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Decision Granting Petition under 37 CFR 1.138(d)

Application No.
15/499,719

Applicant(s)

Samadpour, Mansour

AlA Status
No

The declaration of express abandonment is recogrized

This is in response to the petition under 37 CFR 1.138(d), requesting for a refund of any previously paid

search fee and excess claims fee in the above-identified application.

The petition is GRANTED.

The express abandonment is recognized. Any previously paid search fee and excess claims fee are

hereby refunded.

Telephone inquiries should be directed to the Office of Data Management at 571-272-4200.

/DESHAWN D DURHAM/
Patent Publication Branch
Office of Data Management

Rev (6/2014)
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Doc Code: PGEA
Document Description: Request for Exp Aband for refuind or to avoid pub
PTOIAIAZAB (07-17)
Approved for use through 11/36/2020. GMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1998, no persons are required o respond o a collection of information unless it displays a valid OMB contrel number.

Application Numbe
4 PETITION FOR EXPRESS pplication Humber 15/499,719 )
ABANDONMENT TO OBTAIN A REFUND Filing Date April 27, 2017
First Named Inventor Mansour Samadpour
File the peiition electronically using EFS-Web T
Or Mail the petition to: Art Unit 1657
Mail Stop Express Abandonment - .
Commissioner for Patents Examiner Name Satyendra K. Slngh
\ P.O. Box 1450, Alexandria, VA 22313-1450 Attomey Docket Number | 0066090-008US5 )

Petition for Express Abandonment Under 37 CFR 1.138{d} to Obtain a Refund

| hersby petition to expressly abandon the above-identified application to obtain a refund of any previously paid
search fee and excass claims fee in the application. Please refund any search fee and excess claims fee paid in this

application.
{!:I The Director is hereby authorized to credit the fee(s) to Deposit Account No. 04-0258

MOTE: The provisions of 37 CFR 1.138(d) only apply to appiications filed under 35 U.5.C. 111(a) on or after December §,
2004. A paper requesting express abandonment of an application is not effective unless and untii an appropriate USPTO
official recognizes and acts on the paper. See the Manual of Patent Examining Procedure (MPEP), section 711.01.

TO AVOID PUBLICATION, INCLUDE FORM PTO/AIA/Z4A AND PETITION FEE WITH THIS FORM.

P am the:
applicant.

47,309

attorney or agent acling under 37 CFR 1.34, who is authorized under 37 CFR 1.138(b)
because the application is expressly abandoned in favor of a continuing application.

attorney or agent of record. Altorney or agent registration number is

[1m [}

Attorney or agent regisiration number is

/Barry L. Davison/ April 15, 2019
Signature Date

Barry L. Davison, Ph.D., J.D. 206.757.8023

Typed or printed nams elephone Number

MNota: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and
certifications. Submit multiple forms if more than one signature is required, see below.

{jTotai of forms are submitied

This collection of information is required by 37 CFR 1.138(c). The information is required o obtain or retain a benefit by the public which is to file (and by the USPTO to process an
applicaticn). Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, inciuding gathering,

preparing, and submitting the completed applic 1 form o the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require

to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.8. Patent and Trademark Office, U.8. Department of
Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Mail Stop Express

Abandonment, Commissioner for Patents, P.O. Box 1450, Alexandria, YA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-8189 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 35725981
Application Number: 15499719
International Application Number:
Confirmation Number: 1004

Title of Invention:

CONSTITUENTS

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS AND/OR

First Named Inventor/Applicant Name:

Mansour Samadpour

Customer Number:

22504

Filer:

Barry Davison/Janet Berdine

Filer Authorized By:

Barry Davison

Attorney Docket Number: 0066090-008US5
Receipt Date: 15-APR-2019
Filing Date: 27-APR-2017
Time Stamp: 14:16:36

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
80871
2019-04-15_0066090-008US5_
1 Request for Exp Apand for refund or to Express_ Abandonment_with_R o 1
avoid pub
efund_Request_pdf 7fb061ffcc22dc9183bSa7b34d2911f48d21f8
60

Warnings:
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Information:

Total Files Size (in bytes): 80871

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/499,719 04/2712017 Mansour Samadpour 0066090-008US5
CONFIRMATION NO. 1004
22504 PUBLICATION NOTICE

DAVIS WRIGHT TREMAINE, LLP/Seattle

P Docketing Dept. LA
Davis Wright Tremaine LLP

1201 Third Avenue, Suite 2200

SEATTLE, WA 98101-3045

96

JVHHCTACEE

Title:MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Publication No.US-2018-0251809-A2
Publication Date:09/06/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Doc code: IDS PTO/SBI08a (01-10)

L . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 15499719
Filing Date P017-04-27

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor |[Bamadpour
Art Unit 1657

Examiner Name Kailash C. Srivastava

Aftorney Docket Number 0066090-008US5

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E).(allm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 H780222 A 1998-07-14 Peddada
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code#| Date PR Passages or Relevant
Document .
Figures Appear
1 [1998/020148 WO A1l 1998-05-14 (Choudary
2 P001/014593 WO A2 2001-03-01 YV erlauth

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number 15499719

Filing Date 2017-04-27

First Named Inventor | Samadpour

Art Unit 1657

Examiner Name Kailash C. Srivastava

Aftorney Docket Number 0066090-008US5

Examiner
Initials™

Cite
No

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),
publisher, city and/or country where published.

Ts

BATZ, M.B., et al., “Ranking the Disease Burden of 14 Pathogens in Food Sources in the United States Using
Attribution Data From Outbreak Investigations and Expert Elicitation,” Journal of Food Protection 73(7).1278-1291,
July 2012.

PDOYLE, M_P_, and J L. SCHOENI, “Isolation of Escherichia coli O157:H7 From Retail Fresh Meals and Poultry,”

2 Applied and Environmental Microbiology 53(10):2394-2396, October 1987.

3 FNROTH, H. and L. ENGSTRAND, “Immunomagnetic Separation and PCR for Detection of Helicobacter Pylori in
Mater and Stool Specimens,” Journal of Clinical Microbiology 33(8):2162-2165, August 1995.

4 FANG, L, et al, “Isolation, Affinity Purification, and Identification of Piglet Small Intestine Mucosa Receptor for
Enterotoxigenic Escherichia coli K88ac+ Fimbriae,” Infection and Immunity 68(2):564-569, February 2000.

5 [GOMBAS, D E, et al_, “Survey of Listena Monocytogenes in Ready-to-Eat Foods,” Journal of Food Protection
56(4):559-569, April 2003.

6 GOYAL, S M, and C.P. GERBA, “Simple Method for Concentration of Bactena From Large Volumes of Tap Water,”
Applied and Environmental Microbiology 40(5):912-916, November 1980.

7 KELLS, HR_, and S A. LEAR, “Thermal Death time Curve of Mycobacterium Tuberculosis var. bovis in Artificially
Infected Milk,” Applied and Environmental Microbiology 8(4):234-236, July 1960.

8 MUNOZ-ZANZI, C A etal., “‘Pooled-Sample Testing as a Herd-Screening Tool for Detaection of Bovine Viral Diarrhea
Virus Persistently Infected Cattle,” Journal of Veterinary Diagnostic Investigation 12(3):195-203, May 1, 2000.

9 RANGEL, J.M_, et al_, “Epidemiology of Escherichia coli O157:H7 Outbreaks, United States, 1982—2002,” Emerging
Infectious Diseases 11(4):603-609, April 2005.
SIBLEY, J., et al., “Comparison of Bacterial Enriched-Broth Culture, Enzyme Linked Immunosorbent Assay, and Broth

10 Culture-Polymerase Chain Reaction Techniques for Identifying Asymptomatic Infections With Salmonella in Swine,”

Irhe Canadian Journal of Veterinary Research 67(3):219-224, July 2003.

EFS Web 2.1.17
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Application Number 15499719

Filing Date 2017-04-27

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor | Samadpour
Art Unit 1657

Examiner Name Kailash C. Srivastava

Aftorney Docket Number 0066090-008US5

11 BIRAGUSA, G.R., et al, “Isolation of Listeria ssp. From Feces of Feedlot Cattle,” Journal of Focd Protection
H6(2):102-105, 109, February 1993.

12 BVEUM, W.H., “Combined Enrichment Procedure for the Detection of Salmonellae in Foods,” doctoral dissertation,
Jowa State University, Ames, lowa, 1978, 132 pages.

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible.  Applicant is to place a check mark here if
English language translation is attached.
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Application Number 15499719

Filing Date 2017-04-27

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Samadpour

L. Art Unit 1657
( Not for submission under 37 CFR 1.9%)

Examiner Name Kailash C. Srivastava

Aftorney Docket Number 0066090-008US5

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Barry L. Davison/ Date (YYYY-MM-DD) 2018-08-03
Name/Print Barry L. Davison, Ph.D_, J.D. Registration Number 47,309

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

National Beef Ex. 1034
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Electronic Acknowledgement Receipt

EFS ID: 33375349

Application Number: 15499719

International Application Number:

Confirmation Number: 1004

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR

Title of Invention: DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS
First Named Inventor/Applicant Name: Mansour Samadpour
Customer Number: 22504
Filer: Barry Davison/Janet Berdine
Filer Authorized By: Barry Davison
Attorney Docket Number: 0066090-008US5
Receipt Date: 03-AUG-2018
Filing Date: 27-APR-2017
Time Stamp: 19:08:49
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document L. ] T -
Document Description File Name File Slze(B)ftes)/ Mu“'. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
1989735
1 Foreign Reference 2018-08-03_0066090-008US5_ no 40
WO_1 998_0201 48pdf 8336f3304d10c2a081e38c560dff88e67014]
0ddc
Warnings: National Beef Ex. 1034

Page 0712




Information:

787028
2 Foreian Reference 2018-08-03_0066090-008US5_ no 19
9 WO_2001-014593.pdf
ca5c1b50954d24da7%d3aabbb57e0e87a
93a383
Warnings:
Information:
369836
3 Non Patent Literature 2018-08-03_0066090-008US5_ no 14
Batz.pdf
b8364f926a50e75994c58567fb8d275cead
b0321
Warnings:
Information:
6230634
. 2018-08-03_0066090-008US5_
4 Non Patent Literature no 3
Doyle.pdf
6d188e068ec4806184d56dc18153a37f481
abca3
Warnings:
Information:
654783
. 2018-08-03_0066090-008US5_
5 Non Patent Literature no 4
Enroth.pdf
d0c623e969387ef1dce19d0dbcafe06c6871|
5482
Warnings:
Information:
558832
6 Non Patent Literature 2018-08-03_0066090-008US5_ no 6
Fang.pdf
ab8af2023f3a54267920a41c8d7c46bb2991|
ffae
Warnings:
Information:
168508
7 Non Patent Literature 2018-08-03_0066090-008US5_ no 11
Gombas.pdf
8df64098f7ab44b55b220ba472a15975a14
b5223
Warnings:
Information:
3782489
3 Non Patent Literature 2018-08-03_0066090-008US5_ no 3
Kells.pdf
3afdf1e35d87b396c8e52c682b87115757d
91cb9
Warnings:
Information:
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2018-08-03_0066090-008US5_

210431

i no 9
9 Non Patent Literature Munoz-Zanzi.pdf
cSelde3e6566ad7dcdb5252ac42514f4703
9cefe
Warnings:
Information:
134050
10 Non Patent Literature 2018_08_03.—0066090_008%5— no 6
Sibley.pdf
df96bce8b6e46d39d09779cfe7 14a46ea2d
4c611
Warnings:
Information:
576184
. 2018-08-03_0066090-008US5_
11 Non Patent Literature ] no 5
Siragusa.pdf
df42cfc3fd6032e4177474bd 16fe700acd 88|
67cf
Warnings:
Information:
2088624
12 Non Patent Literature 2018-08-03_0066090-008US5_ no 132
Sveum.pdf
9090b922130af1796f5502c8f956a3bb5c37|
Oead
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:
8704042
13 Non Patent Literature 2018-08-03_0066090-008U55_ no 7
Rangel.pdf
701987eb4158c7e84e3bc5d973ed6a0d8524
Warnings:
Information:
8401383
14 Non Patent Literature 2018-08-03_0066090-008U55_ no 5
Goyal.pdf
50d60713a94a877d9cbf808c97dd897390¢}
all3c
Warnings:
Information:
613948
Information Disclosure Statement (IDS) | 2018-08-03_0066090-008US5_|
15 no 5
Form (SBO8) DS.pdf
04a7d6c5d810b004e7e93385aa4d4d47f5q|
31396
Warnings:
Information:
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Total Files Size (in bytes)# 35270507

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
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METHOD FOR DETECTION OF PATHOGENS IN FOOD

BACKGROUND

Saimonellosis is one of the oldest and most common food poisoning
syndromes, with an overall mortality rate of up to 0.2%. An estimated 4 million cases
of Salmonella infection are reported each year in the US alone (Doyle, M.P. & Cliver,
D.O. (1990) in Foodborne Diseases , Cliver, D.O., ed., 185-205, Academic Press,
New York/ London). Unlike in the past, when S. fyphimurium was the principal
causative agent of Salmonellosis, the past decade has witnessed S. enteritidis claim
the top spot. With animal intestinal tract as its natural habitat, Salmonella enters the
human food chain mainly through foods of animal origin, including poultry, beef,
pork, cheese, mayonnaise, baby formulas and canned sea food.

In response to the mounting public concern the US administration has recently
announced plans for a drastic reform in the antiquated methods used by the USDA-
FSIS based on “see-smell-and-feel” approach for certification of microbiological
safety of fresh meat for human consumption. The soaring numbers of fatalities being
reported currently on a daily basis (especially from Japan), however, are caused by a
newly emerging foodborne pathogen, Escherichia coli O157:H7. Though recent in
emergence, because of its portending ability to become a “serial killer” in a potentially
epidemic scenario, E. coli O157:H7 has come to occupy the center stage, leading to
the development of a spate of techniques each with specific advantages over the other
in terms of rapidity, sensitivity, specificity, cost economy or ease of use.

Rapid and reliable techniques that facilitate detection of foodborne microbial
pathogens at early stages of contamination are key to the development of effective
prevention and control strategies. The recent dramatic incrcasc in Escherichia coli
0157:H7 outbreaks has served to highlight the paramount importance of developing
new methods that allow faithful implementation of hazard analysis and critical control
points (HACCP) principles all along the food chain.

The enterohemorrhagic Escherichia coli (EHEC) 0157:H7 strain, a prominent
member of the verotoxin-producing E. coli (VTEC), is increasingly associated with
major outbreaks of food- and water-borne infectious disease in humans. The
virulence of EHEC strains is in part due to the production of the verotoxins, shiga-
like-toxin 1 (SLT-I) and shiga-like-toxin 2 (SLT-II) made up of an A (active) subunit
and a B (binding) subunit (Karmali, M.A., 1989, Clinical Microbiology Reviews 2:15-
38). Syndromes arising from infection with EHEC include bloody diarrhea,
haemolytic uraemia syndrome (HUS) and haemorrhagic colitis. The importance of
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this infection is emphasised by evidence that E. coli O157:H7-associated HUS can
lead to the death of up to 8% of infected children (Brandt, J. R., et al., 1994, Journal
of Pediatrics 125:519-26).

Most human infections caused by E. coli 0157:H7 are foodborne, and foods of
bovine origin have been identified as the principal carriers of the pathogen in a
majority of the outbreaks. Undercooked ground beef has been the primary vehicle for
pathogen transmission in most major outbreaks, but other foods including raw
(unpasteurized) milk, potatoes and yoghurt have also been epidemiologically
implicated (Doyle, M. P., 1991, International Journal of Food Microbiology 14:289-
301). The largest recorded outbreak due to contaminated milk occurred recently in
Scotland, infecting 100 people and hospitalising 33 (Upton, P. & Coia, J. E., 1994,
Lancet 344:1015). While ice cream has not yet been directly implicated in outbreaks
of E. coli O157:H7, it is recognised as a vehicle for infection by other F. coli strains
(Rothwell, J., 1990, Dairy Microbiology Volume 2, Ed Robinson, R.K., Elsevier
Applied Science. London. 1-40.), and thus has a strong potential to transmit EHEC.
Ice cream can be contaminated by faulty manufacture or bad post-process handling
and given its cryo-preserving properties EHEC may survive subsequent freeze-thaw
cycles very well.

Escherichia coli O157:H7 was identified conclusively as a food pathogen in 1982,
with the demonstration of its causal association with 2 outbreaks of hemorrhagic
colitis, following the consumption of hamburgers (Riley, L.W., er al., 1983, New
England Journal of Medicine 208:681-85; Wells, J.G., et al., 1983, Journal of
Clinical Microbiology 18:512-520). Since then, it has been linked with many other
outbreaks in the USA, Canada and the UK and is now the most frequently isolated
diarrheagenic type of E.coli in North America (Tarr, P.1., 1995, Clinical Infectious
Diseases 20:1-8). A major epidemic of E. coli O157:H7, with over 9,000 cases and
11 deaths, has also occurred recently in Japan, although a conclusive determination of
the precise source of infection has yet to be made (Swinbanks, D., 1996, Nature
382:290).

Most outbreaks have been associated with the consumption of undercooked
beef or raw milk. A survey of retail uncooked meats has revealed the presence of E.
coli O157:H7 in 3.7% of fresh beef, 1.5% of pork and poultry and 2% of lamb (Doyle,
M.P. and Schoeni, J.L., 1987, Applied Environmental Microbiology 53:2394-2396).
To address epidemiological issues and for developing effective management
strategies, such as HACCP, for the prevention and control of this deadly pathogen, a
rapid and sensitive method is required.
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Several methods have been developed for the detection and isolation of
foodborne pathogens, some of which can be used in the detection of E. coli 0157:H7
in dairy foods. The conventional methods involve microbiological culturing and
isolation of the pathogen, followed by isolate-confirmation by biochemical and/or
serological tests. These are time-consuming and labour-intensive, and are thus costly
(Meng, J., et al., 1994, Trends in Food Science and Technology 5:179-185). For
example, testing for inability to ferment sorbitol, a characteristic feature of EHEC,
does not always provide an unambiguous result in tests to distinguish EHEC strains
from non-EHEC strains. Immunoassays are more rapid and less labour-intensive than
culture methods, but they are not robust enough to serve as independent procedures.
Further, the interpretation of immunoassay test results is often marred by false
positives, requiring further confirmation (Meng, J., et al., 1994, Trends in Food
Science and Technology 5:179-185).

Several new commercial procedures, based on pathogen-specific gene probes
and nucleic acid-amplification technologies, have been introduced into the market.
However, even these advanced techniques take days (at least two) rather than hours,
and lack the required specificity to identify the pathogen at a sub-genus level.
Recently, there has been increased interest in more rapid and sensitive techniques such
as polymerase chain reaction (PCR), which, by an iterative cycle of DNA synthesis,
can generate up to 107 copies of a target stretch of DNA sequence in less than 3 h,
using a thermostable DNA polymerase and specific oligonucleotide primers. PCR
procedures of various formats and combinations have been developed based on VT1
and VT2 genes as templates, and are used by several investigators for detection of
verotoxigenic E. coli (VTEC).

Gannon et al. (Applied and Environmental Microbiology 58:3809-3815) have
used PCR to detect Shiga-like toxin-producing FE. coli; SLTEC (an alternative
nomenclature for verocytotoxic E. coli, VTEC) in ground beef. In a total of 15 h (a 6-
h culture enrichment step, followed by a 9-h isolation of DNA, PCR and agarose gel
electrophoresis) they achieved the sensitivity of detection of 1 cfu per gram of meat.
Begum and Jackson (Begum, D. and Jackson, M.P., 1995, Molecular and Cellular
Probes 9:256-264) have used PCR to detect Shiga-like toxin-producing E. coli
directly in beef homogenates, with the detection limit of 30 SLTEC/ml, and have done
away with pre-enrichment and DNA isolation. Neither the method of Gannon et al.
nor that of Begum and Jackson, however, is specific for the 0157:H7 strain of E. coli.
Others have used immunomagnetic separation (IMS) to selectively capture E. coli
0157:H7 from enrichment broths. In spite of the individual merits of each of these
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methods over the earlier methods, a wide gap remains in the overall efficiency of the
methods available and those required for effective prevention and control strategies.
We have devised a novel strategy to solve this problem of inefficiency by
assembling a synergistic combination of microbiological and immunological
approaches with nucleic acid amplification-based procedures. The modules of this
combination can be readily assembled in a desired format, combining only the
required steps, to fit a specific contamination situation. Using the new method, we
have been able to reduce the detection time considerably, to 8 h to detect a single
colony forming unit (cfu) of E. coli O157:H7 in 1 g of raw milk, ice cream or ground
meat. We can reduce the detection time further using primer- or probe reporters with

fluorescent or chemiluminiscent labels.

SUMMARY OF THE INVENTION

The invention provides a method for the specific detection of a target pathogen
in a sample. The method of the invention comprises, as a first step, incubating the
sample under sufficient conditions to enrich the target pathogen population in the
sample. As a second step, the target pathogen is selected by immunoselection from the
sample enriched in the first step. The selection of the target pathogen is followed by
amplification of a nucleic acid sequence specific to the target pathogen from the target
pathogen so selected. The amplified nucleic acid sequence is then detected, the
presence of the amplified nucleic acid sequence indicating the presence of the target
pathogen. By following the method of the invention, a single colony-forming unit
(cfu) of bacterial pathogen can be detected in a contaminated food product in 8 hours
or less. The invention provides improved tools for rapid and early detection of
pathogens, including E. coli O157:H7, and Salmonella strains: S. agona, S. anatum;
S. enteritidis; S. havana,; S. krefeld; S. lilee; S. melegredis; S. montevideo; S. munster;
S. newport; S. saintpaul; S. schwarzengrund; S. tennessee; S. typhimurium and S.

worthington, among others.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a primer sct that amplifies a 215 base pair (bp) coding sequence of the
A subunit of SLT-I and a 212 bp coding sequence of the A subunit of SLT-II.

Figure 2 shows primer sets used for PCR-detection of Salmonella.
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Figure 3 shows the results of gel electrophoresis on samples of raw milk following a 4
hour enrichment, immunomagnetic separation and PCR amplification of fragments of

the shiga-like toxin genes.

Figure 4 shows the results of electrophoretic detection of the SLT-gene amplification
products from the immuno-PCR of ground beef samples, spiked with Escherichia coli
O157:H7.

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

As used herein, “target pathogen” means a pathogenic microorganism. In one
embodiment, the target pathogen is a microbial pathogen. In another embodiment, the
target pathogen is a fungus, such as yeast. In another embodiment, the target pathogen
is a gram-positive bacterium. Examples of gram-positive bacteria as target pathogens
include, but are not limited to, Listeria and Clostridium tyrobutyricum, the latter of
which can contaminate semi-soft and hard cheeses. In yet another embodiment, the
target pathogen is a gram-negative bacterium, such as a gram-negative
enterobacterium. Examples of gram-negative bacteria as target pathogens include, but
are not limited to: lactic acid bacteria; Shigella; Vibrio, such as V. cholerae and V.
haemolytica; Escherichia coli, such as Escherichia coli 0157:H7; and Salmonella
such as S. agona; S. anatum; S. enteritidis; S. havana; S. krefeld; S. lilee; S.
melegredis, S. montevideo, S. munster, S. newport; S. saintpaul; S. schwarzengrund;
S. tennessee; S. typhimurium and S. worthington. In another embodiment, the target

pathogen is Cryptosporidium, which can contaminate drinking water.

As used herein, a “sample” means any material that contains, or potentially contains,
biological material which could be contaminated by the presence of a pathogenic
microorganism. Examples of samples for use in accordance with the invention
include, but are not limited to, food samples, patient samples (e.g., feces or body
fluids, such as urine, blood or cerebrospinal fluid) water, such as drinking water or
other fluids. Examples of a food sample include, but are not limited to: dairy products
such as cheese, yogurt, ice cream or milk, including raw milk; meat such as beef,
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pork, minced meat, turkey, chicken or other poultry products; ground meat such as
ground beef, ground turkey, ground chicken, ground pork; eggs; produce, including
fruits and vegetables; peanut butter; seafood products including oysters, pickled

salmon or shellfish; or juice, such as fruit or vegetable juice.

As used herein, “incubating” means maintaining the sample in conditions that enhance
the proliferation of the target pathogen, thereby enriching the target pathogen
population in the sample. The conditions that enhance the proliferation of the target
pathogen will vary with the target pathogen and are known to those skilled in the art.
In one embodiment, incubating is by culturing, such as culturing under standard
conditions. The culture media may be selective or non-selective. Examples of culture
media for use in the method of the invention include, but are not limited to, pre-
enrichment broth, selective enrichment broth, chloryl broth, selective agromedia or
tryptic soy broth. Guidance on the selection of suitable media for different organisms
may be found in AOAC International, “Food and Drug Administration Bacteriological
Analytical Manual,” 7th Edition, pp. 1-529, 1992.

As used herein, “selecting the target pathogen” means isolating target pathogen-rich
material from target pathogen-poor material, thereby obtaining a sufficiently enhanced
concentration of the target pathogen so that reliable, reproducible detection of the
target pathogen can be achieved. In one embodiment, selection is effected by
fluorescence-activated cell sorting (facs). In another embodiment, the cells can be
sorted on the basis of bioluminescence (Kricka, L.J., 1995, Analytical Chemistry
67(12):499R-502R; Tu, S.C. and Mager, H.I., 1995, Photochemistry and
Photobiology 62(4):615-24; Duffy, G. et al.,, 1995, Applied & Environmental
Microbiology 61(9):3463-5). In another embodiment, selection is effected by
immunoselection using an antibody or fragment thereof that specifically recognizes,
binds and captures the target pathogen. Examples of immunoselection include, but are
not limited to, selection using paramagnetic beads coated with the antibody or

fragment thereof that specifically recognizes, binds and captures the target pathogen.

As used herein, “amplification of a nucleic acid sequence” means any method
whereby a specific nucleic acid sequence may be amplified. Examples of
amplification methods include, but are not limited to: polymerase chain reaction
(PCR), including DNA- or RNA-based PCR, RT-PCR, immunoPCR; ligase chain
reaction (LCR), self-sustained sequence replication or Q beta replicase assay.
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METHODS OF THE INVENTION

The invention provides a method for the specific detection of a target pathogen
in a sample. The method of the invention comprises, as a first step, incubating the
sample under sufficient conditions to enrich the target pathogen population in the
sample. As a second step, the target pathogen is selected from the sample enriched in
the first step. The selection of the target pathogen is followed by amplification of a
nucleic acid sequence specific to the target pathogen from the target pathogen so
selected. The amplified nucleic acid sequence is then detected, the presence of the
amplified nucleic acid sequence indicating the presence of the target pathogen. By
following the method of the invention, a single colony-forming unit (cfu) of bacterial
pathogen can be detected in a contaminated food product in 8 hours or less. The
invention provides improved tools for rapid and early detection of pathogens,
including E. coli O157:H7, and Salmonella strains: S. agora; S. anatum; S.
enteritidis; S. havana; S. krefeld; S. lilee; S. melegredis; S. montevideo, S. munster; S.
newport;, S. saintpaul; S. schwarzengrund; S. tennessee; S. 1yphimurium and S.

worthington, among others.

In one embodiment, the invention provides a method for the detection of a
target pathogen in a food sample. This method can be useful for screening food
products for the presence of contaminating organisms to minimize the risk of food
poisoning. In another embodiment, the invention provides a method for the detection
of a target pathogen in a patient sample. This method can be useful for diagnosing
infection by a microbial pathogen.

A. INCUBATION STEP

In one embodiment, the incubation step of the method of the invention
comprises culturing the food sample in tryptic soy broth at 37°C. The conditions for
optimizing the development and/or proliferation of the target pathogen will vary with
the target pathogen and are known to those skilled in the art (AOAC International,
Food and Drug Administration Bacteriological Analytical Manual, 7th Edition, pp. 1-
529, 1992). In one embodiment, incubating is by culturing under standard conditions.
The culture media may be selective or non-selective. The incubation time,

temperature, media and other conditions will vary with the nature of the sample and
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the target pathogen, and are selected to culminate in a final titer of the target pathogen
that 1s sufficient for subsequent detection of the amplified nucleic acid sequence.

One factor in determining incubation conditions, such as time, is the doubling
time of the target pathogen. For E. coli, the doubling time is approximately 20
minutes. To detect 1 cfu of E. coli 0157:H7 by agarose gel electrophoresis, for
example, an incubation of about 4 hours in tryptic soy broth at 37°C is sufficient. For
a higher detection criterion, such as 100 cfu, the incubation time can be reduced to
about 2 hours. The incubation time may be further reduced if a more sensitive method
of detection is used. Examples of more sensitive methods of detection include, but are
not limited to, nucleic acid assays wherein the nucleic acid is labeled with a
fluorescent intercalating dye, which allows for measurement of the amplification of
nucleic acid sequences in real time (Burg, J.L. et al., 1995, Analytical Biochemistry
230(2):253-72). One example of a fluorescent intercalating reporters dye is propidium
iodide. Examples of other nucleic acid markers that can be used to accelerate
detection of amplified nucleic acid sequences include, but are not limited to, a
chemiluminescent marker, immuno-affinity tags such as c-myc, affinity tags such as
cellulose-binding domain, streptag, biotin/streptavidin or any whole or part
macromolecule with a matching fit, reporter enzymes with chromogenic, luminescent,
fluorescent or other tracer capabilities, or adducts that confer special and distinct
properties on the target (G.H. Keller, M.M. Manak, DNA Probes, 2nd Edition,
Stockton Press, New York, NY, pp. 1-659, 1993).

B. PATHOGEN SELECTION

In one embodiment, the pathogen selection step of the method of the invention
comprises immunoselection using an antibody or fragment thereof that specifically
recognizes, binds and captures the target pathogen. Examples of immunoselection
include, but are not limited to, immunomagnetic separation using paramagnetic beads
coated with the antibody or fragment thereof that specifically recognizes, binds and
captures the target pathogen. Examples of antibodies that specifically recognize, bind
and capture E. coli O157:H7 include, but are not limited to, Dynabeads anti-E. coli
0157:H7 (Dynal As, Oslo, Norway). A variety of antibodies for use in the method of
the invention are commercially available (Accurate Chemical and Scientific
Corporation, Westbury, NY; Affinity Bioreagents Inc., Golden, CO; Pierce, Rockford,
IL).

Where antibodies are not yet commercially available, techniques for producing
them are known in the art (Choudary PV, HA lee, BD Hammock, MRA Morgan,
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Recombinant antibodies: new tools for immunoassays, in New Frontiers in
Agrochemical Immunoanalysis, DA Kurtz, JH Skerrit, L Stanker (Eds), AOAC
International, Washington, DC, pp. 171-185; Hermanson, G.T., Bioconjugate
Techniques, Academic Press, New York, NY, pp. 1-659, 1996). For example, one can
raise antibodies in rabbits by innoculating them with formalin-treated bacteria, which
is currently being done with Vibrio haemolytica. The antibody or fragment thereof for
use in the immunomagnetic separation can be attached to the paramagnetic beads
according to methods known in the art (Hermanson, G.T., Bioconjugate Techniques,
Academic Press, New York, NY, pp. 1-659, 1996).

The paramagnetic beads for use in immunoselection can comprise, for
example, metal, glass, sugar, cellulose or polymer. The binding affinities will vary
with the material used for the beads.

C. AMPLIFICATION OF NUCLEIC ACID SEQUENCES

In one embodiment, the amplification of a nucleic acid sequence specific to the
target pathogen is by polymerase chain reaction (PCR). Examples of primers that can
be used for amplification of nucleic acid sequences specific to E. coli O157:H7
include, but are not limited to, a primer set that amplifies a 215 base pair (bp) coding
sequence of the A subunit of SLT-I and a 212 bp coding sequence of the A subunit of
SLT-II, such as:

A: *-ATACAGAG(GA)G(GA)ATTTCGT->
B: °-TGATGATG(AG)CAATTCAGTTAT->.

Examples of primers that can be used for amplification of nucleic acid
sequences specific to Salmonella include, but are not limited to, any of the following
primer sets:

#1 ST 11: > AGCCAACCATTGCTAAATTGGCGCA®

ST 15: ° GGTAGAAATTCCCAGCGGGTACTG”;
#2 1: "“TTATTAGGATCGCGCCAGGC
2: " AAAGAATAACCGTTGTTCAC?,
a: > TGCCTACAAGCATGAAATGG”
b: “AAACTGGACCACGGTGACAA®;
a: > GATCATCCATTCGGCATTAAACAY
b: *TTCTCAGCGACGGAAGGGTAAATCY; or
#5 S 18: ° ACCGCTAACGCTCGCCTGTATY
S 19: Y AGAGGTGGACGGGTTGCTGCCGTT".

#3

#4
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The invention includes methods in which other primers that are at least 80%
homologous to the target nucleic acid scquence of the pathogen are used for the
amplification of nucleic acid sequences specific to the target pathogen. The target
nucleic acid sequence of the target pathogen can be any nucleic acid sequence specific
to the target pathogen, including sequences from the chromosomal/organellar
genome(s), plasmid regions, lysogenic phages, genomic sequences, ribosomal genes,
among others. The invention also includes methods in which other primers derived
from the sequences of SLT-I and SLT-II that encompass at least about a 100 bp
sequence for the amplified product are used for the amplification of nucleic acid
sequences specific to the target pathogen. The invention also includes methods in
which other primers that are derived from the sequences of other toxins produced by
microbial pathogens are used for the amplification of nucleic acid sequences specific
to the target pathogen.

The person skilled in the art can select primers for amplification of nucleic
acid sequences specific to the target pathogen from the published literature or from
public databases. The factors affecting the identification of suitable primers for this
purpose will vary with the nature of the target pathogen. For example, if specific
detection of a particular strain of pathogen is desired, such as . coli 0157:H7, primers
will be selected for their specificity for the particular strain. If detection of a group of
pathogens is desired, such as a variety of Salmonella strains, then primers will be
selected for their ability to amplify nucleic acid sequences of any member of the
group of pathogens. Thus, once the target pathogen has been identified, the skilled
person can select the appropriate primers.

In one embodiment, the amplification of nucleic acid sequences specific to the
target pathogen is by PCR. In another embodiment, the amplification of nucleic acid
sequences specific to the target pathogen is by RNA PCR. In another embodiment, the
amplification is by immunoPCR. In another embodiment, thc amplification is by
cascade amplification. In another embodiment, the amplification is by ligase chain
reaction (LCR; Wiedmann, M. et al., 1994, PCR Methods & Application 3(4):S51-64;
Zebala, J.A. and Barany, F., 1993, J. Clin. Gastroenterol. 17(2):171-5; Laffler, T.G. et
al., 1993, Annales de Biologie Clinique 51(9):821-6). In another embodiment, the
amplification is by new strand displacement assay. In another embodiment, the
amplification is by self-sustained sequence replication. In another embodiment, the
amplification is by Q beta replicase assay (Tyagi, S. et al., 1996, PNAS 93(11):5395-
400; Burg, J.L., 1995, Analytical Biochemistry 230(2):263-72). Different methods of
nucleic acid amplification available have been reviewed by: Abramson, R.D. and
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Myers, T.W., 1993, Current Opinion in Biotechnology 4(1):41-7; Hagen-Mann, K.
and Mann W., 1995, Exper. and Clin. Endocrinol. and Diabetes 103(3):150-5; and
Pteffer, M. et al., 1995, Veterinary Research Communications 19(5):375-407.

To access DNA of some pathogens for the amplification step, it may be
necessary to add a lysing or detergent step (Pollard, D.R. et al., Rapid and specific
detection of verotoxin genes in E. coli by the polymerase chain reaction, Journal of
Clinical Microbiology, 28:540-545; Docherty, L. et al, Thc magnetic
immunopolymerase chain reaction assay for the detection of Campylobacter in milk
and poultry, Letters in Applied Microbiology, 22:288-292; Makino S et al., A new
method for direct detection of Listeria monocytogenes from foods by PCR, Applied
and Environmental Microbiology, 61:3745-3747). This lysing or detergent step will
facilitate access to DNA in spores. Vegetative cells are easily lysed with a
heating/microwaving procedure (G.H. Keller, M.M. Manak, DNA Probes, 2nd
Edition, Stockton Press, New York, NY, pp. 1-659, 1993). No lysing or detergent step
is necessary with many target pathogens, such as E. coli 0157:H7.

D. DETECTION OF AMPLIFIED SEQUENCES

In one embodiment, the detection of the amplification product is by gel
electrophoresis, such as agarose gel electrophoresis. In another embodiment, the
detection of the amplification product is by hybridization with a nucleic acid probe or
probes. The hybridization can be solid phase or liquid phase. The hybridization can be
dot hybridization with a nucleic acid probe or probes. The dot hybridization can be a
radioactive dot blot or non-radioactive dot blot. The dot hybridization can be a dot
blot micromethod or other method.

In another embodiment, the detection of the amplification product is by real
time fluorescence measurement. In another embodiment, the detection of the
amplification product is by immunoenzymatic assay using anti-RNA:DNA hybrid
antibodies. In another embodiment, the detection of the amplification product is by
nucleic acid probe assay using a fluorescein dye and/or fluorescent dye photometry. In
another embodiment, the detection of the amplification product is by use of
immobilized nucleic acid probes. Examples of substrates upon which the nucleic acid
probes can be immobilized include, but are not limited to, a microplate, a membrane
filter, a tube or a microchip. In one embodiment, a DNA probe is bound to a
microwell plate. A labeled amplification product is then allowed to bind the DNA
probe. The amplification product can be labeled, for example, with biotin, a
colorimetric probe or a fluorescent dye. The presence of amplification product can

then be detected by detection of the label, or where applicable, by detection of a
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secondary label that binds to or reacts with the labeled amplification product, such as
horseradish peroxidase, alkaline phosphatase, labeled anti-biotin antibody, avidin,
avidin-biotin complex or avidin-streptavidin complex.

