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Who are we?

2007
1998
CRP begins
CRP stood up at funding UCC

the JPEO-CBD
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2003

CRP opens antigen
repository at Dugway

CRP obtains ISO 9001:2008
accreditation DBPAD, aligns it to JPM-Guardian

2015

April - DPG ships inadequately irradiated "
BA samples

May - DoD moratorium on inactivated
agents

May - AT&L creates Review Committee for A
DoD procedures involving BA

June - CDC issues new guidance for

testing iBA spores for growth June - Noblis
July - Review Committee releases report delivers BCA
on BA shipments report and
September - SECARMY closes CRP recommendation

March - JPEO-CBD renamed CRP to

July - SECARMY describes new
policies/procedures for BSAT-related
materials

July - SECARMY describes DBPAQ
BSAT-related requirements
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Material Products
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Outline - modifications to standards

* Standards for Reference Materials
* Surrogates as alternate reference materials for
Select Agents
* Standards for Strain Characterization
* End to end characterization

» Standards for Assay Development

* Incorporation of extensive in silico analyses of
assay sighatures and minimize wet lab testing
with risky reference materials



¥l The problems with select agent reference materials
" or derivatives for Biodefense Assay Development

* 2015 DPG debacle and the ensuing moratorium on
working with select agents and shipping

* New samples/strains availability (e.g., Ebola Zaire
Makona, Lassa)

* Potential sighature erosion with new sequences and the
need for assay redesign

* Time line for optimization of assay for new sequences?

* |Is there a need to reevaluate all steps in assay
development and FDA approval?



Traditional pathway for development of a
nucleic acid based molecular assay

Reference Materials: live or inactivated organisms or genomic materials
1 prototype strain Multiple strains

Standard
Curve
and M k :
ocC : S
= Clinical DB ﬁumerit
Inclusivity Trials '
and "

Exclusivity

| | |
1-2 days ' 2-3 days ' 1-2 days ' 2-3 days ' 4-5 days ' Weeks to Months »
(Use Case Contingent)

Courtesy:

Hartman et al 2015. Demonstration of the Pre—Emergency Use Authorization Path Using 3

Minor Groove Binder—Hydrolysis Probe Assays to Detect Escherichia coli 0104:H4. Clinical
Chemistry 61:11 1391-1398. [Tim Minogue's group]
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New Standards for Select Agent
Reference Materials



Why were these products needed?

 What is the purpose for the inactivated Spores and
other inactivated Select Agents?

* The inactivated agent materials serve several critical
heeds

* Positive controls in assays used to detect these pathogens
in suspected samples

* Improvement of currently existing detection methods or
development of new methods/platforms for detection of Ba
(develop and validate assays)

* Quality assurance and Proficiency testing and Training
activities
* End to End Validation of systems



DoD Solutions to the Problem

a) Ba Spore Surrogate to Replace Inactivated
Virulent Spores
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Alternate Risk Mitigated Reference Materials for Ba

‘Genetically inactivated/modified (attenuated)’
‘Non-pathogenic’ Ba Strains with Assay Targets

Construction, Testing and Production
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Technical Aspects - What are we trying to do?

Pathogenicity

Ba Strain Genetic make up Status/Risk | Toxin | Capsule | All Assay
Name Genes | Genes | Targets?

Bacillus anthracis
Ames (exists)

Bacillus anthracis
Sterne (exists)

Bacillus anthracis
Sterne ApXO1 (aka
TKO exists)

Bacillus anthracis

Sterne ApXO1 plus

(to be constructed
rBaSwaAT)

Assay target sequences:© @ @

h

5?%

h

i

h

iR

pXO 1

pmo
o™

O,

ApX01

L

ApX01

Select Agent X X Yes (3)
Exempt

(pathogenic for X = No (2)
animals)
Exempt

(non-pathogenic) - - NO (1)
Exempt

(non-pathogenic) - - Yes (3)

Gene deletion: I TKO- Triple Knock Out
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Safety Aspects of the Parent Strain Sterne (TKO)

TKO- Triple Knock Out

cya (EF) pag (PA) lef (LF)
7702_TKO @ ! 'l ’l @ @- 27957
U@ 1 mn PED ) IKED e
77%%% 35002
Conservator, IR M I

