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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

INSTITUTE FOR ENVIRONMENTAL )
HEALTH, INC., )
)
Plaintiff, )
) C.A.No.

V. )

) JURY TRIAL DEMANDED
NATIONAL BEEF PACKING COMPANY, )
LLC, )
)
Defendant. )

COMPLAINT FOR PATENT INFRINGEMENT

1. Plaintiff Institute for Environmental Health, Inc. (“Plaintiff” or “IEH”) is an
industry leader in food safety and owns patents covering its innovative methods of testing for
microbiological contamination. Founded in 2000, IEH is a family-owned and operated company
that has become one of the nation’s leading providers of testing for microbiological
contamination. IEH invests heavily in research and development to improve the efficiency and
accuracy of biological testing. Patent offices around the world, including the U.S. Patent Office
(“USPTQO”), have granted IEH numerous patents in recognition of IEH’s innovation in this field.
IEH leverages its patented technology and methods to provide its services to customers, helping
to secure the safety of food resources provided to consumers throughout the United States and
around the world.

2. Through this Complaint, IEH brings claims for patent infringement against
National Beef Packing Company, LLC (“Defendant” or “National Beef”) based on the

following:
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PARTIES
3. Plaintiff IEH is a Washington corporation with its principal place of business
located in Lake Forest Park, Washington.
4. On information and belief, Defendant National Beef is a Delaware limited
liability company with its principal place of business located in Kansas City, Missouri.

JURISDICTION AND VENUE

5. These claims are for patent infringement arising under the patent laws of the
United States, 35 U.S.C. § 1 et seq.

6. This Court has original jurisdiction over IEH’s claims pursuant to 28 U.S.C.
§§ 1331 and 1338(a).

7. This Court has personal jurisdiction over National Beef because it is formed under
the laws of Delaware.

8.  Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b) and 1400(b).

IEH’S ASSERTED PATENTS

9. IEH is the owner by assignment of all rights, title, and interest in U.S. Patent
No. 7,534,584 (the “’584 Patent”) entitled “Modular Compositing—Multiple Lot Screening
Protocols for Detection of Pathogens, Microbial Contaminants and/or Constituents.” The
USPTO duly and legally issued the ’584 Patent on May 19, 2009. The USPTO issued a
reexamination certificate for the 584 Patent on March 6, 2019. A copy of the *584 Patent is
attached as Exhibit A to the Complaint.

10. IEH is the owner by assignment of all rights, title, and interest in U.S. Patent
No. 8,822,143 (the “’143 Patent”) entitled “Modular Compositing—Multiple Lot Screening

Protocols for Detection of Pathogens, Microbial Contaminants and/or Constituents.” The



Case 1:23-cv-00826-JHS Document1l Filed 08/01/23 Page 3 of 18 PagelD #: 3

USPTO duly and legally issued the 143 Patent on September 2, 2014. A copy of the 143 Patent
is attached as Exhibit B to the Complaint.

11. IEH is the owner by assignment of all rights, title, and interest in U.S. Patent
No. 9,637,771 (the *’771 Patent”) entitled “Modular Compositing—Multiple Lot Screening
Protocols for Detection of Pathogens, Microbial Contaminants and/or Constituents.” The
USPTO duly and legally issued the 771 Patent on May 2, 2017. A copy of the *771 Patent is
attached as Exhibit C to the Complaint.

12. IEH is the owner by assignment of all rights, title, and interest in U.S. Patent
9,845,486 (the “’486 Patent”) entitled “Enrichment Methods for the Detection of Pathogens and
Other Microbes.” The USPTO duly and legally issued the 486 Patent on December 19, 2017.
A copy of the *486 Patent is attached as Exhibit D to the Complaint.

THE INVENTIONS DESCRIBED IN THE ’584, ’143, AND *771 PATENTS

13.  Food producers, manufacturers, and regulators strive to improve the safety and
quality of food products by safeguarding against harmful microbiological contamination, such as
E. coli, Listeria, and Salmonella. See *143 Patent Col. 1:49-50; *771 Patent Col. 1:56-57; *584
Patent Col. 1:37-38; *486 Patent Col. 1:40-42.

14. Inoraround 2002, an IEH scientist invented new methods of testing for
contamination that have since revolutionized the food industry and were subsequently patented
through the 584 Patent, the *143 Patent, the’771 Patent, and the *486 Patent (collectively, the
“Asserted Patents”). The inventor assigned each of the Asserted Patents to IEH.

15.  The ’584 Patent, the *143 Patent, and the *771 Patent (collectively, the “Asserted
Pooling Patents”) involve a method known as “wet pooling.” The patented methods may be used

to simultaneously test multiple lots of food for contamination. For example, in the context of
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meat products, a “lot” of beef trim may consist of a combo-bin containing 2,000 pounds of beef
trim. The patented methods can be used to test five such lots simultaneously, greatly improving
efficiency and lowering costs, while maintaining accuracy.

16. The methods patented in the Asserted Pooling Patents begin, for example, by
“separately collecting multiple independent samples” from each lot. *584 Patent Claim 1(a);
’143 Patent Claim 1(a); *771 Patent Claim 1(a). In the beef example, this collection step may
involve gathering, for example, sixty independent samples (portions or pieces) of beef trim.

17.  Those samples are combined to form a composite sample that is representative of
the lot from which the samples were collected. ’584 Patent Claim 1(b); *143 Patent Claim 1(b);
"771 Patent Claim 1(b). That composited sample is then added to an enrichment medium, often a
liquid broth containing nutrients allowing the target microbe (e.g., E. coli) to grow. ’584 Patent
Claim 1(c); *143 Patent Claim 1(c); *771 Patent Claim 1(c). This enriched composite allows for
more accurate testing for contamination because it contains a greater volume of detectable
microbes.

18.  This process is performed for each lot to create multiple enriched composites, one
for each lot.

19.  Next, the patented methods combine a portion from each enriched composite to
create a single pooled sample representing all lots from which the samples were collected. *584
Patent Claim 1(d); *143 Patent Claim 1(d); *771 Patent Claim 1(d).

20.  Finally, the pooled sample is tested to determine whether it contains the target
microbe, such as E. coli. ’584 Patent Claim 1(e); 143 Patent Claim 1(e); *771 Patent Claim

1(e).
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21. The Asserted Pooling Patents teach that, if just one of the lots is contaminated,
testing the pooled sample would detect that contamination. ’584 Patent Claim 1(e); 143 Patent
Claim 1(e); ’771 Patent Claim 1(e). Thus, if the testing assay does not detect the microbe, all
five lots are deemed free of the target microbe. Id. The Asserted Pooling Patents refer to this
step as “validating” the test lots. Id. This allows multiple lots to be analyzed and validated using
a single test.

22.  If the test detects contamination in the pooled sample, the remaining enriched
composites are individually tested to pinpoint the contamination to a particular lot or lots, rather
than requiring destruction of all lots of beef that made up the pooled sample. ’584 Patent Claim
1(e); 143 Patent Claim 1(e); *771 Patent Claim 1(e).

23.  The inventor of the Asserted Pooling Patents discovered that, in most instances,
the contamination is restricted to a small number of lots. The invention leverages that discovery
to allow for more efficient testing (by requiring fewer tests across lots) as well as the ability to
pinpoint contamination (when contamination is found), thereby resulting in substantial net
savings for food producers because fewer test are needed, less food is destroyed (or otherwise
diverted), and food safety remains ensured.

24. The 584, 143 and *771 Patents cover this form of testing.

25. Claim 1 of the 143 Patent provides an example claim describing one of the
inventive methods:

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

a) separately collecting multiple independent samples from each of
multiple separate lots, wherein each separate lot is separately
sampled by taking said multiple independent samples thereof;

b) separately compositing the collected multiple independent
samples from each of the separate lots to provide a corresponding
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set of separate composited lot samples, wherein each of the
separate composited lot samples is attributed to a particular
corresponding separate lot;

¢) enriching each of the separate composited test lot samples to
provide a set of separate composited test lot samples enriched for
the target microbe(s);

d) removing portions of each separate enriched composited lot
sample, 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 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 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 composited lot samples are validated.

THE INVENTIONS DESCRIBED IN THE *486 PATENT

26.  The ’483 Patent involves enrichment methods for testing for microbes. The
patented methods may be used to test food for contamination more efficiently and cost
effectively. For example, prior art enrichment methods for detecting pathogens in food involve
diluting the sample with an enrichment media at a ratio of 1:10 (weight to volume). Maintaining
this ratio uses substantial volumes of media. The patented methods can be used to detect
pathogens in food by diluting the sample at a ratio of between about 1:0.1 to 1:5, greatly
improving efficiency and lowering costs, while maintaining accuracy.

27.  The patented methods begin by “obtaining a test sample, the sample being solid or
semi-solid.” 486 Patent Claim 1. In some embodiments, the test sample that is obtained is a
standard lot-unit sample, such as a sample taken from a combo-bin containing 2,000 pounds of

beef trim. 486 Patent Claim 9. In other embodiments, the test sample is a composite lot-unit
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sample corresponding to a combination of samples taken from lots of raw or processed samples,
such as a sample composited from multiple samples taken from a combo-bin containing 2,000
pounds of beef trim. 486 Patent Claim 10.

28.  The sample is diluted with liquid enrichment medium at a ratio between about
1:0.1 to 1:5 (weight to volume) or lesser dilution. 486 Patent Claim 1. The diluted sample is
incubated at an optimal temperature for a time period sufficient to allow levels of the particular
bacterial pathogen or microbe to be detected by a suitable assay. ’486 Claim 1. The assay is
used to determine whether the sample is contaminated with the particular bacterial pathogen or
bacterial microbe. *486 Claim 1.

29. For example, a 100 gram sample of meat trim could be diluted with 50 mL of a
commercial media used to detect E. coli O157 (i.e., weight-to-volume ratio of 1:0.5). The
diluted sample could be incubated at 42 degrees Celsius for 24 hours. A multiplex polymerase
chain reaction (PCR) assay could be used to determine whether the sample is contaminated with
E. coli O157.

30. The ’486 Patent provides several illustrations demonstrating the effectiveness and
reliability of this inventive method. For instance, Figures 13 and 14 illustrate amplification
products obtained by multiplex PCR of E. coli O157:H7 inoculated on meat trimmings, diluted
under standard (1:10) conditions and diluted under the inventive “dry” (1:0.5) conditions,
respectively, and then incubated at an optimal temperature for 24 hours. The inventive “dry”

enrichment method gave comparable results, as shown the figures reproduced below:
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31.

Figure 13 Figure 14

Claim 1 of the *486 Patent provides an example claim describing one of the

inventive methods:

32.

1. A method for detection of a particular bacterial pathogen or
bacterial microbe, comprising:

obtaining a test sample, the sample being solid or semi-solid;

diluting the sample with liquid enrichment medium at a ratio of
sample to diluent between about 1:0.1 to about 1:5 (wt./vol.) or
lesser dilution;

incubating, in an incubator, the diluted sample at an optimal
temperature for the particular bacterial pathogen or bacterial
microbe to be detected for a time period sufficient to allow levels
of the particular bacterial pathogen or microbe to reach levels
detectable by use of an assay suitable to detect the particular
bacterial pathogen or bacterial microbe; and

determining, by assaying the diluted incubated test sample, or a
portion thereof, with the assay suitable to detect the particular
bacterial pathogen or bacterial microbe, whether the sample is
contaminated with the particular bacterial pathogen or bacterial
microbe.

Claim 9 of the *486 Patent provides an example claim describing another

embodiment of the inventive methods:
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The method of claim 1, wherein obtaining a sample is obtaining a
standard Lot-unit sample.

33.  Claim 10 of the *486 Patent provides an example claim describing another
embodiment of the inventive methods:

The method of claim 1, wherein the sample is a composite-Lot
sample, corresponding to a combination of samples selected from
the group consisting of samples or subsamples taken from
sublots/lots of raw or processed samples, environmental samples,
industrial samples, pharmaceutical samples, bio-solid samples,
samples taken by spore traps, settled dust, impingers, or filtration,
and combinations thereof

NATIONAL BEEF’S INFRINGEMENT

34. National Beef is in the business of, among other things, processing beef and beef
by-products.

35. On information and belief, National Beef performs microbiological testing using
methods of sampling and testing for microbes, including the use of selectively enriched sample
“pooling” for microbes. For instance, National Beef uses wet pooling that falls within the scope
of the Asserted Pooling Patents when testing meat (specifically, beef) for bacterial pathogens
(including E. coli O157:H7, Salmonella, and Listeria, among others) in what it describes as its
“full service, on premise labs” that are “IL2A accredited for pathogen testing” and use “AOAC
testing methods” as part of the “control and assessment protocol” of its Biologic Food Safety
System (the “National Beef Pooling Methods™). National Beef utilizes the National Beef
Pooling Methods throughout its six Food Safety Zones, including prior to grinding and
throughout the production and packaging process.