In another embodiment, the detection of the amplification product is by
detection of a radioactive label associated with the nucleic acid probe. Examples of
methods for detecting radioactive labels associated with nucleic acid probes include,
but are not limited to, autoradiography and scintillation counting (G.H. Keller, M.M.
Manak, DNA Probes, 2nd Edition, Stockton Press, New York, NY, pp. 1-659, 1993).
In another embodiment, the detection of the amplification product is by detection of a
non-radioactive label associated with the nucleic acid probe. Examples of methods of
detecting non-radioactive labels associated with nucleic acid probes include, but are
not limited to, colorimetric, fluorometric or dye reporter assays. In another
embodiment, the detection of the amplification product is by DNA
hybridization/reverse hybridization. In another embodiment, the detection of the
amplification product is by RNA synthesis. Nucleic acid probes for use in the
detection of amplified nucleic acid sequences can be labeled during or following

oligonucleotide synthesis.

In one embodiment, the invention provides a method for the specific detection
of Escherichia coli 0157:H7 in a food sample. A first step of this method comprises
incubating the food sample in a tryptic soy broth (TSB) at about 37°C for a sufficient
time to allow for detection of subsequently amplified nucleic acid sequences. In one
embodiment, this incubation is for about 2 to about 4 hours. As a second step, the
food sample is contacted with magnetic beads coated with an antibody that
specifically binds Escherichia coli 0157:H7. The material bound to the magnetic
beads is then selected from the food sample and nucleic acid sequences specific to
Escherichia coli 0157:H7 are amplified by PCR. The amplified nucleic acid
sequences are then detected, the presence of amplified nucleic acid sequences
indicating the presence of Escherichia coli 0157:H7 in the food sample.

In another embodiment, the invention provides a method for the detection of
Salmonella in a food sample. A first step of this method comprises incubating the
food sample under sufficient conditions to culminate in a final titer suitable for
subsequent detection of amplified nucleic acid sequences. As a second step, the food
sample is contacted with magnetic beads coated with an antibody that specifically
binds Salmonella. The material bound to the magnetic beads is then selected from the
food sample and a set of primer sequences shown in Figure 2 is used to amplify by
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PCR specific nucleic acid sequences recognized by these primers. The amplified
nucleic acid sequences are then detected, the presence of the amplified nucleic acid
sequences indicating the presence of Salmonella in the food sample. In one
embodiment, the primer sequences amplified by PCR are those of set #1 shown in
Figure 2. In another embodiment, the primer sequences amplified by PCR are those of
set #4 shown in Figure 2.

Methods for each step of the invention: incubating samples, selecting for a
target pathogen, amplifying nucleic acid sequences and detecting amplified nucleic
acid sequences; are amenable to automation. Automation of any or all of the steps of
the invention can further reduce the total assay time for detection of a target pathogen

in a sample.
ADVANTAGES OF THE INVENTION

The method of the invention permits the detection of a target pathogen with
increased speed and increased specificity. Increased speed, or reduced detection time,
is achieved through the unexpected synergistic effect of combining the incubation step
with both immunoselection for the target pathogen and amplification of nucleic acid
sequences specific to the target pathogen. Increased specificity is achieved through
the use of a primer set that is specific for the target pathogen.

This invention is illustrated in the Experimental Details section which follows.
This section is set forth to aid in an understanding of the invention but is not intended
to, and should not be construed to, limit in any way the invention as sct forth in the

claims which follow.

EXPERIMENTAL DETAILS

Example 1: Detection of Escherichia coli O157:H7 in raw milk and ice cream
Escherichia coli 0157: H7 (EHEC) in spiked samples of raw milk and ice cream was

enriched in tryptic soy broth for 4 h, captured by immunomagnetic separation,
subjected to amplification by polymerase chain reaction of parts of the verotoxin
genes (SLT-I and SLT-II), and detected by agarose gel electrophoresis. Using this
method, as few as one colony forming unit of £. coli 0157:H7 per g of food could be
detected in less than 10 h.
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Our concept and strategy are based on the hypothesis that by a synergistic
combination of the polymerase chain reaction (PCR) with both culture enrichment and
immunomagnetic separation (IMS) it should be possible to detect EHEC rapidly and
reliably, in the background of other microbes occurring in raw milk and milk
products. Accordingly, we have optimised the culture enrichment, IMS and PCR
procedures and incorporated all of them as integral steps in a new method that offers
the necessary sensitivity and specificity to detect the presence of a single colony
forming unit (cfu) of . coli 0157:H7 in 1 g of food, in less than 8 h.

Strains
Escherichia coli O157:H7 strains used in this study, their serotype, shiga-like
toxin gene status, source and the result of the polymerase chain reaction using primers

to the shiga-like toxin gene are presented in Table 1.

Table 1:; Escherichia coli Q157:H7 Strains

UCD SLT Source PCR Resul
Strain# Genotype

HF1 I&I1 ATCC42895 +
HF2 [&I1 ATCC43894 +
HF3 None ATCC43888 -
HF4 1I ATCC43889 +
HF5 I ATCC43890 +
HF13 1&I1 CMDL +
HF14 [&I1 CMDL +
HF15 I1&I1 CMDL +
HF51 I USUHS +
HF52 1&I1 USUHS +
Is* None NK -

*Serotype 0111

UCD, University of California Davis (CA, USA) Strain Number; SLT genotype, form
of shiga-like toxin gene found in the strain; ATCC, American Type Culture
Collection; CMDL, California Microbial Diseases Laboratory; USUHS, Uniformed
Services University of Health Sciences; NK, Not Known.

+, SLT-specific PCR product present; -, SLT-specific PCR product absent
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Spiking of food samples with Escherichia coli 0157:H7

E. coli 0157:H7 was grown overnight in 50 ml of tryptic soy broth (TSB; Difco)
in a 250 ml Erlenmeyer flask, shaking at 120 rpm at 37°C. Ice cream (Haagen-Dazs
vanilla flavour, Teaneck, NJ 07666, USA) was defrosted, aseptically unsealed and 45
g aliquots placed in 50 ml centrifuge tubes. The overnight culture was inoculated into
and mixed with an ice cream sample, which was then diluted with the other ice cream
samples in a ten-fold dilution series. Each dilution (200 ml) was plated onto
MacConkey sorbitol agar (SMAC; March, S.B. & Ratman, S., 1986, Journal of
Clinical Microbiology 23:869-872) containing cefimide (0.05 mg/l ) and potassium
tellurite (2.5 mg/l) (SMACCT; Zadic et al., 1993) to estimate the numbers of E. coli
O157:H7 present in the spiked ice cream samples. The ice cream samples were then
mixed well and refrozen at -20°C, to simulate industrial storage conditions.

A decimal serial dilution of the overnight culture was made in TSB, and each
dilution (1 ml) was mixed with 39 ml of raw bovine milk (UC Davis Dairy) in 50 ml
centrifuge tubes. The spiked milk (200 ml) was then plated on SMACCT agar to
obtain a plate count, and the remainder was stored overnight at 4°C, to simulate

industrial storage and distribution practices.

Culture-Enrichment of the Pathogen

Raw milk (10 ml) or ice cream (10 g) was aseptically removed from each spiked
sample and resuspended in 90 ml of TSB in 250 ml Erlenmeyer flasks. The cultures
were then incubated with shaking at 120 rpm at 37°C for 4 h.

Immunomagnetic Separation

After the 4 h incubation, 1 ml aliquots from each enriched culture were mixed
with 20 pl of O157 antibody-coated magnetic beads (Dynabeads anti-E. coli
0O157:H7, Dynal As, Oslo, Norway) in a 1.8 ml microfuge tube. The tube was then
shaken gently for 45 min, and the beads were washed according to the manufacturer's

instructions and pelleted in a microfuge, in preparation for the PCR analysis.

Polymerase Chain Reaction

PCR primers were synthesised by the UC Davis Protein Structure Laboratory,
using an Applied Biosystems automatic DNA synthesiser Model 380A. This primer
set amplifies a 215 base pair (bp) coding sequence of the A subunit of SLT-I and a
212 bp coding sequence of the A subunit of SLT-II. Paton et al. (1993, Journal of
Clinical Microbiology 31:3063-3067) have previously confirmed the E. coli
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O157:H7-specificity of this primer set in the PCR examination of human faecal

cultures. The primer sequences are:

A: Y-ATACAGAG(GA)G(GA)ATTTCGT->
B: *-TGATGATG (AG)CAATTCAGTTAT-> .

The PCR amplification mix contained a final concentration of 10 mM Tris-HC1
pH 9.0, 50 mM KCI, 1 ml/l Triton X-100, 1.8 mM MgCl,, 200 uM each of the
deoxynucleoside triphosphates (Pharmacia, Piscataway, NJ 08855, USA), 1.5 units of
Taq polymerase (Promega, Madison, WI 53711, USA) and 0.5 uM each of the
primers, in a total reaction volume of 100 pul. The PCR mix was added to the beads
and overlaid with 70 pl of mineral oil. The PCR amplifications were performed in a
thermocycler (model PTC150, M.J. Research, Watertown, MA 02172, USA) with a 2
min initial denaturation at 94°C, followed by 35 cycles of 92°C for 1 min, 48°C for 1
min and 72°C for 1 min. At the end of the PCR, 10 pl from each reaction was
analysed by electrophoresis for 30 min at 100 V in a 1.5% agarose gel (containing 0.5
png/ml ethidium bromide) in Tris-acetate buffer (TAE; Sambrook, J., Fitch, E.F &
Maniatis, T., 1989, Molecular cloning a laboratory manual. 2nd edn., Cold Spring
Harbor, NY. Cold Spring Harbor Laboratory Press) containing O.5 pg/ml ethidium
bromide. Haelll-digested X174 DNA was used as a size marker. The DNA bands in
the gels were visualised by UV transillumination and photographed.

The detection of Escherichia coli O157:H7 in spiked ice cream

The fidelity of the primers to both forms of the SLT gene was established by
testing 5 pl aliquots of the enriched cultures of all E. coli strains (Table 1) in the PCR.
PCR products of the expected size (212-215 bp) for the SLT genes were obtained with
all the strains tested, with the exception of J5 and HF3 both of which do not carry
either of the SLT genes.

Before spiking with the test pathogen we wanted to ensure that the ice cream was
free from prior contamination with it. Samples (10 g) inoculated into 90 ml TSB,
incubated at 37°C for 16 h and 0.2 ml aliquots spread onto SMAC showed no
contamination with £. coli. The ice cream was then spiked with E. coli O157: H7 at
various contamination levels and frozen at -20°C for at least 24 h, to freeze-stress the
bacteria. The ice cream was then defrosted, enriched and used for IMS-PCR as
described above. Plate counts of samples of the ice cream obtained on SMACCT
before and after freezing showed no measurable change as a consequence of freezing.
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Contamination levels of strains HF1, HF4 and HF5 ranging between zero and 10°
cfu/g of ice cream were used in validation of the procedure. In all cases when the
initial inoculum was 1 cfu/g or greater a PCR product of the expected size for SLT
genes was obtained, demonstrating the high sensitivity of the method in the detection
of E. coli O157:H7. The unspiked samples did not give a PCR product. Positive
control PCR amplifications containing E. coli O157: H7 strain HF1 cells and negative
control PCR amplifications containing no cells, consistently tested positive and
negative, respectively.

The detection of Escherichia coli O157:H7 in spiked raw milk

No evidence of prior contamination with E. coli was found when samples (0.2 ml)
of raw milk were plated directly on SMAC agar. However, when samples were plated
on SMAC agar after enrichment for 4 h in TSB, low levels (~1 cfu/ml) of sorbitol-
positive E. coli were detected, indicating low-level faecal contamination of raw milk
samples with non-O157:H7 E. coli.

The milk samples were then inoculated with serial dilutions of E. coli O157:H7
and stored at 4°C for at least 16 h, to cold-stress the bacteria. Plate counts of E. coli
O157:H7 in the milk samples on SMAC agar before and after the cold-treatment
showed no measurable reduction indicating that the storage conditions had no effect
on E. coli O157:H7 viability. The results of a validation experiment using strain HF1
arei presented in Fig 1. With contamination levels ranging from 4 to 3x10° cfu/ml of
milk, all the spiked samples tested PCR-positive, but none of the unspiked. Further
experiments using strains HF1, HF52, HF4 and HF5 at 1 cfu/ml or greater
consistently gave SLT-positive PCR products.

Samples of the TSB enrichment culture were also plated out before and after the 4
h enrichment at 37°C to assess the efficiency of the enrichment procedure and to get
an estimate of the actual numbers of bacteria being detected by the IMS-PCR
procedure. The results as presented in Table 2, showed that the 4 h enrichment caused
a 200-900 fold increase in the cell numbers of E. coli O157: H7 and that 800 cfu were
sufficient to be detected by the IMS-PCR procedure.
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Table 2: Escherichia coli Q157:H7 Strain HF2 Before and After Enrichment:
Detection by PCR

No. of E. coli/ml before No. of £. coli/ml PCR product
enrichment (cfu) after enrichment (cfu)

370 9x10* +

34 1x10* +

0.9 8x10 +

0 0 -

PCR, polymerase chain reaction; cfu, colony forming units.
+, SLT-specific PCR product present; -, SLT-specific PCR product absent

Figure 3 shows the results of gel electrophoresis of samples following the 4 hour
enrichment followed by immunomagnetic separation to remove E. coli 0157:H7 cells
and PCR amplification of fragments of the shiga-like toxin genes. Lane 1 shows
unspiked sample; lane 2, sample spiked with 4 cfu/ml; lane 3, sample spiked with 36
cfu/ml; lane 4, sample spiked with 4 x 103 cfu/ml; lane 5, sample spiked with 3 x 105
cfu/ml; lane 6, negative control, no DNA or cells added; lane 7, positive control
containing strain HF1 cells. Lane M is $X174 DNA marker digested with Haelll (the
234 bp and 194 bp markers are noted to the right).

Rapid and reliable detection of pathogens is of critical importance to the
development of effective control and prevention of foodborne diseases. In an effort to
complement the existing pathogen detection methods used in the dairy industry with
modern techniques offering increased speed, specificity and sensitivity, we have
developed a novel method by combining appropriate sections of different
microbiological and molecular biological procedures used in molecular diagnostics.
Using the new method we have demonstrated the feasibility of detecting E. coli
0157:H7, contaminating milk and ice-cream, at levels as low as one cfu per unit (g or

ml) of each food sample, within 8 h.

Enriching in non-selective media increases the likelihood of detecting bacteria that
have been stressed chemically, mechanically, or by temperature during manufacturing
processes. Normally a selective agent such as novobiocin, cefimide or potassium

tellurite is included in the enrichment broth to reduce the numbers of competing
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bacteria and to allow enrichment of the target bacteria. However, we found that the
inclusion of novobiocin in the enrichment broth prevented the growth of E. coli 0157:
H7 when the cells had been cold-stressed (4°C for 4 days in TSB). Our observation
corroborates the finding of Mackey (Mackay, 1988, FEMS Microbiology Letters
20:395-399) that various selective agents, including novobiocin, reduce the viability
of E. coli cells subjected to physical stress. As we only required a short enrichment
step, and washing and collection of target bacteria was achieved using IMS, the
benefits of using a non-selective enrichment media outweighed those of using a

selective media.

In sharp contrast to the currently used detection methods requiring initial
enrichment of up to 24 h (Bennett, A. R., Macphee, S. & Betts, R. P., 1995, Letters in
Applied Microbiology 6:375-920), we found that a 4 h enrichment, giving an
estimated 9 doublings of E. coli O157:H7, produces sufficient cells from 1 cfu to
allow detcction by IMS-PCR.

In food-related applications, IMS is predominantly used for the separation of
microbial cells from the food matrix and non-target microbes (Okrend, A.J.G., Rose,
B.E. & Lattuada, C.P., 1992, Journal of Food Protection 55:214-217; Wright, D. J.,
Chapman, P. A. & Siddons, C. A., 1994, Epidemiology and Infection 113:31-39).
Microscopic paramagnetic particles coated with pathogen-specific antibodies
concentrate the target cells from the enrichment broth. We used magnetic beads in
our procedure as a selective enrichment step to capture E. coli O157: H7. The IMS
step, in addition to selectively concentrating the target microbe from a heterogeneous
microbial population present in the test food samples, also reduces potential
interference from food ingredients by separating the bacteria from the food
homogenate. This is important because although PCR is a robust method, there have
been reports of food components interfering with the PCR (Powell, H. A., et al.,
1994, Letters in Applied Microbiology 18:59-61). Our results, using IMS, showed no
evidence for PCR inhibition by the food matrix. However, we observed that the
capture of the E. coli onto the immunomagnetic beads was not 100% efficient because
up to 25% of them were lost during the washing step.

The synthesis of a PCR product of the correct size serves as a quick and definitive
confirmation of the identity of the target organism. The fidelity and target-specificity
of the primers determine the confidence level of the PCR procedure for the

confirmation of the pathogen identity. A number of primer sets with specificity to
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EHEC, e.g., those based on the SLT-I and SLT-II genes, have been designed and
successfully used by others to detect EHEC from a variety of matrices, e.g., faeces,
ground beef (Paton, ef al.., 1993, Journal of Clinical Microbiology 31:3063-3067;
Gannon, V. P. 1., et al.., 1992, Applied and Environmental Microbiology 58:3809-
3815; Samadpour, M., et al.., 1990, Adpplied and Environmental Microbiology
56:1212-1215). Using one of these primer sets we have demonstrated detection of
low levels of E. coli O157: H7 in milk and ice cream.

With the increasing requirement for food producers to demonstrate “Due
Diligence”, there is a need for rapid detection methods. Our method can detect one
bacterial cfu present in the test food sample, in less than one working day. The speed
and sensitivity offered by our method could benefit dairy producers as well as food
inspectors, since the methodology is not technically demanding and can be easily and
rapidly performed by technical personnel with minimal training. Further, the method
has been designed to keep the implementation steps to a minimum, not requiring
selective enrichment nor DNA isolation, facilitating future automation. Our method,
in its current format, using agarose gel electrophoresis as the end-point detection is
very sensitive, rapid and simple for the detection of E. coli O157:H7 in dairy
products, and has been directly applicable to meat samples and to other foodborne
bacterial pathogens (see Examples 2 and 3). Nevertheless, emerging signal-
amplification detection technologies, such as fluorescent dyes and laser detection,
may increase the sensitivity of the method and consequently reduce the detection time
even further.

Example 2: Detection of Escherichia coli O157:H7 in Ground Meat

An immuno-polymerase chain reaction in conjunction with pre-enrichment was

performed for rapid and reliable detection of Escherichia coli O157:H7 in ground
beef. The E. coli O157:H7 cells were separated quickly from the enrichment culture,
using magnetic beads coated with E. coli O157:H7-specific antibody; the bead-bound
bacterial cells were subjected to polymerase chain reaction (PCR) to amplify specific
segments of the SLT-I and SLT-II genes of E. coli O157:H7, and the amplified DNA
was detected by agarose gel electrophoresis. Detection of a single colony forming
unit (cfu) of E. coli O157:H7 was achieved in 8 h.
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Table 3 lists the bacterial strains used in the study. Counts of E. coli O157: H7
were obtained by plating on SMACCT (Zadik, P.M., Chapman, P.A. & Siddons,
C.A., 1993, Journal of Medical Microbiology. 39:155-158)) agar plates.

Table 3: Bacterial strains used, SLT gene status and sources

UCD Number | Strain SLT Genotype | Original Source
HF 1 Escherichia coli O157: H7 | 1&2 ATCC 42895
HF 2 E. coli O157: H7 1&2 ATCC 43894
HF 3 E. coli O157: H7 0 ATCC 43888
HF 4 E. coli O157: H7 2 ATCC 43889
HF 5 E. coli O157: H7 ATCC 43890
HF 13 E. coli O157: H7 1&2 CMDL

HF 14 E. coli O157. H7 1&2 CMDL

HF 15 E. coli O157: H7 1&2 CMDL

HF 51 E. coli O157: H7 2 USUHS

HF 52 E. coli O157: H7 1&2 USUHS

J5 E. coli O111 0 NK

CG1 Aeromonas hydrophila 0 ATCC 7965
CG?2 Bacillus cereus 0 ATCC 14579
CG3 Citrobacter freundii 0 ATCC 8090
CG4 Enterobacter cloacae 0 ATCC 13047
CGS5S Enterococcus faecalis 0 ATCC 19433
CG 6 Hafnia alvei 0 ATCC 29926
CG7 Klebsiella pneumoniae 0 ATCC 13883
CG 8 Proteus vulgaris 0 ATCC 13315
CG9 Pseudomonas aeuoginosa |0 ATCC 10145
S 36 Salmonella enteritidis 0 ATCC 13076
CG 10 Shigella sonnei 0 ATCC 29930
CG 11 Staphylococcus aureus 0 ATCC 12600

ATCC, American Type Culture Collection; CMDL, California Microbial Diseases
Laboratory; USUHS, Uniformed Services University of Health Sciences; NK, Not
Known; 0, SLT gene(s) absent.
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Experimental contamination of ground beef samples with E. coli 0157:H7

Overnight cultures of E. coli 0157:H7 were grown in tryptic soy broth (TSB;
Difco) in Erlenmeyer flasks, shaking at 120 rpm at 37°C. Ground beef was divided
under aseptic conditions into 25 g portions, individually rolled into balls and laid out
in an alcohol-sterilized plastic box. Each meat ball was then injected with an aliquot
(100 pl) each of serial dilutions (10 to 10°) of an overnight culture in TSB, using a
pipetman (P-200) tip. The inoculated meatballs were left at room temperature for 1 h,
to allow the injected liquid to be absorbed, and then frozen at -20°C for at least 24 h.

Enrichment of the bacteria present in the ground meat

The frozen meatballs were each transferred to the mesh insert of a stomacher bag
(Applied Biosolutions, New York), and were thawed at room temperature for 30 min.
Then, 225 ml of TSB were added to each bag, and the meatballs were homogenized
for 1 min in a Stomacher (Colworth). The meat homogenate was then incubated in
the bag at 37°C for 4 h.

Immunomagnetic Separation (IMS) of E. coli O157:H7

After the 4-h incubation step, aliquots (1 ml) of each enriched culture were
removed from the outer compartment of the stomacher bag and mixed with 20 pl of
0157:H7 antibody-coated magnetic beads (Dynabeads-anti E. coli O157:H7, Dynal
AS, Oslo, Norway), in a 1.8-ml microfuge tube. The tube was rocked gently for 30
min, and the beads were recovered using a magnetic particle concentrator (Promega),
washed according to the manufacturer's instructions and pelleted by centrifugation for
I 'min at 14,000x g, in preparation for the PCR analysis.

Amplification of the SLT-I and/or SLT-1I gene(s) by PCR

The PCR amplifications were carried out as described in Example 1, using a primer
set derived from the Shigella-like toxins, SLT-I and SLT-II. The primers, 5°-
ATACAGAG(GA)G(GA)ATTTCGT-3” and 5’-TGATGATG(AG)CAATTCAGTAT-
3°, amplify the 215-bp and the 212-bp segments encompassing the 586-800 bp of the
SLT-I coding sequence and the 583-794 bp of the SLT-II coding sequences,
respectively. Paton et al.. (1993, Journal of Clinical Microbiology 31:3063-3067)
designed these primer sequences and demonstrated their E. coli O157:H7-specificity
in the PCR examination of faecal cultures of infected humans.

The PCR buffers (100 pl reaction volumes) containing final concentrations of: 10
mM Tris-HCL, pH 9.0, 50 mM KCl, 1.8 mM MgCl,, 1 ml/ L Triton X-100, 200 uM
each of the deoxynucleoside triphosphates (Pharmacia), 1.5 U of Taq polymerase
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(Promega) and 0.5 uM each of the primers, were added to the immunomagnetic beads
(20 ul), mixed and then transferred to a PCR tube and overlaid with 70 pl of mineral
oil. The amplifications were performed in a thermocycler (M.J. Research, model
PTC150) with a 2-minute initial denaturation at 94°C, followed by 35 cycles of
denaturation at 92°C for 1 min, primer annealing at 48°C for 1 min and extension at
72°C for 1 min. The products (10 pl) from each reaction were resolved by
electrophoresis for 30 min at a constant power of 100 V, in a 1.5% agarose gel in Tris-
actate-EDTA (TAE) buffer, both containing 0.5 pg/ml ethidium bromide. Haelll
digest of X 174 DNA was used as DNA size markers. The DNA bands in the gels
were illuminated by UV light and were photographed.

The principal goal of our method is to reduce the overall detection time, without
compromising the specificity or sensitivity. We have accomplished this goal by a
combination of the steps: pre-enrichment of the pathogen, selective capture of the
pathogen using IMS, amplification of the pathogen-specific DNA sequences using
PCR, and detection of the amplified DNA by agarose gel electrophoresis. The total
assay time can be considerably reduced when these steps are used together rather than
individually. Accordingly, we first optimized each of these steps and then integrated
them into a single method.

Pre-enrichment of the culture

The pre-enrichment step helps by increasing the bacterial cell number to the
minimum detection threshold. In the past, this step has been carried out by others for
considerably long periods, ranging from 6 to 48 h, using selective media that promote
the growth of the target pathogen and suppress the growth of non-target organisms.
However, such media can impede the recovery of stressed organisms, including the
target organism. The use of a non-selective enrichment allowed us to enrich E. coli
0157:H7 (with a doubling time of 26 min) within 4 h from a single cfu to 500 cfu, the
minimal number of target bacterial cells needed for ensuring the specificity and
sensitivity of the subsequent PCR step. It did not appear that the growth of E. coli
0157:H7 was affected by competing organisms, possibly due to the short enrichment

time used at this stage.

Efficiency of immunomagnetic separation
IMS, by offering a considerably faster means of collecting cells than centrifugation,
saves a lot of time in isolating, washing, collecting and concentrating bacterial cells

from food samples. More importantly, it eliminates matrix effects, including potential
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PCR-inhibitors from food and enrichment media. For these advantages, we have
chosen to optimize and use IMS in our method.

We have found a 30 min-incubation of the beads with enrichment broth (1 ml)
containing about 28 cfu/ml to yield a PCR product of the same intensity as that
obtained after 45 or 60 min, while no product is obtained from the sample incubated
for 15 min. Therefore, we used 30-min as the standard incubation period.

We then determined the capacity and saturation limits of the IMS beads in
recovering the target organism, E. coli O157:H7 from the broth, containing between
10 and 10° cells. We found that the IMS beads (20 ml) could recover 80% of the
total bacterial population from the enrichment culture containing 10° cfu, 95% of 10’
cfu, over 99% of 104, and 100% of 10% cfu/ml. It is clear from these results that the
bacterial recovery efficiency of the immunomagnetic beads is limited to the binding
sites available on their surface. Although 20 ml of the IMS beads have the surface
area sufficient to capture between 107 and 10® cfu, 500 cfu of E. coli O157:H7 are all
that is needed for PCR. This offers the possibility to either limit the length of the
enrichment step to culminate in a final titer of 500 cfu, or for reduction in the quantity
of the beads used.

Optimization of PCR conditions

To determine the optimal conditions for PCR, we first investigated the
influence of magnesium concentration on PCR, by carrying out a magnesium titration
experiment. When magnesium chloride (MgCl,) concentrations were varied between
0.5 and 2.5 mM, with 1 to 100 target bacterial cells as the template source, an
amplified DNA band of the expected size and intensity was obtained with all
concentrations of MgCl, above ImM, but the band-intensity was highest in the 1.5 to
2.5 mM range. Hence, we used 1.5 mM MgCl, in all subsequent assays.

We also investigated the effect of the number of cycles on the sensitivity of
PCR, by examining reaction mixes containing between 2 and 165 cells in each of 30,
40 and 50 cycles. The results showed a lower limit of 18 cfu with a 30-cycle reaction,
and 2 cfu with a 40 cycle reaction. After 50 cycles, there was evidence of a second
smaller band. It thus appears desirable to keep the number of cycles to a minimum,
since too many cycles can allow the products of non-specific primer binding to
become noticeable, as above. With further evidence from a different set of
experiments that enabled detection of 1 cfu of E. coli O157:H7 using a 35-cycles
PCR, the number of cycles was fixed at 35 for all subsequent experiments.

The specificity of the primers was ascertained by testing them against a panel
of target and non-target bacterial strains (Table 3). PCR products of the expected size
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were only obtained with E. coli strains of the O157:H7 serotype, carrying either copy
of the SLT genes (I or II), but not with E. coli of any other serotype nor with different
species of the non-E. coli bacteria tested (Fig. 1).

The results of electrophoretic detection of the SLT-gene amplification
products from the immuno-PCR of ground beef samples, spiked with Escherichia
coli O157:H7 are presented in Figure 4. Ground beef samples spiked with E. coli
O157:H7, strain HF12 were used for lanes 2 to 6 following 4 h enrichment,
removal of the E. coli O157:H7 cells by immunomagnetic separation, and PCR
amplification of fragments of the Shiga-like toxin genes. The appearance of a
212/ 215 base pair band on a 1.5% agarose gel was taken as the indication of
contamination. Lane M, DNA size markers: X 174 Hae III digest; Lanes 2-8,
samples: lane 2, unspiked; lane 3 spiked with 2 colony forming units (cfu) /g;
lane 4, spiked with 30 cfu/g; lane 5, spiked with 400 cfu/ml; lane 6 spiked with 3
x 10 * cfu/g; lane 7, negative control, no DNA or cells added; lane 8; positive

control, containing HF1 cells.

Sensitivity of the method

Table 4 shows the effect of the decreasing levels of HF2, HF4 and HF14 on the
sensitivity of the new method. Detection of 1 cfu of E. coli O157:H7 per g of meat
was achieved in all the cases, using the protocol we have devised, regardless of the
strain variations. One sample of beef, however, tested positive by PCR, even without
spiking, indicating either a possible prior contamination of the meat at one of the
source points or that the primers were detecting cross-reacting species of bacteria.
Examination of additional samples from the same batch of beef by PCR and spread
plating on SMACCT agar revealed prior contamination of this batch of beef with
ETEC, leading to the rejection of this meat as well as the results obtained by its use.
Nonetheless, the observation demonstrated the ability of the method for detecting
ETEC in “naturally” contaminated meat samples.
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Table 4: Sensitivity limits of the immuno-PCR procedure for detecting 3 different
strains of Escherichia coli O157:H7 in ground beef

Strain
CFU/g Ground HF14 HF4 HFS
beef
>10,000 + + +
1,000-10,000 + + +
100-1,000 + + nt
10-100 + + +
1-10 -+ + +
<0.1,>1 nt + -
0 - - -

Cfu, colony forming units; +, PCR reaction positive; -, PCR reaction negative; nt, not
tested.

In conclusion, by optimizing and appropriately combining the steps of pre-
enrichment, IMS and PCR, followed by detection of the signature-sequences of the
pathogen, we have created a rapid method with the sensitivity to selectively detect as
few as 1 cfu of E. coli O157:H7 in 1 g of ground meat, within 8 h (or less, in meat
with higher levels of contamination). The method has broad application to a wide
range of microbial pathogens, after minimal modifications. The experimental
conditions that may need target-specific but standard alterations for its application for
detection of a new target pathogen include: the template sequence, the primers,
optimal PCR conditions for target sequence amplification, antibody reagent(s) when
the IMS step is included, and media and culture conditions if the enrichment step is
used.

Example 3: Primer-fidelity for PCR-detection of Salmonelia
In an effort to extend the application of our method to Salmonella detection,

we first surveyed the literature for published oligonucleotide primer sets used for
PCR-detection of Salmonella, and chose 5 of them for our investigation (Aabo, S. et
al.., 1993, Molecular and Cellular Probes 7:171-178; Fluit, A.C. et al.., 1993, Appl.
Env. Microbiol. 59:1342-1346; Stone, G.G. et al.., 1994, J.Clin. Microbiol. 32:1742-
1749; Jitrapakdee, S. et al.., 1995, Molecular and Cellular Probes 9:375-382; Kwang,
J.; Littledike, E,T. & Keen, J.E., 1996, Lett. Appl. Microbiol. 22:46-51). We have
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now synthesized all 5 of these primer sets and assessed their fidelity and utility in
PCR, with 15 Salmonella strains: S. agona; S. anarum; S. enteritidis; S. havana; S.
krefeld; S. lilee; S. melegredis; S. montevideo; S. munster; S. newport, S. saintpaul; S.
schwarzengrund; S. tennessee; S. typhimurium and S. worthington, and 13 non-
Salmonella strains: Aeromonas hydrophila; Bacillus cereus; Citrobacter Sreundii;
Enterobacter cloacae; Entero. faecalis; E. coli non-VTEC; Hafnia alvei; Klebsiella
pneumoniae; Proteus vulgaris; Pseudomonas aeroginosa; Shigella sonnei;
Staphylococcus aureus and Yersinia enterocolitica. The PCR product was analyzed
as a function of the band position (as an indication of the amplified DNA fragment
size) on an agarose gel, and its intensity as well as its production as single or multiple
DNA bands. The results are presented here and used as the basis for evaluation of the
merits of each primer set.

Overnight culture of L. faecalis was grown in Brain Heart Infusion broth
(BHIB; Difco) and all the other bacteria in Tryptose Soy Broth (TSB; Difco), at the
appropriate temperatures. The PCR mixes were made up using identical
concentrations of primers, dNTPs and MgCl, as specified in the corresponding papers,
and the Taq polymerase and the buffer obtained from Promega. The primer sets
consisted of:

#1 ST 11: “AGCCAACCATTGCTAAATTGGCGCA®/

ST 15:  *GGTAGAAATTCCCAGCGGGTACTG,

#2 1 STTATTAGGATCGCGCCAGGC?/
2 “AAAGAATAACCGTTGTTCAC® ;
#3 a: “TGCCTACAAGCATGAAATGG’/
b: *AAACTGGACCACGGTGACAA®;
#4 a “GATCATCCATTCGGCATTAAACA®/
b: “TTCTCAGCGACGGAAGGGTAAATCY
#5 S 18: > ACCGCTAACGCTCGCCTGTAT?/

S 19:  SAGAGGTGGACGGGTTGCTGCCGTT?.

An aliquot (5 ml) of the overnight culture of each strain was subjected to PCR
amplification. The PCR amplifications were performed in a thermocycler (M.I.
Research, model PTC150) using the conditions outlined in the original papers.
Negative controls using TSB (5 ml) were included with each set of amplifications.
The accuracy of the temperature profiling of the thermocycler had previously been
confirmed using an independent thermocouple linked to a digital thermometer. The
reactions (10 pl of each reaction) were analyzed by electrophoresis for 30 min at 100
V in agarose (1.5%) gel in Tris-acetate-EDTA (TAE) buffer, both containing 0.5
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pg/ml ethidium bromide. Haelll-digested X174 DNA was used as size marker. The
DNA bands in the gels were visualized by UV transillumination and photographed.

We found that although all 5 primer sets can detect all the Salmonella strains
tested, none of them is specific to a broad range of test strains, probably because each
primer set was standardized against an entirely different set of Salmonrnella strains. A
problem shared by all primers is the production of non-specific PCR product with
Shigella. The PCR product with primer set #4 with Shigella gives a band on agarose
gel at exactly the same position as with Salmonella. Further, all of the primers, except
set #4 produced multiple non-specific bands of non-target size, in addition to the
target product, in a few instances (Table 5).
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Table 5: Summary of PCR primers, their properties and results of use in PCR-

detection of Salmonella

Primer Template Reference Expected Salmonella Non-Salmonella

set, # sequence size  of strains spp. Tested
PCR
product, Total PCR +ve Total PCR +ve
bp

1 “Salmonella- Molecular 429 146 144 86 0
specific &
sequence” Cellular
Probes
7:171
(1993)
2 oriC ApplEnv. 163 2 2 0
Microbiol.
59:1342
(1993)
3 invA, invE® J.Clin. 457 47 47 53 2
Microbiol,
32:1742
(1994)
4 Repeat Molecular 199 52 52 9 0
sequence &
Cellular
Probes 9:
375
(1995)
5 ompC® Lett. Appl. 159 40 40 24 0
Microbiol.
22:46
(1996)

“Required confirmation with internal primers/probes in the case of Y.
pseudotuberculosis and Edwardsiella tarda. bRequired confirmation by Southern
blotting and probe hybridization.
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Primer set #2 failed to yield PCR product with 2 different strains of S. enteritidis,
although all the rest of the primer sets elicited PCR products of the expected size with
these strains. Primer set #5 produced multiple non-specific bands of non-target size, in
addition to the target product even with Salmonella strains, i.e., S lilee and S
melegredis. This inconsistency decreases the level of confidence of detection. Thus,
of all the primers we tested, set #4 consistently showed reliable sensitivity,
reproducibility and specificity. Primer set #1 also appears to be amenable to
optimization and use with reliable results.