Toxin gene region of parent strains

Ref: Janes BK, Stibitz S. Routine markerless gene replacement in Bacillus anthracis. Infect Immun.
2006 Mar; 74(3):1949-53.
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Gene to Signature Fragment Ratio

Genel [
Gene2 ()

Gened | )

Signat
[ signature Drawn to scale
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Schematic of the introduced DNA

Status

W

In Ba

W

In Ba

W

In Ba

W

In Ba

Barcode 1

Construct 4
920 bp

Stop Casette Stop Casette
Xbal (8) Signature 2 Xbal(356)
EcoRV (4) SIQnamr?} . 9 EcoRY (364)
b I
= — w |
1
Construct 1
366 bp
Barcode 2
Stop Casette Stop Casette
Xbal (8) Xbal (427)
EcoRV (1) Signature 3 ;ignature 4 EcoRY (435)
Construct 2
137bp
Barcode 1 Barcode 2
Stop Casette Stop Casette Stop Casette
Xbal(8) it i Xbal (769)
FeoRV (4) §_|gnature 1 SIgnawre.g _§lqnarura 3 Signaturij EcoRV (777)
o 1 \‘\_‘ ‘_/" s Pl
I ] |
Construct 3
7robp
Barcode 1 Barcode 2
Xbal(2)  gignature 1 Signature2  Signature 5 Signature 3 Signature 4 Xbal (916)
Stop Casette Stop Casette Stop Casette Stop Casette

e Different constructs for
different assays

e Barcodes for complete
traceability and bio
forensics

o “Stop Cassette” as an
extra measure to prevent
fortuitous translation of
insert from neighboring
transcriptional read
through

Courtesy: Dr. Mark Munson-
NMRC
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End to End Characterization of rBaSwAT

* Vegetative cells

* Phenotypic assays
v Microbiological tests
v Phage sensitivity (y and AP50c)
v Antimicrobial resistance
v’ Spore formation (@NSWC)
v Immunological tests (LFI)

* Genotypic assays

v Whole genome sequencing
v Molecular tests for signatures (PCR)

» Spores
* Production, purification (@NSWC) and irradiation inactivation
(using new protocol established by the working group @NMRC)

v Molecular and Immuno assays and bridging studies (@NSWC)
v Animal studies
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PCR verification of toxin gene deletions in rBaSwWAT

BAS500 BAP482 BAP417 BAP708
34F2 WT Acya Alef Acya Alef ApagA construct 4

100=
B.0=
6.0m
5.0=
4.0=

3.0~

10 0=
8.0=

60w
5.0
4.0m=
30m=
2.(m=

1.5=

20w
1.5m=

0.5

Barcode 1 Barcode 2

Xbal(@)  signature 1 Signature 2 Signature 5 Signature 3 Signature 4~ Abal(916)

L

|
Stop Casette Stop Casette Stop Casette Stop Casette

Construct 4
920 bp
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Whole Genome Sequencing of rBaSwWAT

cya (EF) pag (PA) lef (LF)

@ 5,000 10,000 15,000 20,000 @ 30,& 35,000
| | | | | |

BAP417_TKO p—

BAP708 Construct 4

28871

27957

BAP482 DKO

30198

BA500_34F2

pres ey 34 D@ G Gm D4 ) (mmm) mEmdE) D mmm) ) DY
consaraven. [T e T T e T st T

35007

35001

Toxin region in rBaSwaAT strain compared to grant parent (34F2, 34F2
DKO, 34F2 TKO strains
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Spore Characteristics

1400~ Phase Contrast Microscopy
1200 —
1000

800+

Number

600 —

400

200+

0 T T
1 1.5 2
Particle Diameter (um)

Coulter Counter
Mean (um) = S.D. (um)
1.153 + 0.122

Spore titer: Plate counts: 1.5e10; Coulter Counter: 1.9e10; GE: TBD
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Signature PCR Evaluation

ASSAY STRAIN
Sterne TKO rBaSwAT1 rBaSwAT2 rBaSwAT3 rBaSwAT4
BA663 BA781 BAP696 BAP684 BAP686 BAP710
Grand Parent Parent Construct 1 Construct 2 Construct 3 Construct 4