36. On information and belief, National Beef performs microbiological testing using
enrichment methods for the detection of pathogens and other microbes. For instance, National

Beef uses enriched pathogen testing methods that fall within the scope of the *486 Patent when
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testing meat (specifically, beef) for bacterial pathogens (including E. coli O157:H7, Salmonella,
and Listeria, among others) (the “National Beef Pathogen Testing Methods™).

37. IEH has made repeated efforts to persuade National Beef to either cease its
ongoing infringement or license the Asserted Patents. On April 18, 2023, IEH notified National
Beef of the Asserted Patents and provided a copy of the Asserted Patents.

38. In its April 18, 2023 letter, IEH shared its understanding of the National Beef
Pooling Methods and described how these methods infringed claim 1 of the *143 Patent, claim 1
of the *771 Patent, claims 1 and 17 of the ’584 Patent, and Claim 1 of the *486 Patent. IEH
requested that, to the extent National Beef disputed the accuracy of IEH’s description of the
National Beef Pooling Methods, National Beef provide the basis for that contention, such as by
providing materials that describe National Beef’s sampling, enriching, testing, and verification
procedures. IEH explained it was willing to treat those materials confidentially, if appropriate.
Alternatively, IEH also requested that National Beef provide the basis for any contention that its
methods could be determined from publicly available information.

39. On May 9, 2023, National Beef responded to IEH’s pre-filing inquiry. National
Beef did not dispute the accuracy of IEH’s understanding of the National Beef Pooling Methods
or state that its methods could be determined from publicly available information. Instead, it
requested information about IEH’s licensing program for the Asserted Patents.

40.  OnJune 13, 2023, IEH provided National Beef with licensing rates for testing
performed using the inventions of the Asserted Patents.

41.  OnJune 20, 2023, National Beef requested that IEH provide claim charts

illustrating how the Asserted Patents covered National Beef’s testing methods. National Beef

10
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also requested that IEH keep its offer to license the Asserted Patents open for 30 days following
National Beef’s receipt of the claim charts.

42.  OnJune 23, 2023, IEH provided exemplary claim charts to National Beef. The
claim charts again described IEH’s understanding of the National Beef Pooling Methods and
National Beef Pathogen Testing Methods and illustrated how the methods infringed each element
of claim 1 of the 143 Patent, claim 1 of the *771 Patent, claims 1 and 17 of the 584 Patent, and
claim 1 of the 486 Patent. IEH noted National Beef had not disputed the facts IEH identified in
its May 9, 2023 letter. IEH informed National Beef it would keep its licensing offer open until
July 7, 2023.

43.  OnJuly 7, 2023, National Beef informed IEH that National Beef was evaluating
IEH’s infringement claims. Again, National Beef did not dispute the accuracy of IEH’s
understanding of the National Beef Pooling Methods or National Beef Pathogen Testing
Methods.

44.  On information and belief, National Beef has and continues to infringe, literally or
under the doctrine of equivalents, at least one claim of the *584, 143, and *771 Patents,
including claim 1 of the *143 and *771 Patents, and claims 1 and 17 of the *584 Patent, by
practicing the National Beef Pooling Methods. Claim charts mapping each element of
exemplary claims of the Asserted Pooling Patents to the National Beef Pooling Methods are
attached as Exhibits E-G of the Complaint.

45.  On information and belief, National Beef has and continues to infringe, literally or
under the doctrine of equivalents, at least claims 1, 9, and 10 of the *486 Patent by practicing the

National Beef Pathogen Testing Methods. A claim chart mapping each element of these

11
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exemplary claims to the National Beef Pathogen Testing Methods is attached as Exhibit H of the
Complaint.

46. National Beef is, and has been, on notice of the Asserted Patents since April 18,
2023, if not earlier, when IEH sent a letter to National Beef, alerting National Beef to the
existence and its infringement of the Asserted Patents.

47.  On information and belief, National Beef has continued to infringe the Asserted
Patents despite an objectively high likelihood that its actions constitute infringement of these
valid patents. National Beef’s infringement of the Asserted Patents has therefore been willful.

48. National Beef’s infringing conduct was and is without authority, consent, or
license.

49, IEH has suffered irreparable harm and will continue to suffer irreparable harm
unless National Beef is enjoined from infringing the Asserted Patents. IEH has no adequate
remedy at law.

50. IEH is entitled to recover from National Beef the damages sustained by IEH as a
result of National Beef’s wrongful acts in an amount IEH will prove at trial, including, but not
limited to, lost profits and/or a reasonable royalty, together with interest and costs, as well as
attorneys’ fees, should the Court deem the case to be exceptional.

COUNT I: INFRINGEMENT OF THE 584 PATENT

51. IEH repeats and re-alleges the allegations contained in the preceding paragraphs
as if fully set forth here.

52. IEH is the assignee of the ’584 Patent. IEH has all substantial rights to enforce
the ’584 Patent, including the right to exclude others and to sue and recover damages for past and

future infringement.

12
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53.  The ’584 Patent is valid, enforceable, and was duly issued in full compliance with
Title 35 of the United States Code.

54, National Beef is, and has been, on notice of the 584 Patent since at least as early
as April 18, 2023. On information and belief, National Beef’s knowledge of the ’584 Patent
occurred earlier than April 18, 2023.

55.  On information and belief, under 35 U.S.C. § 271(a), National Beef has directly
infringed and continues to directly infringe, literally and/or under the doctrine of equivalents, at
least claims 1 and 17 of the *584 Patent by using the National Beef Pooling Methods.

56. National Beef’s infringing conduct was and is without authority, consent, or
license.

57.  On information and belief, National Beef’s infringement of the *584 Patent has
been willful.

58. IEH has been damaged and continues to be damaged by National Beef’s
infringement of the *584 Patent.

59. IEH has suffered irreparable harm and will continue to suffer irreparable harm
unless National Beef is enjoined from infringing the *584 Patent.

60. National Beef’s infringement of the ’584 Patent is exceptional and entitles IEH to
attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285.

COUNT 1: INFRINGEMENT OF THE '143 PATENT

61. IEH repeats and re-alleges the allegations contained in the preceding paragraphs

as if fully set forth here.

13
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62. IEH is the assignee of the 143 Patent. IEH has all substantial rights to enforce
the 143 Patent, including the right to exclude others and to sue and recover damages for past and
future infringement.

63.  The *143 Patent is valid, enforceable, and was duly issued in full compliance with
Title 35 of the United States Code.

64. National Beef is, and has been, on notice of the 143 Patent since at least as early
as April 18, 2023. On information and belief, National Beef’s knowledge of the 143 Patent
occurred earlier than April 18, 2023.

65.  On information and belief, under 35 U.S.C. § 271(a), National Beef has directly
infringed and continues to directly infringe, literally and/or under the doctrine of equivalents, at
least one claim of the *143 Patent, including claim 1, by using the National Beef Pooling
Methods.

66. National Beef’s infringing conduct was and is without authority, consent, or
license.

67.  On information and belief, National Beef’s infringement of the *143 Patent has
been willful.

68. IEH has been damaged and continues to be damaged by National Beef’s
infringement of the *143 Patent.

69. IEH has suffered irreparable harm and will continue to suffer irreparable harm
unless National Beef is enjoined from infringing the 143 Patent.

70. National Beef’s infringement of the 143 Patent is exceptional and entitles IEH to

attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285.

14
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COUNT I11: INFRINGEMENT OF THE *771 PATENT

71. IEH repeats and re-alleges the allegations contained in the preceding paragraphs
as if fully set forth here.

72. IEH is the assignee of the 771 Patent. IEH has all substantial rights to enforce
the 771 Patent, including the right to exclude others and to sue and recover damages for past and
future infringement.

73.  The 771 Patent is valid, enforceable, and was duly issued in full compliance with
Title 35 of the United States Code.

74, National Beef is, and has been, on notice of the *771 Patent since at least as early
as April 18, 2023. On information and belief, National Beef’s knowledge of the 771 Patent
occurred earlier than April 18, 2023.

75.  On information and belief, under 35 U.S.C. § 271(a), National Beef has directly
infringed and continues to directly infringe, literally and/or under the doctrine of equivalents, at
least one claim of the *771 Patent, including claim 1, by using the National Beef Pooling
Methods.

76. National Beef’s infringing conduct was and is without authority, consent, or
license.

77.  Oninformation and belief, National Beef’s infringement of the *771 Patent has
been willful.

78. IEH has been damaged and continues to be damaged by National Beef’s
infringement of the *771 Patent.

79. IEH has suffered irreparable harm and will continue to suffer irreparable harm

unless National Beef is enjoined from infringing the 771 Patent.

15
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80. National Beef’s infringement of the 771 Patent is exceptional and entitles IEH to
attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285.

COUNT IV: INFRINGEMENT OF THE 486 PATENT

81. IEH repeats and re-alleges the allegations contained in the preceding paragraphs
as if fully set forth here.

82. IEH is the assignee of the 486 Patent. IEH has all substantial rights to enforce
the 486 Patent, including the right to exclude others and to sue and recover damages for past and
future infringement.

83.  The 486 Patent is valid, enforceable, and was duly issued in full compliance with
Title 35 of the United States Code.

84. National Beef is, and has been, on notice of the 486 Patent since at least as early
as April 18, 2023. On information and belief, National Beef’s knowledge of the 486 Patent
occurred earlier than April 18, 2023.

85.  On information and belief, under 35 U.S.C. § 271(a), National Beef has directly
infringed and continues to directly infringe, literally and/or under the doctrine of equivalents, at
least claims 1, 9, and 10 of the *486 Patent by using the National Beef Pathogen Testing
Methods.

86. National Beef’s infringing conduct was and is without authority, consent, or
license.

87.  On information and belief, National Beef’s infringement of the *486 Patent has
been willful.

88. IEH has been damaged and continues to be damaged by National Beef’s

infringement of the *486 Patent.

16
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89. IEH has suffered irreparable harm and will continue to suffer irreparable harm
unless National Beef is enjoined from infringing the 486 Patent.

90. National Beef’s infringement of the 486 Patent is exceptional and entitles IEH to
attorneys’ fees and costs incurred in prosecuting this action under 35 U.S.C. § 285.

REQUEST FOR RELIEF

A. Judgment that National Beef has directly and/or indirectly infringed the Asserted
Patents;

B. Judgment that National Beef’s infringement has been willful;

C. Anaward of damages adequate to compensate IEH for National Beef’s infringing
activities, including supplemental damages for any post-verdict infringement up until entry of the
final judgment with an accounting as needed, together with prejudgment and post-judgment
interest on the damages awarded; all of these damages to be enhanced in an amount up to treble
the amount of compensatory damages under 35 U.S.C. § 284;

D. A determination that this case is exceptional under 35 U.S.C. § 285 and awarding
IEH its reasonable costs and expenses of litigation, including attorneys’ and experts’ fees; and

E. A permanent injunction pursuant to 35 U.S.C. 8§ 283 enjoining National Beef, its
agents, employees, officers, attorneys, successors, assigns, and all persons in active concert or
participation with them, from further infringement of the Asserted Patents and from using
methods or making, offering for sale, or selling products that infringe one or more of the
independent claims of the patents either literally or under the doctrine of equivalents; and

F.  Such other and further relief as the Court may deem just and proper.

JURY DEMAND

IEH demands a trial by jury on all issues so triable.

17
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Respectfully submitted,
POTTER ANDERSON & CORROON LLP

OF COUNSEL.: By: /s/ David E. Moore

Benjamin J. Byer

Xiang Li

Jennifer K. Chung

DAvVIS WRIGHT TREMAINE LLP
920 Fifth Avenue, Suite 3300
Seattle, WA 98104-1610

Tel: (206) 622-3150

David E. Moore (#3983)
Bindu A. Palapura (#5370)
Andrew M. Moshos (#6685)
Andrew L. Brown (#6766)
Hercules Plaza, 6™ Floor
1313 N. Market Street
Wilmington, DE 19801

Tel: (302) 984-6000

dmoore@potteranderson.com
bpalapura@potteranderson.com
amoshos@potteranderson.com
abrown@potteranderson.com

Dated: August 1, 2023
10944732 / 23291.00001

Attorneys for Plaintiff Institute for
Environmental Health, Inc.
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MODULAR COMPOSITING-MULTIPLE LOT
SCREENING PROTOCOLS FOR DETECTION
OF PATHOGENS, MICROBIAL
CONTAMINANTS AND/OR CONSTITUENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 60/599,473,
filed 6 Aug. 2004 and entitled MODULAR WET COMPOS-
ITING-MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, which is incorporated by
reference herein in its entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to improv-
ing 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 sav-
ings and traceability (e.g. source tracking) for remedial pur-
poses. 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
seafoods, produce, juices, dairy products, dry goods (cereals,
nuts, etc), fruits and vegetables, herbs and spices, and all
manners of raw and processed foods, environmental samples
(water, wastewater, soil, surface samples, air samples taken
by impingers and filtration, etc), pharmaceuticals, and other
types of samples o be analyzed using microorganism enrich-
ment-detection protocols.