The above discrepancies, at least to an extent, may be attributed to limitations
inherent to the PCR technique, including variations caused by the polymerase and the
buffer, the make and model of the PCR equipment. Another likely source of bias may
be our direct use of whole bacteria as the template source in variance to the use of
isolated DNA by the previous authors. In light of these results together with the
limited characterization of the end-product of the assay, viz., agarose gel
electrophoretic visualization of the gross PCR product, a quick ‘yes’ or ‘no’ answer
could be obtained by PCR cautious use of primer set #4 or #1, contingent upon a
simultaneous verification for cross-reactivity to Shigella (e.g., a Shigella-specific
PCR), until alternative solutions can be found by way of better-designed primers for
PCR (which could come from genome projects) or of improved primer-independent
procedures that could match the speed and sensitivity of PCR.
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Table 6: Gel electrophoretic profile obtained using primers designed for PCR-
detection of Salmonella
PCR-product using primer sct:

Bacterial Strain #1 #2 #3 #4 #5

Aeromonas hydrophila o n 0 o) n

Bacillus cereus o o) o o o)

Citrobacter freundii m, f n n o) n

Enterobacter cloacae o n n 0 m

Enterococcus faecalis 0 o 0 o} 0

Escherichia coli non-VTEC | o 0 0 0 o

Hapnia alvei n, f n n o n

Klebsiella pneumoniae o n n 0 0

Proteus vulgaris n n 4] o 0

Pseudomonas aeroginosa o n o o m

Shigella sonnei n, f n n s n

Staphylococcus aureus 0 0 0 0 o

Yersinia enterocolitica n, f n n 0 n

5
PCR products obtained with the 5 different primer sets with 13 non-
Salmonella bacterial strains: f, faint band; m, multiple PCR bands including
Salmonella-positive sized band; n, PCR band/bands of non-target size; o, no PCR
band; s, single Salmonella-positive PCR band; -, not tested.
10
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We claim:

A method for the specific detection of a target pathogen in a sample, the
method comprising;:

(2) incubating the sample under sufficient conditions to enrich the target

pathogen population in the sample;

(b) immunoselecting the target pathogen from the sample enriched in step
(a);
(©) amplifying nucleic acid sequences specific to the target pathogen from

the target pathogen so selected in step (b); and

(d) detecting the nucleic acid sequence so amplified in step (c), the
presence of the amplified nucleic acid sequence indicating the presence
of the target pathogen.

The method of claim 1, wherein the target pathogen is a gram-negative

enterobacterium.

The method of claim 2, wherein the target pathogen is E. coli.

The method of claim 3, wherein the target pathogen is £. coli 0157:H7.
The method of claim 1, wherein the target pathogen is Salmonella.

The method of claim 6, wherein the Salmonella is selected from S. agona; S.
anatum; S. enteritidis; S. havana; S. krefeld; S. lilee; S. melegredis; S.
montevideo; S. munster; S. newport; S. saintpaul; S. schwarzengrund; S.
tennessee, S. typhimurium and S. worthington.

The method of claim 1, 2, 3, 4, 5 or 6, wherein in step (b) immunoselecting the

target pathogen is by immunomagnetic separation.

The method of claim 7, wherein immunomagnetic separation comprises
contacting the sample with magnetic beads coated with an antibody or
fragment thercof that specifically recognizes, binds and captures the target
pathogen.
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The method of claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the amplification of step
(¢) is by PCR.

The method of claim 1, 2, 3, 4, 5, 6, 7, 8 or 9, wherein the detecting of step (d)
is by electrophoresis.

A method for the specific detection of Escherichia coli 0157:H7 in a food

sample, the method comprising:

(@)

(®)

©

(d)

©

incubating the food sample in culture medium under conditions so that
Escherichia coli 0157:H7 is enriched;

contacting the food sample of step (a) with an antibody that recognizes
and binds Escherichia coli 0157:H7 so as to form an
antibody/Escherichia coli 0157:H7 complex;

selecting the complex from the food sample of step (b);

amplifying the nucleic acid sequences shown in Figure 1 from the

complex selected in step (c); and

detecting the nucleic acid sequences so amplified in step (d), the
presence of the amplified nucleic acid sequences indicating the
presence of the target pathogen.
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FIG. 1

A:*-ATACAGAG(GA)G(GA)ATTTCGT->
B: Y -TGATGATG(AG)CAATTCAGTTAT-"".

SUBSTITUTE SHEET (RULE 26)
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FIG. 2

#1 ST 11: *AGCCAACCATTGCTAAATTGGCGCAY A
ST 15: *GGTAGAAATTCCCAGCGGGTACTG ;

#2 1: "TTATTAGGATCGCGCCAGGC? B
2: Y AAAGAATAACCGTTGTTCAC®:

: "TGCCTACAAGCATGAAATGG® C
b: YAAACTGGACCACGGTGACAA®’;

#3

[}

: ¥ GATCATCCATTCGGCATTAAACAY | D
b: *TTCTCAGCGACGGAAGGGTAAATC®; or

#4

]

#5'S 18: ¥ ACCGCTAACGCTCGCCTGTAT® E
S 19: *AGAGGTGGACGGGTTGCTGCCGTT .
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A METHOD FOR PRODUCING QUALITY ASSURED BIOLIGICAL
SAMPLE AND COMPOSITION CONTAING THE SAME

The invention relates to a method for producing a pool of biological
sample with assured quality with respect to the load of microorganisms, using
nucleic acid amplification methods.

Biological samples, such as plasma donations or batches of cell culture
supernatants, can be contaminated with undesired microorganisms, especially
viruses or foreign DNA. These contaminations can lead to undesired reactions
in preparations that are produced from such biological preparations and are
administered to humans.

Above all, human plasma is of extraordinary clinical importance as a
starting material for producing plasma derivatives, especially for substitution
therapy in a hereditary or acquired deficiency of plasma components. Pharma-
ceutical preparations of this kind as a rule are not produced from single
donations, but rather from a plasma pool consisting of a very large number of
individual donations.

However, when using human plasma care must be taken that it does not
contain any infectious agents that could be transferred with the pharmaceutical
preparation or with the plasma derivatives. Among infectious agents that could
possibly be in the blood are above all viruses that can be transferred through the
blood (hematogenic viruses), for example, HI-viruses or hepatitis viruses (A, B,
C, D, E or G) as well as parvovirus.

Because of the great demand for drugs that contain plasma derivatives
economical production of these drugs is possible only on an industrial scale.

Plasma is obtained from donors and pooled for the production of
pharmaceutical preparations. A usual pool consists of about 2000-6000
individual plasma donations. Here there is the risk that the total plasma pool
will become contaminated by a single virus-contaminated plasma donation.
Although there was already success in processing human albumin to a virus-

safe preparation by heating by the end of the first half of the 20" century, this
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was initially not possible with all other drugs obtainable from plasma because of
their sensitivity to heat. To this day, although there have been millions of uses
of adequately prepared albumin preparations, there have never been infections
with viruses occurring in the blood in humans.

In contrast, several viral infections, especially with hepatitis viruses,
have been reported with many other drugs produced from plasma and since the
1980s there have been increasing reports of infections with the AIDS virus.

Around 1980 heat treatments were carried out for the first time with the
appropriately stabilized factor VIII concentrates with the intention of achieving
inactivation of viral contaminants by this. However, at first one had to accept a
large loss of factor VIII activity and the actual inactivation potential remained
unknown, respectively.

Finally, through improvement of the heat inactivation methods and the
use of other new inactivation methods it was possible to produce drugs from
plasma that in most cases did not lead to viral infections in the receiver. This
development also went hand in hand with improvement of the donor and
donation selection with the goal of excluding every donor and donation in
which the possibility of viremia and thus a virus-containing plasma existed.

Since a long time it has been attempted either through detection of
antigens or antibodies to or against a certain virus in the blood to exclude those
donations which give a positive result and not to introduce them into a larger
plasma pool that is intended to serve as starting material for the production of
blood products. In the case of individual donors who in all tests do not have any
symptoms of disease or pathological test results even though certain viruses can
be present in their blood even in high concentration for a prolonged period of
time. Now the occurrence of such viremias by a specific virus can be
unambiguously detected with the aid of an amplification method.

A single plasma donation contaminated with viruses does of course
become diluted through the pooling of plasma units, but the detection of viral

genome sequences with the aid of amplification reactions is so sensitive that
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even in these dilutions virus genomes or their sequences respectively are
unambiguously determinable, and if they, as mentioned above, fall under a
certain detection limit, then they no longer have any clinical relevance as far as
the possibility of an infection is concerned.

The EC guideline in accordance with the “EEC Regulatory Document
Note for Guidance,” Guidelines for Medicinal Products Derived from Human
Blood and Plasma™ (Biologicals 1992, 20: 159-164) proposes a quality
assurance system for the control of plasma donors or plasma donations.
Accordingly, every plasma donation has to be tested with validated tests for the
absence of viral markers such as hepatitis B antigen, HIV-1 and HIV-2 anti-
bodies, since these are an indication of a corresponding viral infection of the
plasma donor. Tests to exclude hepatitis C infection are also to be conducted.

According to the European Pharmacopoeia, special tests are supposed to
be carried out to determine hepatitis B surface antigen, for hepatitis C virus
antibody and for HIV antibodies in every donation (European Pharmacopoeia,
2" Edition, Part II, 1994, pp. 853-4).

The FDA guideline of March 14, 1995 provides a PCR (Polymerase-
Chain-Reaction) testing of an end product (immunoglobulin product) as an
additional safety factor.

In spite of the proposed tests, it is stressed in the EC guideline that the
safety of individual plasma donations by a control of all these virus markers
alone is not sufficient. Even if the absence of the said markers in a plasma
sample is confirmed, viremia of the donor cannot be excluded. Viral antigens
and the corresponding antibodics are not always immediately detectable after an
infection. The first markers for a viral infection mostly do not arise until weeks
or months after a contact with an infectious material. This critical period of time
after an infection and before the occurrence of antibodies is generally
characterized as a “window period.” The time after infection in which the first

viral markers are detectable, however, varies from virus to virus.
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Moreover, it is also known that for many drugs produced from plasma a
depletion or inactivation occurs as part of the production process and such
products themselves are virus safe to a great extent.

Although virus inactivation of plasma derivatives have been carried out
extremely successfully on an industrial scale. Nevertheless in rare cases there
have been transmissions of hematogenic viruses like AIDS, hepatitis A, B and
C. Therefore it has to be assumed that virus-contaminated products have been
produced by the manufactures in a few production batches in spite of a constant
production method (Lancet 340, 305-306 (1992); MMWR 43 (28), 505-509
(1994); Thromb. Haemost. 68, 781 (1992)). The cause of this should probably
be sought in an extremely high contamination of certain starting batches. Since
only indirect methods are available to exclude virus-contaminated plasma
donations in producing the plasma, there is the possibility that the starting
material will be so highly contaminated that the otherwise successful virus
inactivation and virus depletion methods are no longer sufficient to produce
virus-safe end products.

Since the human infectious dosage for most human pathogenic viruses is
unknown and at the present is not even determinable in testing the plasma pool,
1t 1s desired to pick out every single contamination by identifying the
contaminated individual samples. The nucleic acid amplification tests that are
used therefore are indeed extremely sensitive, but very costly. So their use is
Jjustified with known human pathogenic viruses, while for other microorganisms
of which either no human pathogenic effect is known or described or for which
only a very high pathogen dosage is infectious, this expenses would not be
necessary.

In particular, WO 96/35437 and US 5 591 573-A describe test systems
for plasma pools using nucleic acid amplification methods and/or antibody
testing. US 5 591 573 discloses a method for testing plasma pools. With this
method a first pool is prepared and tested by means of PCR. If this PCR test is

positive, a second smaller subpool is prepared and again tested by means of
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PCR. This process is repeated until the contaminated individual donation is
identified. Antibody testing or maintenance of preset definite limit values,
disclosed as part of the screening method, are also envisioned in accordance
with WO 96/35437.

However, the described nucleic acid amplification methods have in
common the fact that one always attempts to use the amplification method that
allows the greatest sensitivity. However, as noted, these high sensitivity PCR
tests are extremely costly, in particular in serial testing of pools of individual
biological samples. PCR tests with lower sensitivity, which would be far more
cost favorable, however, are generally avoided in such testing, since the risk of
contaminations that lie under the (low) detection limit would be concomitantly
high.

Similarly, even with supernatants from recombinant cell cultures
contaminations by microorganisms or by nucleic acid material from host cells
continue to occur. Such contaminations should, of course, not be present or
should be present only at a certain maximum value (limit value) in pharma-
ceutical preparations that are to be purified from the supernatants.

The task of this invention is thus to make available a method for
producing a pool of biological samples using nucleic acid amplification
methods that is quality assured with regard to the load of microorganisms,
especially viruses, a method which on the one hand enables a reliable
identification of contaminated individual samples, especially highly
contaminated individual samples, as well as adherence to certain limit values for
such contaminants in the pool, but on the other hand brings a cost reduction and
a method that is simpler to the pool testing methods known from the prior art.

In accordance with the invention, this task is solved by a method for
producing a pool of biological samples that is quality assured with regard to the
load of microorganisms using a nucleic acid amplification method which is

characterized by the following steps:
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- Taking aliquots from the biological samples,

- Combining the aliquots into a screening pool,

- Testing the screening pool for the presence or the content of genome
equivalents of microorganisms by means of a first nucleic acid amplification
process, which has a certain selected detection limit DL-1 with respect to the
microorganisms to be tested,

- Dividing the screening pool into screening subpools by recombining
the aliquots that were taken into smaller pools when a preset limit value of
genome equivalents is exceeded in testing the screening pool,

- Retesting the screening subpool for the presence of or the content of
genome equivalents of the microorganism that is to be tested by means of an
additional nucleic acid amplification process, which has a certain selected
detection limit DL-2 for the microorganisms to be tested, where DL-1 < DL-2,

- Identifying and eliminating those samples that exceed DL-2, and

- Combining the non-eliminated samples into a quality assured pool.

By providing for at least two nucleic acid amplification processes that
differ with regard to their sensitivity in accordance with the invention an
efficient (because of the high sensitivity of the pool testing) and nevertheless
cost favorable method can be made available. Since testing the subpool is

carried out up to the individual samples by a less sensitive nucleic acid

PCT/EP00/07892

amplification method without prior further extraction of the nucleic acid (which

therefore is decisively more cost favorable and less expensive).

With the method in accordance with the invention thus in a first step the

screening pool is tested for nucleic acid contamination with a very sensitive and

quantitative method. The very costly determination of the contaminated
individual sample or donation, which involves a very much higher number of
additional tests, is determined with a less sensitive nucleic acid amplification

method. In doing so, no risk is taken that a relevant contamination will be

overlooked, since the screening pool testing takes place with a method that is as

sensitive as possible. But on the other hand the costs and expenditures of time
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of the elimination method for the contaminated individual samples or batches
are decisively reduced. In those instances in which determination of such
contaminated individual donations has up to now not been carried out for these
reasons, the method in accordance with the invention offers for the first time the
possibility to use the valuable raw material, which the individual donations
represent, at low cost and keeping these samples from being discarded.

The sensitivity of the nucleic acid amplification method is set in
accordancc with the invention as the quantity of genome equivalents that is just
still detectable with the relevant nucleic acid amplification method. Providing
methods of this kind with precisely established limit values is easily possible for
the man skilled in the art and is a part of his ordinary knowledge.

The method in accordance with the invention is suitable above all for
quality assurance of pools with respect to the load of microorganisms, which are
of low pathogenicity or toxicity or of which it can be assumed that a load that
lics under the established limit value is in each case eliminated in the course of
the subsequent purification process up to the preparation of the pharmaceutical
preparation or that the amount of contamination corresponding to this limit
value in a pharmaceutical preparation of this kind is harmless and without side
effects. A particular example of this consists of contaminations with parvo-
viruses, in particular parvo B19.

Parvovirus B19 is a single strand DNA virus with 32 nm diameter that
does not have a lipid membrane and thus is relatively resistant to virus
inactivation methods. Thus, most inactivation methods, for example, physical
methods like pasteurization (60°C over 12 h) or chemical treatments like
organic solvents (TNBP and/or detergents) do not have satisfactory results.
Only dry heat treatment appears to have proven to be effective.

The parvovirus B19 is the causative agent of the harmless infectious
erythema (erythema invectiosum), with arthralgias and arthritis occasionally
being observed. Intrauterine infections are feared, since they often end with

fetal death. The limited circle of B19 threatened patients include those with
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chronic hemolytic anemia, patients following bone marrow transplantations,
patients with congenital/acquired immune deficiency as well as pregnant
women (Sibrowski et al.. Beitr Infusionsther. Basel, Karger, 1990, 26, 22-26).

The seroprevalence in industrial countries is 2-10% in children under 5

(93}

years of age and 40-60% in adults over 20 years of age and 85% in adults over

70 years of age. This high seroprevalence thus results in a large number of

positive results in plasma pool testing, thus resulting in the need for a large

number of additional tests in order to determine the highly contaminated
individual samples.

10 EP-A-0 922 771 describes a method for detecting high virus concen-
trations in blood plasma. in which the sensitivity of PCR is decreased through
the use of suboptimum conditions in the extraction, amplification or detection,
so that the parvovirus DNA can only still just be detected in samples whose
DNA content is greater than 10°-107 genome equivalents/mL. However, this

15 method has the disadvantage that it is not suitable for testing pools.

Nevertheless, all of the microorganisms that occur such as bacteria or
viruses can be analyzed in accordance with the invention, where above all
quality assurance with respect to viruses is of particular priority in the testing of
blood and plasma donations.

20 Preferably, hepatitis viruses, in particular HAV, HBV, HCV, HDV,
HEV and HGV, retroviruses, in particular HIV-1 and HIV-2, and parvoviruses,
in particular parvo B19, are tested with the method in accordance with the
invention or plasma pools are quality assured with respect to these kind of
viruses.

25 In testing various batches of a recombinant production of proteins the

maintenance of certain (prescribed) limit values of the contaminations with host

cell nucleic acids (here eukaryotic or prokaryotic cells or DNA or RNA are
detected here as microorganisms) or contamination with certain bacterial or

viral contaminations is tested.
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A particularly preferred variation of the method in accordance with the
Invention consists of setting the limit value in testing the screening pool
between the detection limit of the first nucleic acid amplification method DL-1
and 10° genome cquivalents/mL, where in particular a value around 10" genome
5 equivalents/mL has proved to be particularly efficient for parvo B19, for
instance. Preferably the relevant limit can also be in agreement with the relevant
detection limit.
The detection limit for the first nucleic acid amplification method DL-1
preferably lies in the range of 10>-10* genome equivalents/mL (however, it can
10 be up to 10-50 GE/mL or, in exceptional cases, even lower), whereas the
detection limit DL-2 is usually chosen to be 10°-10” genome equivalents/mL.
DL-1 and DL-2 preferably differ by at least one power of ten, but a difference
of about two powers of ten has proved to be particularly efficient in accordance
with the invention, since in this way the contaminated individual donations can
15 still be reliable identified (this is necessary in accordance with the invention)
and on the other hand the costs and expenses for the screening process can be
reduced considerably compared to the known methods.
The amplification of nucleic acids can in accordance with the invention
take place by a series of amplification processes that are described in the
20 literature; the PCR method has proved to be particularly effective here and
because of its widespread usage and industrial availability as well as its costs it
is also preferred. The PCR amplification method was first described in 1983 by
Mullis et al. (US 4,683,195 and US 4,683,202). Viral genome sequences can
also be amplified by “nested PCR” (Methods Enzymol. 155 (1987), 335-350).
25 For amplification and detection of RNA the RNA must first be transcribed to
DNA. This method is conducted using reverse transcriptase and is called RT-
PCR (Cell 50 (1987), 831-840).
The analysis of the amplification products can take place through the use
of labeled nucleotides or oligonucleotide primers in an elongation process and

30 subsequent hybridization or gel electrophoretic separation of the products.
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Detection of amplified DNA fragments can take place, for example, by
means of a probe that carries two fluorescence dyes. This method is described,
for example, by Livak et al. (PCR Method and Appl. 1995; 4:357-362). The
particular property of this probe lies in the fact that the fluorescence of the dye
(FAM} attached at the 5° end of the probe, the reporter, is reduced by the
presence of the second fluorescence dye (TAMRA), the quencher, which is
arranged at the 3° end of the primer.

In the course of the amplification the new DNA strand is now
synthesized under the effect of a thermostable DNA polymerase, preferably Taq
polymerase. In doing so the DNA polymerase displaces the probe not only from
the individual strand. but rather decomposes it by means of its endonucleolytic
activity and thus releases the two fluorescence dyes. The fluorescence of the
reporter dye is no longer suppressed by the quencher dye and increases. This
increase of fluorescence is continuously recorded in the ABI prism 7700 in the
course of the PCR. The threshold value, starting with which an increase of
fluorescence is evaluated as a positive signal, is measured in comparison with
scveral negative controls.

Quantification of the load with the microorganism, for example parvo
B19, in an unknown sample takes place via an external calibration curve. A
cloned piece of the parvo B19 DNA in a carrier plasmid, which includes the
sequence to be amplified, is additionally coamplified in linearized form in
concentrations of 10° copies/reaction up to 10 copies/reaction. By establishing a
threshold value (corresponding to one PCR cycle in which the fluorescence
signal of the reporter dye first rises above the baseline) a calibration line is
established in the program with which the content of parvo B19 DNA of an
unknown sample above its threshold value is quantified.

Alternate methods for PCR include the ligase chain reaction (LCR), in
correspondence with EP 0 320 308 A and EP 0 336 731 A, and nucleic acid
scquence based amplification (NASBA), self-sustained sequence replication

(SSR), in correspondence with EP 0 310 229, or the transcription based
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amplification system (TAS) in correspondence with EP 0 373 960 A. A number
of enzymes that can be used simultaneously or stepwise in the amplification
such as a DNA polymerase or an RNA polymerase are used in these methods.

Preferably in accordance with the invention. internal standards, with
which the basic functioning of the amplification can be guaranteed, can be
added in the nucleic acid amplification. In routine tests the interpretation of the
results obtained with the method in accordance with the invention can usually
be traced as follows:

a) no detection of the internal standard (i.e., no visible bands): the
determination did not function, for example, as a result of the amplification
reaction (for example, the PCR); in this way false negative results can be
excluded.

b) only the internal standard is detectable (for example, only the
standard band is visible): the determination, including the amplification reaction
(for example, the PCR), functioned, the sample is negative;

¢) standard and sample nucleic acid are detectable (for example, both
bands are visible): positive sample.

The biological samples that are priority for testing in accordance with
the invention are selected from the group of individual blood donations, plasma,
serum or cell culture batches. The expected contaminations occur particularly
with these biological samples and these are also used with priority in the
industrial manufacture of drugs from biogenic sources.

The method in accordance with the invention can be carried out in an
automated version using robotic control, with conventional platforms being
particularly suitable for this. The man skilled in the art is aware of many
different possibilities for producing such screening pools. For example,
Mortimer (Vox Sang. 1997, 73:93-96) describes two dimensional (2D), three
dimensional (3D) and even four dimensional (4D) pools. In order to resolve, for

example, a 3D pool produced from 512 (8x8x8) individual samples now, one
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has to use, for example, 24 subpools in order to be able to identify
unambiguously a contaminated individual sample.

In accordance with the invention, the second nucleic acid amplification
proccss is preferably carricd out directly from the subpool after the first nucleic
acid amplification. This means that no additional extraction of the nucleic acid
takes place, but rather it is determined directly in the subpool.

In accordance with another aspect, this invention also concerns a quality
assured pool of biological samples, which can be obtained through the method
in accordance with the invention, as well as a pharmaceutical preparation that is
produced or can be produced on the basis of a quality assured preparation in
accordance with the invention. These pharmaceutical preparations preferably
contain at least one component selected from the group of proteins, in particular
plasma proteins as well as recombinantly produced proteins, and enzymes.

The invention is illustrated in more detail below by means of the

following example, to which it, however, is not intended to be limited.

Example
Pooling
Aliquots of 512 plasma donations are pooled by means of a three

dimensional scheme to a screening pool and 24 subpools.

Extraction
The nucleic acid extraction from a screening pool is carried out by
means of a modified protocol of the QIAmp viral kit from QIAGEN. For this 1
mL of the screening pool is subjected to ultracentrifugation, the supernatant is
reduced to 140 pL. After the addition of 560 pl. AVL lysis buffer in accordance
with the QIAGEN kit the mixture is incubated for 10 min at 56°C in a thermal
shaker. The lysate is applied to a silica column and forced through the column

by centrifuging it at 8000 rpm. After washing with 0.5 mL wash buffer AW 1
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and AW?2 each. the nucleic acid adsorbed to the column is eluted with 50 uL
H,O0.

Amplification
5 A small fragment of parvo B19 DNA is amplified by addition of 20 pL
extract to 30 pL. Mastermix.
(Perkin Elmer, TagMan PCR Core Reagent Kit with 5 nL. 10xTagMan
Buffer, 14 uL 25mM MgCl,, 4 pL 2.5mM dNTPs, 1.5 ulL 10 uM
PT1.H(5GACAGTTATCTGACCACCCCCA3") (Seq. ID Nr. 1), 1.5 uLL 10 uM
10 PT1.r(5'GCTAACTTGCCCAGGCTTGT3") (Seq. ID Nr. 2), 1 uL 5 uM
PT1.p(5'6-FAM-CCAGTAGCAGTCATGCAGAACCTAGAGGAGA-
TAMRA3") (Seq. ID Nr. 3), | pL Tween 20 (1%), 1.25 uL gelatin (2%), 0.5 puL
AmpErase UNG (1U/uL), 0.25 uL AmpliTaq Gold (5U/uL).
The amplification takes place under the following conditions in an ABI
15 prism 7700:
1. AmpErase UNG reaction 2 min, 50°C
2. Initial denaturing 10 min, 95°C
3. Cycles of 15 sec at 95°C and 1 min at 58°C.
The PCR 1is evaluated by the increase of fluorescence during the PCR.
20 The threshold value (i.e., the cycle at which the signal increases above the
ground noise) serves for quantification. The threshold values of a standard
series of a linearized plasmid with a cloned fragment of parvo B19 genome in
this case serves as the baseline for measuring the parvo B19 concentration in the
extract of the screening pool.
25 If the number of genome equivalents measured in the sample lies below
the limit value of 10* GE/mL in the screening pool, the samples contained in
this pool are cleared for use. On the other hand, if a value over the limit value is

reached, the screening pool is resolved.

30
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Resolution
The 24 subpools of a screening pool are diluted 1:200 in H,O (distilled)
in several steps by means of a robot and used without extraction in the TagMan

PCR.

Amplification of the resolution

A small fragment of parvo B19 DNA is amplified by addition of 20 uL
subpool dilution (corresponds to 0.1 pl. of the subpool) to 30 plL Mastermix.

(Perkin Elmer, TagMan Gold Kit with 5 uL. 10xTagMan buffer, 14 uL
25mM MgCl, 4 pL 2.5mM dNTPs, 1.5 uL 10 uM
PT1.f(55GACAGTTATCTGACCACCCCCA3", 1.5 uL 10 uM
PT1.r(5'GCTAACTTGCCCAGGCTTGT3"), 1 uL 5 uM PT1.p(5'6-FAM-
CCAGTAGCAGTCATGCAGAACCTAGAGGAGA-TAMRA3Y, 1 uL. Tween
20 (1%), 1.25 uL gelatin (2%), 0.5 pL. AmpErase UNG (1U/uL), 0.25 puL
AmpliTaq Gold (5U/uL)).

The amplification takes place under the following conditions in an ABI
prism 7700:

1. AmpErase UNG reaction 2 min, 50°C

2. Initial denaturing 10 min, 95°C
. Cycles of 15 sec at 95°C and 1 min at 58°C.

(8]

Evaluation

The PCR is evaluated by the increase of fluorescence during PCR. By
determining the threshold value (i.e., the cycle at which the signal rises above
the ground noise) in comparison with the values of a known standard series that
was amplified at the same time, the number of genome equivalents in the extract
of the screening sample is determined.

Since only samples with a content of at least 10* GE/mL can produce a
signal if the supply is 0.1 pL material, all individual donations recognized as

positive in the resolution are discarded and the residual are released for use.

National Beef Ex. 1034
Page 070



WO 01/14593 PCT/EP00/07892

10

15

20

25

30

15

Claims

1. A method for producing a pool of quality assured biological samples,
comprising:

- taking aliquots from the biological samples;

- combining the collected aliquots into a screening pool;

- testing the screening pool for the presence of or the content of genome
equivalents of microorganisms by a first nucleic acid amplification process
which has a detection limit, DL-1, for the microorganisms to be tested;

- dividing the screcning pool into screening subpools by recombining the
collected aliquots into smaller pools, if a preset limit value of genome
equivalents is exceeded in testing the screening pool,

- retesting the screening subpool for the presence of or the content of
genome equivalents of the microorganisms that are to be tested by means of a
second nucleic acid amplification process, which has a selected detection limit
DL-2, for the microorganisms to be tested, where DL-1 < DL-2;

- eliminating samples that exceed DL-2; and

- combining remaining samples to produce said pool of quality assured
biological samples.

2. The method of Claim 1, wherein said nucleic amplification method is
PCR.

3. The method of Claim 1, wherein said microorganism to be tested is a
virus.

4. The method of Claim 1, wherein said microorganism to be tested is
selected from the group consisting of a hepatitis virus, a retrovirus, and a
parvovirus.

5. The method of Claim 1, wherein said limit value in testing said
screening pool is set between DL-1 and 10° genome equivalents/mL.

6. The method of Claim 1, wherein said biological samples are selected
from the group consisting of individual blood donations, plasma, serum and cell

culture batches.
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7. The method of Claim 1, wherein said screening pool is formed of 512
biological samples and is divided into 24 subpools.

8. The method of Claim 1, wherein said additional nucleic acid
amplification method is carried out immediately after said first nucleic acid

5 amplification method.

9. A quality assured pool of biological samples obtained by the method
of Claim 1.

10. A pharmaceutical composition which comprises a pool of Claim 9;
and a pharmaceutically acceptable carrier.

10 1 1. The pharmaceutical composition as set forth in Claim 10, which
comprises at least one component selected from the group consisting of plasma
proteins, and recombinantly produced proteins.

12. The method according to Claim 4, wherein said hepatitis virus is
selected from the group consisting of HAV, HBV, HCV, HDV, HEV and HGV.

15 13. The method according to Claim 4, wherein said retrovirus is
selected from the groups consisting of HIV-1 and HIV-2.

14. The method of Claim 4, wherein said parvovirus is parvo B-19.
15. The method of Claim 5, wherein said limit value is set at about 10*
genome equivalents/ml.

20 16. The composition according to Claim 11, wherein said plasma protein

or recombinant protein is an enzyme.

25
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<160>

<170>

<210>

<211>

<212>

<213>

<220>
<223>

<220>
<223>

<400>

SEQUENCE LISTING
Baxter Aktiengesellschaft
Zerlauth, Gerold
Gessner, Matthias
Koettnitz, Karl

Gross, Patricia

Patent concerning a production method for a pool of

biclogical sample

236PCT

nl1443/99
1995-08-20

PCT/EP96/12345
1996-12-31

PatentIn Ver. 2.1
1
22

DNA

Artificial Sequence

Beschreibung der kiinstlichen Sequenz:PCR primer

Description of Artificial Sequence:PCR primer

1

gacagttatc tgaccacccc ca 22

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<223>

2

20

DNA

Artificial Sequence

Beschreibung der kinstlichen Sequenz:PCR primer

Description of Artificial Sequence:PCR primer
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<400> 2
gctaacttgec ccaggcttgt 20

<210> 3

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Beschreibung der kiinstlichen Sequenz:PCR primer

<220>
<223> Description of Artificial Sequence:PCR primer

<400> 3
ccagtagcag tcatgcagaa cctagaggag a 31
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Via Electronic Submission

PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Mansour Samadpour

Application No.: 15/499,719

Filing Date: April 27, 2017

Confirmation No.. 1004

For: MGODULAR COMPOSITING-MULTIPLE LOT SCREENING

PROTOCOLS FOR DETECTION OF PATHOGENS, MICROBIAL
CONTAMINANTS AND/OR CONSTITUENTS

Examiner: Kailash C. Srivastava
Axt Unit: 1657

Docket No.:  0066090-008US5
Date: June 29, 2018

Mail Stop Amendment
Commussioner for Patents

P. 0. Box 1450

Alexandria, VA 22313-1450

THIRD PRELIMINARY AMENDMENT UNDER 37 CF.R.§ 1115

This 1s a third Preliminary Amendment for the above-identified patent application. No fee is

deemed duc.

Prior to examination on the mernits, kindly amend the above-identified application as
follows:

Amendments to the Claims are reflected in the histing of the claims, which begins on
page 2 of this paper.

Remarks/Arguments begin on page 12 of this paper.
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Application No. 15/499 719

Attorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filiug Date: April 27, 2017
Preliminary Amendient Dated: foue 29, 2018
Examiver: Kailash C. Srivastava

INTHE CLAIMS:

Apphicant, pursuant to 37 CFR. § 1.121, submiis the following amendments to the claims:

I {Currently amended) A method of sampling and testing products for microbes in
owdtiple separate lots, comprising:

removing portions of cach of a plurality of separate, enriched composited lot samples, cach
sgparate composited lot sample comprising multiple wdependent—samples from a respective
separate lot of a respective plurality of separate lots, wherein cach of the separate composited lot
samples 15 attributed to the particular respective separate lot;

combining the removed portions to provide a pooled modular composite sample; and

testing of the pooled modular composite sample, using a suitable detection assay, for the-a
target microbe(s), whergin when such testing is negative all of said samples that were composited to
form the separate, composited lot samples are deemed negative for the target microbe(s) and cach of
the multipie separate lois is validated, and wherein when such testing is positive, cach of the
individual separate, enriched composited lot samples that were used to form the pooled modular
composite sample are individually tested to determine which of the separate, composited lot
samples 18 positive for the target microbe(s), wherein the lots corresponding to any negatively

testing separate, enriched composited lot samples are vahdated.

2. (Currently amended) The method of claim 1, wherem cach of the multiple separate
lots is selected from the group consisting of an environmental lot comprising multiple
operationally-linked  environmental specimens, pharmacentical lot  comprising  multiple
operationally-linked phammaceutical specimens, single product lot comprising multiple
operationally-linked  product  specimens, gingle-unit  production ot comprsing  mulfinle

operationallv-linked product specimens. and combinations thereof
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3. {Previously presented) The method of claim 1, wherein each of the multiple separate

lots 1s a single production lot, comprised of operationally-linked product specimens.

4. {Originaly The method of claim 3, whercin product specimens are svnonymous with

product portions.

5. (Previously presented) The method of claim |, further comprising incubating the

pooled modular composiie sample prior to testing.

6. {Currently amended) The method of claim 1, wherein the enriched composited lot
to enable the validation of the individual separate lots with no requirement for further enrichment

thereof, and with no requirement for further sampling of the lots.

7. {(Previously presented) The method of claim 1, wherein testing of the pocled
modular composite sample, using a suitable detection assay comprises use of a concentration step to

concentrate the target microbe(s).

g. {Previously presented) The method of claim 1, wherein where testing of the pocled
modular composite sample is positive, and wherein the separate individual composited lot samples

are further tested using a more sensitive protocol.

9, {Previously presented) The method of claim 8, whersin the more sensitive protocol
comprises use of a concentration step to concentrate the target mcrobe(s), in combination with the

same test protocol used to test the pooled modular composite sample.

10. {Previously presented) The method of claim 1, further comprising, forming an

additional pooled modular composiie sample from the set of separate, enriched composited lot

(7S]
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samples, and testing the additional pooled modular composite sample using the same or a different

suitabie assay, to confirm the testing status.

it (Previously presented) The method of claim 1, further comprising, forming an
additional pooled modular composite sample from an additional enriched separate composited lot
sample along with any separate, enriched composited lot samples that test negative, and testing the

additional posled modular composite sample, using the same or a different suitable assay.

12, (Previously presented) The method of claim 1, further comprising, where testing of
the pooled modular composite sample is negative, forming an additional pooled modular composite
sample from the set of separate, enriched composited lot samples, and testing the additional pooled

moduelar composite sample, using a different suitable assay, to confirm the negative testing status.

I3, (Previously presented) The method of claim 1, wherem each of the lots 1s selected

from the lot group consisting of a single combo, single bin, single pallet, and a production

assemblage.
14, (Previously presented) The method of claim 1, wherein the number of separate lots

1s from 3 to 10,

15.  (Previously presented) The method of claum 1, further compuising, where testing of
the pooled modular composite sample is positive, determining which mdividual separate lots are
positive, application of remedial measures to said separate positive lots, and validating by further

testing of the respective remediated separate lots and obtaining a negative test result,
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16.  (Previously presented) The method of claim 1, wherein ecach of the plurality of
separate composited lot samples comprises 5 to 100 imdependent samples from the respective

separate lot of the respective plurality of separate lots.

t7.  (Previously presented) The method of claim 1, wherein ecach of the plurality of
separate composited lot samples comprises 30 to 60 ndependent samples from the respective

separate lot of the respective plurality of separate lots.

5. (Previously presented) The method of claim 1, wherein cach of the plurality of
separate composited lot samples comprises at least 30 independent samples from the respective

separate lot of the respective plurality of separate lots.

1y (Previously presented) The method of claim 1, wherein cach of the plurality of
separate composited lot samples comprises at least 60 independent samples from the respective

separate lot of the respective plurality of separate lots.

20. (Currently amended) A serallv-composited sanple set for detecting microbes in

production lots, comprising:

a plurality of separate. enriched composited ot sammples. each comprising multiple samples

from, and thus attributable (o a respective separate lot of g respective plurality of separate lots, and

wherein at least one of the separate. ennched composited lot samples comprnses a detectable and

uniform. or substantially uniform. level of a tarset microbe: and

medular-compesite-saraple-comprising a

of secparate, enriched composited lot samples,

5
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separatedotand having a detectable level of the target microbe, providing a seriallv-composited

sample set having detectable target mucrobe levels at both levels of compositing.

21 {Currently amended) The method of claim 1, wherein removing portions is

removing egual-portions; aseptically, so as to preclude contamination of the separate, ennched

composited lot samples.

22 {Currently amended) The modular composite sample of claim 20, comprising equal

volume portions of the separate, enriched composited ot samples.

23. (Previously presented) The method of clamm 1, wherein the target microbe(s)
comprises at least onc selected from the group consisting of Listeria, Salmonella and Escherichio

coli.