Chr + + + + + +
Sigl + + +
Sig2 + + +
Sig3 + +
Sigd + +

+

Sigh
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Demonstration of non-lethality of constructs
in A/J mice

Based upon a One-sided Fisher exact test P=0.0003 for groups
compared to 34F2 (N=5 for that control)

9/11/2017
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Partners

« DBPAO Performers
= Drs. Joan Gebhardt and Mark Munson
»Naval Medical Research Center, Ft. Detrick, MD
= Drs. Chris Cote, Dave Rozak and Terry Abshire
» USAMRIID, Fort Detrick, MD

= Drs. Cory Bernhards and Nicole Rosenzweig, Rebecca Rossmaier
and Tracey Biggs

» ECBC, Edgewood, MD
= Drs. Tony Buhr, Linda Beck and Andrea Staab
» NSWC, Dahlgren, VA

 FDA Collaborators
= Drs. Roger Plaut and Scott Stibitz
» FDA, Silver Spring, MD
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Traditional pathway for development of a
molecular assay

Reference Materials: live or inactivated organisms or genomic materials

1 prototype strain Multiple strains
A C D
Standard
Curve
and
LoD Mock QUSSR
Clinical S
Inclusivity Trials AN
and /
Exclusivity
l i { { I I »
1-2 days 2-3 days 1-2 days 2-3days  4-5days = Weeks to Months

(Use Case Contingent)

Courtesy:

Hartman et al 2015. Demonstration of the Pre—Emergency Use Authorization Path Using 3

Minor Groove Binder—Hydrolysis Probe Assays to Detect Escherichia coli 0104:H4. Clinical
Chemistry 61:11 1391-1398. [Tim Minogue's group]
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Stakeholder Panel on Agent Detection Assays
(SPADA)

* List of Inclusivity and Exclusivity Panel strains
decided by SMEs for each organism
* Ba
* Yp
* Ft
* Burk
* Brucella
* Toxins (Various toxins)

* Any assay needs to be wet lab tested against this
panel- expectation- the assay will hit all inclusivity
panel and will not hit exclusivity panel
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On the need for in silico analyses to replace
inclusivity/exclusivity testing

Heat map of signature sequence hits in various genomic sequences

123456789 10 11 12 13 14 15 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20
perfect 0 |
Inclusivity Exclusivity
123456789 10 11 12 13 14 15 1 2 3 4 5 6 7 89 10 11 12 13 14 15 16 17 18 19 20
BA
7 8 9 10 11 12 13 14 15 16
YP
[ -
85%-99%
FT
50%-84%
oo
BK-P

49
BK-M 50
49
BK-NN 50
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Genome Sequence Explosion with the advent of
Next Gen Sequencing

» Seqgquences of SPADA panels were
published in 2015

120000 « Assays were desighed earlier 800
700
100000
600
80000
500
60000 400
300
40000
CRP Assay design time 200
20000 frame
100
0 —— p—— S 0
1985 1990 1995 2000 2005 2010 2015
=== agccum#ofvirus  eseess accum # Prok
Acc # of Francisella tularensis Accum # of Bacillus anthracis

acc # of Yersinia pestis Accum # of Burkholderia pseudomallei
accum # of Burkholderia mallei accum # of Brucella
accum # of Flavi
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Standards for in silico analyses of assay
signatures (rapidly evolving pathogen)

In silico signature evaluation of 2014 EBOV outbreak
strains before we obtained samples
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How do we make the call?

e Parameters

* Assay Hit- A positive match between the assay
primer/probe set sequences and sequences from the
NCBI databases @ > 90% identity over 90% of the primer
length (2 mismatches allowed for a 20 nt primer)

 Amplicon Hit- A positive match between an amplicon
sequence from an assay and sequences from the NCBI
databases @ > 85% identity over 90% of the amplicon
length (15 mismatches allowed for a 100 bp amplicon)
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1 Sig 1 EBOV NP  EBOV 124 135 132 978 135 11 81 135 0 0 0  Pass
2 EbolaZaire-MGB EBOV NP EBOV 76 135 134 993 135 124 919 135 0 0 0  Pass
| & Sig 3 EBOV NP EBOV 49 135 135 100.0 135 125 926 135 O 0 0  Pass|