BACKGROUND

Manufacturers and respective regulatory agencies strive to
continually improve the safety and the quality of foods, phar-
maceuticals, neutraceuticals, water and the environment.
Under recent United States Department of Agriculture, Food
Safety and Inspection Service (FSIS) directives and guide-
lines, 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 moni-
tor the quality of water (e.g., drinking, recreational and fish-
eries 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 associ-
ated 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 recre-
ational 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 sam-
pling 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 sam-
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pling 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 pro-
duction lot), to form a composite sample for testing. The
number of pieces taken to form the composite sample
depends, under ICMSF or other regulatory guidelines, on the
outcome of infection/poisoning (e.g., the severity), the level
ot hazards, and potential increase in the hazard levels due to
storage. The same holds true in detecting microbial constitu-
ents and/or spoilage organisms. With respect to E. 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 applics 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 E. coli 0157
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 compos-
ite 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 pur-
poses 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 (follow-
ing the art with respect to particular testing) itis 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 given amount of time. If the
pathogen/microbe is present, then it grows and multiplies
under the favorable conditions of enrichment, thereby pro-
viding 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 defi-
ciencies. 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 (compos-
ite 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 dis-
posal), even though the pathogen of concern may be confined
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to only a limited portion of the production sublots (corre-
sponding to one or two combos/pallets or an hour of produc-
tion) comprising the production lot.

Second, the current art does not allow for retesting of any
production sublots, primarily because microbial contami-
nants 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 combo’ basis including (but not limited to) hour of
production, vendor source of raw materials, production
employees present, and operational status of microbial inter-
vention 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 test-
ing, when the composite sample tests positive, the entire
production will be disposed.

Therefore, there is a pronounced need in the art to imple-
ment 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 particu-
lar 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
amodular (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 sub-
unit of the composite as opposed to generalizing the results of
the test sample to all of it’s subunits. This individual outcome
determination is achieved by retesting the individual enrich-
ment 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.
For example, a reportable production lot is defined as a single
unit of production and corresponds to a single unit of a modu-
lar wet composite production lot, rather than (as in the prior
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art) as an entire composite lot comprised of multiple produc-
tion 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’ (corre-
sponding, in each case, to a particular single unit of produc-
tion), which is enriched using appropriate enrichment proto-
cols 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 prob-
lem of having to re-sample a test production lot where micro-
bial contaminants are not uniformly present throughout the
product.

In the exemplary context of enriched single units of pro-
duction, 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. Signifi-
cantly, 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 it’s components (e.g., report-
able 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
apositive finding is obtained for any individual reportable lot
sample (e.g., single-unit production lot sample), that particu-
lar reportable lot (e.g., single-unit production lot) is deemed
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, dis-
posal, or other acceptably safe endpoint. The rest of the indi-
vidually 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-de-
tection 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 pro-
duction 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
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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
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 accept-
ably 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
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 consump-
tion.

Definitions

The term “test lot” or “reportable lot” as used herein to
refer to an assemblage of one or more specimens of a medium
orprocess (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 speci-
mens of the assemblage are operationally linked in a manner
(e.g., proximity, time, process step, etc.) whereby informa-
tion derived about sampled portions is operationally appli-
cable 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 produc-
tion 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 acomposite
comprised of multiple, non-operationally linked single pro-
duction units (production sublots).

The term “product portion™ as used herein refers to a prod-
uct 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 pro-
duction is composed of multiple product portions. In pre-
ferred 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 statis-
tical-based sampling plans which seek to 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., pro-
duction 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
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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 is present to reach detectable levels and become
uniform or substantially uniform throughout the enriched test
lot sample (e.g., single-unit production lot sample). Prefer-
ably, 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 suffi-
cient 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 prop-
crty of the target agent/organism. Preferably, the enrichment
medium will omit nutrients needed by competing undesired
agents/organisms. Preferably, the enrichment medium will
include 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) con-
tains 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
know 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 con-
ventional 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. Coliinfood, comprises a 1:10 dilution of the samples (e.g.,
50 g into 450 ml) (see, e.g., U.S. FDA Bacteriology Analyti-
cal Manual Online, Chapter 4 and 4A, describing standard
1:10 dilution procedures for testing of coliforms, fecal
coliforms and E. Coli in food, shellfish and juices).

The term “dry enrichment” as used herein refers to enrich-
ing 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 asepti-
cally, equal portions of each of a plurality of enriched single-
unit production lot samples, and combining the removed por-
tions.

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
particular agent/organism, and may be combined with one or
more concentration steps for concentration of the agent/or-
ganism being assayed.
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The term “validation” as used herein with respect to pro-
duction 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.

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 embodi-
ments, ‘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 pro-
duction 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. Spe-
cifically, while microbes are not necessarily uniformly dis-
tributed in food, water, air, pharmaceuticals, etc, after enrich-
ing 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 enrich-
ments.

Following incubation for the target organism, equal por-
tions of enrichment buffer or sample are removed (asepti-
cally) 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 is obtained
from the MWCS, then all of the individual single unit pro-
duction Lots are released.
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If a positive result is obtained from a MWCS, the enrich-
ment buffers from each of the individual single unit produc-
tion 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 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., employ-
ing antibody-coated paramagnetic beads into the procedure
(e.g., DNA-based detection, biosensor based detection, clas-
sical microbiological detections, etc)). Antibody-coated
paramagnetic beads, for example, afford an approximately
10-fold increase in sensitivity. This concentration step, com-
bined 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., indi-
vidual single-unit production lots) has tested positive (and the
other 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 opera-
tionally-linked portions of production (e.g., test lots; single
production units; single-unit production lots) which are con-
taminated. 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 inven-
tion has substantial utility (e.g., bringing savings, accuracy
and precision in pinpointing problems) in the environmental
industry.
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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 plu-
rality of portions from each of a plurality of test lots, the test
lots each comprising an assemblage of one or more opera-
tionally-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 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 none-
theless 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, pharmaceuti-
cal lot comprising one or more operationally-linked pharma-
ceutical specimens, single-unit product lot comprising one or
more operationally-linked product specimens, and combina-
tions 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 syn-
onymous 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 enrich-
ment 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 concen-
tration step to concentrate the microbial agent or organism.

In particular aspects, where testing of the modular com-
posite 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 proto-
col 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.

In particular aspects, the methods further comprise form-
ing 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
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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 com-
posite 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, deter-
mining which individual test lots are positive, and application
of remedial measures that are specific to one or more indi-
vidual test lots that test positive. In particular aspects, sepa-
rately collecting a plurality of portions from each of a plural-
ity 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 collect-
ing a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot about 60
portions.

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 compris-
ing an assemblage of one or more product specimens,
wherein the assemblage can be sampled by taking portions
thereof; combining the collected product portions corre-
sponding 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; incu-
bating the set of single-unit production lot samples under
conditions suitable to allow levels of a target agent or organ-
ism 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 nonethe-
less 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.
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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 I

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 test-
ing for E. 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 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 indi-
vidual single-unit production lot (combo) samples whenever
a positive result was obtained from the MWCS sample.

TABLE 1 shows that out 0 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 Ibs each, this would rep-
resent approximately 2,710,000 pounds of product (i.e., 271x
5%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 compris-
ing 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 down-
graded for cooking this would represent 782,000 Ibs of prod-
uct. Theremaining 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 1bs 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 test-
ing protocols (representing a 5- to 50-fold increase in sensi-
tivity relative to the MWCS testing) provides substantial
additional assurance of the safety of the food products.

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 com-
bined ‘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 informa-

15

20

25

30

35

40

45

50

60

65

12

tion 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

#
Posi- 1 2 3 4 5
tives IPUL IPULs IPULs IPULs IPULs

Total #
Analyses

Loca-
tion

Est. A,
B, C.

62,919 271 180 39 18 11 7

EXAMPLE 1II

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, pro-
ducers 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 pro-
duction shift (e.g., from ‘cleanup to cleanup’), and from sev-
eral product lines. The samples are combined to form a com-
posite 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 investi-
gating the nature of a failure. For example, possible defini-
tions 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 condi-
tions 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 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
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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 enrich-
ment medium/bufter 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 rela-
tive 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 investiga-
tion and apply remediative resources more effectively and
efficiently. For example, where a positive result(s) is associ-
ated with one or more specific production lines, targeted
aggressive sanitation is used to resolve the problem. Alterna-
tively, 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 IIT

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 treat-
ments may also be applied, such as use of propylene oxide. In
practice, these processes may be used in many various com-
binations, 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 monitor-
ing 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 produc-
tion 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 enrich-
ment (as described herein above), thereby providing more
material that can be detected by subsequent analysis.

Aliquots of the enrichment medium/buffers from indi-
vidual 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
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from the individual single-unit production lot samples com-
prising that MWCS is analyzed using the same, or augmented
testing protocols.

Individual single-unit production lots for which the enrich-
ment 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 pro-
duction lots for which the enrichment buffer from the corre-
sponding sample yields a negative result are thereby validated
and are releasable into commerce. The latter fraction repre-
sents a direct cost savings to the producer relative to prior art
approaches 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 effec-
tively 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 deter-
mined, 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
anumber of samples to form a composite test lot. Detection of
microbial contamination in the composite sample, as dis-
cussed in detail herein above, results in rejection of the whole
production. Practically speaking, often a pinpoint contami-
nant 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 contami-
nation 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 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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The invention claimed is: enriched separate test lot samples of ¢), and testing the addi-

1. A method of sampling, testing and validating test lots for tional modular composite sample, using a different suitable

microbial contamination, comprising: assay, to confirm the negative testing status.

a) collecting a plurality of portions from each of a plurality 10. The method of claim 1, wherein the test lot is selected
of test lots, the test lots each comprising an assemblage 5 from the lot group consisting of a single combo, single bin,
of one or more specimens, wherein each test lot is sepa- single pallet, and a production assemblage.
rately sampled by taking said plurality of portions 11. The method of claim 1, wherein the number of separate
thereof; test lots is from 3 to 10.

b) combining the collected plurality of portions corre- 12. The method of claim 1, further comprising, where
sponding to each of the separate test lots to provide a 10 testing of the modular composite sample is positive, deter-
corresponding set of separate test lot samples, wherein  mining which individual separate test lots are positive, appli-
each separate test lot sample is attributed to a particular  cation of remedial measures to said separate positive test lots,
corresponding separate test lot; and validating by further testing of a portion of the respective

c) incubating the set of separate test lot samples under remediated separate test lots and obtaining a negative test
conditions suitable to allow levels of a target microbial 15 regylt.
agent or organism that is present in one or more of the 13. The method of claim 1, wherein, in a), separately col-
separate test lot samples to reach detectable levels and  lecting said plurality of portions from each of said plurality of
become uniform, or substantially uniform, throughout separate test lots comprises separately collecting from each
the respective one or more separate test lot samples, to separate test lot a number of portions from 5 to 100.

provide a set of separate test lot samples enriched forthe 20 14 The method of claim 1, wherein, in a), separately col-
target microbial agent or organism; lecting said plurality of portions from each of said plurality of

d) removing POHiOQS .Of each enriched separate test .IOt separate test lots comprises separately collecting from each
sample, and combining the removed portions to provide separate test lot 30 to 60 portions.

a modular composite sample; and

e) testing of the composite sample, using a suitable detec- 25
tion 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 are vali-
dated by further testing of a portion of the respective 30
enriched separate test lot sample using the same or a
more sensitive protocol and obtaining test result for each
test lot.

2. The method of claim 1, wherein the test lot is a single-
unit production lot, comprised of operationally-linked prod- 35
uct specimens.

3. The method of claim 1, further comprising incubating
the modular composite sample of d), prior to testing in e).

4. The method Io)f claim1, SVherein)iIfcubating eacﬁgsepazate tion ,IOt is separately sampled by taking said plurality of
test lot sample in ¢) comprises incubating each separate test 40 pOI'thI.IS. thereof; . .
lot sample with enrichment medium suitable to enrich for the b) comblmng the collected plurality of prgduct pqrt10ns
target microbial agent or organism, and wherein removing in corresponding to each of the separate single-unit pro-
d) comprises removing a portion of the enrichment medium duction lots to provide a corresponding set of separate
from each enriched separate test lot sample and combining single-unit production lot samples, wherein each sepa-

15. The method of claim 1, wherein, in a), separately col-
lecting said plurality of portions from each of said plurality of
separate test lots comprises separately collecting 30 portions
from each separate test lot.

16. The method of claim 1, wherein, in a), separately col-
lecting said plurality of portions from each of said plurality of
separate test lots comprises separately collecting from each
separate test lot about 60 portions.