24, (Previously presented) The method of claim 1, wherein the target microbe(s)
comprises at least one selected from the group consisting of Lisferia spp., Listeria monocytogenes,

Salmonelia spp., Escherichia coli O13T.H7, coliforms and fecal coliforms.

25, (Previously presented) The method of claim 1, wherein the target microbe(s)

comprises a spoilage organism.

26.  {Previously presented) The method of claim |, wherein removing portions of each

separate enriched composited lot sample comprises removing ¢qual volume portions thereof.

B

27. (Previously presented) The method of claim 1, wherein testing of the pooled
modular composite sample, using a suitable detection agsay comprises use of at least one of 3

DNA-based method, an mmonnochemistry-based method, and a biosensor-based method.
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28, {Currently amended) The method of claim 7, wherein the concentration siep

comprises at feast one of immunomagnetic bead separation, and affinity chromatography.

29. (Previously presented) The method of claim 1, wherein cach of the multiple separate
lots are production lots of a meat or poultry product, comprising an assemblage of one or more meat

or poultry specimens, respectively.

30. {Oniginal} The method of claim 29, wherein the meat or poultry specimens are meat

trim picces or poultry trim pieces, respectively.

31 {Originaly The method of claim 29, wherein the meat is that of beef, pork, sheep or

bison.

32, {Previously presented) The method of claim 1. wherein each of the multiple separate
lots are separate production lots of a fish or seafood product, comprising an asscmblage of one or

more fish or seafood specimens, respectively.

.
o)

3. (Previously presented) The method of claim 1, wherein each of the multiple separate

lots are separate production lots of a ready-to-eat product.

34 {Previously presented) The method of claim 6, wherein the enrichment medium

comprises a selective agent that will inhibit a competing non-target microbe.

35. {Previously presented) The method of claim 1, wherein each separate, composited
lot sample conforms to a statistical-based sampling plan specifving, for a particular microbe(s}, the
number of independent samples taken sufficient to provide for validation and release into

CoOMIMCrCe.
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36.  {(Previously presented) The method of claim 1, further comprising in {¢) wherein
when such testing of the modular composite sample is negative, nonctheless testing cach of the
separate composited lot samples for the target microbe(s) to enhance confidence in the negative

testing resulfs prior to deeming the lots validated or releasable into the chain of commerce.

37 {Previously presented) The method of claim 1, further comprising, wherein when
such testing of the pooled modular composite sample 1s positive, each of the individual separate
composited lot samples that were used to form the pooled modular composite sample are
individually tested to determine which of the separate composited lot samples 15 positive for the
target microbe(s), retesting of the separate negatively testing composited lot samples to enhance
confidence in the negative testing results prior to deeming the lots corresponding to the negatively

testing composited lot samples validated or releasable into the chain of commerce.

38. {Previously presented) The modular compostte sample of claim 20, wherein each
separate composited lot sample conforms to a statistical-based sampling plan specifying, for a
particular microbial agent or organism, the number of independent samples taken sufficient to

provide for validation and release into commeree.

39, (Currently amended) The modular compositc sample of claim 20, wherein the

cnriched composited lot samples are sufficiently enriched

forthersampbng-ofthetotsusing a single ennchment medium.
40.  (Previously presented) The method of claim 31, wherein the meat is that of beef.
41, {Previously presented) The method of claim 1, wherein each of the multiple separate

fots are production lots of produce, fraits, vegetable, herbs, or spices.
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42, (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of a meat or poultry

product, comprising an assemblage of one or more meat or poultry specimens, respectively.

43, {Previously presented) The modular composite sample of claim 42, wherein the

meat or poultry specimens are meat {rim pieces or pouliry trim pieces, respectively.

44, (Previously presented)y The modular composite sample of claim 43, wherein the

meat 18 that of beef, pork, sheep, or bison.

45, {Previously presented) The modular composite sample of claim 44, wherein the

meat 1s that of beef.

46, (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production fots arc separate single production lots of a fish or seafood

product. comprising an assemblage of one or more tish or seafood specimens, respectively.

47. (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate singlc production lots are separate single production lots of a ready-to-cat

product.

48.  {Previcusly presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of produce, fruits,

vegetable, herbs, or spices.

49, (Previously presented) The modular composite sample of claim 20, wherein the
target microbe(s) comprises at least ong selected from the group counsisting of Listeria, Salmonella,

and Escherichia coli.
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50. {Previously presented) The modular composite sample of claim 49, wherein the
target microbe(s) comprises at least one selected from the group consisting of Listeria spp., Listeria

monocylogenes, Salmonella spp., Escherichia coli Q157 H7, coliforms, and fecal coliforms.

51 (New) The method of clamm 1, further comprising, prior to removing portions of
cach of the plurality of separate, enniched composited lot samples, incubating a respective plurality
of separate composited lot samples under conditions suitable to allow levels of a target agent or
organism that is present in one or more of the separate test lot samples to reach detectable levels
and become umiform, or substantially woiform, throgghout the respective one or more separate
composited lot samples, to provide the set of separate composited lot samples enriched for the target

microbial agent or organism.

52. (New) The method of claim 31, further comprising, prior to incubating the
respective plurality of separate composited lot sampies, receiving multiple samples from each of a
respective plurality of separate test lots, and separately combining the multiple samples to provide
the respective plurality of separate composited ot samples, wherein cach separate composited lot

sample 1s atiributed 1o a particular corresponding separate test lot.

33, (New) The method of claim 51, further comprising, prior to incubating the
respective plurality of separate compostied lot samples, receiving the respective plurality of
separate composifed lot samples, cach separate composited lot sample comprising multiple samples
from a respective separate lot of a respective plurality of separate lots, wherein each of the separate

composited lot samples is attributed to the particular respective separate lot,

34, (New) The method of claim 1, wherein the separate, enriched composited lot

samples are enriched composited lot samples mncubated under conditions suttable to allow levels of

10
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the target microbe to reach detectable levels and become uniform, or substantially uniform,

throughout the respective separate composited tot samples.

35, (New) The method of claim 6, wherein the separate, enriched composited lot
samples are enriched composited lot samples mncubated under conditions suttable to allow levels of
the target microbe to reach detectable levels and become umtorm, or substantially unitorm,

throughout the respective separate composited lot samples,

56. {(New) The sample set of claim 20, wherein cach of the separate, enriche

composited lot samples comprises enrichment medium, or was enriched using enrichment medium.

37 (New) The sample set of claim 56, wherein cach of the scparate, enriched
composited lot samples comprises a single enrichment medium, or was enriched using a single

enrichment medium.

38  (MNew} The sample set of claim 20, whercin only a subsct of the plurality of separate,

cnriched composited ot samples comprises a detectable level of the target microbe.
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REMARKS

Claims 1-50 are pending.
Clamms 1. 2, 6, 20-22, 28, and 39 have been amended herein.
New claims 51-58, fullv supported, have been added.

No new matter has been added.

Preliminary Claim Amendments

Claim 1 has been preliminarily amended to recite “a target microbe(s),” m place of “the
target microbe(s})” to provide antecedent basis, and to delete “independent,” since the claims already
recites “samples.” Conforming amendments have been made to claims 21 and 22, Explicit support
is found throughout the originally filed application, including in original claims 1 and 26 thereof.

Claims 6 and 39 have been amended to recite “comprise a single ennichment mediam” in
place of “comprise enrichment medivm.” Explicit support for the amendment is found, for
example, in the onginally filed specification at page 9, 1. 17-20, reciting a preferred embodiment
“comprising addition of an amount of an enrichment medinm or buffer to a sample, and mcubating
the sample at a favorable temperature for a period of time sufficient to allow the orgamism to grow

and multiply.” No new matter has been added.

Claim 20 has been additionally amended to recite “a plurality of separate, enriched
composited lot samples, cach comprising multiple samples from, and thus attnibutable to a
respective separate lot of a respective plurality of separate lots, and wheremn at least one of the
scparate, enriched composited lot samples comprises a detectable and uniform, or substantially
uniform, level of a target microbe.” Claim 20 has been additionally amended to recite “a modular
composiic sample comprising a portion from each of the plurality of separate, enriched composited
lot samples, and having a detectable fevel of the target microbe, providing a serially-composited
sample set having detectable target microbe levels at both levels of compositing” 1 place of “a

modular composite sample comprising a plurality of combined portions from ecach of a plurality of
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separate, enriched composited lot samples™ to clanfy that the modular composite sample comprises,
as a combination of portions, a portion from each of a plurality of separate, enriched composited lot
samples. Explicit support for the amendments is found throughout the originally filed specification,
and including the original claims thereof.

Claim 28 has been amended to correct a minor grammatical error,

New dependent claims 51-58 have been added. Explicit support for the claims is found
throughout the onginallv-filed application, including for example, in the original claims.

No new matter has been added.

CONCLUSION

In view of the foregoing amendments and remarks, Applicant respectfully requests entry of
the present Preliminary Amendment and allowance of the claim set provided herein. The Examiner
is encouraged to phone Applicant’s attorney, Barry L. Davison, to resolve any outstanding issues

and expedite allowance of this application.

Davis Wright Tremaine LLP Respectfully submitted,

1201 Third Avenue, Swite 2200 Mansour Samadpour

Seattle, Washington 983101-3045 Davis Wright Tremaine LLP
Telephone: 206-757-8023

Facsimle: 206-757-7023 /Barry L. Davison, Ph D _JD/

Barry L. Davison, Ph.D., J D,
Attorney for Applicant
Registration No. 47,309
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Via Electronic Submission
Attorney Docket No. 0066090-008US5

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS

CROSS REFERENCE TO RELATED APPLICATIONS

The present application is a continuation of U.S. Patent Application No. 14/472,144 filed
August 28, 2014 (which will issue on May 2, 2017, as U.S. Patent No. 9,637,771), which is a
continuation of U.S. Patent Application No. 13/784,606, filed March 4, 2013, U.S. Patent
No. 8,822,143, which is a continuation of U.S. Patent Application No. 12/360,796, filed
January 27, 2009, U.S. Patent No. 8,389,233, which is a continuation of U.S. Patent Application
No. 11/199,871, filed August 8, 2005, U.S. Patent No. 7,534,584, which claims the benefit of
priority to U.S. Provisional Patent Application No. 60/599,473, filed August 6, 2004, all which

are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to improving the efficiency of producing
food and health related (e.g., pharmaceutical) products, and the safety and quality thereof.
Particular embodiments relate to novel methods for microbial pathogen testing that allow for
enhanced sensitivity, cost savings and traceability (e.g., source tracking) for remedial purposes.
The methods are broadly applicable to many product areas including, but not limited to beef,
pork, sheep, bison, deer, elk, poultry (e.g., chicken and turkey) and fish and other seafood,
produce, juices, dairy products, dry goods (e.g., cereals, nuts, etc.), fruits and vegetables, herbs
and spices, and all manners of raw and processed foods, environmental samples (e.g., water,
wastewater, soil, surface samples, air samples taken by impingers and filtration, etc.),
pharmaceuticals, and other types of samples to be analyzed using microorganism enrichment-

detection protocols.
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BACKGROUND

Manufacturers and respective regulatory agencies strive to continually improve the safety
and the quality of foods, pharmaceuticals, neutraceuticals, water and the environment. Under
recent United States Department of Agriculture, Food Safety and Inspection Service (FSIS)
directives and guidelines, many food producers in the United States have adopted sampling plans
that involve testing, for example, of raw beef trims and/or ground beef for %. coli O157:H7, and
ready-to-eat products for Listeria monocytogenes and/or Salmonella. Similar trends are observed
in other countries, for products detained for domestic consumption and/or export. For example,
the pharmaceutical industry spends considerable resources on sterility testing and environmental
monitoring, and the water and wastewater industry and their respective regulatory agencies
allocate considerable resources to monitor the quality of water (e.g., drinking, recreational and
fisheries resources), wastewater (treated and untreated) and sludge (biosolids). Concern for the
quality of air has resulted in monitoring of indoor air for the presence of microbial contaminants
and pathogens. These sampling plans associated with such testing determine, for example, the
disposition of products and the production lots, or result in decisions regarding the safety of
water, receiving waters and recreational waters, and the impact of wastewater discharge, and
quality of air.

The operative art with respect to such product “hold and release” monitoring efforts
comprises various different sampling plans, typically pursuant to International Commission on
Microbial Specifications for Food (ICMSF) guidelines for testing food products, FDA and
USDA or EPA guidelines, or intuitive sampling plans. The common feature of these sampling
plans is that several samples representing production lots, or a number of environmental samples,
are combined into a combined production lot prior to sampling. For example, a typical plan for
microbial pathogen detection calls for taking more than one sample, for instance ten (10) to sixty
(60) sample pieces from a given sample lot (combined production lot), to form a composite

sample for testing. The number of pieces taken to form the composite sample depends, under
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ICMSF or other regulatory guidelines, on the outcome of infection/poisoning (e.g., the severity),
the level of hazards, and potential increase in the hazard levels due to storage. The same holds
true in detecting microbial constituents and/or spoilage organisms. With respect to £. coli 0157
testing, for example, a typical plan calls for taking 60 samples (e.g., sample pieces) from a
production lot to form a single composite sample. With respect to Listeria monocytogenes, thirty
(30) samples are typically taken from a production lot to form a composite sample. With respect
to sterility testing, a typical plan may call for compositing 10-100 units of the product, and in the
case of environmental sampling, 2-10 samples are often composited. Generally, the number of
samples that are composited reflects: the overall sensitivity of the test method and the limit of
detection that applies to the test unit; the ability to concentrate/enrich the composite sample to
achieve the desired sensitivity; and the cost of sampling compared with the cost of analysis.

The costs associated with testing food are substantial, and consequently manufacturer’s
often resort to increasing the size of the “production lot” to be tested. For instance, the standard
size production lot for trim testing for £. col/i O157 in the U.S. beef industry is five (5) ‘combos’
(each combo weighing approximately 2,000 pounds), and for Listeria and Salmonella in ready-
to-eat (RTE) products, it 1s one composite sample per production line per shift. A primary
problem associated with the use of large size test lots is that a large quantity of products must be
downgraded or destroyed when there is a positive finding of a pathogen. Additionally, because
of the nature of combination ‘lotting” (combining, for purposes of forming the test lot, several
independent sub-lots that collectively span a long period of production time), it is very difficult
to investigate the cause of the failure and pinpoint the source/cause, and remedial measures
cannot be effectively taken. Furthermore, compositing a large number of samples may result in
reduced sensitivity for the test unit and adversely effect the limit of detection.

Typically, once a composite sample is constructed (following the art with respect to
particular testing) it is then enriched for the presence of a given pathogen/microbe by addition of

appropriate amounts of enrichment media and incubation at an appropriate temperature for a
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given amount of time. If the pathogen/microbe is present, then it grows and multiplies under the
favorable conditions of enrichment, thereby providing more material which can be detected by
subsequent analysis. The composite sample is then tested by one or more available, art
recognized methods including, for example, enrichment followed by immunoassay-based tests or
PCR-based methods, or culturing of the organism of interest, or other DNA- or
immunochemical-based methods.

The above-described prior art has several substantial deficiencies. First, even though the
prior art production lot encompasses several production sublots (for instance 5 combo/pallets of
products, or an entire shift of production), if a positive finding is obtained for the production lot
(composite test sample), the entire production lot is rejected (all 5 combos/pallets, or one shift of
production) and diverted to economically undesirable end uses (e.g., cooking or disposal), even
though the pathogen of concern may be confined to only a limited portion of the production
sublots (corresponding to one or two combos/pallets or an hour of production) comprising the
production lot.

Second the current art does not allow for retesting of any production sublots, primarily
because microbial contaminants are unevenly spread throughout the products, and in many
instances the levels of contamination are minute and may be present on very small portions of
the products in each sublot. Therefore, once a composite sample is constructed if it tests positive
all of the sublots are destroyed. The regulatory agencies do not allow for re-testing of the
sublots, premised on the argument that after a production lot tests positive, negative test results
obtained for production sublots, or even a new production lot composite sample, are meaningless
since the microbial contaminants are not uniformly present throughout the products.

Third, the current protocols for collecting a composite sample representing a production
lot often group together production sublots that are unrelated by virtue of product type or hours
of production. This makes investigating the nature of the failure a difficult task even when

relevant information is available. As an example, information is frequently available on a ‘per
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combo’ basis including (but not limited to) hour of production, vendor source of raw materials,
production employees present, and operational status of microbial intervention process steps.
However, when five unrelated combos/pallets are included in a production lot it 1s much harder
to rationally analyze the available information since there is no way to determine which
combo(s) contained the pathogen (as stated above, prior art re-sampling is not a viable option
since it may not yield the same result). Likewise, for sterility testing, when the composite
sample tests positive, the entire production will be disposed.

Therefore, there is a pronounced need in the art to implement novel and effective testing
protocols that provide a greater measure of assurance that the food product is safe, that provide
economic relief to the producer, and that allow for effective tracking of the contaminated lot(s)
for remedial purposes (e.g., pinpointing the time of the contamination and determine the segment

of production which was impacted).

SUMMARY OF THE INVENTION

Aspects of the present invention provide novel enrichment, testing and detection methods
for detection of pathogens or other microbes in, for example, food, water, wastewater, industrial,
pharmaceutical, botanical, environmental samples and other types of samples analyzed by
detection methods (e.g., enrichment-detection methods). According to particular aspects, where
any microbiological testing program involves compositing a number of samples to form a test
lot, independent enrichment of each of the components of the composite sample is performed
with subsequent formation of a modular (e.g., wet modula) composite sample by combining
portions from each independent enrichment, which allows for determining the outcome of the
test for each individual subunit of the composite as opposed to generalizing the results of the test
sample to all of its’ subunits. This individual outcome determination 1s achieved by retesting the
individual enrichment samples in the event that the composite enrichment tests positive.

In preferred aspects, a reportable lot is defined as a single unit of a modular (e.g.,

modular wet) composite lot, rather than as an entire composite lot comprised of multiple sublots.
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For example, a reportable production lot is defined as a single unit of production and corresponds
to a single unit of a modular wet composite production lot, rather than (as in the prior art) as an
entire composite lot comprised of multiple production units (multiple sublots). With respect to
testing each reportable lot (e.g., each single unit of production), a plurality of pieces/portions of
sample are separately collected from each single reportable lot (e.g., from each single production
unit; individual test unit) and composited to form, for example, one ‘single-unit production lor
sample’ (corresponding, in each case, to a particular single unit of production), which is enriched
using appropriate enrichment protocols to allow for the levels of the target organism to reach
detection levels and uniformity of presence in the enriched sample. Multiple aliquots of the
enrichment media may be removed for analysis, thus circumventing the prior art problem of
having to re-sample a test production lot where microbial contaminants are not uniformly present
throughout the product.

In the exemplary context of enriched single units of production, equal portions of
enrichment buffer are removed (aseptically) from each single-unit production lot sample and
combined to form a Modular Wet Composite Sample (MWCS). The MWCS is then tested using
an appropriate test (detection assay) for the target agent (e.g., target organism). If a regative
result is obtained from the MWCS, then all of the individual single-unit production lots are
released. Significantly, if a positive result is obtained from a MWCS, the enrichment buffers
from each of the individual single-unit production lot samples are separately (individually)
tested, using the same test protocol, or a test protocol with enhanced sensitivity, or any
appropriate test protocol. According to particular preferred aspects, the signal obtained from a
MWCS is due to one or more of its” components (e.g., reportable lots (e.g., individually enriched
single production units)), and it 1s, therefore, possible in all cases to trace a positive signal to one
or more individual subunits by testing each individual enrichment sample for the same target.
When a positive finding is obtained for any individual reportable lot sample (e.g., single-unit

production lot sample), that particular reportable 1ot (e.g., single-unit production lot) is deemed
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to be positive, and appropriate actions are taken based on the result. In the case of
pathogen/microbial testing for foods, the individual positive sublots can be diverted to cooking,
disposal, or other acceptably safe endpoint. The rest of the individually enriched test units that

test negative are deemed to be negative and will be reported as such (are validated).

DETAILED DESCRIPTION OF THE INVENTION

Particular aspects provide novel enrichment, testing and validation methods for detection
of pathogens or other microbes in any type of samples (e.g., food production lots, water,
wastewater, industrial, pharmaceutical, botanical, environmental samples, etc.) analyzable by
enrichment-detection methods. In preferred aspects, a test lot (single-unit production lot), rather
than (as in the prior art) a composite lot comprised of multiple test lots (e.g., single-unit
production lot units), 1s defined and established as the single unit of production. A plurality of
portions (e.g., product portions) are separately collected from each test lot (e.g., single-unit
production lot) and composited to form a corresponding set of test lot samples (e.g., single-unit
production lot samples), which are enriched using suitable enrichment protocols to allow target
agents/organisms to reach detectable levels and sample uniformity. In particular embodiments,
equal portions of enrichment buffer are removed (preferably aseptically) from the enriched
samples, and combined to form a modular composite sample (e.g., modular wet composite
sample; MWCS). The MWCS, for example, is tested using a suitable detection assay for the
target agent/organism. If a negative result 1s obtained from the MWCS, then all of the individual
single-unit production lots are validated and releasable. If a positive result is obtained from a
MWCS, the enrichment sample corresponding to individual test lots (e.g., individual single-unit
production lots) are separately (individually) tested, using the same, or a more sensitive test
protocol. If a positive finding is obtained for any test lot sample (e.g., individual single-unit
production lot sample), that particular respective lot is diverted to cooking, disposal, or other
acceptably safe endpoint. If a negative finding is obtained for any individual test lot sample

(e.g., single-unit production lot sample), then that particular lot is validated and releasable. In
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this manner, any member lot of the MWCS that tests negative using the same method (about 5-
fold more sensitive relative to the prior art), or an enhanced method (about fifty times more

sensitive), will be validated and releasable for consumption.

DEFINITIONS

The term “test lot” or “‘reportable lot” as used herein to refer to an assemblage of one or
more specimens of a medium or process (e.g., assemblage of specimens of air, water, solids, or
of products of a production process, etc.), where such assemblage can be sampled by taking
portions of the one or more specimens thereof, and where the one or more specimens of the
assemblage are operationally linked in a manner (e.g., proximity, time, process step, etc.)
whereby information derived about sampled portions is operationally applicable to all specimens
of the assemblage, and thus to the test lot. In particular instances, portions are synonymous with
specimens.

The term “single production unit” or “single-unit production lot” as used herein is a form
of test lot, and refers to a single unit of production (e.g., for beef trim a “combo,” or for almonds
a “bin”) rather than, as in the prior art, to a composite comprised of multiple, non-operationally
linked single production units (production sublots).

The term “product portion” as used herein refers to a product piece (e.g., a piece of solid
beef trim, etc.), aliquot of product (e.g., a volume of liquid juice) or weight of product (e.g., a
weight of semi-solid pudding). A single unit of production is composed of multiple product
portions. In preferred embodiments, the number of product portions which comprise a single
unit of production is great enough that removal of some product portions to form a sample does
not impose an unacceptable economic loss to the producer. In particular instances, a product
portion may be a specimen of a test lot as defined above.

The term “compositing” as used herein refers to combining a number of single product
portions to form one larger sample. In preferred embodiments, the number and selection of

single product portions to be combined conform to statistical-based sampling plans which seek to
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form a typical or average sample that is representative of the test lot (e.g., single production unit)
being sampled.

The term “test lot sample” or “single-unit production lot sample” or “single production
unit lot sample,” as used herein refers to a sample formed by combining multiple product
portions from a test lot (e.g., single production unit), such that each test sample (e.g., each single-
unit production lot sample) is attributed to a particular corresponding test lot (e.g., production
unit). For production lot samples, the number of potions/pieces combined many be essentially
any number, but preferably is selected so as to conform to statistical-based sampling plans.
Preferably the number of pieces combined is selected from the range group consisting of from
about 5 to about 100, from about 10 to about 90, from about 20 to about 80, from about 30 to
about 70, from about 30 to about 60, and from about 40 to about 50 product portions. Preferably,
the number of independent product portions is selected so as to yield a sample size that is equal
to or greater than that required by the subsequent analysis to be applied.

The term “enrichment” as used herein refers to incubating a test lot sample (e.g., single-
unit production lot sample) under conditions suitable to allow levels of a target agent/organism
that 1s present to reach detectable levels and become uniform or substantially uniform throughout
the enriched test lot sample (e.g., single-unit production lot sample). Preferably, enrichment
comprises addition of an amount of an enrichment medium or buffer to a sample, and incubating
the sample at a favorable temperature for a period of time sufficient to allow the organism to
grow and multiply.

The term “enrichment medium” as used herein refers to a mixture which contains
nutrients and which has properties (e.g., pH and/or oxygen content) which favor the growth of
the target agent/organism. Preferably, the enrichment medium is formulated to mimic the
environment of the target agent/organism or take advantage of a known metabolic property of the
target agent/organism. Preferably, the enrichment medium will omit nutrients needed by

competing undesired agents/organisms. Preferably, the enrichment medium will include
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selective agents that will inhibit competing undesired agents/organisms. An example of an
enrichment medium is that used for the isolation of nitrogen fixing bacteria (those that can use
nitrogen gas as their sole nitrogen source) contains no source of fixed nitrogen in the medium. A
second example is an enrichment medium for the isolation of bacteria capable of utilizing 2,4-
dichlorophenoxyacetic acid (also known as 2,4-D, a common herbicide) as a source of carbon
and energy. The enrichment medium is formulated to contain benzoate as the only organic
compound.

The term “wet enrichment” as used herein refers to diluting a solid, semisolid or liquid
single-unit production lot sample (single production unit lot sample) with enrichment medium in
a ratio of approximately 1:10 (wt./v), consistent with conventional methods for expanding and
testing a variety of target agents/organisms as set forth in widely recognized published methods.
For example, the conventional method for expanding and testing for coliforms, fecal coliforms
and £. Coli in food, comprises a 1:10 dilution of the samples (e.g., 50 g into 450 ml) (see, e.g.,
U.S. FDA Bacteriology Analytical Manual Online, Chapter 4 and 4A, describing standard 1:10
dilution procedures for testing of coliforms, fecal coliforms and /. Coli in food, shellfish and
juices).

The term “dry enrichment” as used herein refers to enriching a solid, semisolid or liquid
single unit production lot sample either with no addition of other compounds if the sample’s
intrinsic properties (water activity, nutrients and pH) are sufficient/proper to promote the growth
of the target agent/organism, or by dilution of the sample with minimal amounts of enrichment
medium in ratios ranging from about 0.1 (wt/v) to about 1 (wt/v).

The term “modular composite sample” as used herein refers to a sample formed by
removing, preferably aseptically, equal portions of each of a plurality of enriched single-unit
production lot samples, and combining the removed portions.

The phrase “suitable detection assay” as used herein refers to any assay that is suitable
for detecting a particular agent/organism. Preferably, the assay is optimized to detect the
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particular agent/organism, and may be combined with one or more concentration steps for
concentration of the agent/organism being assayed.

The term “validation” as used herein with respect to production lots refers to determining
that a particular sample tests negative using the detection assay. Where a modular composite
sample tests negative, all single-unit production lot samples comprising the composite sample
are validated along with the respective single-unit production lots, which are thus cleared for
release. Where a modular composite sample tests positive, individual single unit production lots
may nonetheless yet be validated if particular respective single-unit production lot samples test
negative.

“Trim” refers to small pieces of meat and fat which are excised during, for example, the
beef fabrication process in order to produce primal and subprimal pieces and marketable cuts.

“Trim testing” refers to the process of testing trim, or raw materials which are to be used
for ground meat production for microbial/pathogen content.

A “combo” or “combo-bin” refers, in the beef industry, to the single production unit
packaging unit. Alternatively raw materials corresponding to a single production unit to be
tested can be packaged into boxes, bags or other appropriate containers, which can be placed, for
example, on pallets.

A “composite lot-unit” or “five-combo-lot unit” refers to a composite unit, comprised of
five combos (combo-bins). In prior art sampling plans, the composite lot-unit represents the raw
material (composite trim) upon which sampling, testing and acceptance or rejection 1s based.

Therefore, according to particular aspects, a test lot (or test unit) (e.g., a single-unit
production lot or single production unit lot) is defined and taken as one or more operationally-
linked specimens of a medium or process. A test lot may be a single unit of production (e.g., a
single combo, bin, pallet, or segment of production, etc.), or a single environmental sample (e.g.,
single air sample, single water and wastewater sample, etc.), rather than, as in the prior art, as a
composite of multiple production units or environmental samples.
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In preferred embodiments, a number of pieces or portions of sample are collected from a
test lot (e.g., from a single production unit (e.g., from the single combo, bin, pallet, or segment of
production, etc.), and composited to form one ‘single-unit test sample” (or ‘single-unit
production lot sample.” In particular embodiments (e.g., wet enrichment), enrichment buffer is
added to the sample. In alternate embodiments, ‘dry enrichment’ (as defined herein above) is
done.

Significantly, in the inventive modular (e.g., wet modular) compositing method, samples
taken from each unit of production are enriched separately using appropriate enrichment
protocols to allow for the levels of the target organism to reach detection levels and uniformity of
presence in the enriched sample. In preferred aspects, such enrichment obviates the prior art
problem of having microbial contaminants that are not uniformly present throughout the product
sample. Specifically, while microbes are not necessarily uniformly distributed in food, water,
air, pharmaceuticals, etc., after enriching a sample as described herein, the target microbes are
uniformly, or as least substantially uniformly, present in the enrichment medium or extract from
dry or semi dried enrichments.

Following incubation for the target organism, equal portions of enrichment buffer or
sample are removed (aseptically) from each of several test lot samples (e.g., from several single-
unit production lot samples; preferably 5) and pulled together to form a Modular Wet Composite
Sample (MWCS). The MWCS is then tested using an appropriate test (detection assay) for the
target organism. If a negative result 1s obtained from the MWCS, then all of the individual
single unit production Lots are released.

If a positive result is obtained from a MWCS, the enrichment buffers from each of the
individual single unit production lot samples are then separately (individually) tested, using the
same test protocol, or any other appropriate tests. Alternately, an augmented protocol that uses a

concentration step for the target organism, such as immunomagnetic bead separation, affinity
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chromatography, etc., followed by an appropriate detection method is used to test the enriched
individual test lot samples (e.g., the individual single-unit production lot samples).

In preferred aspects, the inventive methods of analysis are modified by introducing a
concentration step (e.g., employing antibody-coated paramagnetic beads into the procedure (e.g.,
DNA-based detection, biosensor based detection, classical microbiological detections, etc)).
Antibody-coated paramagnetic beads, for example, afford an approximately 10-fold increase in
sensitivity. This concentration step, combined with the fact that the individual test lot samples
(e.g., individual single-unit production lot samples) are not 5-fold diluted relative to the MWCS,
allows for an overall 50-fold increase in sensitivity relative to prior art sampling and testing
protocols. If a lateral flow device is used for detection, such immunomagnetic concentration
may or may not be used, in which case the detection sensitivity is increased by about 5-fold.

Where a positive finding (test result) is obtained for any individual test lot sample (e.g.,
single-unit production lot sample), that particular corresponding test lot (e.g., single-unit
production lot) is deemed to be positive, and appropriate decisions are then made on the positive
results (e.g., in the case of food products, diversion to cooking, disposal, or other acceptably safe
endpoint). For each of the rest of the test lot samples (e.g., single-unit production lot samples)
belonging to the positive MWCS, where a negative finding is obtained, that particular test lot
sample (e.g., that single-unit production lots sample) is deemed to be negative. In this manner,
any test lot (e.g., any single-unit production lot) that is a member of the group of test lots (e.g.,
single-unit production lots) that comprise a corresponding MWCS, will be considered to be
negative, if it tests negative using the same method (about S-fold more sensitive relative to the
prior art), or the enhanced method (about fifty times more sensitive).

In alternate preferred embodiments, a new Modular Wet Composite Sample is
reconstructed from the member lots (test lots) that have tested negative, and subjected to a third
layer of testing to again show (confirm) that they are negative. Specifically if one of the five

individual test lots (e.g., individual single-unit production lots) has tested positive (and the other
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four negative), and the protocols call for testing of composites consisting of five test lots, a new
single test lot sample can formed from a new test lot, and can be used along with the four
negative samples to form a new MWCS.

The methods of the present invention provide substantial economic savings to the food
and pharmaceutical industries, because of the precision in detecting in the context of
operationally-linked portions of production (e.g., test lots; single production units; single-unit
production lots) which are contaminated. @ The inventive methods prevent unnecessary
destruction of regative lots that are condemned because of guilt by association (e.g., simply
because they were grouped with a contaminated composite prior art multiple production unit lot
in a prior art testing protocol). Where a positive finding is obtained, a smaller quantity of
material is diverted to an economically undesirable end use. The proposed invention has
substantial utility (e.g., bringing savings, accuracy and precision in pinpointing problems) in the
environmental industry.

Additionally, and significantly, it is easier to trace the source of the contamination and
apply remedial measures, because the single-unit test component points, for example, to single

point of production or a single sampling site.

Particular Preferred Aspects:

Particular aspect provide a method of sampling, testing and validating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of test lots, the
test lots each comprising an assemblage of one or more operationally-linked specimens, wherein
the assemblage can be sampled by taking portions thereof; combining the collected portions
corresponding to each of the test lots to provide a corresponding set of test lot samples, wherein
each test lot sample is attributed to a particular corresponding test lot; incubating the set of test
lot samples under conditions suitable to allow levels of a target agent or organism that is present
in one or more of the samples to reach detectable levels and become uniform, or substantially

uniform, throughout the respective one or more samples, to provide a set of enriched test lot
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samples; removing, aseptically, equal portions of each enriched test lot sample, and combining
the removed portions to provide a modular composite sample; and testing of the modular
composite sample, using a suitable detection assay, for the target agent or organism, wherein
where such testing is negative all test lot samples are validated, and wherein where such testing
is positive, individual test lots may nonetheless yet be validated by further testing of a portion of
the respective enriched test lot sample using the same or a more sensitive protocol and obtaining
a negative test result.

In particular aspects, the test lot is selected from the group consisting of an environmental
lot comprising one or more operationally-linked environmental specimens, pharmaceutical lot
comprising one or more operationally-linked pharmaceutical specimens, single-unit product lot
comprising one or more operationally-linked product specimens, and combinations thereof. In
particular aspects, the test lot is a single-unit production lot, comprised of operationally-linked
product specimens. In particular aspects, product specimens are synonymous with product
portions. In particular aspects, the methods further comprise incubating the modular composite
sample prior to testing it. In particular aspects, incubating each test lot sample comprises adding
an amount of enrichment medium to the sample, and removing enriched sample portions
comprises removing a portion of the enrichment medium from each enriched sample and
combining the removed portions to provide a modular composite sample. In particular aspects,
testing of the modular composite sample, using a suitable detection assay comprises use of a
concentration step to concentrate the microbial agent or organism.

In particular aspects, where testing of the modular composite sample is positive, and
wherein the individual test lots are further tested, such further testing comprises use of the more
sensitive protocol. Preferably, the more sensitive protocol comprises use of a concentration step
to concentrate the microbial agent or organism, in combination with the same test protocol used

to test the modular composite sample.
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In particular aspects, the methods further comprise forming an additional modular
composite sample from the enriched test lot samples and testing the additional modular
composite sample, using the same or a different suitable assay, to confirm the testing status. In
particular aspects, the methods further comprise forming an additional modular composite
sample from an additional enriched test lot sample along with any enriched test lot samples that
test negative, and testing the additional modular composite sample, using the same or a different
suitable assay. In particular aspects, the methods further comprise, where testing of the modular
composite sample is negative, forming an additional modular composite sample from the
enriched test lot samples, and testing the additional modular composite sample, using a different
suitable assay, to confirm the negative testing status.

In particular aspects, the test lot is selected from the lot group consisting of a single
combo, single bin, single pallet, and a segment of production. Preferably, the number of test lots
1s from about 3 to about 10, about 5 to about 8, or about 5.

In particular aspects, the methods further comprise, where testing of the modular
composite sample is positive, determining which individual test lots are positive, and application
of remedial measures that are specific to one or more individual test lots that test positive. In
particular aspects, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot a number of portions selected from the group
consisting of from about 5 to about 100, from about 10 to about 90, from about 20 to about 80,
from about 30 to about 70, from about 30 to about 60, and from about 40 to about 50 portions.
Preferably, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot about 30 to about 60 portions. Alternatively,
separately collecting a plurality of portions from each of a plurality of test lots comprises
separately collecting from each test lot about 30 portions. Preferably, separately collecting a
plurality of portions from each of a plurality of test lots comprises separately collecting from
each test lot about 60 portions.
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Particular aspects provide a method of sampling, testing and validating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of single-unit
production lots, the single-unit production lots each comprising an assemblage of one or more
product specimens, wherein the assemblage can be sampled by taking portions thereof;
combining the collected product portions corresponding to each of the single-unit production lots
to provide a corresponding set of single-unit production lot samples, wherein each single-unit
production lot sample is attributed to a particular corresponding single-unit production lot;
incubating the set of single-unit production lot samples under conditions suitable to allow levels
of a target agent or organism that is present in one or more of the single-unit production lot
samples to reach detectable levels and become uniform, or substantially uniform, throughout the
respective one or more samples, to provide a set of enriched single-unit production lot samples;
removing, aseptically, equal portions of each enriched single-unit production lot sample, and
combining the removed portions to provide a modular composite sample; and testing of the
modular composite sample, using a suitable detection assay, for the target agent or organism,
wherein where such testing is negative all single-unit production lot samples are validated, and
wherein where such testing is positive, individual single-unit production lots may nonetheless yet
be validated by further testing of a portion of the respective enriched single-unit production lot
sample using the same or a more sensitive protocol and obtaining a negative test result.

The following Examples are exemplary are not intended, and should not be construed to

limit the scope of the aspects of the present conception that are claimed hereunder.