4 EboZNP EBOV NP EBOV 80 136 22 162 136 19 140 136 0 0 0  Pass

4 EboZNP EBOV NP SUDV 80 0 0 0 11 0 0 0 0o 0 11

5 ZAI-NP EBOV NP  EBOV 268 148 123 831 148 10 6.8 148 0 0 0  Pass

6  Ebola MGB-EBOV ~ EBOV NP EBOV 79 148 23 155 148 11 74 148 0 0 0  Pass

7 ENZ EBOV NP EBOV 70 148 32 216 148 32 216 148 0 0 0  Pass
{10 EBO-GP-1 EBOV (Bi EBOV 5379 152 0 0 1520 5 33 152 0 0 0 Faiq

10 EBO-GP-1 EBOV GP ___RESTV. 579 12 0 (0] 0 0 0 (0] (i ] o7 )

12 ZebovGP EBOV GP  EBOV 64 153 13 85 153 13 85 153 0 0 0  Pass
: 13 Ebola Zaire-TM EBOV GP EBOV 80 144 13 CHUSS s T 85 144 9 0 0 Fail \\
16 Filo AB pan-Filo L EBOV 419 135 0 0 135 12 89 135 0 0 0  Pass

16 Filo AB pan-Filo L MARV 419 55 0 0 0 0 0 55 0 0 0
16 Filo AB pan-Filo L SUDV 419 12 0 0 0 0 0 12 0 0 0
17 GAB-1 EBOV L EBOV 353 135 17 12,6 135 12 89 135 0 0 0  Pass
19 Ebola BDBV-MGB BDBV NP BDBV 74 5 1 20.0 5 1 200 5 0 0 0  Pass
20 Ebola BDBV-TM BDBV NP BDBV 74 5 1 20.0 5 1 20.0 5 0 0 0 Pass
21  Ebola TAFV-MGB  TAFV GP TAFV 64 2 1 500 2 1 50.0 2 0 0 0  Pass
[22 Ebola TAFV-TM TAFV GP TAFV 79 2 2 1000 2 2 1000 2 0 0 0 Passl
23 Reston RESTV NP RESTV 337 8 8 1000 8 3 37.5 8 0 0 0  Pass
24 Ebola-MGB-RESTV ~ RESTV ~ GP  RESTV 97 8 2 25.0 8 2 25.0 8 0 0 0  Pass
24  Ebola-MGB-RESTV RESTV ~ GP  EBOV 97 0 0 0 9 0 0 0 0 0 9
25 Ebola Reston-TM RESTV VP40 RESTV _ 80 8 2 25.0 8 2 25.0 8 0 0 0 Pass‘
26 EbolaReston-MGB RESTV ~GP RESTV 55 11 10 909 12 10 833 11 1 0 0  Fail |
27  Ebola Sudan-MGB SUDV NP Subv 80 11 10 909 11 10 9.9 11 0 0 0 Pass
27  Ebola Sudan-MGB SUDV NP RESTV 80 0 0 8 0 0 0 0 8
27  Ebola Sudan-MGB SUDV NP  EBOV 80 0 0 0 148 0 0 0 0 0 148
28  Ebola MGB-SUDV  SUDV NP SUDV 81 11 7 63.6 11 2 182 11 0 0 0  Pass
29 Sudan SUDV NP Subv 8 11 10 9.9 11 10 99 11 0 0 0  Pass
30 Ebola Sudan-TM SUDV GP Subv 77 14 9 643 14 9 643 14 0 0 0  Pass

PSET Results (Ebola Assays)

* Most of the assays passed
with the relaxed criteria
(90/90; 85/90 rule) (3 failed-
false positive or false
negative)

* Only 3 passed 100/100 rule
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Summary

- Assessed the performance of the existing EBOV assays
in silico (PCR Signature Erosion Tool)
approach-most assays work despite mismatches between
signatures and target

* Periodic monitoring of assay performance in silico will
facilitate better assay designs or improvements

 PSET can be a valuable tool to determine whether a wet lab
testing of new sequences is needed or not

 FDA reevaluation?
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Summary

* Limited wet lab testing using risk mitigated

recombinant surrogates, or synthetic constructs, or
VLPs for viral agents

* New pathway for assay design using in silico
approaches

e Well characterized reference materials
* Well defined assays
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Contact Us
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