17. 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
production specimens, wherein each single-unit produc-

the removed portions to provide a modular composite sample. 45 rate single-unit production lot sample is attributed to a
5. The method of claim 1, wherein testing of the modular particular corresponding separate single-unit produc-
composite sample, using a suitable detection assay further tion lot;
comprises a concentration step to concentrate the microbial ¢) incubating the set of separate single-unit production lot
agent or organism. samples under conditions suitable to allow levels of a
6. The method of claim 1, wherein testing in €) of the 50 target microbial agent or organisi that is present in one
modular composite sample is positive, and wherein the indi- or more of the separate single-unit production lot
vidual separate test lot samples are further tested, such further samples to reach detectable levels and become uniform,
testing comprises the more sensitive protocol. or substantially uniform, throughout the respective one
7. The method of claim 1, further comprising, forming an or more separate single-unit production lot samples, to
additional modular composite sample from the set of 55 provide a set of separate single-unit production lot
enriched separate test lot samples of ¢) and testing the addi- samples enriched for the target microbial agent or organ-
tional modular composite sample, using the same or a differ- 1sm;
ent suitable assay, to confirm the testing result. d) removing portions of each enriched separate single-unit
8. The method of claim 1, further comprising, forming an production lot sample, and combining the removed por-
additional modular composite sample from an additional 60 tions to provide a modular composite sample; and
enriched separate test lot sample along with any enriched e) testing of the composite sample, using a suitable detec-
separate test lot samples of ¢) that test negative in e), and tion assay, for the target microbial agent or organism,
testing the additional modular composite sample, using the wherein when such testing is negative all of said separate
same or a different suitable assay. single-unit production lot samples are validated, and
9. The method of claim 1, further comprising, where test- 65 wherein when such testing is positive, individual sepa-
ing of the modular composite sample in e) is negative, form- rate single-unit production lots are validated by further

ing an additional modular composite sample from the set of testing of a portion of the respective enriched separate
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single-unit production lot sample using the same or a
more sensitive protocol and obtaining test result for each
single-unit production lot.

18. The method of claim 1, wherein removing portions in
step d) is removing equal portions, aseptically, so as to pre-
clude contamination of the enriched separate test lot samples.

19. 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.

20. 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.

21. The method of claim 1, wherein the target microbial
agent or organism comprises a spoilage organism.

22. The method of claim 1, wherein removing portions of
each enriched separate test lot sample comprises removing
equal volume portions of each enriched separate test lot
sample.

23. 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 immunochem-
istry-based method, and a biosensor-based method.

24. 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.

20
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25. 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.

26. The method of claim 1, wherein the separate test lots
are separate production lots of a ready-to-eat product.

27. The method of claim 2, wherein product specimens are
synonymous with product portions.

28. The method of claim 4, wherein the medium comprises
a selective agent that will inhibit a competing non-target
microbial agent or organism.

29. The method of claim 5 wherein the concentration step
comprises at least one of immunomagnetic bead separation,
and affinity chromatography.

30. The method of claim 6, wherein the more sensitive
protocol further comprises a concentration step to concen-
trate the microbial agent or organism, in combination with the
same test protocol that is used to test the modular composite
sample.

31. The method of claim 17, wherein removing portions in
step d) is removing equal portions, aseptically, so as to pre-
clude contamination of the enriched separate single-unit pro-
duction lot samples.

32. The method of claim 24, wherein the meat or poultry
specimens are meat trim pieces or poultry trim pieces, respec-
tively.

33. The method of claim 24, wherein the meat is that of
beef, pork, sheep or bison.

#* #* #* #* #*
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(57) ABSTRACT

Particular aspects provide a method of sampling, testing and
validating test lots (e.g., single-unit production lots), com-
prising: 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 sort of test lots (e.g.,
environmental lots, production lots, pharmaceutical lots,
etc.) and for efficiently affecting informed, targeted remedial
measures.
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INTER PARTES
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 24-25 are cancelled.

Claims 1, 2, 17 and 32-33 are determined to be patentable
as amended.

Claims 3-16, 18-23 and 26-31, dependent on an amended
claim, are determined to be patentable.

1. A method of sampling, testing and validating a plurality
of operationally-linked test lots of beef for [microbial con-
tamination] release into commerce, comprising:

a) collecting a plurality of portions from each of a
plurality of separate operationally-linked test lots of
beef, each to be validated for release into commerce,
the test lots each comprising an assemblage of one or
more specimens from which the portions are collected,
wherein each test lot is separately sampled [by taking
said plurality of portions thereof] to conform to a
statistical-based sampling plan specifying, for a par-
ticular microbial agent or organism, a number of
portions to he taken sufficient to provide for validation
and release of the test lot into commerce;

b) combining the collected conforming plurality of por-
tions 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 microbial
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 pro-
vide 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] /ots are validated for
release into commerce, and wherein when such testing
is positive, each of the individual separate test lots are
validated for release into commerce, according to the
statistical-based sampling plan, 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 for each test lot, wherein
the enrichment in step c), prior to removing portions in
step d), is sufficient to enable said validation of indi-
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vidual separate test lots with no requirvement for further
enrichment thereof, and with no requirement for further
sampling in a).

2. The method of claim 1, wherein each of the test [lot]
lots is a single-unit production lot, comprised of operation-
ally-linked product specimens.

17. A method of sampling, testing and validating a
plurality of operationally-linked test lots of meat or poultry
for [microbial contamination] release into commerce, com-
prising:

a) collecting a plurality of portions from each of a
plurality of operationally-linked single-unit production
lots of meat or poultry, the single-unit production lots
each comprising an assemblage of one or more pro-
duction specimens from which the portions are col-
lected, wherein each single-unit production lot is sepa-
rately sampled [by taking said plurality of portions
thereof] o conform to a statistical-based sampling plan
specifying, for a particular microbial agent or organ-
ism, a number of portions to be taken sufficient to
provide for validation and release of the single-unit
production lot into commerce;

b) combining the collected conforming plurality of prod-
uct 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 sepa-
rate single-unit production lot;

¢) incubating the set of separate single-unit production lot
samples under conditions suitable to allow levels of a
target microbial 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;

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 microbial agent
or organism, wherein when such testing is negative all
of said separate single-unit production lot samples are
validated for release into commerce, and wherein when
such testing is positive, individual separate single-unit
production lots are validated for release into commerce,
according to the statistical-based sampling plan, 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 for each single-unit production lot,
wherein the enrichment in step c), prior to removing
portions in step d), is sufficient to enable said validation
of individual separate single-unit production lots with
no requivement for further envichment thereof, and with
no requirement for further sampling in a).

32. The method of claim [24] I, wherein the [meat or
poultry] beef specimens are meat trim pieces[or poultry trim
pieces, respectively].

33. The method of claim [24] /7, wherein the meat is that
of beef, pork, sheep or bison.

#* #* #* #* #*
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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. Provi-
sional patent application Ser. No. 12/360,796, filed 27 Jan.
2009 (issuing as U.S. Pat. No. 8,389,233 on 5 Mar. 2013) and
entitled MODULAR COMPOSITING-MULTIPLE LOT
SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS, which is a continuation of U.S. Provi-
sional patent application Ser. No. 11/199.871, filed 8 Aug.
2005 (Now U.S. Pat. No. 7.534,584) and entitled MODU-
LAR COMPOSITING-MULTIPLE LOT SCREENING
PROTOCOLS FOR DETECTION OF PATHOGENS,
MICROBIAL CONTAMINANTS AND/OR CONSTITU-
ENTS, which claims the benefit of priority to U.S. Provi-
sional Patent Application Ser. No. 60/599.473, filed 6 Aug.
2004 and entitlted MODULAR WET COMPOSITING-
MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, all which are incorporated
by reference herein in their entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to improv-

ing 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 sav-

ings and traceability (e.g., source tracking) for remedial pur- 3

poses. 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.), pharmaceu-
ticals, and other types of samples to be analyzed using micro-
organism enrichment-detection protocols.

BACKGROUND

Manufacturers and respective regulatory agencies strive to
continually improve the safety and the quality of foods, phar-
maceuticals, neutraceuticals, water and the environment.
Under recent United States Department of Agriculture, Food
Safety and Inspection Service (FSIS) directives and guide-
lines, 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 moni-
tor the quality of water (e.g., drinking, recreational and fish-
eries 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
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contaminants and pathogens. These sampling plans associ-
ated 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 recre-
ational 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 sam-
pling 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 sam-
pling 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 pro-
duction lot), to form a composite sample for testing. The
number of pieces taken to form the composite sample
depends, under 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 constitu-
ents and/or spoilage organisms. With respect to E. 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 E. coli 0157
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 compos-
ite 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 pur-
poses 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 (follow-
ing 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 given amount of time. If the
pathogen/microbe is present, then it grows and multiplies
under the favorable conditions of enrichment, thereby pro-
viding 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,
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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 defi-
ciencies. 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 (compos-
ite 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 dis-
posal), even though the pathogen of concern may be confined
to only a limited portion of the production sublots (corre-
sponding to one or two combos/pallets or an hour of produc-
tion) comprising the production lot.

Second, the current art does not allow for retesting of any
production sublots, primarily because microbial contami-
nants 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 3

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 combo’ basis including (but not limited to) hour of 3

production, vendor source of raw materials, production
employees present, and operational status of microbial inter-
vention 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 test-
ing, when the composite sample tests positive, the entire
production will be disposed.

Therefore, there is a pronounced need in the art to imple-
ment 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 particu-
lar 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
amodular (e.g., wet modula) composite sample by combining
portions from each independent enrichment, which allows for
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determining the outcome of the test for each individual sub-
unit 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 enrich-
ment 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.
For example, a reportable production lot is defined as a single
unit of production and corresponds to a single unit of a modu-
lar wet composite production lot, rather than (as in the prior
art) as an entire composite lot comprised of multiple produc-
tion 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’ (corre-
sponding, in each case, to a particular single unit of produc-
tion), which is enriched using appropriate enrichment proto-
cols 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 prob-
lem of having to re-sample a test production lot where micro-
bial contaminants are not uniformly present throughout the
product.

In the exemplary context of enriched single units of pro-
duction, 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. Signifi-
cantly, 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., report-
able 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 particu-
lar reportable lot (e.g., single-unit production lot) is deemed
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, dis-
posal, or other acceptably safe endpoint. The rest of the indi-
vidually 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-de-
tection 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
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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 pro-
duction 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
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 accept-
ably 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
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 consump-
tion.

DEFINITIONS

The term ““test lot™ or “reportable lot™ as used herein to

refer to an assemblage of one or more specimens of'a medium 3

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 speci-
mens of the assemblage are operationally linked in a manner
(e.g., proximity, time, process step, etc.) whereby informa-
tion derived about sampled portions is operationally appli-
cable 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 produc-
tion lot™ as used herein is a form of test lot, and refers to a
single unit of production (e.g., for beeftrim a “combo,” or for
almonds a “bin”) rather than, as in the prior art, to a composite
comprised of multiple, non-operationally linked single pro-
duction units (production sublots).

The term “product portion™ as used herein refers to a prod-
uct 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 pro-
duction is composed of multiple product portions. In pre-
ferred 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 statis-
tical-based sampling plans which seek to form a typical or
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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., pro-
duction 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 is present to reach detectable levels and become
uniform or substantially uniform throughout the enriched test
lot sample (e.g., single-unit production lot sample). Prefer-
ably, 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 suffi-
cient 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.z., 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 prop-
erty of the target agent/organism. Preferably, the enrichment
medium will omit nutrients needed by competing undesired
agents/organisms. Preferably, the enrichment medium will
include 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) con-
tains 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 con-
ventional 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. Coliin food, comprises a 1:10 dilution of the samples (e.g.,
50 g into 450 ml) (see, e.g., U.S. FDA Bacteriology Analyti-
cal Manual Online, Chapter 4 and 4A, describing standard
1:10 dilution procedures for testing of coliforms, fecal
coliforms and E. Coli in food, shellfish and juices).

The term “dry enrichment™ as used herein refers to enrich-
ing 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
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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 asepti-
cally, equal portions of each of a plurality of enriched single-
unit production lot samples, and combining the removed por-
tions.

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
particular agent/organism, and may be combined with one or
more concentration steps for concentration of the agent/or-
ganism being assayed.

The term “validation™ as used herein with respect to pro-
duction 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 3

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 3

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.

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 embodi-
ments, ‘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 pro-
duction 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. Spe-
cifically, while microbes are not necessarily uniformly dis-
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tributed in food, water, air, pharmaceuticals, etc., after enrich-
ing 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 enrich-
ments.

Following incubation for the target organism, equal por-
tions of enrichment buffer or sample are removed (asepti-
cally) 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 is obtained
from the MWCS, then all of the individual single unit pro-
duction Lots are released.

