 0020

GX6A160336
GXEA16.0336
GX6A16.0336

PFGEApalpattern Outbreak

GX6A122551
GX6A12 2551
GX6A122561
GX6A120459
GX6A120439
GX6A120077
GX6A120077
GX6A12 1512
GX6A12 0026
GXBA120227
GX8A120227
GX6A120227
GXBA12 0026
GX6A120026
GX6A12 0026
GXBA120227
GX6A120227
GX8A12027
GX6A120227
GX6A120227
GX6A120227
GX8A120227

GX6A12 1840
GXBA12 1840
GX6A12 1840

1502KSGX6-1
15(2KSGX6-1
150RKSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
15(R2KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGXE-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX 61
1502KSGX61
15@KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1
1502KSGX6-1

1502KSGX6-1

Serotype
not typed
not typed
not typed
not typed
not typed
not typed
not typeds
not typed
not typed
120

720

not types
nottypes
720

not typed
not typed
not typed
v

not typed
not typed
not typed
not typed

888



PFGE > WGS: What is DIFFERENT? (2)
=% | PFGE | WGS |

Size of outbreaks
(number of cases) Larger Smaller

when detected
Number of outbreaks

detected and solved e HEIE
Possible outbreaks Less More
ruled out
Interpretation of case, New or very rare PFGE pattern:
food, and Strong hypothesis* Strongest
environmental Common pattern: Weak hypothesis*
“matches” hypothesis

* Likely some association, although it may not be direct



National Center for Emerging and Zoonotic Infectious Diseases |-

Laboratory Update: WGS/Metagenomics

J WGS implementation

1 Associated tools and databases
J What is changing/not changing?

J Future of clinical diagnostics
] Metagenomics development




Diagnostic Trends That Will Impact Surveillance

1 Syndromic CIDT panels
) Point-of-care testing
1 Metagenomics
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2018 Forum on Culture
Independent Diagnostics

Charting a Path for Public Health May 8-9, 2018

You are cordially invited to the invitation-only

2018 Forum on Culture-Independent Diagnostics:
Charting a Path for Public Health

Date: May 8-9, 2018
Location: The Pew Charitable Trusts
Address: 901 E St. NW, Washington, DC 20004




memeaw Journal of .
F S : 3
18] Yceosowar Clinical Microbiology

Point-of-Care Testing for Infectious
Diseases: Past, Present, and Future

Thomas R. Kozel, Amanda R. Burnham-Marusich

Department of Microbiology & Immunolegy, University of Nevada, Reno School of Medicine, Reno, Nevada,
i ada LISA

Point-of-Care Testing

Jul 28, 2015
World's Most Portable Molecular Diagnostics System Unveiled at AACC
GeneXpert Omni to Further Decentralize Critical TB, Virology and Ebola Tests

SUNNYVALE, Calif. and GENEVA, July 28, 2015 /PRNewswire/ -- Cepheid (Nasdaq: CPHD) and FIND today unveiled the GeneXp
t ing unprecedented access to accurate, fast and potentially life-saving diagnosis for patients suspected of T8, HIV and Ebola in even the most remote areas of the world

/’ /
/ /
/ /
/
At =
1

« Previous Release | Next Release » &8 (®

ert® Omni, the world's most portable molecular diagnostics
the most remote areas of

“Mesa Biotech’s uniq
needed to conduct rz
care. The palm-size nd disposable test
cassette form a.us for use anywhere,
from the physician’s office to the patient’s home.”
http://www.mesabiotech.com/technology/

s at the point-of-



Point-of-Care Testing

meean Journal of

JE oo Clinical Microbiology®
Point-of-Care Testing for Infectious D Fa St'
Diseases: Past, Present, and Future B t

Thomas R. Kozel, Amanda R. Burnham-Marusich u e
Department of Microbiology & Immunolegy, University of Nevada, Reno School of Medicine, Reno, Nevada,

e — ——= [ Specimen inactivation?

ABST e e
Patie| \world's Most Portable Molecular Diagnostics System Unveiled at AACC | - ?

usia GeneXpert Omni to Further Decentral ritical TB, Virology and Ebola Tests j Q C I S S u e S

dIagI suuwrunie, . and ceneva, iy 25, 2015 panewsre "

] Dispersed reporting
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Metagenomics, Clinical

The NEW ENGLAND
JOURNAL of MEDI= 57

K A R l U S DIAGNOSTIC TESTS CLINICAL DATA TEAM NEWS ORDER TEST

HOME ’ ARTICLES & MULTIMEDIA ¥

ORIGINAL ARTICLE
BRIEF REPORT

Actionable Diagnosit
Sequencing

Michael R. Wilson, M.D., Samia N. Nac|
Guixia Yu, B.S., Shahriar M. Salamat, i
Ph.D., Robert Sokolic, M.D., Elizabeth {
D. Reed, M.D., Teresa L. Meyer, R.N., |
M.D., Ph.D., James E. Gem, M.D., Josg
N Engl J Med 2014; 370:2408-2417 | Ju

N Engl J Med

Test

; disease diagnostics by providing a validated
,250 bacteria, DNA viruses, and eukaryotic

Ids, and protozoa.

helps physicians target effective treatment by
he most challenging infections. The test may be
including sepsis, endocarditis, and osteomyelitis
unculturable organisms

adth of pathogens due to immunosuppression

* Deep infection that requires an invasive biopsy for diagnosis

https://www.kariusdx.com/products/Digital-Culture



Number of tests

Where is Clinical Enteric Microbiology Heading?*

Culture Metagenomics

Antigen-based
tests

N

> A D A O N A D % 04 99 0 N (RPN
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Year
* My opinion only
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Subtyping Methods: Isolate Dependency

e e T
.