EXAMPLE 1

(The present inventive methods were shown to provide a substantial economic advantage, while
providing for enhanced safety, and implementation of remedial measures)

At present, the standard size ‘production lot™ for trim testing for £. coli O157 in the beef
industry in the USA is a combination of five combos, where each combo represents a single
production unit and weighs approximately 2,000 pounds. An inventive modular composite

sample method, and in particular a Modular Wet Composite Sample (MWCS) method was
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implemented at a United States beef producer. TABLE 1 shows, according particular aspects,
the result of testing 62,919 MWCS samples, and then retesting the individual single-unit
production lot (combo) samples whenever a positive result was obtained from the MWCS
sample.

TABLE 1 shows that out of 62,919 MWCS samples, a total of 217 yielded a positive
testing result for £. cofi O157. Using prior art protocols, all of the single-unit production lots
that comprised the 271 positive samples would go to rendering or be downgraded for cooking.
As each MWCS represents five single-unit production lots of 2,000 Ibs each, this would
represent approximately 2,710,000 pounds of product (i.e., 271 x 5 x 2,000 pounds = 2,710,000
pounds).

Specifically, the individual single-unit production lot samples comprising the MWCS
were analyzed separately following each positive MWCS result. As can be seen in TABLE 1,
only 391 individual single-unit production lot samples yielded a positive result out of the
cumulative total of 1,085 individual single-unit production lot samples comprising the MWCS
samples which vielded a positive result. If only the 391 individual single-unit production lots
yielding a positive sample result were diverted to rendering or downgraded for cooking this
would represent 782,000 1bs of product. The remaining 694 individual single-unit production
lots, corresponding to 1,928,000 1bs of product, are, according to preferred aspects of the present
invention, validated and releasable into the chain of commerce.

The product, in this Example I, being produced by this U.S. beef producer was beef trim.
The release of the validated 19,280,000 lbs of beef trim into commerce using the present
invention, instead of diverting or downgrading the product, trim, represents a cost savings to the
producer of about $2,500,000, relative to prior art methods. Additionally, the testing of the
single-unit production lots by augmented testing protocols (representing a 5- to 50-fold increase
in sensitivity relative to the MWCS testing) provides substantial additional assurance of the
safety of the food products.
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Furthermore, as outlined above under “BACKGROUND,” information is frequently
available on a ‘per combo’ basis including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps. However, when five unrelated combos are included in a combined ‘production
lot’ (as in the prior art) it is much harder to rationally analyze the available information since
there is no way to determine which combo(s) contained the pathogen (as stated above, prior art
re-sampling is not a viable option since it may not yield the same result).

By contrast, in this Example I and according to preferred aspects of the present invention,
any combo-specific information including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps can be brought to bear in the context of the 391 individual single-unit production
lots yielding a positive sample result, thereby providing an effective means not only to trace

contamination, but also to affect remedial measures in view thereof.

TABLE 1: Results of modular wet composite sampling of 62,919 multiple lots and number of
Individual Production Unit Lot (IPUL) which tested positive when MWCS tested positive

#
Location Total # Analyses | Positives | 1 TPUL | 2TPULs | 31TPULs [ 4TPULs | STPULs
Est. A, B, C. 62919 271 180 39 18 11
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EXAMPLE 11

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of Ready-to-Eat (RTE) products (e.g., meat and poultry
products))

Under United States Department of Agriculture, Food Safety and Inspection Service
(USDA FSIS) guidelines, producers of Ready-to-Eat (RTE) meat and poultry products may
adapt an ‘end product’ sampling program as verification that their product is free of the pathogen
Listeria monocytogenes.  The frequency of end product sampling is selected by the
producer/establishment, based on valid sampling statistics. Typically, samples are collected at
random times over a production shift (e.g., from ‘cleanup to cleanup’), and from several product
lines. The samples are combined to form a composite sample, and enrichment buffer is added to
the composite sample to allow Listeria spp. or L. monocytogenes to grow and multiply under the
favorable conditions of enrichment, thereby providing more material that can be detected by
subsequent analysis.

According to particular aspects of the present invention the producer of RTE meat or
poultry products collects samples from individual single-unit production lots. Preferably, the
producer defines and produces these single-unit lots in such a fashion as to maximize the
information available for investigating the nature of a failure. For example, possible definitions
of an individual single-unit production lot include, but are limited to all of the product produced
by a particular production line (or produced by a particular production line in a particular period
of time), a volume of product such as a pallet of packed boxes produced on a particular
production line, or a production area in the plant, etc.

Individual single-unit production lot samples are collected, to which, in wet enrichment
embodiments, enrichment medium/buffer is added. Following incubation under conditions
suitable to allow levels of a target agent or organism that is present to reach detectable levels and
become uniform or substantially uniform throughout the respective sample(s), aliquots of the

enrichment medium/buffers from individual single-unit production lot samples are combined to
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form a MWCS. The MWCS 1s then analyzed for the presence or absence of, for example,
Listeria spp. or I.. monocytogenes. In the event that a positive result is obtained for the MWCS,
enrichment medium/buffer sample from the individual single-unit production lot samples
comprising that MWCS is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment medium/buffer from the
corresponding sample yields a positive result are diverted to cooking, disposal or other safety
endpoint. Individual single-unit production lots for which the enrichment medium/buffer from
the corresponding sample yields a negative result are released into commerce. The latter fraction
represents a direct cost savings to the producer relative to a prior art approaches where a
‘production lot’ is defined to include multiple single-unit production lots (e.g., multiple product
lines and an extended period of time (‘cleanup to cleanup’)).

Furthermore, by defining and establishing the individual single-unit production lots in
such a fashion as to maximize the information available for investigating the nature of a failure,
the producer is able to narrow the scope of investigation and apply remediative resources more
effectively and efficiently. For example, where a positive result(s) is associated with one or
more specific production lines, targeted aggressive sanitation is used to resolve the problem.
Alternatively, for example, where a positive result(s) is associated with one or more specific
products, determining whether raw materials are contaminated, or whether process microbial

intervention steps were operating properly are effectively and efficiently used.

EXAMPLE 111

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility for providing cost-effective and effective monitoring means for pathogen
levels in nut products (e.g., almond products) and the like)

A large number of almond products may be produced by using one or more processes
including slivering, scalding, blanching, slicing, roasting, and dicing. Anti-microbial treatments

may also be applied, such as use of propylene oxide. In practice, these processes may be used in

-21-
4810-6305-0334v.1 0066090-008US5

National Beef Ex. 1034
Page 121



10

20

25

many various combinations, and the output from one process may be the input for another. This
makes i1t very difficult to trace finished product all the way back to raw materials.

As indicated by a recent outbreak, almond products are susceptible to contamination by
Salmonella spp. According to additional aspects, the present inventive methods provide a cost-
effective means of implementing an effective monitoring program for pathogen levels in nut
products (e.g., almond products). In such embodiments, final almond products of each type are
collected at random times over a production shift. The producer defines and establishes
individual single-unit production lots as the amount of product produced during a production
shift (from ‘cleanup to cleanup’), or as some smaller production unit (e.g., a ‘truckload’),
provided that one sample was collected from each such single-unit production lot. The single-
unit production lot samples are combined to form a corresponding composite sample, and, in wet
enrichment embodiments, enrichment medium/buffer is added to the composite sample to allow
Salmonella spp. to grow and multiply under the favorable conditions of enrichment (as described
herein above), thereby providing more material that can be detected by subsequent analysis.

Aliquots of the enrichment medium/buffers from individual single-unit production lot
samples are combined to form a MWCS. The MWCS are analyzed for the presence or absence,
for example, of Salmonelia spp. Where a positive result is obtained for the MWCS, each
enrichment buffer from the individual single-unit production lot samples comprising that MWCS
is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment buffer from the
corresponding sample yields a positive result are returned for application of additional microbial
intervention steps (e.g., roasting), or are diverted to a safe endpoint (e.g., a cooked product).
Individual single-unit production lots for which the enrichment buffer from the corresponding
sample yields a negarive result are thereby validated and are releasable into commerce. The

latter fraction represents a direct cost savings to the producer relative to prior art approaches
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where effective testing is not done, and discovery of contamination with a pathogen leads to
large scale recalls of product.

Furthermore, by defining and establishing the individual production single-unit
production lots in such a fashion as to maximize the information available for investigating the
nature of a failure, the producer is able to narrow the scope of investigation and apply
remediative resources more effectively and efficiently. For example, the processes used to
produce the almond product(s) yielding positive result(s) are rationally analyzed, and
associations between the pathogen contamination and one or more of the processes of slivering,
scalding, blanching, slicing, roasting, and dicing are determined, and targeted effective and

efficient remedial measures are applied.

EXAMPLE IV

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of contaminants that enter a production line at a given time
point, and then clear)

Sterility testing of food and pharmaceuticals, or purity testing of fermentation processes
often involves compositing a number of samples to form a composite test lot. Detection of
microbial contamination in the composite sample, as discussed in detail herein above, results in
rejection of the whole production. Practically speaking, often a pinpoint contaminant enters
production at a given time point, and then clears within a few minutes. Aspects of the present
invention allow for identifying the time of entry, and informed elimination of products

(operationally linked test lots) flanking the contamination event.

EXAMPLE V

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of environmental monitoring (e.g., with samples of water,
wastewater, sludge, soil, surface sponges, surface swabs, condensates, air or liquids))

In the context of environmental monitoring, when several samples (water, wastewater,
sludge, soil, surface sponges, surface swabs, condensates, air or liquids) are composited and

subjected to enrichment, followed by testing to detect environmental contamination, the current
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for the microbe of concern.
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CLAIMS

1. A method of sampling and testing products for microbes in multiple separate lots,
comprising:

removing portions of each of a plurality of separate, enriched composited lot samples,
each separate composited lot sample comprising multiple independent samples from a respective
separate lot of a respective plurality of separate lots, wherein each of the separate composited lot
samples is attributed to the particular respective separate lot;

combining the removed portions to provide a pooled modular composite sample; and

testing of the pooled modular composite sample, using a suitable detection assay, for the
target microbe(s), wherein when such testing is negative all of said samples that were
composited to form the separate, composited lot samples are deemed negative for the target
microbe(s) and each of the multiple separate lots is validated, and wherein when such testing is
positive, each of the individual separate, enriched composited lot samples that were used to form
the pooled modular composite sample are individually tested to determine which of the separate,
composited lot samples is positive for the target microbe(s), wherein the lots corresponding to

any negatively testing separate, enriched composited lot samples are validated.

2. The method of claim 1, wherein each of the multiple separate lots is selected from
the group consisting of an environmental lot comprising multiple operationally-linked
environmental specimens, pharmaceutical lot comprising multiple operationally-linked
pharmaceutical specimens, single product lot comprising multiple operationally-linked product

specimens, and combinations thereof.

3. The method of claim 1, wherein each of the multiple separate lots is a single

production lot, comprised of operationally-linked product specimens.
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4, The method of claim 3, wherein product specimens are synonymous with product

portions.

5. The method of claim 1, further comprising incubating the pooled modular

composite sample prior to testing.

6. The method of claim 1, wherein the enriched composited lot samples comprise
enrichment medium, and are sufficiently incubated and enriched to enable the validation of the
individual separate lots with no requirement for further enrichment thereof, and with no

requirement for further sampling of the lots.

7. The method of claim 1, wherein testing of the pooled modular composite sample,
using a suitable detection assay comprises use of a concentration step to concentrate the target

microbe(s).

8. The method of claim 1, wherein where testing of the pooled modular composite
sample is positive, and wherein the separate individual composited lot samples are further tested

using a more sensitive protocol.

9. The method of claim 8, wherein the more sensitive protocol comprises use of a
concentration step to concentrate the target microbe(s), in combination with the same test

protocol used to test the pooled modular composite sample.

10. The method of claim 1, further comprising, forming an additional pooled modular
composite sample from the set of separate, enriched composited lot samples, and testing the
additional pooled modular composite sample using the same or a different suitable assay, to

confirm the testing status.

11. The method of claim 1, further comprising, forming an additional pooled modular

composite sample from an additional enriched separate composited lot sample along with any
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separate, enriched composited lot samples that test negative, and testing the additional pooled

modular composite sample, using the same or a different suitable assay.

12. The method of claim 1, further comprising, where testing of the pooled modular
composite sample is negative, forming an additional pooled modular composite sample from the
set of separate, enriched composited lot samples, and testing the additional pooled modular

composite sample, using a different suitable assay, to confirm the negative testing status.

13. The method of claim 1, wherein each of the lots is selected from the lot group

consisting of a single combo, single bin, single pallet, and a production assemblage.

14. The method of claim 1, wherein the number of separate lots 1s from 3 to 10.

15. The method of claim 1, further comprising, where testing of the pooled modular
composite sample is positive, determining which individual separate lots are positive, application
of remedial measures to said separate positive lots, and validating by further testing of the

respective remediated separate lots and obtaining a negative test result.

16. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises 5 to 100 independent samples from the respective separate lot of the

respective plurality of separate lots.

17. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises 30 to 60 independent samples from the respective separate lot of the

respective plurality of separate lots.

18. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises at least 30 independent samples from the respective separate lot of the

respective plurality of separate lots.
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19. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises at least 60 independent samples from the respective separate lot of the

respective plurality of separate lots.

20. A modular composite sample for testing products for microbes in multiple
separate lots, the modular composite sample comprising a plurality of combined portions from
each of a plurality of separate, enriched composited lot samples, each separate composited lot
sample comprising multiple independent samples from a respective separate lot of a respective
plurality of separate lots, wherein each of the separate composited lot samples is attributed to a

particular respective separate lot.

21. The method of claim 1, wherein removing portions is removing equal portions,

aseptically, so as to preclude contamination of the separate, enriched composited lot samples.

22. The modular composite sample of claim 20, comprising equal portions of the

separate, enriched composited lot samples.

23, The method of claim 1, wherein the target microbe(s) comprises at least one

selected from the group consisting of Listeria, Salmonella and Escherichia coli.

24. The method of claim 1, wherein the target microbe(s) comprises at least one
selected from the group consisting of Listeria spp., Listeria monocytogenes, Salmonella spp.,

Escherichia coli O157:H7, coliforms and fecal coliforms.

25. The method of claim 1, wherein the target microbe(s) comprises a spoilage
organism.
26. The method of claim 1, wherein removing portions of each separate enriched

composited lot sample comprises removing equal volume portions thereof.
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27. The method of claim 1, wherein testing of the pooled modular composite sample,
using a suitable detection assay comprises use of at least one of a DNA-based method, an

immunochemistry-based method, and a biosensor-based method.

28. The method of claim 7 wherein the concentration step comprises at least one of

immunomagnetic bead separation, and affinity chromatography.

29. The method of claim 1, wherein each of the multiple separate lots are production
lots of a meat or poultry product, comprising an assemblage of one or more meat or poultry

specimens, respectively.

30. The method of claim 29, wherein the meat or poultry specimens are meat trim

pieces or poultry trim pieces, respectively.

31. The method of claim 29, wherein the meat is that of beef, pork, sheep or bison.

32. The method of claim 1, wherein each of the multiple separate lots are separate
production lots of a fish or seafood product, comprising an assemblage of one or more fish or

seafood specimens, respectively.

33. The method of claim 1, wherein each of the multiple separate lots are separate

production lots of a ready-to-eat product.

34, The method of claim 6, wherein the enrichment medium comprises a selective

agent that will inhibit a competing non-target microbe.

35. The method of claim 1, wherein each separate, composited lot sample conforms to
a statistical-based sampling plan specifying, for a particular microbe(s), the number of

independent samples taken sufficient to provide for validation and release into commerce.
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36. The method of claim 1, further comprising in (e) wherein when such testing of the
modular composite sample i1s negative, nonetheless testing each of the separate composited lot
samples for the target microbe(s) to enhance confidence in the negative testing results prior to

deeming the lots validated or releasable into the chain of commerce.

37. The method of claim 1, further comprising, wherein when such testing of the
pooled modular composite sample 1s positive, each of the individual separate composited lot
samples that were used to form the pooled modular composite sample are individually tested to
determine which of the separate composited lot samples is positive for the target microbe(s),
retesting of the separate negatively testing composited lot samples to enhance confidence in the
negative testing results prior to deeming the lots corresponding to the negatively testing

composited lot samples validated or releasable into the chain of commerce.

38. The modular composite sample of claim 20, wherein each separate composited lot
sample conforms to a statistical-based sampling plan specifying, for a particular microbial agent
or organism, the number of independent samples taken sufficient to provide for validation and

release into commerce.

39. The modular composite sample of claim 20, wherein the enriched composited lot
samples are sufficiently enriched to enable the validation of the individual separate lots with no
requirement for further enrichment thereof, and with no requirement for further sampling of the

lots.

40. The method of claim 31, wherein the meat is that of beef.

41. The method of claim 1, wherein each of the multiple separate lots are production

lots of produce, fruits, vegetable, herbs, or spices.
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42. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of a meat or poultry product,

comprising an assemblage of one or more meat or poultry specimens, respectively.

43. The modular composite sample of claim 42, wherein the meat or poultry

specimens are meat trim pieces or poultry trim pieces, respectively.

44, The modular composite sample of claim 43, wherein the meat is that of beef,

pork, sheep, or bison.

45. The modular composite sample of claim 44, wherein the meat is that of beef.

46. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of a fish or seafood product, comprising

an assemblage of one or more fish or seafood specimens, respectively.

47. The modular composite sample of claim 20, wherein each of the multiple separate

single production lots are separate single production lots of a ready-to-eat product.

48. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of produce, fruits, vegetable, herbs, or

spices.

49. The modular composite sample of claim 20, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria, Salmonella, and

Escherichia coli.

50. The modular composite sample of claim 49, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria spp., Listeria

monocytogenes, Salmonella spp., Escherichia coli O157:H7, coliforms, and fecal coliforms.
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10

ABSTRACT OF THE DISCLOSURE

Particular aspects provide a method of sampling, testing and validating test lots
(e.g., single-unit production lots), comprising: assembling a plurality of product portions from
each of a plurality of test lots and combining the collected product portions to provide a
corresponding set of test lot samples (wherein each test lot sample is attributed to a particular
corresponding test lot); enriching the set of test lot samples; removing equal portions of each
enriched sample, and combining the removed portions to provide a modular composite sample;
and testing of the modular composite sample for the target agent/organism, wherein where such
testing is positive, individual test lots may nonetheless yet be validated by further testing of a
respective enriched test lot sample and obtaining a negative test result. The methods have broad
utility for monitoring all sorts of test lots (e.g., environmental lots, production lots,

pharmaceutical lots, etc.) and for efficiently affecting informed, targeted remedial measures.
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Attorney Docket No. 0066090-008US5

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS

CROSS REFERENCE TO RELATED APPLICATIONS

The present application is a continuation of U.S. Patent Application No. 14/472,144 filed
August 28, 2014 (which will issue on May 2, 2017, as U.S. Patent No. 9,637,771), which is a
continuation of U.S. Patent Application No. 13/784,606, filed March 4, 2013, U.S. Patent
No. 8,822,143, which is a continuation of U.S. Patent Application No. 12/360,796, filed
January 27, 2009, U.S. Patent No. 8,389,233, which is a continuation of U.S. Patent Application
No. 11/199,871, filed August 8, 2005, U.S. Patent No. 7,534,584, which claims the benefit of
priority to U.S. Provisional Patent Application No. 60/599,473, filed August 6, 2004, all which

are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to improving the efficiency of producing
food and health related (e.g., pharmaceutical) products, and the safety and quality thereof.
Particular embodiments relate to novel methods for microbial pathogen testing that allow for
enhanced sensitivity, cost savings and traceability (e.g., source tracking) for remedial purposes.
The methods are broadly applicable to many product areas including, but not limited to beef,
pork, sheep, bison, deer, elk, poultry (e.g., chicken and turkey) and fish and other seafood,
produce, juices, dairy products, dry goods (e.g., cereals, nuts, etc.), fruits and vegetables, herbs
and spices, and all manners of raw and processed foods, environmental samples (e.g., water,
wastewater, soil, surface samples, air samples taken by impingers and filtration, etc.),
pharmaceuticals, and other types of samples to be analyzed using microorganism enrichment-

detection protocols.
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BACKGROUND

Manufacturers and respective regulatory agencies strive to continually improve the safety
and the quality of foods, pharmaceuticals, neutraceuticals, water and the environment. Under
recent United States Department of Agriculture, Food Safety and Inspection Service (FSIS)
directives and guidelines, many food producers in the United States have adopted sampling plans
that involve testing, for example, of raw beef trims and/or ground beef for %. coli O157:H7, and
ready-to-eat products for Listeria monocytogenes and/or Salmonella. Similar trends are observed
in other countries, for products detained for domestic consumption and/or export. For example,
the pharmaceutical industry spends considerable resources on sterility testing and environmental
monitoring, and the water and wastewater industry and their respective regulatory agencies
allocate considerable resources to monitor the quality of water (e.g., drinking, recreational and
fisheries resources), wastewater (treated and untreated) and sludge (biosolids). Concern for the
quality of air has resulted in monitoring of indoor air for the presence of microbial contaminants
and pathogens. These sampling plans associated with such testing determine, for example, the
disposition of products and the production lots, or result in decisions regarding the safety of
water, receiving waters and recreational waters, and the impact of wastewater discharge, and
quality of air.

The operative art with respect to such product “hold and release” monitoring efforts
comprises various different sampling plans, typically pursuant to International Commission on
Microbial Specifications for Food (ICMSF) guidelines for testing food products, FDA and
USDA or EPA guidelines, or intuitive sampling plans. The common feature of these sampling
plans is that several samples representing production lots, or a number of environmental samples,
are combined into a combined production lot prior to sampling. For example, a typical plan for
microbial pathogen detection calls for taking more than one sample, for instance ten (10) to sixty
(60) sample pieces from a given sample lot (combined production lot), to form a composite

sample for testing. The number of pieces taken to form the composite sample depends, under
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ICMSF or other regulatory guidelines, on the outcome of infection/poisoning (e.g., the severity),
the level of hazards, and potential increase in the hazard levels due to storage. The same holds
true in detecting microbial constituents and/or spoilage organisms. With respect to £. coli 0157
testing, for example, a typical plan calls for taking 60 samples (e.g., sample pieces) from a
production lot to form a single composite sample. With respect to Listeria monocytogenes, thirty
(30) samples are typically taken from a production lot to form a composite sample. With respect
to sterility testing, a typical plan may call for compositing 10-100 units of the product, and in the
case of environmental sampling, 2-10 samples are often composited. Generally, the number of
samples that are composited reflects: the overall sensitivity of the test method and the limit of
detection that applies to the test unit; the ability to concentrate/enrich the composite sample to
achieve the desired sensitivity; and the cost of sampling compared with the cost of analysis.

The costs associated with testing food are substantial, and consequently manufacturer’s
often resort to increasing the size of the “production lot” to be tested. For instance, the standard
size production lot for trim testing for £. col/i O157 in the U.S. beef industry is five (5) ‘combos’
(each combo weighing approximately 2,000 pounds), and for Listeria and Salmonella in ready-
to-eat (RTE) products, it 1s one composite sample per production line per shift. A primary
problem associated with the use of large size test lots is that a large quantity of products must be
downgraded or destroyed when there is a positive finding of a pathogen. Additionally, because
of the nature of combination ‘lotting” (combining, for purposes of forming the test lot, several
independent sub-lots that collectively span a long period of production time), it is very difficult
to investigate the cause of the failure and pinpoint the source/cause, and remedial measures
cannot be effectively taken. Furthermore, compositing a large number of samples may result in
reduced sensitivity for the test unit and adversely effect the limit of detection.

Typically, once a composite sample is constructed (following the art with respect to
particular testing) it is then enriched for the presence of a given pathogen/microbe by addition of

appropriate amounts of enrichment media and incubation at an appropriate temperature for a
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given amount of time. If the pathogen/microbe is present, then it grows and multiplies under the
favorable conditions of enrichment, thereby providing more material which can be detected by
subsequent analysis. The composite sample is then tested by one or more available, art
recognized methods including, for example, enrichment followed by immunoassay-based tests or
PCR-based methods, or culturing of the organism of interest, or other DNA- or
immunochemical-based methods.

The above-described prior art has several substantial deficiencies. First, even though the
prior art production lot encompasses several production sublots (for instance 5 combo/pallets of
products, or an entire shift of production), if a positive finding is obtained for the production lot
(composite test sample), the entire production lot is rejected (all 5 combos/pallets, or one shift of
production) and diverted to economically undesirable end uses (e.g., cooking or disposal), even
though the pathogen of concern may be confined to only a limited portion of the production
sublots (corresponding to one or two combos/pallets or an hour of production) comprising the
production lot.

Second the current art does not allow for retesting of any production sublots, primarily
because microbial contaminants are unevenly spread throughout the products, and in many
instances the levels of contamination are minute and may be present on very small portions of
the products in each sublot. Therefore, once a composite sample is constructed if it tests positive
all of the sublots are destroyed. The regulatory agencies do not allow for re-testing of the
sublots, premised on the argument that after a production lot tests positive, negative test results
obtained for production sublots, or even a new production lot composite sample, are meaningless
since the microbial contaminants are not uniformly present throughout the products.

Third, the current protocols for collecting a composite sample representing a production
lot often group together production sublots that are unrelated by virtue of product type or hours
of production. This makes investigating the nature of the failure a difficult task even when

relevant information is available. As an example, information is frequently available on a ‘per
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combo’ basis including (but not limited to) hour of production, vendor source of raw materials,
production employees present, and operational status of microbial intervention process steps.
However, when five unrelated combos/pallets are included in a production lot it 1s much harder
to rationally analyze the available information since there is no way to determine which
combo(s) contained the pathogen (as stated above, prior art re-sampling is not a viable option
since it may not yield the same result). Likewise, for sterility testing, when the composite
sample tests positive, the entire production will be disposed.

Therefore, there is a pronounced need in the art to implement novel and effective testing
protocols that provide a greater measure of assurance that the food product is safe, that provide
economic relief to the producer, and that allow for effective tracking of the contaminated lot(s)
for remedial purposes (e.g., pinpointing the time of the contamination and determine the segment

of production which was impacted).

SUMMARY OF THE INVENTION

Aspects of the present invention provide novel enrichment, testing and detection methods
for detection of pathogens or other microbes in, for example, food, water, wastewater, industrial,
pharmaceutical, botanical, environmental samples and other types of samples analyzed by
detection methods (e.g., enrichment-detection methods). According to particular aspects, where
any microbiological testing program involves compositing a number of samples to form a test
lot, independent enrichment of each of the components of the composite sample is performed
with subsequent formation of a modular (e.g., wet modula) composite sample by combining
portions from each independent enrichment, which allows for determining the outcome of the
test for each individual subunit of the composite as opposed to generalizing the results of the test
sample to all of its’ subunits. This individual outcome determination 1s achieved by retesting the
individual enrichment samples in the event that the composite enrichment tests positive.

In preferred aspects, a reportable lot is defined as a single unit of a modular (e.g.,

modular wet) composite lot, rather than as an entire composite lot comprised of multiple sublots.
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For example, a reportable production lot is defined as a single unit of production and corresponds
to a single unit of a modular wet composite production lot, rather than (as in the prior art) as an
entire composite lot comprised of multiple production units (multiple sublots). With respect to
testing each reportable lot (e.g., each single unit of production), a plurality of pieces/portions of
sample are separately collected from each single reportable lot (e.g., from each single production
unit; individual test unit) and composited to form, for example, one ‘single-unit production lor
sample’ (corresponding, in each case, to a particular single unit of production), which is enriched
using appropriate enrichment protocols to allow for the levels of the target organism to reach
detection levels and uniformity of presence in the enriched sample. Multiple aliquots of the
enrichment media may be removed for analysis, thus circumventing the prior art problem of
having to re-sample a test production lot where microbial contaminants are not uniformly present
throughout the product.

In the exemplary context of enriched single units of production, equal portions of
enrichment buffer are removed (aseptically) from each single-unit production lot sample and
combined to form a Modular Wet Composite Sample (MWCS). The MWCS is then tested using
an appropriate test (detection assay) for the target agent (e.g., target organism). If a regative
result is obtained from the MWCS, then all of the individual single-unit production lots are
released. Significantly, if a positive result is obtained from a MWCS, the enrichment buffers
from each of the individual single-unit production lot samples are separately (individually)
tested, using the same test protocol, or a test protocol with enhanced sensitivity, or any
appropriate test protocol. According to particular preferred aspects, the signal obtained from a
MWCS is due to one or more of its” components (e.g., reportable lots (e.g., individually enriched
single production units)), and it 1s, therefore, possible in all cases to trace a positive signal to one
or more individual subunits by testing each individual enrichment sample for the same target.
When a positive finding is obtained for any individual reportable lot sample (e.g., single-unit

production lot sample), that particular reportable 1ot (e.g., single-unit production lot) is deemed

4810-6305-0334v.1 0066090-008US5

National Beef Ex. 1034
Page 157



10

15

20

25

to be positive, and appropriate actions are taken based on the result. In the case of
pathogen/microbial testing for foods, the individual positive sublots can be diverted to cooking,
disposal, or other acceptably safe endpoint. The rest of the individually enriched test units that

test negative are deemed to be negative and will be reported as such (are validated).

DETAILED DESCRIPTION OF THE INVENTION

Particular aspects provide novel enrichment, testing and validation methods for detection
of pathogens or other microbes in any type of samples (e.g., food production lots, water,
wastewater, industrial, pharmaceutical, botanical, environmental samples, etc.) analyzable by
enrichment-detection methods. In preferred aspects, a test lot (single-unit production lot), rather
than (as in the prior art) a composite lot comprised of multiple test lots (e.g., single-unit
production lot units), 1s defined and established as the single unit of production. A plurality of
portions (e.g., product portions) are separately collected from each test lot (e.g., single-unit
production lot) and composited to form a corresponding set of test lot samples (e.g., single-unit
production lot samples), which are enriched using suitable enrichment protocols to allow target
agents/organisms to reach detectable levels and sample uniformity. In particular embodiments,
equal portions of enrichment buffer are removed (preferably aseptically) from the enriched
samples, and combined to form a modular composite sample (e.g., modular wet composite
sample; MWCS). The MWCS, for example, is tested using a suitable detection assay for the
target agent/organism. If a negative result 1s obtained from the MWCS, then all of the individual
single-unit production lots are validated and releasable. If a positive result is obtained from a
MWCS, the enrichment sample corresponding to individual test lots (e.g., individual single-unit
production lots) are separately (individually) tested, using the same, or a more sensitive test
protocol. If a positive finding is obtained for any test lot sample (e.g., individual single-unit
production lot sample), that particular respective lot is diverted to cooking, disposal, or other
acceptably safe endpoint. If a negative finding is obtained for any individual test lot sample

(e.g., single-unit production lot sample), then that particular lot is validated and releasable. In
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this manner, any member lot of the MWCS that tests negative using the same method (about 5-
fold more sensitive relative to the prior art), or an enhanced method (about fifty times more

sensitive), will be validated and releasable for consumption.

DEFINITIONS

The term “test lot” or “‘reportable lot” as used herein to refer to an assemblage of one or
more specimens of a medium or process (e.g., assemblage of specimens of air, water, solids, or
of products of a production process, etc.), where such assemblage can be sampled by taking
portions of the one or more specimens thereof, and where the one or more specimens of the
assemblage are operationally linked in a manner (e.g., proximity, time, process step, etc.)
whereby information derived about sampled portions is operationally applicable to all specimens
of the assemblage, and thus to the test lot. In particular instances, portions are synonymous with
specimens.

The term “single production unit” or “single-unit production lot” as used herein is a form
of test lot, and refers to a single unit of production (e.g., for beef trim a “combo,” or for almonds
a “bin”) rather than, as in the prior art, to a composite comprised of multiple, non-operationally
linked single production units (production sublots).

The term “product portion” as used herein refers to a product piece (e.g., a piece of solid
beef trim, etc.), aliquot of product (e.g., a volume of liquid juice) or weight of product (e.g., a
weight of semi-solid pudding). A single unit of production is composed of multiple product
portions. In preferred embodiments, the number of product portions which comprise a single
unit of production is great enough that removal of some product portions to form a sample does
not impose an unacceptable economic loss to the producer. In particular instances, a product
portion may be a specimen of a test lot as defined above.

The term “compositing” as used herein refers to combining a number of single product
portions to form one larger sample. In preferred embodiments, the number and selection of

single product portions to be combined conform to statistical-based sampling plans which seek to
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form a typical or average sample that is representative of the test lot (e.g., single production unit)
being sampled.

The term “test lot sample” or “single-unit production lot sample” or “single production
unit lot sample,” as used herein refers to a sample formed by combining multiple product
portions from a test lot (e.g., single production unit), such that each test sample (e.g., each single-
unit production lot sample) is attributed to a particular corresponding test lot (e.g., production
unit). For production lot samples, the number of potions/pieces combined many be essentially
any number, but preferably is selected so as to conform to statistical-based sampling plans.
Preferably the number of pieces combined is selected from the range group consisting of from
about 5 to about 100, from about 10 to about 90, from about 20 to about 80, from about 30 to
about 70, from about 30 to about 60, and from about 40 to about 50 product portions. Preferably,
the number of independent product portions is selected so as to yield a sample size that is equal
to or greater than that required by the subsequent analysis to be applied.

The term “enrichment” as used herein refers to incubating a test lot sample (e.g., single-
unit production lot sample) under conditions suitable to allow levels of a target agent/organism
that 1s present to reach detectable levels and become uniform or substantially uniform throughout
the enriched test lot sample (e.g., single-unit production lot sample). Preferably, enrichment
comprises addition of an amount of an enrichment medium or buffer to a sample, and incubating
the sample at a favorable temperature for a period of time sufficient to allow the organism to
grow and multiply.

The term “enrichment medium” as used herein refers to a mixture which contains
nutrients and which has properties (e.g., pH and/or oxygen content) which favor the growth of
the target agent/organism. Preferably, the enrichment medium is formulated to mimic the
environment of the target agent/organism or take advantage of a known metabolic property of the
target agent/organism. Preferably, the enrichment medium will omit nutrients needed by

competing undesired agents/organisms. Preferably, the enrichment medium will include
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selective agents that will inhibit competing undesired agents/organisms. An example of an
enrichment medium is that used for the isolation of nitrogen fixing bacteria (those that can use
nitrogen gas as their sole nitrogen source) contains no source of fixed nitrogen in the medium. A
second example is an enrichment medium for the isolation of bacteria capable of utilizing 2,4-
dichlorophenoxyacetic acid (also known as 2,4-D, a common herbicide) as a source of carbon
and energy. The enrichment medium is formulated to contain benzoate as the only organic
compound.

The term “wet enrichment” as used herein refers to diluting a solid, semisolid or liquid
single-unit production lot sample (single production unit lot sample) with enrichment medium in
a ratio of approximately 1:10 (wt./v), consistent with conventional methods for expanding and
testing a variety of target agents/organisms as set forth in widely recognized published methods.
For example, the conventional method for expanding and testing for coliforms, fecal coliforms
and £. Coli in food, comprises a 1:10 dilution of the samples (e.g., 50 g into 450 ml) (see, e.g.,
U.S. FDA Bacteriology Analytical Manual Online, Chapter 4 and 4A, describing standard 1:10
dilution procedures for testing of coliforms, fecal coliforms and /. Coli in food, shellfish and
juices).

The term “dry enrichment” as used herein refers to enriching a solid, semisolid or liquid
single unit production lot sample either with no addition of other compounds if the sample’s
intrinsic properties (water activity, nutrients and pH) are sufficient/proper to promote the growth
of the target agent/organism, or by dilution of the sample with minimal amounts of enrichment
medium in ratios ranging from about 0.1 (wt/v) to about 1 (wt/v).

The term “modular composite sample” as used herein refers to a sample formed by
removing, preferably aseptically, equal portions of each of a plurality of enriched single-unit
production lot samples, and combining the removed portions.

The phrase “suitable detection assay” as used herein refers to any assay that is suitable
for detecting a particular agent/organism. Preferably, the assay is optimized to detect the
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particular agent/organism, and may be combined with one or more concentration steps for
concentration of the agent/organism being assayed.

The term “validation” as used herein with respect to production lots refers to determining
that a particular sample tests negative using the detection assay. Where a modular composite
sample tests negative, all single-unit production lot samples comprising the composite sample
are validated along with the respective single-unit production lots, which are thus cleared for
release. Where a modular composite sample tests positive, individual single unit production lots
may nonetheless yet be validated if particular respective single-unit production lot samples test
negative.

“Trim” refers to small pieces of meat and fat which are excised during, for example, the
beef fabrication process in order to produce primal and subprimal pieces and marketable cuts.

“Trim testing” refers to the process of testing trim, or raw materials which are to be used
for ground meat production for microbial/pathogen content.

A “combo” or “combo-bin” refers, in the beef industry, to the single production unit
packaging unit. Alternatively raw materials corresponding to a single production unit to be
tested can be packaged into boxes, bags or other appropriate containers, which can be placed, for
example, on pallets.

A “composite lot-unit” or “five-combo-lot unit” refers to a composite unit, comprised of
five combos (combo-bins). In prior art sampling plans, the composite lot-unit represents the raw
material (composite trim) upon which sampling, testing and acceptance or rejection 1s based.

Therefore, according to particular aspects, a test lot (or test unit) (e.g., a single-unit
production lot or single production unit lot) is defined and taken as one or more operationally-
linked specimens of a medium or process. A test lot may be a single unit of production (e.g., a
single combo, bin, pallet, or segment of production, etc.), or a single environmental sample (e.g.,
single air sample, single water and wastewater sample, etc.), rather than, as in the prior art, as a
composite of multiple production units or environmental samples.
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In preferred embodiments, a number of pieces or portions of sample are collected from a
test lot (e.g., from a single production unit (e.g., from the single combo, bin, pallet, or segment of
production, etc.), and composited to form one ‘single-unit test sample” (or ‘single-unit
production lot sample.” In particular embodiments (e.g., wet enrichment), enrichment buffer is
added to the sample. In alternate embodiments, ‘dry enrichment’ (as defined herein above) is
done.