If a positive result is obtained from a MWCS, the enrich-
ment buffers from each of the individual single unit produc-
tion 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 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., employ-
ing antibody-coated paramagnetic beads into the procedure
(e.g., DNA-based detection, biosensor based detection, clas-
sical microbiological detections, etc)). Antibody-coated
paramagnetic beads, for example, afford an approximately
10-fold increase in sensitivity. This concentration step, com-
bined 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., indi-
vidual single-unit production lots) has tested positive (and the
other 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.
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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 opera-
tionally-linked portions of production (e.g., test lots; single
production units; single-unit production lots) which are con-
taminated. 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 inven-
tion 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 plu-
rality of portions from each of a plurality of test lots, the test
lots each comprising an assemblage of one or more opera-
tionally-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 samples; removing, aseptically, equal portions of each 3

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 none-
theless vet 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, pharmaceuti-
cal lot comprising one or more operationally-linked pharma-
ceutical specimens, single-unit product lot comprising one or
more operationally-linked product specimens, and combina-
tions 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 syn-
onymous 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 enrich-
ment 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 concen-
tration step to concentrate the microbial agent or organism.

In particular aspects, where testing of the modular com-
posite sample is positive, and wherein the individual test lots
are further tested, such further testing comprises use of the
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more sensitive protocol. Preferably, the more sensitive proto-
col 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.

In particular aspects, the methods further comprise form-
ing 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 com-
posite 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 &, or about
5.

In particular aspects, the methods further comprise, where
testing of the modular composite sample is positive, deter-
mining which individual test lots are positive, and application
of remedial measures that are specific to one or more indi-
vidual test lots that test positive. In particular aspects, sepa-
rately collecting a plurality of portions from each of a plural-
ity 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 collect-
ing a plurality of portions from each of a plurality of test lots
comprises separately collecting from each test lot about 60
portions.

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 compris-
ing an assemblage of one or more product specimens,
wherein the assemblage can be sampled by taking portions
thereof; combining the collected product portions corre-
sponding 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; incu-
bating the set of single-unit production lot samples under
conditions suitable to allow levels of a target agent or organ-
ism 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
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samples are validated, and wherein where such testing is
positive, individual single-unit production lots may nonethe-
less 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 test-
ing 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 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 indi-
vidual single-unit production lot (combo) samples whenever
a positive result was obtained from the MWCS sample.

TABLE 1 shows that out 0f 62,919 MWCS samples, a total

0f217 yielded a positive testing result for F. coli 0157, Using 3

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 1bs each, this would rep-

resent approximately 2,710,000 pounds of product (i.e., 271x 3

5x2,000 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 compris-
ing 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 down-
graded for cooking this would represent 782,000 Ibs of prod-
uct. 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.
beet producer was beef trim. The release of the validated
19,280,000 1bs 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 test-
ing protocols (representing a 5- to 50-fold increase in sensi-
tivity relative to the MWCS testing) provides substantial
additional assurance of the safety of the food products.

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 com-
bined “production lot” (as in the prior art) it is much harder to
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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 | and according to preferred
aspects of the present invention, any combo-specific informa-
tion 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 (IPTIL)
which tested positive when MWCS tested positive
#
Loca- Total #  Posi- 1 2 3 4 5
tion Analyses tives JPUL IPULs IPULs [IPULs IPULs
Est. A, 62,919 21 180 39 18 11 7
B, C
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, pro-
ducers 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 pro-
duction shift (e.g., from “cleanup to cleanup’), and from sev-
eral product lines. The samples are combined to form a com-
posite 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 investi-
gating the nature of a failure. For example, possible defini-
tions 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

b 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/bufter is added. Following incubation under condi-
tions 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),
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aliquots of the enrichment medium/buffers from individual
single-unit production lot samples are combined to 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 enrich-
ment 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 rela-
tive 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 investiga-
tion and apply remediative resources more effectively and
efficiently. For example, where a positive result(s) is associ-
ated with one or more specific production lines, targeted
aggressive sanitation is used to resolve the problem. Alterna-
tively, for example, where a positive result(s) is associated

with one or more specific products, determining whether raw 3

materials are contaminated, or whether process microbial
intervention steps were operating properly are effectively and
efficiently used.

EXAMPLE III

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 treat-
ments may also be applied, such as use of propylene oxide. In
practice, these processes may be used in many various com-
binations, 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 Sal/monella spp. According
to additional aspects, the present inventive methods provide a
cost-effective means of implementing an effective monitor-
ing 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 produc-
tion 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 enrich-
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ment (as described herein above), thereby providing more
material that can be detected by subsequent analysis.

Aliquots of the enrichment medium/buffers from indi-
vidual 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 com-
prising that MWCS is analyzed using the same, or augmented
testing protocols.

Individual single-unit production lots for which the enrich-
ment 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 pro-
duction lots for which the enrichment buffer from the corre-
sponding sample yields a negative result are thereby validated
and are releasable into commerce. The latter fraction repre-
sents a direct cost savings to the producer relative to prior art
approaches 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 effec-
tively 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 deter-
mined, 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
anumber of samples to form a composite test lot. Detection of
microbial contamination in the composite sample, as dis-
cussed in detail herein above, results in rejection of the whole
production. Practically speaking, often a pinpoint contami-
nant 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 contami-
nation 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
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and subjected to enrichment, followed by testing to detect
environmental contamination, the current invention allows
for pinpointing the test lots (e.g., operationally-linked unit(s))
that are positive for the microbe of concern.

The invention claimed is:

1. A method of sampling and testing for microbes in mul-

tiple separate test lots, comprising:

a) separately collecting multiple independent samples
from each of multiple separate test lots, wherein each
separate test lot is separately sampled by taking said
multiple independent samples thereof;

b) separately compositing the collected multiple indepen-
dent samples from each of the separate test lots to pro-
vide a corresponding set of separate composited test lot
samples, wherein each of the separate composited test
lot samples is attributed to a particular corresponding
separate test lot;

c) enriching each of the separate composited test of
samples to provide a set of separate composited test lot
samples enriched for the target microbe(s);

d) removing portions of each separate enriched composited
test lot sample, 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 microbe(s),
wherein when such testing is negative all of said samples
that were composited to form the separate composited
test lot samples are deemed negative for the target

microbe(s) and each of the multiple separate test lots is :

validated, and wherein when such testing is positive,
each of the individual separate composited test lot
samples that were used to form the pooled modular
composite sample are individually tested to determine

which of the separate composited test lot samples is :

positive for the target microbe(s), wherein the test lots
corresponding to any negatively testing composited test
lot samples are validated.

2. The method of claim 1, wherein each of the multiple
separate test 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-unit product lot comprising multiple operationally-
linked product specimens, and combinations thereof.

3. 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. The method of claim 1, further comprising incubating
the pooled modular composite sample of d), prior to testing in
e).

5. The method of claim 1, wherein enriching each separate
composited test lot sample in ¢) comprises incubating each
separate composited test lot sample with enrichment medium
suitable to enrich for the target microbe(s), and wherein
removing in d) comprises removing a portion of the enrich-
ment medium from each enriched separate composited test
lot sample and combining the removed portions to provide a
pooled modular composite sample.

6. 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).

7. The method of claim 1, wherein where testing in ) of the
pooled modular composite sample is positive, and wherein
the separate individual composited test lot samples are further
tested using a more sensitive protocol.
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8. The method of claim 1, further comprising, forming an
additional pooled modular composite sample from the set of
enriched separate composited test lot samples of ¢) and test-
ing the additional pooled modular composite sample, using
the same or a different suitable assay, to confirm the testing
status.

9. The method of claim 1, further comprising, forming an
additional pooled modular composite sample from an addi-
tional enriched separate composited test lot sample along
with any enriched separate composited test lot samples of ¢)
that test negative in e), and testing the additional pooled
modular composite sample, using the same or a different
suitable assay.

10. The method of claim 1, further comprising, where
testing of the pooled modular composite sample in e) is nega-
tive, forming an additional pooled modular composite sample
from the set of enriched separate composited test lot samples
of ¢), and testing the additional pooled modular composite
sample, using a different suitable assay, to confirm the nega-
tive testing status.

11. The method of claim 1, wherein each the test lots is
selected from the lot group consisting of a single combo,
single bin, single pallet, and a production assemblage.

12. The method of claim 1, wherein the number of separate
test lots is from 3 to 10,

13. 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 the respective reme-
diated separate test lots and obtaining a negative test result.

14. The method of claim 1, wherein, in a), separately col-
lecting said multiple independent samples from each of the
multiple separate test lots comprises separately collecting
from each separate test lot a number of samples from 5 to 100.

15. The method of claim 1, wherein, in a), separately col-
lecting said multiple independent samples from each of the
multiple separate test lots comprises separately collecting 30
to 60 samples from each separate test lot.

16. The method of claim 1, wherein, in a), separately col-
lecting said multiple independent samples from each of the
multiple separate test lots comprises separately collecting at
least 30 samples from each separate test lot.

17. The method of claim 1, wherein, in a), separately col-
lecting said multiple independent samples from each of the
multiple separate test lots comprises separately collecting at
least 60 samples from each separate test lot.

18. The method of claim 1, wherein removing portions in
step d) is removing equal portions, aseptically, so as to pre-
clude contamination of the enriched separate composited test
lot samples.

19. 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.

20. 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.

21. The method of claim 1, wherein the target microbe(s)
comprises a spoilage organism.

22. The method of claim 1, wherein removing portions of
each separate enriched composited test lot sample comprises
removing equal volume portions of each separate enriched
composited test lot sample.

23. The method of claim 1, wherein testing of the pooled
modular composite sample, using a suitable detection assay
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comprises use of at least one of a DNA-based method, an
immunochemistry-based method, and a biosensor-based
method.

24. 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.

25. The method of claim 1, wherein each of the multiple
separate test lots are separate production lots of a fish or
seatood product, comprising an assemblage of one or more
fish or seatood specimens, respectively.

26. The method of claim 1, wherein each of the multiple
separate test lots are separate production lots of a ready-to-eat
product.

27. 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 compos-
ited test lot samples for the target microbe(s) to enhance
confidence in the negative testing results prior to deeming the
test lots validated or releasable into the chain of commerce.

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

sponding to the negatively testing composited test lot samples :

validated or releasable into the chain of commerce.

29. The method of claim 3, wherein product specimens are
synonymous with product portions.

30. The method of claim 5, wherein the enrichment

medium comprises a selective agent that will inhibit a com- 3

peting non-target microbe.

31. The method of claim 6 wherein the concentration step
comprises at least one of immunomagnetic bead separation,
and affinity chromatography.

32. The method of claim 7, wherein the more sensitive
protocol comprises use of a concentration step to concentrate
the target microbe(s), in combination with the same test pro-
tocol used to test the pooled modular composite sample.

33. The method of claim 24, wherein the meat or poultry
specimens are meat trim pieces or poultry trim pieces, respec-
tively.

34. The method of claim 24, wherein the meat is that of
beef, pork, sheep or bison.

35. A method of sampling, and testing for microbe(s) in
multiple separate test lots, comprising:

a) separately collecting multiple independent samples
from each of multiple separate single-unit production
lots, wherein each separate single-unit production lot is
separately sampled by taking said multiple independent
samples thereof;

b) separately compositing the collected multiple indepen-
dent samples from each of the separate test lots to pro-
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vide a corresponding set of separate composited single-
unit production lot samples, wherein each of the separate
composited single-unit production lot samples is attrib-
uted to a particular corresponding separate single-unit
production lot;

c) enriching of the separate composited single-unit produc-
tion lot samples to provide a set of separate composited
single-unit production lot samples enriched for the tar-
get microbe(s);

d) removing portions of each separate enriched composited
single-unit production lot sample, and combining the
removed portions to provide a pooled modular compos-
ite 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
single-unit production lot samples are deemed negative
for the target microbe(s) and each of the multiple sepa-
rate single-unit production lots is validated, and wherein
when such testing is positive, each of the individual
separate composited single-unit production lot samples
that were used to form the pooled modular composite
sample are individually tested to determine which ofthe
separate composited single-unit production lot samples
is positive for the target microbe(s), wherein the single-
unit production lots corresponding to any negatively
testing composited single-unit production lot samples
are validated.

36. The method of claim 35, wherein removing portions in
step d) is removing equal portions, aseptically, so as to pre-
clude contamination of the enriched separate composited
single-unit production lot samples.

37. The method of claim 35, further comprising in (e)
wherein when such testing of the pooled modular composite
sample is negative, nonetheless testing each of the separate
composited single-unit production lot samples for the target
microbe(s) to enhance confidence in the negative testing
results prior to deeming the single-unit production lots vali-
dated or releasable for processing or into the chain of com-
merce.