WSS peae R mm - .

- m
& Disease Jif - PFGE
AST Yes
WGS Yes



Strategies for Maintaining Isolate Availability

] Expedited isolate recovery protocols
« Optimal media/transport
« Screening process; processing

thresholds

] Encourage reflex culture (at clinical
lab and state levels)

- Work with manufacturers to assure
compatibility




Salmonella Workflow Phase 2 Seeded:
(EXAMPLE) :;gét.‘{ from each plate for

Unseeded:

6 colony picks selected from

Oranienbur 8 each plate

T ——— Remove

g
aliquot(s) 103
from -80°C to .

defrost

-

18-24 hours
./\1 — | )
-80° C Freezer .QU I
N Selenite HEK
Ext?aNcll\:ion Plate titer ’ 37°C s’ k
5] No 24 hou
enrichment

control

Storage

Temperature Storage Time Plating Media

Serotype

+  Oranienburg (I i) . *  Selenite
. Newport + (10%CFU/mL) +  Cary-Blair +  Tetrathionate
. Unseeded + (10'CFU/mL) +  GN Broth «  MSRV

» Unseeded *  None

* gPCR * Only one out of two of these variables will be used (decision based on data from Phase 1)



Culture-Independent Metagenomic Subtyping (CIMS) Team




Selected Metagenomics Food Safety Applications

Pathogen discovery

Direct-from-specimen pathogen
characterization

O

U

Food identification (in and outside
the body)

Understanding (and controlling)
spoilage, contamination

Outbreak root cause analysis /
environmental analysis

Population biology (e.g. dysbiosis)
Host factors



Direct-from-specimen Tests: Reduce Time to Actionable Results

Patient Eats
Contaminated

Food

Patient
Becomes
Onset of Iliness I
1-3 days | Stool
. Sample
Contact with Collected
health Food Vehicle
care system | Identified
1-5 days . _ Salmonella
Diagnosis Identified

1-3 days

Shipping Receives Serotype data

0-7 days Sample Uploaded

Serotyping

and DNA fingerprinting
2—-10 days

. Opportunity to reduce
reporting time



CDC Applied Research: Direct-from-Specimen
Pathogen Characterization Development

Amplicon sequencing | |Shotgun metagenomics

4 L
J ¢ e Enrichment of
] pathogen
% ,’ targets
~ .
~ « Unbiased
1,000's of MLST targets sequencing




Harvest  primer pools &

What is the ONA  'eagent  mastermix
Fluidigm Juno? 1 l

« Microfluidic thermocycler

* 48 DNAs x 4800 amplicons (200 bp
optimal) in 35 nL reactions

Indices added to amplicons on chip
<2 hour load time
~4.5 hour run time Control line fluid Control line fluid

~4 hour cleanup and final PCR Reaction
chambers




Shotgun Metagenomics: Goals

Improve sensitivity, reduce cost, and

resolve strains closely related to

normal flora

« Target enrichment (e.g. bait
capture)

« “Phasing” (e.g Hi-C analysis)

Adapt methods for outbreaks of

undetermined etiology




Two Types of Strain-level Binning Tools:

Alignment-based Binning Reference-free Binning
(Alignment to reference)

TetraNucleotides Frequency Abundance

PanPhlAn, ConStrains, Sigma, MetaProb, Canopy, CONCOCT,
Pathoscope, WG-FAST, MIDAS GroopM, MaxBin, MetaBAT



Pathogen Discovery: Foodborne Qutbreaks of Unknown Etiology

Outbreak Etiology

i

* Etiology confirmed or suspected ® Undetermined
2,465 outbreaks of unknown 9y p

etiology reported to CDC
2007-2016 (~200/year)



Pathogen Discovery: Foodborne Qutbreaks of Unknown Etiology

Etiology of Foodborne Disease Cases*

Unspecified
agents
80%

Parasites
0% 8%

* Calculated from data in the Scallan papers

Outbreak Etiology

= Etiology confirmed or suspected

= Undetermined



Unknown diarrheal illnesses outbreaks (UNDIS)

Samples with
unambiguous

pathogen
@ content
l Samples with
uncertain
ﬁ pathogen

content

Grmated by Uit Vummptucys
e Bt

Created by Allna Cleynik
from Houn Frajact

Contigs that match
rare organisms or
are unknown

Crmated oy iy gty
o N Pt

Genomic material
shared across
putative outbreak

Contigs that
match known
organisms



S AACCCTAACCC

=i d S P
Tl TS

it/ ¥
IBCATTGGCTAACCCTGGGATTGGCCGATT

TAATGOGAY

The findings and conclusions in this presentation are those of the author and do not
necessarily represent the views of the Centers for Disease Control and Prevention