Significantly, in the inventive modular (e.g., wet modular) compositing method, samples
taken from each unit of production are enriched separately using appropriate enrichment
protocols to allow for the levels of the target organism to reach detection levels and uniformity of
presence in the enriched sample. In preferred aspects, such enrichment obviates the prior art
problem of having microbial contaminants that are not uniformly present throughout the product
sample. Specifically, while microbes are not necessarily uniformly distributed in food, water,
air, pharmaceuticals, etc., after enriching a sample as described herein, the target microbes are
uniformly, or as least substantially uniformly, present in the enrichment medium or extract from
dry or semi dried enrichments.

Following incubation for the target organism, equal portions of enrichment buffer or
sample are removed (aseptically) from each of several test lot samples (e.g., from several single-
unit production lot samples; preferably 5) and pulled together to form a Modular Wet Composite
Sample (MWCS). The MWCS is then tested using an appropriate test (detection assay) for the
target organism. If a negative result 1s obtained from the MWCS, then all of the individual
single unit production Lots are released.

If a positive result is obtained from a MWCS, the enrichment buffers from each of the
individual single unit production lot samples are then separately (individually) tested, using the
same test protocol, or any other appropriate tests. Alternately, an augmented protocol that uses a

concentration step for the target organism, such as immunomagnetic bead separation, affinity
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chromatography, etc., followed by an appropriate detection method is used to test the enriched
individual test lot samples (e.g., the individual single-unit production lot samples).

In preferred aspects, the inventive methods of analysis are modified by introducing a
concentration step (e.g., employing antibody-coated paramagnetic beads into the procedure (e.g.,
DNA-based detection, biosensor based detection, classical microbiological detections, etc)).
Antibody-coated paramagnetic beads, for example, afford an approximately 10-fold increase in
sensitivity. This concentration step, combined with the fact that the individual test lot samples
(e.g., individual single-unit production lot samples) are not 5-fold diluted relative to the MWCS,
allows for an overall 50-fold increase in sensitivity relative to prior art sampling and testing
protocols. If a lateral flow device is used for detection, such immunomagnetic concentration
may or may not be used, in which case the detection sensitivity is increased by about 5-fold.

Where a positive finding (test result) is obtained for any individual test lot sample (e.g.,
single-unit production lot sample), that particular corresponding test lot (e.g., single-unit
production lot) is deemed to be positive, and appropriate decisions are then made on the positive
results (e.g., in the case of food products, diversion to cooking, disposal, or other acceptably safe
endpoint). For each of the rest of the test lot samples (e.g., single-unit production lot samples)
belonging to the positive MWCS, where a negative finding is obtained, that particular test lot
sample (e.g., that single-unit production lots sample) is deemed to be negative. In this manner,
any test lot (e.g., any single-unit production lot) that is a member of the group of test lots (e.g.,
single-unit production lots) that comprise a corresponding MWCS, will be considered to be
negative, if it tests negative using the same method (about S-fold more sensitive relative to the
prior art), or the enhanced method (about fifty times more sensitive).

In alternate preferred embodiments, a new Modular Wet Composite Sample is
reconstructed from the member lots (test lots) that have tested negative, and subjected to a third
layer of testing to again show (confirm) that they are negative. Specifically if one of the five

individual test lots (e.g., individual single-unit production lots) has tested positive (and the other
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four negative), and the protocols call for testing of composites consisting of five test lots, a new
single test lot sample can formed from a new test lot, and can be used along with the four
negative samples to form a new MWCS.

The methods of the present invention provide substantial economic savings to the food
and pharmaceutical industries, because of the precision in detecting in the context of
operationally-linked portions of production (e.g., test lots; single production units; single-unit
production lots) which are contaminated. @ The inventive methods prevent unnecessary
destruction of regative lots that are condemned because of guilt by association (e.g., simply
because they were grouped with a contaminated composite prior art multiple production unit lot
in a prior art testing protocol). Where a positive finding is obtained, a smaller quantity of
material is diverted to an economically undesirable end use. The proposed invention has
substantial utility (e.g., bringing savings, accuracy and precision in pinpointing problems) in the
environmental industry.

Additionally, and significantly, it is easier to trace the source of the contamination and
apply remedial measures, because the single-unit test component points, for example, to single

point of production or a single sampling site.

Particular Preferred Aspects:

Particular aspect provide a method of sampling, testing and validating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of test lots, the
test lots each comprising an assemblage of one or more operationally-linked specimens, wherein
the assemblage can be sampled by taking portions thereof; combining the collected portions
corresponding to each of the test lots to provide a corresponding set of test lot samples, wherein
each test lot sample is attributed to a particular corresponding test lot; incubating the set of test
lot samples under conditions suitable to allow levels of a target agent or organism that is present
in one or more of the samples to reach detectable levels and become uniform, or substantially

uniform, throughout the respective one or more samples, to provide a set of enriched test lot

-14 -
4810-6305-0334v.1 0066090-008US5

National Beef Ex. 1034
Page 165



10

20

25

samples; removing, aseptically, equal portions of each enriched test lot sample, and combining
the removed portions to provide a modular composite sample; and testing of the modular
composite sample, using a suitable detection assay, for the target agent or organism, wherein
where such testing is negative all test lot samples are validated, and wherein where such testing
is positive, individual test lots may nonetheless yet be validated by further testing of a portion of
the respective enriched test lot sample using the same or a more sensitive protocol and obtaining
a negative test result.

In particular aspects, the test lot is selected from the group consisting of an environmental
lot comprising one or more operationally-linked environmental specimens, pharmaceutical lot
comprising one or more operationally-linked pharmaceutical specimens, single-unit product lot
comprising one or more operationally-linked product specimens, and combinations thereof. In
particular aspects, the test lot is a single-unit production lot, comprised of operationally-linked
product specimens. In particular aspects, product specimens are synonymous with product
portions. In particular aspects, the methods further comprise incubating the modular composite
sample prior to testing it. In particular aspects, incubating each test lot sample comprises adding
an amount of enrichment medium to the sample, and removing enriched sample portions
comprises removing a portion of the enrichment medium from each enriched sample and
combining the removed portions to provide a modular composite sample. In particular aspects,
testing of the modular composite sample, using a suitable detection assay comprises use of a
concentration step to concentrate the microbial agent or organism.

In particular aspects, where testing of the modular composite sample is positive, and
wherein the individual test lots are further tested, such further testing comprises use of the more
sensitive protocol. Preferably, the more sensitive protocol comprises use of a concentration step
to concentrate the microbial agent or organism, in combination with the same test protocol used

to test the modular composite sample.
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In particular aspects, the methods further comprise forming an additional modular
composite sample from the enriched test lot samples and testing the additional modular
composite sample, using the same or a different suitable assay, to confirm the testing status. In
particular aspects, the methods further comprise forming an additional modular composite
sample from an additional enriched test lot sample along with any enriched test lot samples that
test negative, and testing the additional modular composite sample, using the same or a different
suitable assay. In particular aspects, the methods further comprise, where testing of the modular
composite sample is negative, forming an additional modular composite sample from the
enriched test lot samples, and testing the additional modular composite sample, using a different
suitable assay, to confirm the negative testing status.

In particular aspects, the test lot is selected from the lot group consisting of a single
combo, single bin, single pallet, and a segment of production. Preferably, the number of test lots
1s from about 3 to about 10, about 5 to about 8, or about 5.

In particular aspects, the methods further comprise, where testing of the modular
composite sample is positive, determining which individual test lots are positive, and application
of remedial measures that are specific to one or more individual test lots that test positive. In
particular aspects, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot a number of portions selected from the group
consisting of from about 5 to about 100, from about 10 to about 90, from about 20 to about 80,
from about 30 to about 70, from about 30 to about 60, and from about 40 to about 50 portions.
Preferably, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot about 30 to about 60 portions. Alternatively,
separately collecting a plurality of portions from each of a plurality of test lots comprises
separately collecting from each test lot about 30 portions. Preferably, separately collecting a
plurality of portions from each of a plurality of test lots comprises separately collecting from
each test lot about 60 portions.
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Particular aspects provide a method of sampling, testing and validating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of single-unit
production lots, the single-unit production lots each comprising an assemblage of one or more
product specimens, wherein the assemblage can be sampled by taking portions thereof;
combining the collected product portions corresponding to each of the single-unit production lots
to provide a corresponding set of single-unit production lot samples, wherein each single-unit
production lot sample is attributed to a particular corresponding single-unit production lot;
incubating the set of single-unit production lot samples under conditions suitable to allow levels
of a target agent or organism that is present in one or more of the single-unit production lot
samples to reach detectable levels and become uniform, or substantially uniform, throughout the
respective one or more samples, to provide a set of enriched single-unit production lot samples;
removing, aseptically, equal portions of each enriched single-unit production lot sample, and
combining the removed portions to provide a modular composite sample; and testing of the
modular composite sample, using a suitable detection assay, for the target agent or organism,
wherein where such testing is negative all single-unit production lot samples are validated, and
wherein where such testing is positive, individual single-unit production lots may nonetheless yet
be validated by further testing of a portion of the respective enriched single-unit production lot
sample using the same or a more sensitive protocol and obtaining a negative test result.

The following Examples are exemplary are not intended, and should not be construed to

limit the scope of the aspects of the present conception that are claimed hereunder.

EXAMPLE 1

(The present inventive methods were shown to provide a substantial economic advantage, while
providing for enhanced safety, and implementation of remedial measures)

At present, the standard size ‘production lot™ for trim testing for £. coli O157 in the beef
industry in the USA is a combination of five combos, where each combo represents a single
production unit and weighs approximately 2,000 pounds. An inventive modular composite

sample method, and in particular a Modular Wet Composite Sample (MWCS) method was
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implemented at a United States beef producer. TABLE 1 shows, according particular aspects,
the result of testing 62,919 MWCS samples, and then retesting the individual single-unit
production lot (combo) samples whenever a positive result was obtained from the MWCS
sample.

TABLE 1 shows that out of 62,919 MWCS samples, a total of 217 yielded a positive
testing result for £. cofi O157. Using prior art protocols, all of the single-unit production lots
that comprised the 271 positive samples would go to rendering or be downgraded for cooking.
As each MWCS represents five single-unit production lots of 2,000 Ibs each, this would
represent approximately 2,710,000 pounds of product (i.e., 271 x 5 x 2,000 pounds = 2,710,000
pounds).

Specifically, the individual single-unit production lot samples comprising the MWCS
were analyzed separately following each positive MWCS result. As can be seen in TABLE 1,
only 391 individual single-unit production lot samples yielded a positive result out of the
cumulative total of 1,085 individual single-unit production lot samples comprising the MWCS
samples which vielded a positive result. If only the 391 individual single-unit production lots
yielding a positive sample result were diverted to rendering or downgraded for cooking this
would represent 782,000 1bs of product. The remaining 694 individual single-unit production
lots, corresponding to 1,928,000 1bs of product, are, according to preferred aspects of the present
invention, validated and releasable into the chain of commerce.

The product, in this Example I, being produced by this U.S. beef producer was beef trim.
The release of the validated 19,280,000 lbs of beef trim into commerce using the present
invention, instead of diverting or downgrading the product, trim, represents a cost savings to the
producer of about $2,500,000, relative to prior art methods. Additionally, the testing of the
single-unit production lots by augmented testing protocols (representing a 5- to 50-fold increase
in sensitivity relative to the MWCS testing) provides substantial additional assurance of the
safety of the food products.

- 18 -
4810-6305-0334v.1 0066090-008US5

National Beef Ex. 1034
Page 169



10

15

Furthermore, as outlined above under “BACKGROUND,” information is frequently
available on a ‘per combo’ basis including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps. However, when five unrelated combos are included in a combined ‘production
lot’ (as in the prior art) it is much harder to rationally analyze the available information since
there is no way to determine which combo(s) contained the pathogen (as stated above, prior art
re-sampling is not a viable option since it may not yield the same result).

By contrast, in this Example I and according to preferred aspects of the present invention,
any combo-specific information including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps can be brought to bear in the context of the 391 individual single-unit production
lots yielding a positive sample result, thereby providing an effective means not only to trace

contamination, but also to affect remedial measures in view thereof.

TABLE 1: Results of modular wet composite sampling of 62,919 multiple lots and number of
Individual Production Unit Lot (IPUL) which tested positive when MWCS tested positive

#
Location Total # Analyses | Positives | 1 TPUL | 2TPULs | 31TPULs [ 4TPULs | STPULs
Est. A, B, C. 62919 271 180 39 18 11
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EXAMPLE 11

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of Ready-to-Eat (RTE) products (e.g., meat and poultry
products))

Under United States Department of Agriculture, Food Safety and Inspection Service
(USDA FSIS) guidelines, producers of Ready-to-Eat (RTE) meat and poultry products may
adapt an ‘end product’ sampling program as verification that their product is free of the pathogen
Listeria monocytogenes.  The frequency of end product sampling is selected by the
producer/establishment, based on valid sampling statistics. Typically, samples are collected at
random times over a production shift (e.g., from ‘cleanup to cleanup’), and from several product
lines. The samples are combined to form a composite sample, and enrichment buffer is added to
the composite sample to allow Listeria spp. or L. monocytogenes to grow and multiply under the
favorable conditions of enrichment, thereby providing more material that can be detected by
subsequent analysis.

According to particular aspects of the present invention the producer of RTE meat or
poultry products collects samples from individual single-unit production lots. Preferably, the
producer defines and produces these single-unit lots in such a fashion as to maximize the
information available for investigating the nature of a failure. For example, possible definitions
of an individual single-unit production lot include, but are limited to all of the product produced
by a particular production line (or produced by a particular production line in a particular period
of time), a volume of product such as a pallet of packed boxes produced on a particular
production line, or a production area in the plant, etc.

Individual single-unit production lot samples are collected, to which, in wet enrichment
embodiments, enrichment medium/buffer is added. Following incubation under conditions
suitable to allow levels of a target agent or organism that is present to reach detectable levels and
become uniform or substantially uniform throughout the respective sample(s), aliquots of the

enrichment medium/buffers from individual single-unit production lot samples are combined to
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form a MWCS. The MWCS 1s then analyzed for the presence or absence of, for example,
Listeria spp. or I.. monocytogenes. In the event that a positive result is obtained for the MWCS,
enrichment medium/buffer sample from the individual single-unit production lot samples
comprising that MWCS is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment medium/buffer from the
corresponding sample yields a positive result are diverted to cooking, disposal or other safety
endpoint. Individual single-unit production lots for which the enrichment medium/buffer from
the corresponding sample yields a negative result are released into commerce. The latter fraction
represents a direct cost savings to the producer relative to a prior art approaches where a
‘production lot’ is defined to include multiple single-unit production lots (e.g., multiple product
lines and an extended period of time (‘cleanup to cleanup’)).

Furthermore, by defining and establishing the individual single-unit production lots in
such a fashion as to maximize the information available for investigating the nature of a failure,
the producer is able to narrow the scope of investigation and apply remediative resources more
effectively and efficiently. For example, where a positive result(s) is associated with one or
more specific production lines, targeted aggressive sanitation is used to resolve the problem.
Alternatively, for example, where a positive result(s) is associated with one or more specific
products, determining whether raw materials are contaminated, or whether process microbial

intervention steps were operating properly are effectively and efficiently used.

EXAMPLE 111

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility for providing cost-effective and effective monitoring means for pathogen
levels in nut products (e.g., almond products) and the like)

A large number of almond products may be produced by using one or more processes
including slivering, scalding, blanching, slicing, roasting, and dicing. Anti-microbial treatments

may also be applied, such as use of propylene oxide. In practice, these processes may be used in
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many various combinations, and the output from one process may be the input for another. This
makes i1t very difficult to trace finished product all the way back to raw materials.

As indicated by a recent outbreak, almond products are susceptible to contamination by
Salmonella spp. According to additional aspects, the present inventive methods provide a cost-
effective means of implementing an effective monitoring program for pathogen levels in nut
products (e.g., almond products). In such embodiments, final almond products of each type are
collected at random times over a production shift. The producer defines and establishes
individual single-unit production lots as the amount of product produced during a production
shift (from ‘cleanup to cleanup’), or as some smaller production unit (e.g., a ‘truckload’),
provided that one sample was collected from each such single-unit production lot. The single-
unit production lot samples are combined to form a corresponding composite sample, and, in wet
enrichment embodiments, enrichment medium/buffer is added to the composite sample to allow
Salmonella spp. to grow and multiply under the favorable conditions of enrichment (as described
herein above), thereby providing more material that can be detected by subsequent analysis.

Aliquots of the enrichment medium/buffers from individual single-unit production lot
samples are combined to form a MWCS. The MWCS are analyzed for the presence or absence,
for example, of Salmonelia spp. Where a positive result is obtained for the MWCS, each
enrichment buffer from the individual single-unit production lot samples comprising that MWCS
is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment buffer from the
corresponding sample yields a positive result are returned for application of additional microbial
intervention steps (e.g., roasting), or are diverted to a safe endpoint (e.g., a cooked product).
Individual single-unit production lots for which the enrichment buffer from the corresponding
sample yields a negarive result are thereby validated and are releasable into commerce. The

latter fraction represents a direct cost savings to the producer relative to prior art approaches
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where effective testing is not done, and discovery of contamination with a pathogen leads to
large scale recalls of product.

Furthermore, by defining and establishing the individual production single-unit
production lots in such a fashion as to maximize the information available for investigating the
nature of a failure, the producer is able to narrow the scope of investigation and apply
remediative resources more effectively and efficiently. For example, the processes used to
produce the almond product(s) yielding positive result(s) are rationally analyzed, and
associations between the pathogen contamination and one or more of the processes of slivering,
scalding, blanching, slicing, roasting, and dicing are determined, and targeted effective and

efficient remedial measures are applied.

EXAMPLE IV

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of contaminants that enter a production line at a given time
point, and then clear)

Sterility testing of food and pharmaceuticals, or purity testing of fermentation processes
often involves compositing a number of samples to form a composite test lot. Detection of
microbial contamination in the composite sample, as discussed in detail herein above, results in
rejection of the whole production. Practically speaking, often a pinpoint contaminant enters
production at a given time point, and then clears within a few minutes. Aspects of the present
invention allow for identifying the time of entry, and informed elimination of products

(operationally linked test lots) flanking the contamination event.

EXAMPLE V

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of environmental monitoring (e.g., with samples of water,
wastewater, sludge, soil, surface sponges, surface swabs, condensates, air or liquids))

In the context of environmental monitoring, when several samples (water, wastewater,
sludge, soil, surface sponges, surface swabs, condensates, air or liquids) are composited and

subjected to enrichment, followed by testing to detect environmental contamination, the current
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for the microbe of concern.
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CLAIMS

1. A method of sampling and testing products for microbes in multiple separate lots,
comprising:

removing portions of each of a plurality of separate, enriched composited lot samples,
each separate composited lot sample comprising multiple independent samples from a respective
separate lot of a respective plurality of separate lots, wherein each of the separate composited lot
samples is attributed to the particular respective separate lot;

combining the removed portions to provide a pooled modular composite sample; and

testing of the pooled modular composite sample, using a suitable detection assay, for the
target microbe(s), wherein when such testing is negative all of said samples that were
composited to form the separate, composited lot samples are deemed negative for the target
microbe(s) and each of the multiple separate lots is validated, and wherein when such testing is
positive, each of the individual separate, enriched composited lot samples that were used to form
the pooled modular composite sample are individually tested to determine which of the separate,
composited lot samples is positive for the target microbe(s), wherein the lots corresponding to

any negatively testing separate, enriched composited lot samples are validated.

2. The method of claim 1, wherein each of the multiple separate lots is selected from
the group consisting of an environmental lot comprising multiple operationally-linked
environmental specimens, pharmaceutical lot comprising multiple operationally-linked
pharmaceutical specimens, single product lot comprising multiple operationally-linked product

specimens, and combinations thereof.

3. The method of claim 1, wherein each of the multiple separate lots is a single

production lot, comprised of operationally-linked product specimens.
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4, The method of claim 3, wherein product specimens are synonymous with product

portions.

5. The method of claim 1, further comprising incubating the pooled modular

composite sample prior to testing.

6. The method of claim 1, wherein the enriched composited lot samples comprise
enrichment medium, and are sufficiently incubated and enriched to enable the validation of the
individual separate lots with no requirement for further enrichment thereof, and with no

requirement for further sampling of the lots.

7. The method of claim 1, wherein testing of the pooled modular composite sample,
using a suitable detection assay comprises use of a concentration step to concentrate the target

microbe(s).

8. The method of claim 1, wherein where testing of the pooled modular composite
sample is positive, and wherein the separate individual composited lot samples are further tested

using a more sensitive protocol.

9. The method of claim 8, wherein the more sensitive protocol comprises use of a
concentration step to concentrate the target microbe(s), in combination with the same test

protocol used to test the pooled modular composite sample.

10. The method of claim 1, further comprising, forming an additional pooled modular
composite sample from the set of separate, enriched composited lot samples, and testing the
additional pooled modular composite sample using the same or a different suitable assay, to

confirm the testing status.

11. The method of claim 1, further comprising, forming an additional pooled modular

composite sample from an additional enriched separate composited lot sample along with any
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separate, enriched composited lot samples that test negative, and testing the additional pooled

modular composite sample, using the same or a different suitable assay.

12. The method of claim 1, further comprising, where testing of the pooled modular
composite sample is negative, forming an additional pooled modular composite sample from the
set of separate, enriched composited lot samples, and testing the additional pooled modular

composite sample, using a different suitable assay, to confirm the negative testing status.

13. The method of claim 1, wherein each of the lots is selected from the lot group

consisting of a single combo, single bin, single pallet, and a production assemblage.

14. The method of claim 1, wherein the number of separate lots 1s from 3 to 10.

15. The method of claim 1, further comprising, where testing of the pooled modular
composite sample is positive, determining which individual separate lots are positive, application
of remedial measures to said separate positive lots, and validating by further testing of the

respective remediated separate lots and obtaining a negative test result.

16. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises 5 to 100 independent samples from the respective separate lot of the

respective plurality of separate lots.

17. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises 30 to 60 independent samples from the respective separate lot of the

respective plurality of separate lots.

18. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises at least 30 independent samples from the respective separate lot of the

respective plurality of separate lots.
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19. The method of claim 1, wherein each of the plurality of separate composited lot
samples comprises at least 60 independent samples from the respective separate lot of the

respective plurality of separate lots.

20. A modular composite sample for testing products for microbes in multiple
separate lots, the modular composite sample comprising a plurality of combined portions from
each of a plurality of separate, enriched composited lot samples, each separate composited lot
sample comprising multiple independent samples from a respective separate lot of a respective
plurality of separate lots, wherein each of the separate composited lot samples is attributed to a

particular respective separate lot.

21. The method of claim 1, wherein removing portions is removing equal portions,

aseptically, so as to preclude contamination of the separate, enriched composited lot samples.

22. The modular composite sample of claim 20, comprising equal portions of the

separate, enriched composited lot samples.

23, The method of claim 1, wherein the target microbe(s) comprises at least one

selected from the group consisting of Listeria, Salmonella and Escherichia coli.

24. The method of claim 1, wherein the target microbe(s) comprises at least one
selected from the group consisting of Listeria spp., Listeria monocytogenes, Salmonella spp.,

Escherichia coli O157:H7, coliforms and fecal coliforms.

25. The method of claim 1, wherein the target microbe(s) comprises a spoilage
organism.
26. The method of claim 1, wherein removing portions of each separate enriched

composited lot sample comprises removing equal volume portions thereof.
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27. The method of claim 1, wherein testing of the pooled modular composite sample,
using a suitable detection assay comprises use of at least one of a DNA-based method, an

immunochemistry-based method, and a biosensor-based method.

28. The method of claim 7 wherein the concentration step comprises at least one of

immunomagnetic bead separation, and affinity chromatography.

29. The method of claim 1, wherein each of the multiple separate lots are production
lots of a meat or poultry product, comprising an assemblage of one or more meat or poultry

specimens, respectively.

30. The method of claim 29, wherein the meat or poultry specimens are meat trim

pieces or poultry trim pieces, respectively.

31. The method of claim 29, wherein the meat is that of beef, pork, sheep or bison.

32. The method of claim 1, wherein each of the multiple separate lots are separate
production lots of a fish or seafood product, comprising an assemblage of one or more fish or

seafood specimens, respectively.

33. The method of claim 1, wherein each of the multiple separate lots are separate

production lots of a ready-to-eat product.

34, The method of claim 6, wherein the enrichment medium comprises a selective

agent that will inhibit a competing non-target microbe.

35. The method of claim 1, wherein each separate, composited lot sample conforms to
a statistical-based sampling plan specifying, for a particular microbe(s), the number of

independent samples taken sufficient to provide for validation and release into commerce.
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36. The method of claim 1, further comprising in (e) wherein when such testing of the
modular composite sample i1s negative, nonetheless testing each of the separate composited lot
samples for the target microbe(s) to enhance confidence in the negative testing results prior to

deeming the lots validated or releasable into the chain of commerce.

37. The method of claim 1, further comprising, wherein when such testing of the
pooled modular composite sample 1s positive, each of the individual separate composited lot
samples that were used to form the pooled modular composite sample are individually tested to
determine which of the separate composited lot samples is positive for the target microbe(s),
retesting of the separate negatively testing composited lot samples to enhance confidence in the
negative testing results prior to deeming the lots corresponding to the negatively testing

composited lot samples validated or releasable into the chain of commerce.

38. The modular composite sample of claim 20, wherein each separate composited lot
sample conforms to a statistical-based sampling plan specifying, for a particular microbial agent
or organism, the number of independent samples taken sufficient to provide for validation and

release into commerce.

39. The modular composite sample of claim 20, wherein the enriched composited lot
samples are sufficiently enriched to enable the validation of the individual separate lots with no
requirement for further enrichment thereof, and with no requirement for further sampling of the

lots.

40. The method of claim 31, wherein the meat is that of beef.

41. The method of claim 1, wherein each of the multiple separate lots are production

lots of produce, fruits, vegetable, herbs, or spices.

4810-6305-0334v.1 0066090-008US5

National Beef Ex. 1034
Page 181



42. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of a meat or poultry product,

comprising an assemblage of one or more meat or poultry specimens, respectively.

43. The modular composite sample of claim 42, wherein the meat or poultry

specimens are meat trim pieces or poultry trim pieces, respectively.

44, The modular composite sample of claim 43, wherein the meat is that of beef,

pork, sheep, or bison.

45. The modular composite sample of claim 44, wherein the meat is that of beef.

46. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of a fish or seafood product, comprising

an assemblage of one or more fish or seafood specimens, respectively.

47. The modular composite sample of claim 20, wherein each of the multiple separate

single production lots are separate single production lots of a ready-to-eat product.

48. The modular composite sample of claim 20, wherein each of the multiple separate
single production lots are separate single production lots of produce, fruits, vegetable, herbs, or

spices.

49. The modular composite sample of claim 20, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria, Salmonella, and

Escherichia coli.

50. The modular composite sample of claim 49, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria spp., Listeria

monocytogenes, Salmonella spp., Escherichia coli O157:H7, coliforms, and fecal coliforms.
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10

ABSTRACT OF THE DISCLOSURE

Particular aspects provide a method of sampling, testing and validating test lots
(e.g., single-unit production lots), comprising: assembling a plurality of product portions from
each of a plurality of test lots and combining the collected product portions to provide a
corresponding set of test lot samples (wherein each test lot sample is attributed to a particular
corresponding test lot); enriching the set of test lot samples; removing equal portions of each
enriched sample, and combining the removed portions to provide a modular composite sample;
and testing of the modular composite sample for the target agent/organism, wherein where such
testing is positive, individual test lots may nonetheless yet be validated by further testing of a
respective enriched test lot sample and obtaining a negative test result. The methods have broad
utility for monitoring all sorts of test lots (e.g., environmental lots, production lots,

pharmaceutical lots, etc.) and for efficiently affecting informed, targeted remedial measures.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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Filing Date: April 27, 2017

Confirmation No.: 1004

For: MODULAR COMPOSITING-MULTIPLE LOT SCREENING

PROTOCOLS FOR DETECTION OF PATHOGENS, MICROBIAL
CONTAMINANTS AND/OR CONSTITUENTS

Examiner: Not Yet Assigned

Art Unit: 1798
Docket No.: 0066090-008USS5
Date: February 13, 2018

Mail Stop Amendment
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

SECOND PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115

This is a second Preliminary Amendment for the above-identified patent application. The
requisite fees are provided with this submission.

Prior to examination on the merits, kindly amend the above-identified application as
follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks/Arguments begin on page 10 of this paper.
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: February 13, 2018
Examiner: Not Yet Assigned

IN THE CILAIMS:

Applicant, pursuant to 37 CF.R. § 1.121, submits the following amendments to the claims:

1. (Currently amended) A method of sampling and testing $ss-products_{gy microbes n

multiple separate lots, comprising:

removing portions of each of a plurality of separate, enriched composited lot samples, each
separate composited lot sample comprising multiple independent samples from a respective
separate lot of a respective plurality of separate lots, wherein each of the separate composited lot
samples is attributed to the particular respective separate lot;

combining the removed portions to provide a pooled modular composite sample; and

testing of the pooled modular composite sample, using a suitable detection assay, for the
target microbe(s), wherein when such testing is negative all of said samples that were composited to
form the separate-, composited lot samples are deemed negative for the target microbe(s) and each
of the multiple separate lots is validated, and wherein when such testing is positive, each of the
individual separate-, enriched composited lot samples that were used to form the pooled modular
composite sample are individually tested to determine which of the separate, composited lot
samples is positive for the target microbe(s), wherein the lots corresponding to any negatively

testing separate, enriched composited lot samples are validated.

2. (Previously presented) The method of claim 1, wherein each of the multiple separate
lots is selected from the group consisting of an environmental lot comprising multiple
operationally-linked environmental specimens, pharmaceutical lot comprising multiple
operationally-linked pharmaceutical specimens, single product lot comprising multiple

operationally-linked product specimens, and combinations thereof.
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Application Filing Date: April 27, 2017
Preliminary Amendment Dated: February 13, 2018
Examiner: Not Yet Assigned

3. (Previously presented) The method of claim 1, wherein each of the multiple separate

lots 1s a single production lot, comprised of operationally-linked product specimens.

4. (Original) The method of claim 3, wherein product specimens are synonymous with

product portions.

5. (Previously presented) The method of claim 1, further comprising incubating the

pooled modular composite sample prior to testing.

6. (Previously presented) The method of claim 1, wherein the enriched composited lot
samples comprise enrichment medium, and are sufficiently incubated and enriched to enable the
validation of the individual separate lots with no requirement for further enrichment thereof, and

with no requirement for further sampling of the lots.

7. (Previously presented) The method of claim 1, wherein testing of the pooled
modular composite sample, using a suitable detection assay comprises use of a concentration step to

concentrate the target microbe(s).

8. (Previously presented) The method of claim 1, wherein where testing of the pooled
modular composite sample is positive, and wherein the separate individual composited lot samples

are further tested using a more sensitive protocol.

9. (Previously presented) The method of claim 8, wherein the more sensitive protocol
comprises use of a concentration step to concentrate the target microbe(s), in combination with the

same test protocol used to test the pooled modular composite sample.

10. (Previously presented) The method of claim 1, further comprising, forming an

additional pooled modular composite sample from the set of separate, enriched composited lot
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Application Filing Date: April 27, 2017
Preliminary Amendment Dated: February 13, 2018
Examiner: Not Yet Assigned

samples, and testing the additional pooled modular composite sample using the same or a different

suitable assay, to confirm the testing status.

11. (Previously presented) The method of claim 1, further comprising, forming an
additional pooled modular composite sample from an additional enriched separate composited lot
sample along with any separate, enriched composited lot samples that test negative, and testing the

additional pooled modular composite sample, using the same or a different suitable assay.

12. (Previously presented) The method of claim 1, further comprising, where testing of
the pooled modular composite sample is negative, forming an additional pooled modular composite
sample from the set of separate, enriched composited lot samples, and testing the additional pooled

modular composite sample, using a different suitable assay, to confirm the negative testing status.

13. (Previously presented) The method of claim 1, wherein each of the lots is selected
from the lot group consisting of a single combo, single bin, single pallet, and a production

assemblage.

14. (Previously presented) The method of claim 1, wherein the number of separate lots

1s from 3 to 10.

15. (Previously presented) The method of claim 1, further comprising, where testing of
the pooled modular composite sample is positive, determining which individual separate lots are
positive, application of remedial measures to said separate positive lots, and validating by further

testing of the respective remediated separate lots and obtaining a negative test result.
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Application Filing Date: April 27, 2017
Preliminary Amendment Dated: February 13, 2018
Examiner: Not Yet Assigned

16. (Previously presented) The method of claim 1, wherein each of the plurality of
separate composited lot samples comprises 5 to 100 independent samples from the respective

separate lot of the respective plurality of separate lots.

17. (Previously presented) The method of claim 1, wherein each of the plurality of
separate composited lot samples comprises 30 to 60 independent samples from the respective

separate lot of the respective plurality of separate lots.

18. (Previously presented) The method of claim 1, wherein each of the plurality of
separate composited lot samples comprises at least 30 independent samples from the respective

separate lot of the respective plurality of separate lots.

19. (Previously presented) The method of claim 1, wherein each of the plurality of
separate composited lot samples comprises at least 60 independent samples from the respective

separate lot of the respective plurality of separate lots.

20. (Currently amended) A modular composite sample for testing products for microbes
in multiple separate lots, the modular composite sample comprising a plurality of combined
portions from each of a plurality of separate, enriched composited lot samples, each separate
composited lot sample comprising multiple independent samples from a respective separate lot of a
respective plurality of separate lots, wherein each of the separate composited lot samples is

attributed to a particular respective separate lot.-

21. (Previously presented) The method of claim 1, wherein removing portions is
removing equal portions, aseptically, so as to preclude contamination of the separate, enriched

composited lot samples.
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22. (Currently amended) The modular composite sample of claim 20, comprising equal

portions of the separate, enriched composited lot samples.

23, (Previously presented) The method of claim 1, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria, Salmonella and Escherichia

coli.

24, (Previously presented) The method of claim 1, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria spp., Listeria monocytogenes,

Salmonella spp., Escherichia coli O157:H7, coliforms and fecal coliforms.

25. (Previously presented) The method of claim 1, wherein the target microbe(s)

comprises a spoilage organism.

26. (Previously presented) The method of claim 1, wherein removing portions of each

separate enriched composited lot sample comprises removing equal volume portions thereof.

27. (Previously presented) The method of claim 1, wherein testing of the pooled
modular composite sample, using a suitable detection assay comprises use of at least one of a

DNA-based method, an immunochemistry-based method, and a biosensor-based method.

28. (Original) The method of claim 7 wherein the concentration step comprises at least

one of immunomagnetic bead separation, and affinity chromatography.

29. (Previously presented) The method of claim 1, wherein each of the multiple separate
lots are production lots of a meat or poultry product, comprising an assemblage of one or more meat

or poultry specimens, respectively.
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30. (Original) The method of claim 29, wherein the meat or poultry specimens are meat

trim pieces or poultry trim pieces, respectively.

31. (Original) The method of claim 29, wherein the meat is that of beef, pork, sheep or

bison.

32. (Previously presented) The method of claim 1, wherein each of the multiple separate
lots are separate production lots of a fish or seafood product, comprising an assemblage of one or

more fish or seafood specimens, respectively.

33. (Previously presented) The method of claim 1, wherein each of the multiple separate

lots are separate production lots of a ready-to-eat product.

34, (Previously presented) The method of claim 6, wherein the enrichment medium

comprises a selective agent that will inhibit a competing non-target microbe.

35. (Previously presented) The method of claim 1, wherein each separate, composited
lot sample conforms to a statistical-based sampling plan specifying, for a particular microbe(s), the
number of independent samples taken sufficient to provide for validation and release into

commerce.

36. (Previously presented) The method of claim 1, further comprising in (e¢) wherein
when such testing of the modular composite sample is negative, nonetheless testing each of the
separate composited lot samples for the target microbe(s) to enhance confidence in the negative

testing results prior to deeming the lots validated or releasable into the chain of commerce.
37. (Previously presented) The method of claim 1, further comprising, wherein when
such testing of the pooled modular composite sample is positive, each of the individual separate
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composited lot samples that were used to form the pooled modular composite sample are
individually tested to determine which of the separate composited lot samples 1s positive for the
target microbe(s), retesting of the separate negatively testing composited lot samples to enhance
confidence in the negative testing results prior to deeming the lots corresponding to the negatively

testing composited lot samples validated or releasable into the chain of commerce.

NN

38. (Currently amended) The modular composite sample of claim 32{;, wherein each

separate composited lot sample conforms to a statistical-based sampling plan specifying, for a
particular microbial agent or organism, the number of independent samples taken sufficient to

provide for validation and release into commerce.

39. (Currently amended) The modular composite sample of claim wherein the

enriched composited lot samples are sufficiently enriched to enable the validation of the individual
separate lots with no requirement for further enrichment thereof, and with no requirement for

further sampling of the lots.

40. (Previously presented) The method of claim 31, wherein the meat is that of beef.

41. (Previously presented) The method of claim 1, wherein each of the multiple separate

lots are production lots of produce, fruits, vegetable, herbs, or spices.

42. (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of a meat or poultry

product, comprising an assemblage of one or more meat or poultry specimens, respectively.