38. The method of claim 35, further comprising, in (e)
wherein when such testing of the modular composite sample
is positive, each of the individual separate composited single-
unit production lot samples that were used to form the pooled
modular composite sample are individually tested to deter-
mine which of the separate composited single-unit produc-
tion lot samples is positive for the target microbe(s), retesting
of'the separate negatively testing composited single-unit pro-
duction lot samples to enhance confidence in the negative
testing results prior to deeming the single-unit production lots
corresponding to the negatively testing composited single-
unit production lot samples validated or releasable into the
chain of commerce.
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1
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 Ser. No. 13/784,606, filed 4 Mar. 2013 and
entitled MODULAR COMPOSITING-MULTIPLE LOT
SCREENING PROTOCOLS FOR DETECTION OF
PATHOGENS, MICROBIAL CONTAMINANTS AND/OR
CONSTITUENTS (issuing as U.S. Pat. No. 8,822,143 on 2
Sep. 2014), which is a continuation of U.S. patent applica-
tion Ser. No. 12/360,796, filed 27 Jan. 2009 and entitled
MODULAR COMPOSITING-MULTIPLE LOT SCREEN-
ING PROTOCOLS FOR DETECTION OF PATHOGENS,
MICROBIAL CONTAMINANTS AND/OR CONSTITU-
ENTS (issued as U.S. Pat. No. 8,389,233 on 5 Mar. 2013),
which is a continuation of U.S. patent application Ser. No.
11/199,871, filed 8 Aug. 2005 (issued as U.S. Pat. No.
7,534,584) and entitled MODULAR COMPOSITING-
MULTIPLE LOT SCREENING PROTOCOLS FOR
DETECTION OF PATHOGENS, MICROBIAL CON-
TAMINANTS AND/OR CONSTITUENTS, which claims
the benefit of priority to U.S. Provisional Patent Application
Ser. No. 60/599,473, filed 6 Aug. 2004 and entitled MODU-
LAR WET COMPOSITING-MULTIPLE LOT SCREEN-

ING PROTOCOLS FOR DETECTION OF PATHOGENS, -

all which are incorporated by reference herein in their
entirety.

FIELD OF THE INVENTION

Aspects of the present invention relate generally to
improving the efliciency 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.

BACKGROUND

Manufacturers and respective regulatory agencies strive
to continually improve the safety and the quality of foods,
pharmaceuticals, neutraceuticals, water and the environ-
ment. Under recent United States Department of Agricul-
ture, 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 E. coli
0157:H7, and ready-to-eat products for Listeria monocyto-
genes and/or Salmonella. Similar trends are observed in
other countries, for products detained for domestic con-
sumption and/or export. For example, the pharmaceutical
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industry spends considerable resources on sterility testing
and environmental monitoring, and the water and wastewa-
ter 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 deter-
mine, 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 sam-
pling plans, typically pursuant to International Commission
on Microbial Specifications for Food (ICMSF) guidelines
for testing food products, FDA and USDA or EPA guide-
lines, 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 (com-
bined production lot), to form a composite sample for
testing. The number of pieces taken to form the composite
sample depends, under ICMSF or other regulatory guide-
lines, on the outcome of infection/poisoning (e.g., the sever-
ity), 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 E. 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 E. coli Q157
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 com-
posite 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, compos-
iting a large number of samples may result in reduced
sensitivity for the test unit and adversely effect the limit of
detection.
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Typically, once a composite sample is constructed (fol-
lowing 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 given amount
oftime. 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 contami-
nants 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 con-

structed 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 uni- A

formly 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 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 pro-
duction 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
vield 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 enrich-
ment, testing and detection methods for detection of patho-
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gens or other microbes in, for example, food, water, waste-
water, 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 pro-
gram 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. 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 produc-
tion), 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 organ-
ism). If a negative 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 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 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).
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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 pro-
duction 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 positive result is
obtained from a MWCS, the enrichment sample correspond-
ing to individual test lots (e.g., individual single-unit pro-

duction lots) are separately (individually) tested, using the 3

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 3

test lot sample (e.g., single-unit production lot sample), then
that particular lot is validated and releasable. In 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, eftc.)
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 produc-
tion 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
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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 combin-
ing 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 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 portions/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 is 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 multi-
ply.

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 meta-
bolic property of the target agent/organism. Preferably, the
enrichment medium will omit nutrients needed by compet-
ing undesired agents/organisms. Preferably, the enrichment
medium will include selective agents that will inhibit com-
peting 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-dichlorophe-
noxyacetic 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 com-
pound.

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 enrich-
ment 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
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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 proce-
dures 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 asepti-
cally, 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 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 3

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 3

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 market-
able 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 pro-
duction 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.

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
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‘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 pro-
duction are enriched separately using appropriate enrich-
ment 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 contami-
nants 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 por-
tions of enrichment buffer or sample are removed (asepti-
cally) 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 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 enrich-
ment buffers from each of the individual single unit produc-
tion 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 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., employ-
ing antibody-coated paramagnetic beads into the procedure
(e.g., DNA-based detection, biosensor based detection, clas-
sical microbiological detections, etc)). Antibody-coated
paramagnetic beads, for example, afford an approximately
10-fold increase in sensitivity. This concentration step, com-
bined 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 detec-
tion, 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
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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 posi-
tive (and the other 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 unneces-
sary 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 pro-
posed invention has substantial utility (e.g., bringing sav-
ings, 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 col-
lected 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 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 vsing 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, pharmaceu-
tical lot comprising one or more operationally-linked phar-
maceutical specimens, single-unit product lot comprising
one or more operationally-linked product specimens, and
combinations thereof. In particular aspects, the test lot is a
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single-unit production lot, comprised of operationally-
linked product specimens. In particular aspects, product
specimens are synonymous with product portions. In par-
ticular 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 modu-
lar composite sample, using a suitable detection assay com-
prises use of a concentration step to concentrate the micro-
bial agent or organism.

In particular aspects, where testing of the modular com-
posite 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 pro-
tocol 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.

In particular aspects, the methods further comprise form-
ing 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, form-
ing an additional modular composite sample from the
enriched test lot samples, and testing the additional modular
composite sample, using a different suitable assay, to con-
firm 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 &, or about
5.

In particular aspects, the methods further comprise, where
testing of the modular composite sample is positive, deter-
mining which individual test lots are positive, and applica-
tion 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 collect-
ing from each test lot about 60 portions.

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 com-
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prising an assemblage of one or more product specimens,
wherein the assemblage can be sampled by taking portions
thereof; combining the collected product portions corre-
sponding to each of the single-unit production lots to pro-
vide a corresponding set of single-unit production lot
samples, wherein each single-unit production lot sample is
attributed to a particular corresponding single-unit produc-
tion 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, asep-
tically, equal portions of each enriched single-unit produc-
tion 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 vali-
dated, 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 Mea- :

sures)

At present, the standard size ‘production lot” for trim
testing for £. coli 0157 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 implemented at a United States beef
producer. TABLE 1 shows, according particular aspects, the
result of testing 62,919 MWCS samples, and then retesting

tn

12

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 com-
prising the MWCS samples which yielded a positive result.
If only the 391 individual single-unit production lots yield-
ing 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 produc-
tion lots, corresponding to 1,928,000 lbs 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 vali-
dated 19,280,000 Ibs 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 substan-
tial additional assurance of the safety of the food products.

Furthermore, as outlined above under “BACK-

s GROUND,” information is frequently available on a ‘per

combo’ basis including, but not limited to hour of produc-
tion, 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 infor-
mation since there is no way to determine which combo(s)
contained the pathogen (as stated above, prior art re-sam-
pling 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 infor-
mation including, but not limited to hour of production,
vendor source of raw materials, production employees pres-
ent, and operational status of microbial intervention process
steps can be brought to bear in the context of the 391
individual single-unit production lots vielding 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 3 IPULs 4 IPULs 5 IPULs
Est. A, B, C. 62919 271 180 39 18 11 7
55
the individual single-unit production lot (combo) samples EXAMPLE 11

whenever a positive result was obtained from the MWCS
sample.

TABLE 1 shows that out of 62,919 MWCS samples, a
total 0t 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 1bs each,
this would represent approximately 2,710,000 pounds of
product (i.e., 271x5x2,000 pounds=2,710,000 pounds).

1]

63

(According to Particular Aspects of the Present Invention,
the Inventive Sampling Methods have Substantial Utility in

60 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 monocy-
togenes. The frequency of end product sampling is selected
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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. monocy-
togenes 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. Prefer-
ably, 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 col-
lected, to which, in wet enrichment embodiments, enrich-
ment medium/buffer is added. Following incubation under
conditions suvitable 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/ 3

buffers from individual single-unit production lot samples
are combined to 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 3

medium/buffer sample from the individual single-unit pro-
duction 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 corre-
sponding sample yields a negative result are released into
commerce. The latter fraction represents a direct cost sav-
ings 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 investi-
gation and apply remediative resources more effectively and
efficiently. For example, where a positive result(s) is asso-
ciated with one or more specific production lines, targeted
aggressive sanitation is used to resolve the problem. Alter-
natively, for example, where a positive result(s) is associated
with one or more specific products, determining whether
raw materials are contaminated, or whether process micro-
bial intervention steps were operating properly are effec-
tively and efliciently used.

EXAMPLE III

(According to Particular Aspects of the Present Invention,
the Inventive Sampling Methods have Substantial Utility for
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Providing Cost-Effective and Effective Monitoring Means
for Pathogen Levels in Nut Products (e.g., Almond Prod-
ucts) 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 treat-
ments may also be applied, such as use of propylene oxide.
In practice, these processes may be used in 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 moni-
toring program for pathogen levels in nut products (e.g.,
almond products). In such embodiments, final almond prod-
ucts of each type are collected at random times over a
production shift. The producer defines and establishes indi-
vidual 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 ‘truck-
load’), 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 compos-
ite sample, and, in wet enrichment embodiments, enrich-
ment 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 indi-
vidual 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 com-
prising that MWCS is analyzed uvsing the same, or aug-
mented 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 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 effec-
tively and efliciently. 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 deter-
mined, and targeted effective and efficient remedial mea-
sures are applied.

EXAMPLE IV

(According to Particular Aspects of the Present Invention,
the Inventive Sampling Methods have Substantial Utility in
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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 composit-
ing 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 invention allows
for pinpointing the test lots (e.g., operationally-linked
unit(s)) that are positive for the microbe of concern.

The invention claimed is:

1. A method of sampling and testing products for 3

microbes in multiple separate lots, comprising:

a) separately collecting multiple independent samples
from each of multiple separate lots, wherein each
separate lot is separately sampled by taking said mul-
tiple independent samples thereof;

b) separately compositing the collected multiple indepen-
dent samples from each of the separate lots to provide
a corresponding set of separate composited lot samples,
wherein each of the separate composited lot samples is
attributed to a particular corresponding separate lot;

¢) enriching each of the separate composited lot samples
to provide a set of separate composited lot samples
enriched for the target microbe(s);

d) removing portions of each separate enriched compos-
ited lot sample, 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 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 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 composited lot samples are vali-
dated.

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.
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3. The method of claim 1, wherein each of the multiple
separate lots is a single production lot, comprised of opera-
tionally-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 pooled modular composite sample of d), prior to testing
in e).

6. The method of claim 1, wherein each separate com-
posited lot sample in ¢) comprises incubating each separate
composited lot sample with enrichment medium suitable to
enrich for the target microbe(s), and wherein removing in d)
comprises removing a portion of the enrichment medium
from each enriched separate composited lot sample and
combining the removed portions to provide a pooled modu-
lar composite sample.

7. The method of claim 6, wherein the enrichment
medium comprises a selective agent that will inhibit a
competing non-target microbe.

8. 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).

9. The method of claim 8 wherein the concentration step
comprises at least one of immunomagnetic bead separation,
and aflinity chromatography.

10. The method of claim 1, wherein where testing in ) of
the pooled modular composite sample is positive, and
wherein the separate individual composited lot samples are
further tested using a more sensitive protocol.

11. The method of claim 10, wherein the more sensitive
protocol comprises use of a concentration step to concen-
trate the target microbe(s), in combination with the same test
protocol used to test the pooled modular composite sample.

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

13. 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 enriched separate composited lot samples of ¢) that
test negative in e), and testing the additional pooled modular
composite sample, using the same or a different suitable
assay.

14. The method of claim 1, further comprising, where
testing of the pooled modular composite sample in e) is
negative, forming an additional pooled modular composite
sample from the set of enriched separate composited test lot
samples of c), and testing the additional pooled modular
composite sample, using a different suitable assay, to con-
firm the negative testing status.

15. 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.

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

17. 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.

18. The method of claim 1, wherein, in a), separately
collecting said multiple independent samples from each of

Page 37 of 84 PagelD #: 55



Case 1:23-cv-00826-JHS Document 1-1

Filed 08/01/23

US 9,637,771 B2

17

the multiple separate lots comprises separately collecting
from each separate lot a number of samples from 5 to 100.

19. The method of claim 1, wherein, in a), separately
collecting said multiple independent samples from each of
the multiple separate lots comprises separately collecting 30
to 60 samples from each separate lot.

20. The method of claim 1, wherein, in a), separately
collecting said multiple independent samples from each of
the multiple separate lots comprises separately collecting at
least 30 samples from each separate lot.

21. The method of claim 1, wherein, in a), separately
collecting said multiple independent samples from each of
the multiple separate lots comprises separately collecting at
least 60 samples from each separate lot.

22. 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 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 of each separate enriched 3

composited lot sample.

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 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.

29. The method of claim 28, wherein the meat or poultry
specimens are meat trim pieces or poultry trim pieces,
respectively.

30. The method of claim 28, wherein the meat is that of
beef, pork, sheep or bison.

31. The method of claim 30, wherein the meat is that of
beef.

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 1, further comprising in (e)
wherein when such testing of the modular composite sample
is negative, nonetheless testing each of the separate com-
posited 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.

35. The method of claim 1, further comprising, in (e)
wherein when such testing of the pooled modular composite
sample is positive, each of the individual separate compos-
ited 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
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composited lot samples to enhance confidence in the nega-
tive testing results prior to deeming the lots corresponding to
the negatively testing composited lot samples validated or
releasable into the chain of commerce.

36. The method of claim 1, wherein each of the multiple
separate lots are production lots of produce, fruits, veg-
etable, herbs, or spices.

37. A method of sampling and testing products for
microbe(s) in multiple separate lots, comprising:

a) separately collecting multiple independent samples
from each of multiple separate single production lots,
wherein each separate single production lot is sepa-
rately sampled by taking said multiple independent
samples thereof;

b) separately compositing the collected multiple indepen-
dent samples from each of the separate lots to provide
a corresponding set of separate composited single pro-
duction lot samples, wherein each of the separate
composited single production lot samples is attributed
to a particular corresponding separate single production
lot;

c¢) enriching of the separate composited single production
lot samples to provide a set of separate composited
single production lot samples enriched for the target
microbe(s);

d) removing portions of each separate enriched compos-
ited single production lot sample, and combining the
removed portions to provide a pooled modular com-
posite 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 single production lot samples are deemed
negative for the target microbe(s) and each of the
multiple separate single production lots is validated,
and wherein when such testing is positive, each of the
individual separate composited single production lot
samples that were used to form the pooled modular
composite sample are individually tested to determine
which of the separate composited single production lot
samples is positive for the target microbe(s), wherein
the single production lots corresponding to any nega-
tively testing composited single production lot samples
are validated.

38. The method of claim 37, wherein removing portions
in step d) is removing equal portions, aseptically, so as to
preclude contamination of the enriched separate composited
single production lot samples.

39. The method of claim 37, further comprising in (e)
wherein when such testing of the pooled modular composite
sample is negative, nonetheless testing each of the separate
composited single production lot samples for the target
microbe(s) to enhance confidence in the negative testing
results prior to deeming the single production lots validated
or releasable for processing or into the chain of commerce.

40. The method of claim 37, further comprising, in (e)
wherein when such testing of the modular composite sample
is positive, each of the individual separate composited single
production lot samples that were used to form the pooled
modular composite sample are individually tested to deter-
mine which of the separate composited single production lot
samples is positive for the target microbe(s), retesting of the
separate negatively testing composited single production lot
samples to enhance confidence in the negative testing results
prior to deeming the single production lots corresponding to
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the negatively testing composited single production lot
samples validated or releasable into the chain of commerce.

41. The method of claim 37, wherein each of the multiple
separate single production lots are separate single produc-
tion lots of a meat or poultry product, comprising an
assemblage of one or more meat or poultry specimens,
respectively.

42. The method of claim 41, wherein the meat or poultry
specimens are meat trim pieces or poultry trim pieces,
respectively. 10

43. The method of claim 42, wherein the meat is that of
beef, pork, sheep, or bison.

44. The method of claim 43, wherein the meat is that of
beef.

45. The method of claim 37, wherein each of the multiple 15
separate single production lots are separate single produc-
tion lots of a fish or seafood product, comprising an assem-
blage of one or more fish or seafood specimens, respectively.

46. The method of claim 37, wherein each of the multiple
separate single production lots are separate single produc- 20
tion lots of a ready-to-eat product.

47. The method of claim 37, wherein each of the multiple
separate single production lots are separate single produc-
tion lots of produce, fruits, vegetable, herbs, or spices.

48. The method of claim 37, wherein the target microbe(s) 25
comprises at least one selected from the group consisting of
Listeria, Salmonella, and Escherichia coli.

49. The method of claim 48, wherein the target microbe(s)
comprises at least one selected from the group consisting of
Listeria spp., Listeria monocytogenes, Salmonella spp., 30
Escherichia coli O157:H7, coliforms, and fecal colitforms.
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{NRICHMENT METHODS FOR THE
DETECTION OF PATHOGENS AND OTHER
MICROBES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of pending U.S. patent
application Ser. No. 10/848.253 filed May 17. 2004. and
entitled “ENRICHMENT METHODS FOR THE DETEC-
TION OF PATHOGENS AND OTHER MICROBES™ (now
U.S. Pat. No. 7,531,163), which claims the benefit of priority
to U.S. Provisional Patent Application Ser. No. 60/470,975
filed May 16, 2003, and entitled “DRY AND SEMIDRY
ENRICHMENT FOR THE DETECTION OF FOOD-
BORNE PATHOGENS.™ both incorporated by reference
herein in their entirety.

FIELD OF THE INVENTION

The present invention, in various aspects, relates gener-
ally to improving the efficiency of producing foods . and the
safety and quality of food products. including but not limited
to beel. pork, sheep, bison. deer. elk, pouliry (e.g.. chicken
and turkey) and fish, produce. juices, dairy products, dry
goods (cereals, etc), and all manners of raw and processed
foods, environmental samples (water, wastewater, soil, sur-
face samples. samples taken by impingers and filtration,
etc), pharmacenticals, and other types of samples that are to
be analyzed using enrichment-detection protocols. More
specifically, embodiments of the present invention relate to
novel methods for pathogen testing and detection at a site
that is remote from a site of which samples are taken.

BACKGROUND

Most regulatory agencies require, and customers demand
specific testing for pathogens that are common to specific
food types. and agricultural products, that are capable of in
vivo multiplication. Rapid and accurate methods for detec-
tion of foodborne and waterborne pathogens are essential,
particularly in the context of food manufacturing processes.
pharmaceutical industry, drinking water and wastewater
utilities, management of fisheries resources and bodies of
water (recreational, etc). The same applies to the general
detection of human, animal and plant pathogens, and in
general to any kind of bacterial, viral, fungal, and parasitic
pathogens that are capable of in vivo multiplication. and
their indicator organisms. Many manufacturers and utilities

have. consequently. had to build in-house labs to expedite 3

the testing, or lose valuable time waiting for test results
when samples are shipped out to outside labs. The same is
true for the utility industry (water and wastewater). and the
pharmaceutical industry. Furthermore, vusing art-recognized
and current standard methods, the cost of enrichment media
used to expand the numbers of one or more particular
pathogens to detectable levels. can be substantial.

Prior art enrichment methods. Significantly. conventional/
standard methods for detection of pathogens in food (dry
and liquid) involve diluting the sample 1:10 (wt/v) with
media (e.g., sterile media) (or with another diluent, followed
immediately by serial dilution into media to provide an
effective 1:10 dilution into media), and thus involve the use
of substantial volumes of media. For example. the conven-
tional 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

5

0

5
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Bacteriology Analytical Manual Online, Chapter 4 and 4A,
describing standard 1:10 dilution procedures for testing of
coliforms, fecal coliforms and E. coli in food, shellfish and
juices). Significantly, these protocols have been adopted in
the field so that samples (e.g.. meat samples) at remote
locations are typically diluted 1:10 (wt./vol.), and then
shipped under ambient or uncontrolled conditions 1o a test
location, where they are incubated at an optimal temperature
and subsequently tested for pathogens.

For example, the following prior art examples comprise
enrichment followed by detection of the target organisms in
the enriched media, and are based on the use of 1:10 dilution
of the sample in an appropriate media/buffer:

Escherichia coli. The assay for the detection of £. coli in
citrus juices, as described in the Bacteriological Analytical
manual (BAM) (United States Food & Drug Administration,
and Center for Food Safety & Applied Nutrition, Bacterio-
logical Analytical Manuval, Chapter 4, Enumeration of
Ischerichia coli and the Coliform Bacteria, September
2002), is carried out in duplicate. Basically, a 10-mL portion
of juice is aseptically inoculated into 90 mL of Universal
Pre-enrichment Broth (UPEB) and incubated at 35° C. for 24
h. After enrichment, the sample is mixed and 1 ml. is
transferred from each UPEB enrichment broth into 9 mL. of
EC broth containing a CC disc, and EC/CC broth tubes are
incubated at 44.5° C. in a circulating water bath for 24 h.
Preferably, positive (tube inoculated with a MUG (+) E. coli
strain) and negative (tube inoculated with K. preumoniae)
controls are included. The tubes are checked in the dark and
under long wave UV light. The presence of blue fluores-
cence in either tube is indicative that . coli is present in the
sample. Note: the CC discs also contain X-gal, which when
cleaved by 3-galactosidase will yield blue color on or around
the disc. This reaction is analogous to measuring acid/gas

5 production from fermentation of lactose hence. the presence

of blue color is indicative of coliforms. For the detection of
Escherichia coli O157:H7 in food, 25 g of ground beef is
incubated in 225 ml of selective enrichment medium for 16
to 18 h at 37° C. with agitation (Padhye & Doyle, Appi.
Environ. Microbiol. 57:2693-2698, 1991). Enzyme-linked
immunosorbent assay (ELISA) is used to detect the patho-
gen from the enriched culture. Doyle & Schoeni (Appl.
Environ. Microbiol. 53:2394-2396. 1987) isolated E. coli
O157:H7 from retail fresh meats and poultry using the
enrichment method whereby 25 g of food sample was added
to 225 modified TSB. In the same fashion, fecal sample
enrichment was done with modified TSB at 1:10 ratio (Zhao
et al., Appl. Environ. Microbiol. 61:1290-1293, 1995).
Salmonella. BAM, 2003 teaches use of 1:9 sample/broth
ratio (1:10 dilution) for detection of salmonella in meats.
meat substitutes, meat by-products, animal substances, glan-
dular products, and meals (fish, meat. bone). The recom-
mended procedure is as follows: weigh twenty-five gm (25
g) of sample aseptically: add 225 ml of sterile lactose broth
and blend for two min.: transfer the homogenized mixture
aseptically to a sterile wide-mouth, screw-cap jar (500 ml)
or other appropriate container and let stand 60+5 min at
room temperature with the container securely capped
(blending can be omitted i’ mixture is powder, ground or
comminuted) (lactose broth is added to samples that do not
require blending); mix well and check the pH with the help
ol a test paper: adjust pH, il necessary, to 6.8+0.2: add up to
2.25 ml steamed (15 min) Tergitol Anionic 7 and mix well
(alternatively, steamed (15 min) Triton X-100 can be used)

5 (the use of surfactants should be limited to initiate foaming);

and loosen jar caps V4 turn and incubate sample mixtures
242 h at 35° C.
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Likewise, Pignato et al. (Appl. Environ. Microbiol. 61:
1996-1999, 1995) evaluated new culture media for rapid
detection and isolation of salmonellae in foods. The meth-
odology followed was as follows: fifty g of meat samples are
taken and minced; 25 g is homogenized for 1 min in a
stomacher with 225 ml of Buffered Peptone Water (BPW)
and then pre-enriched by incubation for 24 h at 37° C., while
25 g is homogenized with 225 ml of Salmosyst broth and is
further pre-enriched by incubation for 6 h at 37° C.; the
whole contents of two eggs are homogenized for 30 s in a
stomacher and then divided in two aliquots of 50 g each for
pre-enrichment with 450 ml of BPW and 450 ml of Salmo-
syst broth; and an aliquot of 10 ml of BPW is transferred to
100 ml of Miiller-Kauffmann tetrathionate broth (M-KTB),
for selective enrichment by incubation for 24 and 48 h at 43°
C. after the preenrichment. For the detection of Salmonella
spp.. 25 g of ground pork is enriched in 225 ml of pre-
warmed buffered peptone water (Ng et al.. Appl. Environ.
Microbiol. 62:2294-2302, 1996). The same ratio (1:10) of

enrichment was done for infant milk for the detection of 2

Salmonella spp.