43. (Previously presented) The modular composite sample of claim 42, wherein the

meat or poultry specimens are meat trim pieces or poultry trim pieces, respectively.
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44. (Previously presented) The modular composite sample of claim 43, wherein the

meat 1s that of beef, pork, sheep, or bison.

45. (Previously presented) The modular composite sample of claim 44, wherein the

meat 1s that of beef.

46. (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of a fish or seafood

product, comprising an assemblage of one or more fish or seafood specimens, respectively.

47. (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of a ready-to-eat

product.

48. (Previously presented) The modular composite sample of claim 20, wherein each of
the multiple separate single production lots are separate single production lots of produce, fruits,

vegetable, herbs, or spices.

49. (Previously presented) The modular composite sample of claim 20, wherein the
target microbe(s) comprises at least one selected from the group consisting of Listeria, Salmonella,

and Escherichia coli.

50. (Previously presented) The modular composite sample of claim 49, wherein the
target microbe(s) comprises at least one selected from the group consisting of Listeria spp., Listeria

monocytogenes, Salmonella spp., Escherichia coli O157:H7, coliforms, and fecal coliforms.
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REMARKS
Claims 1-50 are pending.

Claims 1, 20, 22, 38, and 39 have been amended herein.

No new matter has been added.

Preliminary Claim Amendments

Claims 1, 20, 22, 38, and 39 have been preliminarily amended to correct inadvertent errors
in the claimed subject matter, and generally conform to Applicant’s underlying priority documents:
U.S. Patent No. 9,637,771, U.S. Patent No. 8,822,143; U.S. Patent No. 8,389,233; and U.S. Patent
No. 7,534,584.

Claim 1 has been amended to recite “testing products for microbes” in place of “testing for
productsmicrobes.” Explicit support is found in original c¢laim 1 and throughout the originally filed
specification.

Claims 20 and 22 have been amended to correct minor typographical errors.

Claims 38 and 39 have been amended to depend from claim 20 (modular composite sample)
as originally intended.

No new matter has been added.
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CONCLUSION

In view of the foregoing amendments and remarks, Applicant respectfully requests entry of
the present Preliminary Amendment and allowance of the claim set provided herein. The Examiner
1s encouraged to phone Applicant’s attorney, Barry L. Davison, to resolve any outstanding issues

and expedite allowance of this application.

Davis Wright Tremaine LLP Respectfully submitted,

1201 Third Avenue, Suite 2200 Mansour Samadpour

Seattle, Washington 98101-3045 Davis Wright Tremaine LLP
Telephone: 206-757-8023

Facsimile: 206-757-7023 /Barry L. Davison, Ph.D.. J.D./

Barry L. Davison, Ph.D., J.D.
Attorney for Applicant
Registration No. 47,309
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APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
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ANDREW JAMES JR

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/499,719 04/2712017 Mansour Samadpour 0066090-008US5
CONFIRMATION NO. 1004
22504 PUBLICATION NOTICE
DAVIS WRIGHT TREMAINE, LLP/Seattle
IP Docketing Dept. IR A ATRTIE

Davis Wright Tremaine LLP
1201 Third Avenue, Suite 2200
SEATTLE, WA 98101-3045

Title:MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Publication No.US-2018-0016617-A1
Publication Date:01/18/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
15/499,719 04/27/2017 1798 4140 0066090-008USS 50 2
CONFIRMATION NO. 1004
22504 UPDATED FILING RECEIPT
DAVIS WRIGHT TREMAINE, LLP/Seattle
> Dockating oot O L

Davis Wright Tremaine LLP
1201 Third Avenue, Suite 2200
SEATTLE, WA 98101-3045

Date Mailed: 10/10/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Mansour Samadpour, Lake Forest Park, WA;
Applicant(s)
Institute for Environmental Health, Inc., Lake Forest Park, WA;

Power of Attorney: The patent practitioners associated with Customer Number 22504

Domestic Priority data as claimed by applicant
This application is a CON of 14/472,144 08/28/2014 PAT 9637771
which is a CON of 13/784,606 03/04/2013 PAT 8822143
which is a CON of 12/360,796 01/27/2009 PAT 8389233
which is a CON of 11/199,871 08/08/2005 PAT 7534584
which claims benefit of 60/599,473 08/06/2004

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 05/04/2017

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/499,719

Projected Publication Date: 01/18/2018
Non-Publication Request: No

Early Publication Request: No
Title

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Preliminary Class
422
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
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Via Electronic Submission
Atlorney Docket No. 0066090-008US4

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Mansour Samadpour
Application No.: 15/499,719
Filing Date: April 27, 2017
Confirmation No.: 1004
For: MODULAR COMPOSITING-MULTIPLE LOT SCREENING

PROTOCOLS FOR DETECTION OF PATHOGENS, MICROBIAL
CONTAMINANTS AND/OR CONSTITUENTS

Examiner: Not Yet Assigned

Art Unit: 1798
Docket No.: 0066090-008USS5
Date: October 5, 2014

Mail Stop Amendment
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT UNDER 37 CFR § 1.115
TO ACCOMPANY A
RESPONSE TO MISSING PARTS

This is a Preliminary Amendment to accompany a Response to Missing Parts dated

May 5, 2017, for the above-identified patent application. Kindly extend the time for response three
months, up to and including October 5, 2017. The requisite fee is provided with this submission.
Prior to examination on the merits, kindly amend the above-identified application as
follows:
Amendments to the Claims are reflected in the listing of the claims, which begins on
page 2 of this paper.
Remarks/Arguments begin on page 13 of this paper.

4824-7916-8839v.1 0066090-008US5
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

IN THE CILAIMS:

Applicant, pursuant to 37 C.F.R. § 1.121, submits the following amendments to the claims:

1. (Currently amended) A method of sampling— and testing and—ahldatingtestlotsfor
microbial-contaminationproductsmicrobes in multiple separate lots, comprising:

)yremoving portions of each_of a plurality of separate, enriched separate-test-composited lot

samples,_each separate composited lot sample comprising multiple independent samples from a

respective _separate lot of a respective plurality of separate lots, wherein each of the separate

composited lot samples is attributed to the particular respective separate lot.and

combining the removed portions to provide a pooled modular composite sample; and
e)testing of the pooled modular composite sample, using a suitable detection assay, for the

target microbial-agentor-organismmicrobe(s), wherein when such testing is negative all of said

samples that were composited to form the separate test, composited lot samples are

svalidateddeemed necative for the tarcet microbe(s) and each of the multiple separate lots is

4824-7916-8839v.1 0066090-008US5
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

validated, and wherein when such testing 1s positive, each of the individual separate test, enriched

composited lot_samples ma

obtaninganegatrve—testresult that were used to form the pooled modular composite sample are

individually tested to determine which of the separate, composited lot samples is positive for the

target microbe(s). wherein the lots corresponding to any negatively testing separate. enriched

composited lot samples are validated.

2. (Currently amended) The method of claim 1, wherein the—each of the multiple

separate test—lots is selected from the group consisting of an environmental lot comprising
ene-ormeoremultiple operationally-linked environmental specimens, pharmaceutical lot comprising
ene—er—moremultiple operationally-linked pharmaceutical specimens, single-unit product lot

comprising ene-ermeremultiple operationally-linked product specimens, and combinations thereof.

3. (Currently amended) The method of claim 1, wherein each of the multiple separate

test-lots is a single-unit production lot, comprised of operationally-linked product specimens.

4. (Original) The method of claim 3, wherein product specimens are synonymous with

product portions.

5. (Currently amended) The method of claim 1, further comprising incubating the

pooled modular composite sample ef-d)—prior to testing-in-€).

6. (Currently amended) The method of claim 1, wherein—ineubating—each—testJlot
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

pertions—to—provide—a—medular—eompesite—sample_the enriched composited lot samples comprise

enrichment medium. and are sufficientlv _incubated and enriched to enable the validation of the

individual separate lots with no requirement for further enrichment thereof, and with no requirement

for further sampling of the lots.

7. (Currently amended) The method of claim 1, wherein testing of the pooled modular

composite sample, using a suitable detection assay comprises use of a concentration step to

concentrate the saierobial-agent-ororsanismtarget microbe(s).

8. (Currently amended) The method of claim 1, wherein where testing #—e)-of the
pooled modular composite sample is positive, and wherein the separate individual separate—test

composited lot samples are further tested;suchfurther-testingcomprises—use—of the using a more

sensitive protocol.

9. (Currently amended) The method of claim 8, wherein the more sensitive protocol
comprises use of a concentration step to concentrate the mierebial-asent—or—eorsantsmtarget
microbe(s), in combination with the same test protocol used to test the pooled modular composite

sample.

10. (Currently amended) The method of claim 1, further comprising, forming an
additional pooled modular composite sample from the set of separate, enriched separate—test
composited lot samples, efe)}and testing the additional pooled modular composite sample; using

the same or a different suitable assay, to confirm the testing status.

11. (Currently amended) The method of claim 1, further comprising, forming an

>

additional pooled modular composite sample from an additional enriched separate test-composited

lot sample along with any separate, enriched-separate—test composited lot samples ef-e)-that test

4
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

negative— . and testing the additional pooled modular composite sample, using the same or a
g g pooled P Y g

different suitable assay.

12. (Currently amended) The method of claim 1, further comprising, where testing of
the pooled modular composite sample #—e}-is negative, forming an additional pooled modular
composite sample from the set of separate, enriched-separatetest composited lot samples-ef-€), and
testing the additional pooled modular composite sample, using a different suitable assay, to confirm

the negative testing status.

13. (Currently amended) The method of claim 1, wherein each of the test-lots is selected
from the lot group consisting of a single combo, single bin, single pallet, and a production

assemblage.

14. (Currently amended) The method of claim 1, wherein the number of separate test

lots 1s from 3 to 10.

15. (Currently amended) The method of claim 1, further comprising, where testing of
the pooled modular composite sample is positive, determining which individual separate test-lots
are positive, application of remedial measures to said separate positive test-lots, and validating by
further testing of a—pertien—ef-the respective remediated separate test-lots and obtaining a negative

test result.

16. (Currently amended) The method of claim 1, wherein—4n—a)—~separately—ecoHeectins

eolectinefrom—each separate—test totanumberof portitons{frem—>5+te1060_each of the plurality of

separate _composited lot samples comprises 5 to 100 independent samples from the respective

separate lot of the respective plurality of separate lots.
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

17. (Currently amended) The method of claim 1, wherein—+r-a);—separately—eoHeeting

collecting 30-to-60-portions—{rom-eachseparate-testlot each of the plurality of separate composited

lot samples comprises 30 to 60 independent samples from the respective separate lot of the

respective plurality of separate lots.

eollecting30-portionsfrom—eachseparate—testlot each of the plurality of separate composited lot

samples comprises at least 30 independent samples from the respective separate lot of the respective

plurality of separate lots.

eollectine—60-portionsfrom—each—separate—testtot each of the plurality of separate composited lot

samples comprises at least 60 independent samples from the respective separate lot of the respective

plurality of separate lots.

20. (Currently amended) A modular composite sample for testing products for microbes

in_multiple separate lots, the modular composite sample comprising a plurality of combined

portions from each of a plurality of separate, enriched composited lot samples, each separate

composited lot sample comprising multiple independent samples from a respective separate lot of a

respective plurality of separate lots, wherein each of the separate composited lot samples is

attributed to a particular respective separate lot. A—method-of samphne—testingand-validatinstest
Lot £ crobial ination. i
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Application No. 15/499,719

Atlorney Docket No. 0066090-008US5

First Applicant’s Name: Mansour Samadpour
Application Filing Date: April 27, 2017
Preliminary Amendment Dated: October 5, 2017
Examiner: Not Yet Assigned

21. (Currently amended) The method of claim 1, wherein removing portions

>

m-step-b-is removing equal portions, aseptically, so as to preclude contamination of the separate,

enriched-separate-test composited lot samples.
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22. (Currently amended) The modular composite sample methed-of claim 20,~wheretn

refeving perttenstr-step-eisremevine_comprising equal portions_of the separate, aseptteallys—se
as—to—preclude—contamination—of the—enriched—separate—single-unit production—composited lot

samples.

23. (Currently amended) The method of claim 1, wherein the target mierebialasent-or
organismmicrobe(s) comprises at least one selected from the group consisting of Listeria,

Salmonella and Escherichia coli.

24, (Currently amended) The method of claim 1, wherein the target ssterebialasentor
ergantsmmicrobe(s) comprises at least one selected from the group consisting of Listeria spp.,

Listeria monocytogenes, Salmonella spp., Escherichia coli O157:H7, coliforms and fecal coliforms.

25. (Currently amended) The method of claim 1, wherein the target mierobialasent-or

ergamismmicrobe(s) comprises a spoilage organism.

26. (Currently amended) The method of claim 1, wherein removing portions of each
separate enriched test-composited lot sample comprises removing equal volume portions thereof
each-enriched-separate-testlotsample.

27. (Currently amended) The method of claim 1, wherein testing of the pooled modular

composite sample, using a suitable detection assay comprises use of at least one of a DNA-based

method, an immunochemistry-based method, and a biosensor-based method.

28. (Original) The method of claim 7 wherein the concentration step comprises at least

one of immunomagnetic bead separation, and affinity chromatography.
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29. (Currently amended) The method of claim 1, wherein each of the multiple separate
test-lots are production lots of a meat or poultry product, comprising an assemblage of one or more

meat or poultry specimens, respectively.

30. (Original) The method of claim 29, wherein the meat or poultry specimens are meat

trim pieces or poultry trim pieces, respectively.

31. (Original) The method of claim 29, wherein the meat is that of beef, pork, sheep or

bison.

32. (Currently amended) The method of claim 1, wherein each of the multiple separate

test-lots are separate production lots of a fish or seafood product, comprising an assemblage of one

or more fish or seafood specimens, respectively.

33. (Currently amended) The method of claim 1, wherein each of the multiple separate

test-lots are separate production lots of a ready-to-eat product.

34, (Currently amended) The method of claim 6, wherein the enrichment medium
comprises a selective agent that will inhibit a competing non-target mierobial—asent—or

ergantsmmicrobe.

35. (New) The method of claim 1, wherein each separate, composited lot sample
conforms to a statistical-based sampling plan specifying, for a particular microbe(s), the number of

independent samples taken sufficient to provide for validation and release into commerce.

36. (New) The method of claim 1, further comprising in (e) wherein when such testing

of the modular composite sample is negative, nonetheless testing each of the separate composited
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lot samples for the target microbe(s) to enhance confidence in the negative testing results prior to

deeming the lots validated or releasable into the chain of commerce.

37. (New) The method of claim 1, further comprising, wherein when such testing of the
pooled modular composite sample is positive, each of the individual separate composited lot
samples that were used to form the pooled modular composite sample are individually tested to
determine which of the separate composited lot samples is positive for the target microbe(s),
retesting of the separate negatively testing composited lot samples to enhance confidence in the
negative testing results prior to deeming the lots corresponding to the negatively testing composited

lot samples validated or releasable into the chain of commerce.

38. (New) The modular composite sample of claim 2, wherein each separate composited
lot sample conforms to a statistical-based sampling plan specifying, for a particular microbial agent
or organism, the number of independent samples taken sufficient to provide for validation and

release into commerce.

39. (New) The modular composite sample of claim 4, wherein the enriched composited
lot samples are sufficiently enriched to enable the validation of the individual separate lots with no

requirement for further enrichment thereof, and with no requirement for further sampling of the lots.

40. (New) The method of claim 31, wherein the meat 1s that of beef.

41. (New) The method of claim 1, wherein each of the multiple separate lots are

production lots of produce, fruits, vegetable, herbs, or spices.
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42 (New) The modular composite sample of claim 20, wherein each of the multiple
separate single production lots are separate single production lots of a meat or poultry product,

comprising an assemblage of one or more meat or poultry specimens, respectively.

43, (New) The modular composite sample of claim 42, wherein the meat or poultry

specimens are meat trim pieces or poultry trim pieces, respectively.

44, (New) The modular composite sample of claim 43, wherein the meat is that of beef,

pork, sheep, or bison.

45. (New) The modular composite sample of claim 44, wherein the meat is that of beef.

46. (New) The modular composite sample of claim 20, wherein each of the multiple
separate single production lots are separate single production lots of a fish or seafood product,

comprising an assemblage of one or more fish or seafood specimens, respectively.

47, (New) The modular composite sample of claim 20, wherein each of the multiple

separate single production lots are separate single production lots of a ready-to-eat product.

48. (New) The modular composite sample of claim 20, wherein each of the multiple
separate single production lots are separate single production lots of produce, fruits, vegetable,

herbs, or spices.

49, (New) The modular composite sample of claim 20, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria, Salmonella, and Escherichia

coli.
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50. (New) The modular composite sample of claim 49, wherein the target microbe(s)
comprises at least one selected from the group consisting of Listeria spp., Listeria monocytogenes,

Salmonella spp., Eischerichia coli O157:H7, coliforms, and fecal coliforms.
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REMARKS
Claims 1-34 are pending.

Claims 1-3, 5-27, 29, and 32-34 have been amended herein.
New claims 35-50, fully supported, have been added.

No new matter has been added.

Preliminary Claim Amendments

The claims have been preliminarily amended to clarify the claimed subject matter, and
generally conform to Applicant’s underlying priority documents: U.S. Patent No. 9,637,771, U.S.
Patent No. 8,822,143; U.S. Patent No. 8,389,233; and U.S. Patent No. 7,534,584.

Independent claims 1 and 20 have been amended at particular instances to recite:

“sample” in place of “portion” (support is found, for example, in the originally filed
specification at page 3, lines 5-12, and replete throughout);

“microbe(s)” in place of “microbial agent or organism” (support is found, for example, in
the originally filed specification at page 5, line 20, and replete throughout);

“multiple” in place of “plurality” (English language equivalent; and support for analysis of
multiple test lots by use of Applicant’s presently claimed method is replete throughout the
originally filed specification);

“compositing” in place of “combining” (to emphasize that the physical act of compositing
the samples collected in step a) is required) (support is found, for example, in the originally filed
specification at page 3, lines 10 and 25; page 5, line 23; page 9, lines 5-9; and replete throughout);

“enriching” in place of “incubating” (in step c)) (support is found, for example, in the
originally filed specification at page 31, line 6; and replete throughout);

“lot” in place of “test lot” (where the “test” is redundant in view of the claims recitation that
the lots are sampled for testing); and

“single production lots” in place of “single-unit production lots” (where “-unit” is
redundant).

Conforming amendments have been made to claims 2-3, 5-19, 21-27, 29, and 32-34.
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Claim 1 has been amended to recite particular limitations of prior steps a)-c) in prior step d)
to consolidate the claim.

Independent claim 20 has been amended to recite a modular composite sample, which 1s
unique to Applicant’s methods. Support for the amendments is found in original claim 1-34, and
throughout the originally filed specification.

No new matter has been added.

New Claims

New dependent claims 35-39, fully supported, have been added, which generally conform to
the claim language of Applicant’s immediately underlying priority documents: U.S. Patent
No. 9,637,771, U.S. Patent No. 8,822,143; U.S. Patent No. 8,389,233; and U.S. Patent
No. 7,534,584,

Support for “releasable into the chain of commerce” is found, for example, in the originally
filed specification at page 19, lines 2 and 4; page 21, line 8; page 22, line 24; and replete
throughout.

Explicit support for claims 40 and 45 1s found in original claim 31, and throughout the

originally filed specification.

Explicit support for claims 41 and 48 is found in the originally filed specification at page 1,
lines 11-12.

Explicit support for claims 42-44 is found in original claims 29-31, and throughout the
originally filed specification.

Explicit support for claims 46 and 47 is found in original claims 32 and 33, respectively, and
throughout the originally filed specification.

Explicit support for claims 49 and 50 is found in original claims 23 and 24, respectively, and
throughout the originally filed specification.

No new matter has been added.
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Favorable consideration and a Notice of Allowance are earnestly solicited.

CONCLUSION

In view of the foregoing amendments and remarks, Applicant respectfully requests entry of
the present Preliminary Amendment and allowance of the claim set provided herein. The Examiner
is encouraged to phone Applicant’s attorney, Barry L. Davison, to resolve any outstanding issues

and expedite allowance of this application.

Davis Wright Tremaine LLP Respectfully submitted,

1201 Third Avenue, Suite 2200 Mansour Samadpour

Seattle, Washington 98101-3045 Davis Wright Tremaine LLP
Telephone: 206-757-8023

Facsimile: 206-757-7023 /Barry L. Davison, Ph.D.. J.D./

Barry L. Davison, Ph.D., J.D.
Attorney for Applicant
Registration No. 47,309
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is US 15/499,719

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Preliminary Class
422
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 15/499,719
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .00 0) N/A N/A N/A N/A 280
SEARCH FEE
o o o N/A N/A N/A N/A 600
EXAMINATION FEE
N FEE N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 34 minus 20= 14 OR |« 80 1120
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 420 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2720
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATES) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus OR |x
% Independent * Minus | *** = OR M _
] (37 CFR 1.16(h)) =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATES) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus ** =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = OR M _
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/499,719 04/2712017 Mansour Samadpour 0066090-008US5
CONFIRMATION NO. 1004
22504 FORMALITIES LETTER
DAVIS WRIGHT TREMAINE, LLP/Seattle
IP Docketing Dept. IR AR R
Davis Wright Tremaine LLP 00000009 T122705

1201 Third Avenue, Suite 2200
SEATTLE, WA 98101-3045

Date Mailed: 05/05/2017

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

+ The statutory basic filing fee is missing.

+ The application search fee must be submitted.

+ The application examination fee must be submitted.

« Additional claim fees of $ 1120 as an undiscounted entity, including any required multiple dependent claim

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees
are due.

+ Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 280 basic filing fee.

+ $ 140 surcharge.

+ $ 600 search fee.

+ $ 720 examination fee.

+ $ 1120 for 14 total claims over 20.
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+ $( 0) previous unapplied payment amount.
+$ 2860 TOTAL FEE BALANCE DUE.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/nhassani/
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Doc Code: PA.
Document Description: Power of Attorney

PTO/AIA/82A (07-13)

Approved for use through 11/30/2014. OMB 0651-0051

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is

directed, the Power of Attorney will not be recognized in the application.

Application Number Not Yet Assigned

Filing Date Herewith

First Named Inventor Mansour Samadpour

Title MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS
FOR DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS

AND/OR CONSTITUENTS

Art Unit Not Yet Assigned

Examiner Name Not Yet Assigned

Attorney Docket Number |0066090-008US5

SIGNATURE of Applicant or Patent Practitioner
Signature /Barry L. Davison/ Pate (Optonah \ Ayl 27, 2017
Name Barry L. Davison, Ph.D., J.D. Registration 47,309

Number
Title (if Applicant is a
juristic entity)
Applicant Name (if Applicant is a juristic entity) H H
Institute for Environmental Health, Inc.

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2Nationa| Beef Ex. 1034
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Boc Code: PA.L.

y T - PTO/AIAIBZR (07-13)
Document Description: Power of Altorney Approved for use through 11/30/2014. OME 0651-0054
15,5, Patent and Trademari Office; U.S. DEPARTMENT OF COMMERCE

Linder the Paperwork Reduction Act of 1995, no parsons are required to respand 1o & coflection of information unless it displays a valid OMB control numibsr

POWER OF ATTORNEY BY APPLICANT

5

| heraby revoke all previous powers of attorney given in the application identified in ejther the attached transmittal letter or
the boxes below.

Application Mumber Filing Date

{Mote: The béxés above may bé laft blank if information is gﬁrcvided éﬁ form PTGIAEA/BZA.‘;

{ hersby appoint the Patent Practitioner{s) associated with the following Customer Number as my/our atiornay(s) or agent(s}, and
i to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the aftached transmittal letter (form PTO/AIAIB2A) ar identified above: i

oR 22504

Ej | heraby appoint Practiioner(s) named in the attached Hist (form PTO/AIA/B2C) as myfour attorney(s) or agent(s), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmitial letter {form PTO/AIA/BZA) or identified above. (Note: Complete form PTO/AIABZC.)

2.

Please recognize a? change the wr?espcnd&mé address for the éppiiaatian idenﬁﬁéd in thé atﬁ:ach;éri transmvittai
ietter or the boxaes above (0!

;,b/ ‘ The address sssociated with the above-mentioned Customer Number
OR

D The address associated with Customer Number:
OR

Firmor
§ndividuai Name

Address

City o ‘ | State P i Zip
Couniry ‘ ' ‘

Telephone ‘ - ' P Email i

{ arn the Apghcant (if the Applicant is a juristic entity, list the Applicant name in the box}:

Institute for Environmental Health, Inc.

D Inventar or Joint Inventor (title not required below)

E::E Legal Representative of 3 Dacessed or Legally Incapacitated Inventor (title not requirad below)
Assignee or Person to Whom the Inventor is Under an Obligation fo Assign {provide signer's title if applicant is a juristic entity}

m Parson Who Otherwise Shows Sufficient Propriefary interest (e.g., a petition under 37 CFR 1.45{b}2) was granted in the
appiication or is concurrently being filed with this document) {provide signer’s title if appiicant is a juristic entity}
SIGNATURE of Applicant for Palent
The Qndersigned (whase title is su'ppéied beiéw‘j is guthorized {o act on behalf of the

applicant (e.q., where the applicant is a juristic entity).

Signature ‘ My N I """ Thate (Optional) | H*T {2 % { 2OV
Narme Mansour Samadmur" o o
Titie Principat

NOTE: Signature - This forrn must be signed by the apolicant in accordance with 37 OFR 1.33. See 37 CFR 1.4 for signature requirements
and certifications. If more than one applicant, use multiple forms.

To‘cai of 1 forms are submitted,

This colisction of information is required by 37 CFR 1,131, 1.32, and 1.23, The infonmation is renuired to obtain or retain a benefit by the public which is io file (and by the
USBTO 1o process) an application. Confidentiality is governed by 35 1.8.0, 122 and 37 CFR 1.11 and 1,14, This collection ls estimated to take 3 minutas to complete,
including gathering, preparing, and submitiing the complated application form to the USPTC. Time will vary depending upon the individual case. Any comments on the amount
of fime you require 1o complete this form andlor suggestions for reducing this burden, should bs sent te the Chisf Information Officer, U8, Patent and Trademark Offics, U8,
Department of Cammearce, P.O. Box 1450, Alexandria, VA 22313~1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P&, Box 1450, Alexandria, VA 223131480,

if you need assistance in completing the form, call 1-800-PTCO-8189 and select oplion 2.
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Electronic Acknowledgement Receipt

EFS ID: 29055233
Application Number: 15499719
International Application Number:
Confirmation Number: 1004

Title of Invention:

DETECTION OF PATHOGENS, MICROB
CONSTITUENTS

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR

IAL CONTAMINANTS AND/OR

First Named Inventor/Applicant Name:

Mansour Samadpour

Customer Number:

22504

Filer:

Barry Davison/Janet Berdine

Filer Authorized By:

Barry Davison

Attorney Docket Number: 0066090-008US5
Receipt Date: 27-APR-2017
Filing Date:
Time Stamp: 19:13:06

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
1823386
1 Application Data Sheet 2017-04-27_0066090-008US5_ no 9
ADS.pdf
béabe3b4733c1bc42f0bc643d5e8fa2701c
06099
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Information:

191538
2017-04-27_0066090-008US5_
2 Application.pdf yes 3
pp Icati p bcf72e8e4d7b9d0da611101301518ab14al
1c8c8
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 24
Claims 25 30
Abstract 31 31
Warnings:
Information:
2076111
3 Power of Attorney 201 7_04_2753():63?0_008%5— no 2
p 62b6f94dbc68922515ff7dbaf10a54f63038
65a5
Warnings:
Information:
Total Files Size (in bytes): 4091035

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

Attorney Docket Number | 0066090-008US5

Application Data Sheet 37 CFR 1.76

Application Number

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF

Title of Invention | a1 GENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
[+ Ivlansour Bamadpour [+

Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | J-ake Forest Park State/Province lNA Country of Residencd | [US

Mailing Address of Inventor:

Address 1 6810 Shore Drive NE

Address 2

City | | ake Forest Park State/Province | tWA

Postal Code 08155 Countryi | us

All Inventor§ I.VIust. Be Listed - Additional Inventor Information blocks may be 2

generated within this form by selecting the Add button.
Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P2504

Email Address patentdocket@dwt.com | AddEmail | |Remove Email
Application Information:

Title of the Invention ATHOGENS. MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Attorney Docket Number| 0066090-008US5 Small Entity Status Claimed [ |

Application Type Nonprovisional -

Subject Matter tility v

Total Number of Drawing Sheets (if any) 0 Suggested Figure for Publication (if any)
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 0066090-008US5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR CONSTITUENTS

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ¢ Customer Number US Patent Practitioner () Limited Recognition (37 CFR 11.9)
Customer Number D2504

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Continuation of 14/472144 2014-08-28

4
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 0066090-008US5
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Via Electronic Submission
Attorney Docket No. 0066090-008USS5

MODULAR COMPOSITING-MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS

CROSS REFERENCE TO RELATED APPLICATIONS

The present application is a continuation of U.S. Patent Application No. 14/472,144, filed
August 28, 2014 (which will issue on May 2, 2017, as U.S. Patent No. 9,637,771), which is a
continuation of U.S. Patent Application No. 13/784,606, filed March 4, 2013, U.S. Patent
No. 8,822,143, which is a continuation of U.S. Patent Application No. 12/360,796, filed
January 27, 2009, U.S. Patent No. 8,389,233, which is a continuation of U.S. Patent Application
No. 11/199,871, filed August 8, 2005, U.S. Patent No. 7,534,584, which claims the benefit of
priority to U.S. Provisional Patent Application No. 60/599,473, filed August 6, 2004, all which

are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to improving the efficiency of producing
food and health related (e.g., pharmaceutical) products, and the safety and quality thereof.
Particular embodiments relate to novel methods for microbial pathogen testing that allow for
enhanced sensitivity, cost savings and traceability (e.g., source tracking) for remedial purposes.
The methods are broadly applicable to many product areas including, but not limited to beef,
pork, sheep, bison, deer, elk, poultry (e.g., chicken and turkey) and fish and other seafood,
produce, juices, dairy products, dry goods (e.g., cereals, nuts, etc.), fruits and vegetables, herbs
and spices, and all manners of raw and processed foods, environmental samples (e.g., water,
wastewater, soil, surface samples, air samples taken by impingers and filtration, etc.),
pharmaceuticals, and other types of samples to be analyzed using microorganism enrichment-

detection protocols.
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BACKGROUND

Manufacturers and respective regulatory agencies strive to continually improve the safety
and the quality of foods, pharmaceuticals, neutraceuticals, water and the environment. Under
recent United States Department of Agriculture, Food Safety and Inspection Service (FSIS)
directives and guidelines, many food producers in the United States have adopted sampling plans
that involve testing, for example, of raw beef trims and/or ground beef for £. coli O157:H7, and
ready-to-eat products for Listeria monocytogenes and/or Salmonella. Similar trends are observed
in other countries, for products detained for domestic consumption and/or export. For example,
the pharmaceutical industry spends considerable resources on sterility testing and environmental
monitoring, and the water and wastewater industry and their respective regulatory agencies
allocate considerable resources to monitor the quality of water (e.g., drinking, recreational and
fisheries resources), wastewater (treated and untreated) and sludge (biosolids). Concern for the
quality of air has resulted in monitoring of indoor air for the presence of microbial contaminants
and pathogens. These sampling plans associated with such testing determine, for example, the
disposition of products and the production lots, or result in decisions regarding the safety of
water, receiving waters and recreational waters, and the impact of wastewater discharge, and
quality of air.

The operative art with respect to such product “hold and release” monitoring efforts
comprises various different sampling plans, typically pursuant to International Commission on
Microbial Specifications for Food (ICMSF) guidelines for testing food products, FDA and
USDA or EPA guidelines, or intuitive sampling plans. The common feature of these sampling
plans is that several samples representing production lots, or a number of environmental samples,
are combined into a combined production lot prior to sampling. For example, a typical plan for
microbial pathogen detection calls for taking more than one sample, for instance ten (10) to sixty
(60) sample pieces from a given sample lot (combined production lot), to form a composite

sample for testing. The number of pieces taken to form the composite sample depends, under
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ICMSF or other regulatory guidelines, on the outcome of infection/poisoning (e.g., the severity),
the level of hazards, and potential increase in the hazard levels due to storage. The same holds
true in detecting microbial constituents and/or spoilage organisms. With respect to £. coli O157
testing, for example, a typical plan calls for taking 60 samples (e.g., sample pieces) from a
production lot to form a single composite sample. With respect to Listeria monocytogenes, thirty
(30) samples are typically taken from a production lot to form a composite sample. With respect
to sterility testing, a typical plan may call for compositing 10-100 units of the product, and in the
case of environmental sampling, 2-10 samples are often composited. Generally, the number of
samples that are composited reflects: the overall sensitivity of the test method and the limit of
detection that applies to the test unit; the ability to concentrate/enrich the composite sample to
achieve the desired sensitivity; and the cost of sampling compared with the cost of analysis.

The costs associated with testing food are substantial, and consequently manufacturer’s
often resort to increasing the size of the “production lot” to be tested. For instance, the standard
size production lot for trim testing for £. coli O157 in the U.S. beef industry is five (5) ‘combos’
(each combo weighing approximately 2,000 pounds), and for Listeria and Salmonella in ready-
to-eat (RTE) products, it is one composite sample per production line per shift. A primary
problem associated with the use of large size test lots is that a large quantity of products must be
downgraded or destroyed when there is a positive finding of a pathogen. Additionally, because
of the nature of combination ‘lotting’ (combining, for purposes of forming the test lot, several
independent sub-lots that collectively span a long period of production time), it is very difficult
to investigate the cause of the failure and pinpoint the source/cause, and remedial measures
cannot be effectively taken. Furthermore, compositing a large number of samples may result in
reduced sensitivity for the test unit and adversely effect the limit of detection.

Typically, once a composite sample is constructed (following the art with respect to
particular testing) it is then enriched for the presence of a given pathogen/microbe by addition of

appropriate amounts of enrichment media and incubation at an appropriate temperature for a
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given amount of time. If the pathogen/microbe is present, then it grows and multiplies under the
favorable conditions of enrichment, thereby providing more material which can be detected by
subsequent analysis. The composite sample is then tested by one or more available, art
recognized methods including, for example, enrichment followed by immunoassay-based tests or
PCR-based methods, or culturing of the organism of interest, or other DNA- or
immunochemical-based methods.

The above-described prior art has several substantial deficiencies. First, even though the
prior art production lot encompasses several production sublots (for instance 5 combo/pallets of
products, or an entire shift of production), if a positive finding is obtained for the production lot
(composite test sample), the entire production lot is rejected (all 5 combos/pallets, or one shift of
production) and diverted to economically undesirable end uses (e.g., cooking or disposal), even
though the pathogen of concern may be confined to only a limited portion of the production
sublots (corresponding to one or two combos/pallets or an hour of production) comprising the
production lot.

Second, the current art does not allow for retesting of any production sublots, primarily
because microbial contaminants are unevenly spread throughout the products, and in many
instances the levels of contamination are minute and may be present on very small portions of
the products in each sublot. Therefore, once a composite sample is constructed if it tests positive
all of the sublots are destroyed. The regulatory agencies do not allow for re-testing of the
sublots, premised on the argument that after a production lot tests positive, negative test results
obtained for production sublots, or even a new production lot composite sample, are meaningless
since the microbial contaminants are not uniformly present throughout the products.

Third, the current protocols for collecting a composite sample representing a production
lot often group together production sublots that are unrelated by virtue of product type or hours
of production. This makes investigating the nature of the failure a difficult task even when

relevant information is available. As an example, information is frequently available on a ‘per
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combo’ basis including (but not limited to) hour of production, vendor source of raw materials,
production employees present, and operational status of microbial intervention process steps.
However, when five unrelated combos/pallets are included in a production lot it is much harder
to rationally analyze the available information since there is no way to determine which
combo(s) contained the pathogen (as stated above, prior art re-sampling is not a viable option
since it may not yield the same result). Likewise, for sterility testing, when the composite
sample tests positive, the entire production will be disposed.

Therefore, there is a pronounced need in the art to implement novel and effective testing
protocols that provide a greater measure of assurance that the food product is safe, that provide
economic relief to the producer, and that allow for effective tracking of the contaminated lot(s)
for remedial purposes (e.g., pinpointing the time of the contamination and determine the segment

of production which was impacted).

SUMMARY OF THE INVENTION

Aspects of the present invention provide novel enrichment, testing and detection methods
for detection of pathogens or other microbes in, for example, food, water, wastewater, industrial,
pharmaceutical, botanical, environmental samples and other types of samples analyzed by
detection methods (e.g., enrichment-detection methods). According to particular aspects, where
any microbiological testing program involves compositing a number of samples to form a test
lot, independent enrichment of each of the components of the composite sample is performed
with subsequent formation of a modular (e.g., wet modula) composite sample by combining
portions from each independent enrichment, which allows for determining the outcome of the
test for each individual subunit of the composite as opposed to generalizing the results of the test
sample to all of its” subunits. This individual outcome determination is achieved by retesting the
individual enrichment samples in the event that the composite enrichment tests positive.

In preferred aspects, a reportable lot is defined as a single unit of a modular (e.g,

modular wet) composite lot, rather than as an entire composite lot comprised of multiple sublots.
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For example, a reportable production lot is defined as a single unit of production and corresponds
to a single unit of a modular wet composite production lot, rather than (as in the prior art) as an
entire composite lot comprised of multiple production units (multiple sublots). With respect to
testing each reportable lot (e.g., each single unit of production), a plurality of pieces/portions of
sample are separately collected from each single reportable lot (e.g., from each single production
unit; individual test unit) and composited to form, for example, one ‘single-unit production lot
sample’ (corresponding, in each case, to a particular single unit of production), which is enriched
using appropriate enrichment protocols to allow for the levels of the target organism to reach
detection levels and uniformity of presence in the enriched sample. Multiple aliquots of the
enrichment media may be removed for analysis, thus circumventing the prior art problem of
having to re-sample a test production lot where microbial contaminants are not uniformly present
throughout the product.

In the exemplary context of enriched single units of production, equal portions of
enrichment buffer are removed (aseptically) from each single-unit production lot sample and
combined to form a Modular Wet Composite Sample MWCS). The MWCS is then tested using
an appropriate test (detection assay) for the target agent (e.g., target organism). If a negative
result is obtained from the MWCS, then all of the individual single-unit production lots are
released. Significantly, if a posifive result is obtained from a MWCS, the enrichment buffers
from each of the individual single-unit production lot samples are separately (individually)
tested, using the same test protocol, or a test protocol with enhanced sensitivity, or any
appropriate test protocol. According to particular preferred aspects, the signal obtained from a
MWCS is due to one or more of its’ components (e.g., reportable lots (e.g., individually enriched
single production units)), and it is, therefore, possible in all cases to trace a positive signal to one
or more individual subunits by testing each individual enrichment sample for the same target.
When a positive finding is obtained for any individual reportable lot sample (e.g., single-unit

production lot sample), that particular reportable lot (e.g., single-unit production lot) is deemed
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to be positive, and appropriate actions are taken based on the result. In the case of
pathogen/microbial testing for foods, the individual positive sublots can be diverted to cooking,
disposal, or other acceptably safe endpoint. The rest of the individually enriched test units that

test negative are deemed to be negative and will be reported as such (are validated).

DETAILED DESCRIPTION OF THE INVENTION

Particular aspects provide novel enrichment, testing and validation methods for detection
of pathogens or other microbes in any type of samples (e.g., food production lots, water,
wastewater, industrial, pharmaceutical, botanical, environmental samples, etc.) analyzable by
enrichment-detection methods. In preferred aspects, a test lot (single-unit production lot), rather
than (as in the prior art) a composite lot comprised of multiple test lots (e.g., single-unit
production lot units), is defined and established as the single unit of production. A plurality of
portions (e.g., product portions) are separately collected from each test lot (e.g., single-unit
production lot) and composited to form a corresponding set of test lot samples (e.g., single-unit
production lot samples), which are enriched using suitable enrichment protocols to allow target
agents/organisms to reach detectable levels and sample uniformity. In particular embodiments,
equal portions of enrichment buffer are removed (preferably aseptically) from the enriched
samples, and combined to form a modular composite sample (e.g., modular wet composite
sample; MWCS). The MWCS, for example, is tested using a suitable detection assay for the
target agent/organism. If a negative result is obtained from the MWCS, then all of the individual
single-unit production lots are validated and releasable. If a posifive result is obtained from a
MWTCS, the enrichment sample corresponding to individual test lots (e.g., individual single-unit
production lots) are separately (individually) tested, using the same, or a more sensitive test
protocol. If a positive finding is obtained for any test lot sample (e.g., individual single-unit
production lot sample), that particular respective lot is diverted to cooking, disposal, or other
acceptably safe endpoint. If a negative finding is obtained for any individual test lot sample

(e.g., single-unit production lot sample), then that particular lot is validated and releasable. In
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this manner, any member lot of the MWCS that tests negative using the same method (about 5-
fold more sensitive relative to the prior art), or an enhanced method (about fifty times more

sensitive), will be validated and releasable for consumption.

DEFINITIONS

The term “test lot” or “reportable lot” as used herein to refer to an assemblage of one or
more specimens of a medium or process (e.g., assemblage of specimens of air, water, solids, or
of products of a production process, etc.), where such assemblage can be sampled by taking
portions of the one or more specimens thereof, and where the one or more specimens of the
assemblage are operationally linked in a manner (e.g., proximity, time, process step, etc.)
whereby information derived about sampled portions is operationally applicable to all specimens
of the assemblage, and thus to the test lot. In particular instances, portions are synonymous with
specimens.

The term “single production unit” or “single-unit production lot” as used herein is a form
of test lot, and refers to a single unit of production (e.g., for beef trim a “combo,” or for almonds
a “bin”) rather than, as in the prior art, to a composite comprised of multiple, non-operationally
linked single production units (production sublots).

The term “product portion” as used herein refers to a product piece (e.g., a piece of solid
beef trim, etc.), aliquot of product (e.g., a volume of liquid juice) or weight of product (e.g., a
weight of semi-solid pudding). A single unit of production is composed of multiple product
portions. In preferred embodiments, the number of product portions which comprise a single
unit of production is great enough that removal of some product portions to form a sample does
not impose an unacceptable economic loss to the producer. In particular instances, a product
portion may be a specimen of a test lot as defined above.

The term “compositing” as used herein refers to combining a number of single product
portions to form one larger sample. In preferred embodiments, the number and selection of

single product portions to be combined conform to statistical-based sampling plans which seek to
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form a typical or average sample that is representative of the test lot (e.g., single production unit)
being sampled.

The term “test lot sample” or “single-unit production lot sample” or “single production
unit lot sample,” as used herein refers to a sample formed by combining multiple product
portions from a test lot (e.g., single production unit), such that each test sample (e.g., each single-
unit production lot sample) is attributed to a particular corresponding test lot (e.g., production
unit). For production lot samples, the number of potions/pieces combined many be essentially
any number, but preferably is selected so as to conform to statistical-based sampling plans.
Preferably the number of pieces combined is selected from the range group consisting of from
about 5 to about 100, from about 10 to about 90, from about 20 to about 80, from about 30 to
about 70, from about 30 to about 60, and from about 40 to about 50 product portions. Preferably,
the number of independent product portions is selected so as to yield a sample size that is equal
to or greater than that required by the subsequent analysis to be applied.

The term “enrichment” as used herein refers to incubating a test lot sample (e.g., single-
unit production lot sample) under conditions suitable to allow levels of a target agent/organism
that 1s present to reach detectable levels and become uniform or substantially uniform throughout
the enriched test lot sample (e.g., single-unit production lot sample). Preferably, enrichment
comprises addition of an amount of an enrichment medium or buffer to a sample, and incubating
the sample at a favorable temperature for a period of time sufficient to allow the organism to
grow and multiply.

The term “enrichment medium” as used herein refers to a mixture which contains
nutrients and which has properties (e.g., pH and/or oxygen content) which favor the growth of
the target agent/organism. Preferably, the enrichment medium is formulated to mimic the
environment of the target agent/organism or take advantage of a known metabolic property of the
target agent/organism. Preferably, the enrichment medium will omit nutrients needed by

competing undesired agents/organisms. Preferably, the enrichment medium will include
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selective agents that will inhibit competing undesired agents/organisms. An example of an
enrichment medium is that used for the isolation of nitrogen fixing bacteria (those that can use
nitrogen gas as their sole nitrogen source) contains no source of fixed nitrogen in the medium. A
second example is an enrichment medium for the isolation of bacteria capable of utilizing 2,4-
dichlorophenoxyacetic acid (also known as 2,4-D, a common herbicide) as a source of carbon
and energy. The enrichment medium is formulated to contain benzoate as the only organic
compound.

The term “wet enrichment” as used herein refers to diluting a solid, semisolid or liquid
single-unit production lot sample (single production unit lot sample) with enrichment medium in
a ratio of approximately 1:10 (wt./v), consistent with conventional methods for expanding and
testing a variety of target agents/organisms as set forth in widely recognized published methods.
For example, the conventional method for expanding and testing for coliforms, fecal coliforms
and E. Coli in food, comprises a 1:10 dilution of the samples (e.g., 50 g into 450 ml) (see, e.g.,
U.S. FDA Bacteriology Analytical Manual Online, Chapter 4 and 4A, describing standard 1:10
dilution procedures for testing of coliforms, fecal coliforms and £. Coli in food, shellfish and
juices).

The term “dry enrichment” as used herein refers to enriching a solid, semisolid or liquid
single unit production lot sample either with no addition of other compounds if the sample’s
intrinsic properties (water activity, nutrients and pH) are sufficient/proper to promote the growth
of the target agent/organism, or by dilution of the sample with minimal amounts of enrichment
medium in ratios ranging from about 0.1 (wt/v) to about 1 (wt/v).

The term “modular composite sample” as used herein refers to a sample formed by
removing, preferably aseptically, equal portions of each of a plurality of enriched single-unit
production lot samples, and combining the removed portions.

The phrase “suitable detection assay” as used herein refers to any assay that is suitable
for detecting a particular agent/organism. Preferably, the assay is optimized to detect the
-10 -
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particular agent/organism, and may be combined with one or more concentration steps for
concentration of the agent/organism being assayed.

The term “validation” as used herein with respect to production lots refers to determining
that a particular sample tests negative using the detection assay. Where a modular composite
sample tests negative, all single-unit production lot samples comprising the composite sample
are validated along with the respective single-unit production lots, which are thus cleared for
release. Where a modular composite sample tests positive, individual single unit production lots
may nonetheless yet be validated if particular respective single-unit production lot samples test
negative.

“Trim” refers to small pieces of meat and fat which are excised during, for example, the
beef fabrication process in order to produce primal and subprimal pieces and marketable cuts.

“Trim testing” refers to the process of testing trim, or raw materials which are to be used
for ground meat production for microbial/pathogen content.

A “combo” or “combo-bin” refers, in the beef industry, to the single production unit
packaging unit. Alternatively raw materials corresponding to a single production unit to be
tested can be packaged into boxes, bags or other appropriate containers, which can be placed, for
example, on pallets.

A “composite lot-unit” or “five-combo-lot unit” refers to a composite unit, comprised of
five combos (combo-bins). In prior art sampling plans, the composite lot-unit represents the raw
material (composite trim) upon which sampling, testing and acceptance or rejection is based.

Therefore, according to particular aspects, a test lot (or test unit) (e.g., a single-unit
production lot or single production unit lot) is defined and taken as one or more operationally-
linked specimens of a medium or process. A test lot may be a single unit of production (e.g., a
single combo, bin, pallet, or segment of production, etc.), or a single environmental sample (e.g.,
single air sample, single water and wastewater sample, etc.), rather than, as in the prior art, as a
composite of multiple production units or environmental samples.
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In preferred embodiments, a number of pieces or portions of sample are collected from a
test lot (e.g., from a single production unit (e.g., from the single combo, bin, pallet, or segment of
production, etc.), and composited to form one ‘single-unit test sample’ (or ‘single-unit
production lot sample.”’ 1In particular embodiments (e.g., wet enrichment), enrichment buffer is
added to the sample. In alternate embodiments, ‘dry enrichment’ (as defined herein above) is
done.

Significantly, in the inventive modular (e.g., wet modular) compositing method, samples
taken from each unit of production are enriched separately using appropriate enrichment
protocols to allow for the levels of the target organism to reach detection levels and uniformity of
presence in the enriched sample. In preferred aspects, such enrichment obviates the prior art
problem of having microbial contaminants that are not uniformly present throughout the product
sample. Specifically, while microbes are not necessarily uniformly distributed in food, water,
air, pharmaceuticals, etc., after enriching a sample as described herein, the target microbes are
uniformly, or as least substantially uniformly, present in the enrichment medium or extract from
dry or semi dried enrichments.

Following incubation for the target organism, equal portions of enrichment buffer or
sample are removed (aseptically) from each of several test lot samples (e.g., from several single-
unit production lot samples; preferably 5) and pulled together to form a Modular Wet Composite
Sample (MWCS). The MWCS is then tested using an appropriate test (detection assay) for the
target organism. If a megative result is obtained from the MWCS, then all of the individual
single unit production Lots are released.

If a positive result is obtained from a MWCS, the enrichment buffers from each of the
individual single unit production lot samples are then separately (individually) tested, using the
same test protocol, or any other appropriate tests. Alternately, an augmented protocol that uses a

concentration step for the target organism, such as immunomagnetic bead separation, affinity
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chromatography, etc., followed by an appropriate detection method is used to test the enriched
individual test lot samples (e.g., the individual single-unit production lot samples).

In preferred aspects, the inventive methods of analysis are modified by introducing a
concentration step (e.g., employing antibody-coated paramagnetic beads into the procedure (e.g.,
DNA-based detection, biosensor based detection, classical microbiological detections, etc)).
Antibody-coated paramagnetic beads, for example, afford an approximately 10-fold increase in
sensitivity. This concentration step, combined with the fact that the individual test lot samples
(e.g., individual single-unit production lot samples) are not 5-fold diluted relative to the MWCS,
allows for an overall 50-fold increase in sensitivity relative to prior art sampling and testing
protocols. If a lateral flow device is used for detection, such immunomagnetic concentration
may or may not be used, in which case the detection sensitivity is increased by about 5-fold.

Where a positive finding (test result) is obtained for any individual test lot sample (e.g.,
single-unit production lot sample), that particular corresponding test lot (e.g., single-unit
production lot) is deemed to be positive, and appropriate decisions are then made on the positive
results (e.g., in the case of food products, diversion to cooking, disposal, or other acceptably safe
endpoint). For each of the rest of the test lot samples (e.g., single-unit production lot samples)
belonging to the positive MWCS, where a negative finding is obtained, that particular test lot
sample (e.g., that single-unit production lots sample) is deemed to be negative. In this manner,
any test lot (e.g., any single-unit production lot) that is a member of the group of test lots (e.g.,
single-unit production lots) that comprise a corresponding MWCS, will be considered to be
negative, if it tests negative using the same method (about 5-fold more sensitive relative to the
prior art), or the enhanced method (about fifty times more sensitive).

In alternate preferred embodiments, a new Modular Wet Composite Sample is
reconstructed from the member lots (test lots) that have tested negative, and subjected to a third
layer of testing to again show (confirm) that they are negative. Specifically if one of the five
individual test lots (e.g., individual single-unit production lots) has tested positive (and the other
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four negative), and the protocols call for testing of composites consisting of five test lots, a new
single test lot sample can formed from a new test lot, and can be used along with the four
negative samples to form a new MWCS.

The methods of the present invention provide substantial economic savings to the food
and pharmaceutical industries, because of the precision in detecting in the context of
operationally-linked portions of production (e.g., test lots; single production units; single-unit
production lots) which are contaminated. The inventive methods prevent unnecessary
destruction of negative lots that are condemned because of guilt by association (e.g., simply
because they were grouped with a contaminated composite prior art multiple production unit lot
in a prior art testing protocol). Where a positive finding is obtained, a smaller quantity of
material is diverted to an economically undesirable end use. The proposed invention has
substantial utility (e.g., bringing savings, accuracy and precision in pinpointing problems) in the
environmental industry.

Additionally, and significantly, it is easier to trace the source of the contamination and
apply remedial measures, because the single-unit test component points, for example, to single

point of production or a single sampling site.

Particular Preferred Aspects:

Particular aspect provide a method of sampling, testing and wvalidating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of test lots, the
test lots each comprising an assemblage of one or more operationally-linked specimens, wherein
the assemblage can be sampled by taking portions thereof, combining the collected portions
corresponding to each of the test lots to provide a corresponding set of test lot samples, wherein
each test lot sample is attributed to a particular corresponding test lot; incubating the set of test
lot samples under conditions suitable to allow levels of a target agent or organism that is present
in one or more of the samples to reach detectable levels and become uniform, or substantially

uniform, throughout the respective one or more samples, to provide a set of enriched test lot
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samples; removing, aseptically, equal portions of each enriched test lot sample, and combining
the removed portions to provide a modular composite sample; and testing of the modular
composite sample, using a suitable detection assay, for the target agent or organism, wherein
where such testing is negative all test lot samples are validated, and wherein where such testing
is positive, individual test lots may nonetheless yet be validated by further testing of a portion of
the respective enriched test lot sample using the same or a more sensitive protocol and obtaining
a negative test result.

In particular aspects, the test lot is selected from the group consisting of an environmental
lot comprising one or more operationally-linked environmental specimens, pharmaceutical lot
comprising one or more operationally-linked pharmaceutical specimens, single-unit product lot
comprising one or more operationally-linked product specimens, and combinations thereof. In
particular aspects, the test lot is a single-unit production lot, comprised of operationally-linked
product specimens. In particular aspects, product specimens are synonymous with product
portions. In particular aspects, the methods further comprise incubating the modular composite
sample prior to testing it. In particular aspects, incubating each test lot sample comprises adding
an amount of enrichment medium to the sample, and removing enriched sample portions
comprises removing a portion of the enrichment medium from each enriched sample and
combining the removed portions to provide a modular composite sample. In particular aspects,
testing of the modular composite sample, using a suitable detection assay comprises use of a
concentration step to concentrate the microbial agent or organism.

In particular aspects, where testing of the modular composite sample is positive, and
wherein the individual test lots are further tested, such further testing comprises use of the more
sensitive protocol. Preferably, the more sensitive protocol comprises use of a concentration step
to concentrate the microbial agent or organism, in combination with the same test protocol used

to test the modular composite sample.
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In particular aspects, the methods further comprise forming an additional modular
composite sample from the enriched test lot samples and testing the additional modular
composite sample, using the same or a different suitable assay, to confirm the testing status. In
particular aspects, the methods further comprise forming an additional modular composite
sample from an additional enriched test lot sample along with any enriched test lot samples that
test negative, and testing the additional modular composite sample, using the same or a different
suitable assay. In particular aspects, the methods further comprise, where testing of the modular
composite sample is negative, forming an additional modular composite sample from the
enriched test lot samples, and testing the additional modular composite sample, using a different
suitable assay, to confirm the negative testing status.

In particular aspects, the test lot is selected from the lot group consisting of a single
combo, single bin, single pallet, and a segment of production. Preferably, the number of test lots
is from about 3 to about 10, about 5 to about 8, or about 5.

In particular aspects, the methods further comprise, where testing of the modular
composite sample is positive, determining which individual test lots are positive, and application
of remedial measures that are specific to one or more individual test lots that test positive. In
particular aspects, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot a number of portions selected from the group
consisting of from about 5 to about 100, from about 10 to about 90, from about 20 to about 80,
from about 30 to about 70, from about 30 to about 60, and from about 40 to about 50 portions.
Preferably, separately collecting a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot about 30 to about 60 portions. Alternatively,
separately collecting a plurality of portions from each of a plurality of test lots comprises
separately collecting from each test lot about 30 portions. Preferably, separately collecting a
plurality of portions from each of a plurality of test lots comprises separately collecting from
each test lot about 60 portions.
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Particular aspects provide a method of sampling, testing and wvalidating test lots,
comprising: separately collecting a plurality of portions from each of a plurality of single-unit
production lots, the single-unit production lots each comprising an assemblage of one or more
product specimens, wherein the assemblage can be sampled by taking portions thereof;
combining the collected product portions corresponding to each of the single-unit production lots
to provide a corresponding set of single-unit production lot samples, wherein each single-unit
production lot sample is attributed to a particular corresponding single-unit production lot;
incubating the set of single-unit production lot samples under conditions suitable to allow levels
of a target agent or organism that is present in one or more of the single-unit production lot
samples to reach detectable levels and become uniform, or substantially uniform, throughout the
respective one or more samples, to provide a set of enriched single-unit production lot samples;
removing, aseptically, equal portions of each enriched single-unit production lot sample, and
combining the removed portions to provide a modular composite sample; and testing of the
modular composite sample, using a suitable detection assay, for the target agent or organism,
wherein where such testing is negative all single-unit production lot samples are validated, and
wherein where such testing is positive, individual single-unit production lots may nonetheless yet
be validated by further testing of a portion of the respective enriched single-unit production lot
sample using the same or a more sensitive protocol and obtaining a negative test result.

The following Examples are exemplary are not intended, and should not be construed to

limit the scope of the aspects of the present conception that are claimed hereunder.

EXAMPLE 1

(The present inventive methods were shown to provide a substantial economic advantage, while
providing for enhanced safety, and implementation of remedial measures)

At present, the standard size ‘production lot’ for trim testing for £. coli O157 in the beef
industry in the USA is a combination of five combos, where each combo represents a single
production unit and weighs approximately 2,000 pounds. An inventive modular composite

sample method, and in particular a Modular Wet Composite Sample (MWCS) method was
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implemented at a United States beef producer. TABLE 1 shows, according particular aspects,
the result of testing 62,919 MWCS samples, and then retesting the individual single-unit
production lot (combo) samples whenever a posifive result was obtained from the MWCS
sample.

TABLE 1 shows that out of 62,919 MWCS samples, a total of 217 yielded a positive
testing result for £. coli O157. Using prior art protocols, all of the single-unit production lots
that comprised the 271 positive samples would go to rendering or be downgraded for cooking.
As each MWCS represents five single-unit production lots of 2,000 lbs each, this would
represent approximately 2,710,000 pounds of product (i.e., 271 x 5 x 2,000 pounds = 2,710,000
pounds).

Specifically, the individual single-unit production lot samples comprising the MWCS
were analyzed separately following each positive MWCS result. As can be seen in TABLE 1,
only 391 individual single-unit production lot samples yielded a positive result out of the
cumulative total of 1,085 individual single-unit production lot samples comprising the MWCS
samples which yielded a positive result. If only the 391 individual single-unit production lots
yielding a positive sample result were diverted to rendering or downgraded for cooking this
would represent 782,000 Ibs of product. The remaining 694 individual single-unit production
lots, corresponding to 1,928,000 Ibs of product, are, according to preferred aspects of the present
invention, validated and releasable into the chain of commerce.

The product, in this Example I, being produced by this U.S. beef producer was beef trim.
The release of the validated 19,280,000 lbs of beef trim into commerce using the present
invention, instead of diverting or downgrading the product, trim, represents a cost savings to the
producer of about $2,500,000, relative to prior art methods. Additionally, the testing of the
single-unit production lots by augmented testing protocols (representing a 5- to 50-fold increase
in sensitivity relative to the MWCS testing) provides substantial additional assurance of the
safety of the food products.
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Furthermore, as outlined above under “BACKGROUND,” information is frequently
available on a ‘per combo’ basis including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps. However, when five unrelated combos are included in a combined ‘production
lot’ (as in the prior art) it is much harder to rationally analyze the available information since
there is no way to determine which combo(s) contained the pathogen (as stated above, prior art
re-sampling is not a viable option since it may not yield the same result).

By contrast, in this Example I and according to preferred aspects of the present invention,
any combo-specific information including, but not limited to hour of production, vendor source
of raw materials, production employees present, and operational status of microbial intervention
process steps can be brought to bear in the context of the 391 individual single-unit production
lots yielding a positive sample result, thereby providing an effective means not only to trace

contamination, but also to affect remedial measures in view thereof.

TABLE 1: Results of modular wet composite sampling of 62,919 multiple lots and number of
Individual Production Unit Lot (IPUL) which tested positive when MWCS tested positive

#
Location Total # Analyses | Positives | 1 IPUL | 2 IPULs | 3IPULs | 4 IPULs | S IPULs
Est. A, B, C. 62,919 271 180 39 18 11
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EXAMPLE I1

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of Ready-to-Eat (RTE) products (e.g., meat and poultry
products))

Under United States Department of Agriculture, Food Safety and Inspection Service
(USDA FSIS) guidelines, producers of Ready-to-Eat (RTE) meat and poultry products may
adapt an ‘end product’ sampling program as verification that their product is free of the pathogen
Listeria monocytogenes.  The frequency of end product sampling is selected by the
producer/establishment, based on valid sampling statistics. Typically, samples are collected at
random times over a production shift (e.g., from ‘cleanup to cleanup’), and from several product
lines. The samples are combined to form a composite sample, and enrichment buffer is added to
the composite sample to allow Listeria spp. or L. monocytogenes to grow and multiply under the
favorable conditions of enrichment, thereby providing more material that can be detected by
subsequent analysis.

According to particular aspects of the present invention the producer of RTE meat or
poultry products collects samples from individual single-unit production lots. Preferably, the
producer defines and produces these single-unit lots in such a fashion as to maximize the
information available for investigating the nature of a failure. For example, possible definitions
of an individual single-unit production lot include, but are limited to all of the product produced
by a particular production line (or produced by a particular production line in a particular period
of time), a volume of product such as a pallet of packed boxes produced on a particular
production line, or a production area in the plant, etc.

Individual single-unit production lot samples are collected, to which, in wet enrichment
embodiments, enrichment medium/buffer is added. Following incubation under conditions
suitable to allow levels of a target agent or organism that is present to reach detectable levels and
become uniform or substantially uniform throughout the respective sample(s), aliquots of the

enrichment medium/buffers from individual single-unit production lot samples are combined to
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form a MWCS. The MWCS is then analyzed for the presence or absence of, for example,
Listeria spp. or L. monocytogenes. In the event that a positive result is obtained for the MWCS,
enrichment medium/buffer sample from the individual single-unit production lot samples
comprising that MWCS is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment medium/buffer from the
corresponding sample yields a positive result are diverted to cooking, disposal or other safety
endpoint. Individual single-unit production lots for which the enrichment medium/buffer from
the corresponding sample yields a negative result are released into commerce. The latter fraction
represents a direct cost savings to the producer relative to a prior art approaches where a
‘production lot’ is defined to include multiple single-unit production lots (e.g., multiple product
lines and an extended period of time (‘cleanup to cleanup’)).

Furthermore, by defining and establishing the individual single-unit production lots in
such a fashion as to maximize the information available for investigating the nature of a failure,
the producer is able to narrow the scope of investigation and apply remediative resources more
effectively and efficiently. For example, where a positive result(s) is associated with one or
more specific production lines, targeted aggressive sanitation is used to resolve the problem.
Alternatively, for example, where a positive result(s) is associated with one or more specific
products, determining whether raw materials are contaminated, or whether process microbial

intervention steps were operating properly are effectively and efficiently used.

EXAMPLE 111

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility for providing cost-effective and effective monitoring means for pathogen
levels in nut products (e.g., almond products) and the like)

A large number of almond products may be produced by using one or more processes
including slivering, scalding, blanching, slicing, roasting, and dicing. Anti-microbial treatments

may also be applied, such as use of propylene oxide. In practice, these processes may be used in
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many various combinations, and the output from one process may be the input for another. This
makes it very difficult to trace finished product all the way back to raw materials.

As indicated by a recent outbreak, almond products are susceptible to contamination by
Salmonella spp. According to additional aspects, the present inventive methods provide a cost-
effective means of implementing an effective monitoring program for pathogen levels in nut
products (e.g., almond products). In such embodiments, final almond products of each type are
collected at random times over a production shift. The producer defines and establishes
individual single-unit production lots as the amount of product produced during a production
shift (from ‘cleanup to cleanup’), or as some smaller production unit (e.g., a ‘truckload’),
provided that one sample was collected from each such single-unit production lot. The single-
unit production lot samples are combined to form a corresponding composite sample, and, in wet
enrichment embodiments, enrichment medium/buffer is added to the composite sample to allow
Salmonella spp. to grow and multiply under the favorable conditions of enrichment (as described
herein above), thereby providing more material that can be detected by subsequent analysis.

Aliquots of the enrichment medium/buffers from individual single-unit production lot
samples are combined to form a MWCS. The MWCS are analyzed for the presence or absence,
for example, of Salmonella spp. Where a positive result is obtained for the MWCS, each
enrichment buffer from the individual single-unit production lot samples comprising that MWCS
is analyzed using the same, or augmented testing protocols.

Individual single-unit production lots for which the enrichment buffer from the
corresponding sample yields a positive result are returned for application of additional microbial
intervention steps (e.g., roasting), or are diverted to a safe endpoint (e.g., a cooked product).
Individual single-unit production lots for which the enrichment buffer from the corresponding
sample yields a negative result are thereby validated and are releasable into commerce. The

latter fraction represents a direct cost savings to the producer relative to prior art approaches
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where effective testing is not done, and discovery of contamination with a pathogen leads to
large scale recalls of product.

Furthermore, by defining and establishing the individual production single-unit
production lots in such a fashion as to maximize the information available for investigating the
nature of a failure, the producer is able to narrow the scope of investigation and apply
remediative resources more effectively and efficiently. For example, the processes used to
produce the almond product(s) yielding positive result(s) are rationally analyzed, and
associations between the pathogen contamination and one or more of the processes of slivering,
scalding, blanching, slicing, roasting, and dicing are determined, and targeted effective and

efficient remedial measures are applied.

EXAMPLE IV

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of contaminants that enter a production line at a given time
point, and then clear)

Sterility testing of food and pharmaceuticals, or purity testing of fermentation processes
often involves compositing a number of samples to form a composite test lot. Detection of
microbial contamination in the composite sample, as discussed in detail herein above, results in
rejection of the whole production. Practically speaking, often a pinpoint contaminant enters
production at a given time point, and then clears within a few minutes. Aspects of the present
invention allow for identifying the time of entry, and informed elimination of products

(operationally linked test lots) flanking the contamination event.

EXAMPLEYV

(According to particular aspects of the present invention, the inventive sampling methods have
substantial utility in the context of environmental monitoring (e.g., with samples of water,
wastewater, sludge, soil, surface sponges, surface swabs, condensates, air or liquids))

In the context of environmental monitoring, when several samples (water, wastewater,
sludge, soil, surface sponges, surface swabs, condensates, air or liquids) are composited and

subjected to enrichment, followed by testing to detect environmental contamination, the current
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invention allows for pinpointing the test lots (e.g., operationally-linked unit(s)) that are positive

for the microbe of concern.
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CLAIMS

1. A method of sampling, testing and validating test lots for microbial
contamination, comprising:

a) collecting a plurality of portions from each of a plurality of test lots, the test lots each
comprising an assemblage of one or more specimens, wherein each test lot is separately_sampled
by taking said plurality of portions thereof;

b) combining the collected plurality of portions corresponding to each of the separate test
lots to provide a corresponding set of separate test lot samples, wherein each separate test lot
sample is attributed to a particular corresponding separate test lot;

¢) incubating the set of separate test lot samples under conditions suitable to allow levels
of a target agent or organism that is present in one or more of the separate test lot samples to
reach detectable levels and become uniform, or substantially uniform, throughout the respective
one or more separate test lot samples, to provide a set of separate test lot samples enriched for
the target microbial agent or organism;

d) removing portions of each enriched separate test lot sample, and combining the
removed portions to provide a modular composite sample; and

e) testing of the modular composite sample, using a suitable detection assay, for the target
microbial agent or organism, wherein when such testing is negative all of said separate test lot
samples are validated, and wherein when such testing is positive, individual separate test lots
may nonetheless yet be validated by further testing of a portion of the respective enriched
separate test lot sample using the same or a more sensitive protocol and obtaining a negative test

result.

2. The method of claim 1, wherein the test lot is selected from the group consisting
of an environmental lot comprising one or more operationally-linked environmental specimens,

pharmaceutical lot comprising one or more operationally-linked pharmaceutical specimens,
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single-unit product lot comprising one or more operationally-linked product specimens, and

combinations thereof.

3. The method of claim 1, wherein the test lot is a single-unit production lot,

comprised of operationally-linked product specimens.

4. The method of claim 3, wherein product specimens are synonymous with product
portions.
5. The method of claim 1, further comprising incubating the modular composite

sample of d), prior to testing in e).

6. The method of claim 1, wherein incubating each test lot sample in ¢) comprises
incubating each separate test lot sample with enrichment medium suitable to enrich for the target
microbial agent or organism, and wherein removing in d) comprises removing a portion of the
enrichment medium from each enriched separate sample and combining the removed portions to

provide a modular composite sample.

7. The method of claim 1, wherein testing of the modular composite sample, using a
suitable detection assay comprises use of a concentration step to concentrate the microbial agent

or organism.

8. The method of claim 1, wherein where testing in e) of the modular composite
sample is positive, and wherein the individual separate test lot samples are further tested, such

further testing comprises use of the more sensitive protocol.

9. The method of claim 8, wherein the more sensitive protocol comprises use of a
concentration step to concentrate the microbial agent or organism, in combination with the same

test protocol used to test the modular composite sample.
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10. The method of claim 1, further comprising, forming an additional modular
composite sample from the set of enriched separate test lot samples of c¢) and testing the
additional modular composite sample, using the same or a different suitable assay, to confirm the

testing status.

11. The method of claim 1, further comprising, forming an additional modular
composite sample from an additional enriched separate test lot sample along with any enriched
separate test lot samples of c) that test negative in e), and testing the additional modular

composite sample, using the same or a different suitable assay.

12. The method of claim 1, further comprising, where testing of the modular
composite sample in e) is negative, forming an additional modular composite sample from the
set of enriched separate test lot samples of c¢), and testing the additional modular composite

sample, using a different suitable assay, to confirm the negative testing status.

13. The method of claim 1, wherein the test lot is selected from the lot group

consisting of a single combo, single bin, single pallet, and a production assemblage.

14.  The method of claim 1, wherein the number of separate test lots is from 3 to 10.

15. The method of claim 1, further comprising, where testing of the modular
composite sample is positive, determining which individual separate test lots are positive,
application of remedial measures to said separate positive test lots, and validating by further
testing of a portion of the respective remediated separate test lots and obtaining a negative test

result.

16.  The method of claim 1, wherein, in a), separately collecting said plurality of
portions from each of said plurality of separate test lots comprises separately collecting from

each separate test lot a number of portions from 5 to 100.
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17. The method of claim 1, wherein, in a), separately collecting said plurality of
portions from each of said plurality of separate test lots comprises separately collecting 30 to 60

portions from each separate test lot.

18.  The method of claim 1, wherein, in a), separately collecting said plurality of
portions from each of said plurality of separate test lots comprises separately collecting 30

portions from each separate test lot.

19.  The method of claim 1, wherein, in a), separately collecting said plurality of
portions from each of said plurality of separate test lots comprises separately collecting 60

portions from each separate test lot.

20. A method of sampling, testing and validating test lots for microbial
contamination, comprising:

a) collecting a plurality of portions from each of a plurality of single-unit production lots,
the single-unit production lots each comprising an assemblage of one or more product
specimens, wherein each single-unit production lot is separately sampled by taking said plurality
of portions thereof;

b) combining the collected plurality of product portions corresponding to each of the
separate single-unit production lots to provide a corresponding set of separate single-unit
production lot samples, wherein each separate single-unit production lot sample is attributed to a
particular corresponding separate single-unit production lot;

¢) incubating the set of separate single-unit production lot samples under conditions
suitable to allow levels of a target agent or organism that is present in one or more of the separate
single-unit production lot samples to reach detectable levels and become uniform, or
substantially uniform, throughout the respective one or more separate single-unit production lot
samples, to provide a set of separate single-unit production lot samples enriched for the target
microbial agent or organism;
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d) removing portions of each enriched separate single-unit production lot sample, and
combining the removed portions to provide a modular composite sample; and

e) testing of the modular composite sample, using a suitable detection assay, for the target
agent or organism, wherein when such testing is negative all of said separate single-unit
production lot samples are validated, and wherein when such testing is positive, individual
separate single-unit production lots may nonetheless yet be validated by further testing of a
portion of the respective enriched separate single-unit production lot sample using the same or a

more sensitive protocol and obtaining a negative test result.

21. The method of claim 1, wherein removing portions in step d) is removing equal

portions, aseptically, so as to preclude contamination of the enriched separate test lot samples.

22. The method of claim 20, wherein removing portions in step d) is removing equal
portions, aseptically, so as to preclude contamination of the enriched separate single-unit

production lot samples.

23. The method of claim 1, wherein the target microbial agent or organism comprises

at least one selected from the group consisting of Listeria, Salmonella and Escherichia coli.

24.  The method of claim 1, wherein the target microbial agent or organism comprises
at least one selected from the group consisting of Listeria spp., Listeria monocytogenes,

Salmonella spp., Escherichia coli O157:H7, coliforms and fecal coliforms.

25. The method of claim 1, wherein the target microbial agent or organism comprises

a spoilage organism.

26. The method of claim 1, wherein removing portions of each separate enriched test

lot sample comprises removing equal volume portions of each enriched separate test lot sample.
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27. The method of claim 1, wherein testing of the modular composite sample, using a
suitable detection assay comprises use of at least one of a DNA-based method, an

immunochemistry-based method, and a biosensor-based method.

28. The method of claim 7 wherein the concentration step comprises at least one of

immunomagnetic bead separation, and affinity chromatography.

29. The method of claim 1, wherein the separate test lots are production lots of a meat
or poultry product, comprising an assemblage of one or more meat or poultry specimens,

respectively.

30.  The method of claim 29, wherein the meat or poultry specimens are meat trim

pieces or poultry trim pieces, respectively.

31 The method of claim 29, wherein the meat is that of beef, pork, sheep or bison.

32. The method of claim 1, wherein the separate test lots are separate production lots
of a fish or seafood product, comprising an assemblage of one or more fish or seafood

specimens, respectively.

33. The method of claim 1, wherein the separate test lots are separate production lots

of a ready-to-eat product.

34.  The method of claim 6, wherein the medium comprises a selective agent that will

inhibit a competing non-target microbial agent or organism.
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10

ABSTRACT OF THE DISCLOSURE

Particular aspects provide a method of sampling, testing and validating test lots
(e.g., single-unit production lots), comprising: assembling a plurality of product portions from
each of a plurality of test lots and combining the collected product portions to provide a
corresponding set of test lot samples (wherein each test lot sample is attributed to a particular
corresponding test lot); enriching the set of test lot samples; removing equal portions of each
enriched sample, and combining the removed portions to provide a modular composite sample;
and testing of the modular composite sample for the target agent/organism, wherein where such
testing is positive, individual test lots may nonetheless yet be validated by further testing of a
respective enriched test lot sample and obtaining a negative test result. The methods have broad
utility for monitoring all sorts of test lots (e.g., environmental lots, production lots,

pharmaceutical lots, etc.) and for efficiently affecting informed, targeted remedial measures.
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