See also United States Food & Drug Administration, and
Center for Food Safety & Applied Nutrition. Bacteriological
Analytical Manual. Chapter 5. Salmonella, April 2003,

Shigella sonnei. The conventional culture method for the
enrichment of Shigella sonnei includes the use of 25 g
sample into 225 ml shigella broth, already containing 0.5
ng/ml novobiocin (United States Food & Drug Administra-
tion, and Center for Food Safety & Applied Nutrition,
Bacteriological Analytical Manual. Chapter 6. Shigella,
January 2001). The procedure is as follows: pour superna-
tant into sterile 500 ml Erlenmeyer flask: adjust pH, to
7.0+0.2 with sterile 1 N NaOH or 1 N HCI: set the flask in
an anaerobic jar with fresh catalyst; insert GasPak™ and
activate by adding water: incubate the jars in 44.0° C. water
bath for 20 h; stir the enrichment culture suspension and
streak on a MacConkey agar; and incubate for 20 h at 35° C.

Campylobacter. United States Food & drug Administra-
tion, and Center for Food safety & Applied Nutrition,
Bacteriological Analytical Manual. Chapter 7. Campy-
lobacter, March 2001 (2001) suggests the use of a 1:10
dilution for sample enrichment when high numbers of
background flora (with broad species diversity) are present.
It is taught that sample dilution helps antibiotics perform
more effectively. and campylobacter cells utilize the low-
oxygen atmosphere more efficiently.

Listeria. For the prior art enrichment of Listeria mono-
crtogenes in composite samples, a composite blend of 50 g
(equivalent to 25 g food plus 25 ml basal Buftered Listeria

enrichment broth (BLEB)) is mixed with a 200 ml amount 3

of basal BLEB. An aliquot (50 ml) of the composite blend
is retained, preferably at 5° C. and not below 0° C.. for
possible pathogen enumeration. For non-composited
samples, single 25 g analytical portions of food are blended
or stomached in 225 ml of basal BLEB and pre-enriched/
enriched as per the procedures. A 25 g sample is retained for
possible pathogen enumeration and should be stored either
frozen, in a non-defrosting freezer or at 5° C.

Ryser et al (Appl. Environ. Microbiol. 62(5): 1781-1787,
1996) conducted experiments for the recovery of Listeria
ribotypes from naturally contaminated. raw refrigerated
meat and poultry products. A 1:10 sample dilution is used.
Paired samples of ground beef, pork sausage. ground turkey,
and chicken weighing 25 g are inoculated into 225 ml each
of University of Vermont-modified Listeria enrichment
broth (UVM; Difco Laboratories. Detroit, Mich.) and Lisz-
eria repair broth (LRB; developed by Busch and Donnelly:

¢
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Busch & Donnelly, Appl. Environ. Microbiol. 58:14-20,
1992), homogenized for 2 min in a Lab-Tek 400 Stomacher
(Tek-mar, Cincinnati, Ohio). and incubated at 30° C. An
aliquot o' 0.1 ml of each UVM and LRB primary enrichment
is inoculated into a separate tube containing 10 ml of Fraser
broth after an incubation of 22 to 26 h at 30° C. Following
24 and 40 h of incubation at 35° C., all secondary enrich-
ments, regardless of color change due to esculin hydrolysis,
are streaked onto modified Oxford agar plates. All plates are
incubated at 35° C. for 24 h, afier which two presumptive
Listeria isolates per sample for each primary enrichment
medium are streaked onto brain heart infusion agar plates for
purification and incubated at 35° C. for 24 h. An additional
eight presumptive UVM and LRB Listeria isolates per
primary enrichment medium from five samples of each of
the four products are also streaked onto plates of brain heart
infusion agar and similarly incubated.

Likewise, Norton et al. (4dppl. Environ. Microbiol. 67(1):
198-205, 2001) use a dilution of 1:10 for the Listeria
enrichment. Twenty-five-gram portions of raw, in-process,
and smoked fish are homogenized in 225 ml of Listeria
Enrichment Broth (LEB) (Difco Laboratories, Detroit,
Mich.) using a Stomacher 400 laboratory blender (Seward
Ltd.). Brine solutions. in 25-ml aliquots, are inoculated into
225 ml of LEB. Swabs and transport media are transferred
aseptically to 8 ml of LEB. After 24 and 48 h of incubation
at 30° C., 0.1 ml of each enrichment culture are plated on
Oxford medium containing the Oxford Antimicrobic
Supplement (Difco Laboratories), and incubated at 30° C.
for 48 h. Pure culture isolates used for hlyA PCR or BAX
system analysis (for confirmation that this system correctly
identifies isolates from culture-positive, BAX system-nega-
tive samples) are cultured into brain heart infusion broth at
37° C. with shaking for 12 to 15 h.

Growth of healthy and heat-injured strains of Listeria
monocytogenes and Salmonella spp. from raw milk was
supported by enrichment of sample in the universal pre-
enrichment broth. One ml of milk was inoculated into tubes
containing 9 ml of pre-enrichment broth (Jiang et al.. J.
Dairy Sci. 81:7298-72830. 1998).

See also United States Food & Drug Administration, and
Center for Food Safety & Applied Nutrition. Bacteriological
Analytical Manual, Chapter 10. Detection and enumeration
of Listeria monocytogenes in foods, January 2003.

Yersinia enterocolitica and Yersinia pseudotuberculosis.
The simplified procedure for isolating Yersinia from food,
water. and environmental samples as suggested in Bacterio-
logical Analytical Manual (United States Food & Drug
Administration, and Center for Food Safety & Applied
Nutrition, 2001) is as follows: aseptically weigh 25 g sample
into 225 ml Peptone sorbitol bile broth (PSBB). Homog-
enize for 30 s and incubate at 10° C. for 10 days. I high
levels of Yersinia are expected in product, spread-plate 0.1
ml on MacConkey agar (Doyle et al., dppl. Environ. Micro-
biol. 42:661-666. 1981. In United States Food & Drug
Administration, and Center for Food Safety & Applied
Nutrition, 2001, Weissfeld (Weissfeld & Sonnenwirth, /.
Clin. Microbiol. 15:508-510, 1982.) In United States Food &
Drug Administration, and Center for Food Safety & Applied
Nutrition, 2001) and 0.1 ml on CIN agar (Schiemann. D. A.,
Appl. Environ. Microbiol. 43:14-27, In United States Food
& Drug Administration, and Center for Food Safety &
Applied Nutrition. January 2001, Bacteriological Analytical
Manual. Chapter 8. 1982, In United States Food & Drug

5 Administration, and Center for Food Safety & Applied

Nutrition, 2001; Schiemann & Wauters, Yersinia. Chapter
27. Yersinia pseudotuberculosis, pp. 601-672. In: Compen-
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dium of Methods for the Microbiological Examination of
Foods, 3rd ed., C. Vanderzant and D. F. Splittstoesser (eds),
American Public Health Association, Washington. D.C., In
United States Food & Drug Administration, and Center for
Food Safety & Applied Nutrition. January 2001, Bacterio-
logical Analytical Manual, Chapter 8, 1992; In United States
Food & Drug Administration, and Center for Food Safety &
Applied Nutrition) before incubating the broth.

A selective enrichment for plasmid-bearing virulent sero-
types of Yersinia enterocolitica from pork was developed in
which 10 g of samples is incubated with 90 ml of modified
Tripticase soy broth (MTSB) (Bhaduri S. et al., Appl
Environ. Microbiol. 63(5):1657-60, 1997). The first 10 ml of
MTSB is added to the samples and was allowed to stand for
5 min, followed by adding the remainder 80 ml of MTSB
into the sample bag for a 24 h incubation at 12° C.

Vibrio cholerae. Bacteriological Analytical manual
(United States Food & Drug Administration. and Center for
Food Safety & Applied Nutrition, Bacteriological Analytical

Manual, Chapter 9: Vibrio. July 2001) recommends addition 2

of 225 ml alkaline peptone water (APW) with 25 g of
weighed sample into a tarred jar (approximately 500 ml
capacity). Seafood or vegetables are blended or cut into
small pieces with sterile scissors. The mixed sample is
blended for 2 min at high speed. and incubated in APW at
35+2° C. for 6 to 8 h.

Clostridium. Fach et al. (Appl. Environ. Microbiol.
61:389-92, 1995) incubate 10 g of food samples (raw/
cooked beel, raw/cooked pork, and raw fish) in 90 ml of
Trypticase veast extract glucose for the detection of
Clostridium spp. Similarly. Dahlenborg et al. (dppl. Envi-
ron. Microbiol. 67:4781-8, 2001) incubate 10 g of feces in
90 ml of tryptone-peptone-glucose-yeast extract to select for
C. botulinum.

Specialized, selective media. Additionally, various spe-
cialized selection media (and agar) are known and vsed in
the art. Such media comprises one or more anti-microbial
reagents (e.g.. tellurite and cefixime that selectively suppress
particular (e.g., normal) flora growth and interference there-
from. to enhance the ability to detect, for example a slower
growing pathogen (e.g., £. coli O157:H7). Such anti-micro-
bial reagents, while having utility, nonetheless add even
more expense to the media.

Therefore, not only is the cost of the sterile media itself
significant, but, given the volumes typically involved. the
associated shipping costs are also substantial given the large
volumes (sample plus media/buffer). Furthermore, the size
of the prior art samples (plus media/buffer) make it imprac-
tical to ship at an appropriate or optimal temperature (e.g.

using temperature-controlled, spill-proof shipping contain- 3

ers/incubators. The inability to take advantage of shipping
time for enrichment results in a substantial time delay in
obtaining laboratory results. This has forced many industries
and entities to either use local testing facilities, build in-
house certifiable testing labs, or accept. a substantial
expense, the additional 1-2 days of ‘process’ time while
awaiting test results.

Generally speaking. development of more timely and cost
effective sampling, enrichment and testing procedures will
make eflicient use of the industry’s financial resources, and
thus will facilitate industry implementation of, and compli-
ance with regulatory guidelines.

Therefore. to provide eflicient and cost effective testing
methods, and to facilitate industry implementation of and
compliance with regulatory guidelines, there is a pro-
nounced need in the art for rapid and eflicient methods and
apparatus for detection, at test locations that are remote from
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the site(s) of sampling, of various kinds of bacterial, viral,
fungal, and parasitic pathogens that are capable of in vivo
multiplication.

There is a pronounced need in the art to reduce the time
required to obtain meaningful test results from remote test
locations.

There is a pronounced need in the art to reduce the costs
of obtaining such timely meaningful test results from remote
test locations.

There is a pronounced need in the art for accurate and
efficient methods for testing samples at a remote location,
including but not limited to beef, pork, sheep, bison, deer,
elk, poultry (e.g., chicken and turkey) and fish, produce,
juices, dairy products. dry goods (cereals. etc). and all
manners of raw and processed foods, environmental samples
(water, wastewater, soil, surface samples, samples taken by
impingers and filtration, etc), pharmaceuticals, and other
types of samples that are to be analyzed using enrichment-
detection protocols.

SUMMARY OF THE INVENTION

The present invention provides novel enrichment, testing
and detection methods for detection of pathogens or other
microbes in food, water, wastewater, sludge, pharmaceuti-
cal, industrial samples, and the like. The methods are also
applicable to testing samples including, but are not limited
to beel, pork, sheep, bison, deer, elk, poultry (e.g.. chicken
and turkey) and fish. produce, juices, dairy products, dry
goods (cereals, etc), and all manners of raw and processed
foods, environmental samples (water, wastewater, soil. sur-
face samples, samples taken by impingers and filteration,
etc), pharmaceuticals, and other types of samples that are to
be analyzed using enrichment-detection protocols.

In preferred aspects, a sample is obtained at a first location
and is enriched, based on its intrinsic properties (if water
activity and nutrition, pH, are suflicient/proper to support the
growth of the target organism), either with no addition of
other compounds, or by the addition of minimal amounts of
enrichment appropriate media. ranging from 0.1 volume to
1 volume (per wt sample). The samples are then incubated
al the appropriate temperature which is selected on the basis
of the temperature that allows for the optimal growth of the
target organism (s) over the background flora. The samples.
after sufficient incubation, are then analyzed for the presence
of the pathogen using any number of available methods.
Alternatively the enriched samples are incubated at an
optimal temperature in an incubator during transit of the
diluted sample to a second location that is a remote test
location. The enriched, incubated sample is received and
tested at the second location by assaying the received
sample. or a portion thereof, with an assay suitable to detect
the pathogen/target microbes.

In alternate preferred embodiments (e.g., liquid samples.
Jjuice, ete.), samples are enriched by adjusting their water
activity (using sterile water/bufler/enrichment media), nutri-
ent levels, pH. buffering capacity. and possibly addition of
selective compounds (that repress the growth of competitive
organisms in the samples) to the level that allows for the
growth of the target organism, at the first location, followed
by incubation and testing at the first location or shipping in
transport incubators to a second testing location. The novel
methods provide accurate, cost effective. and timely sam-
pling and testing methods in-house or under circumstances
where shipping of the sample to a remote testing location is
required or desirable.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show amplification products obtained by
multiplex PCR of £. eoli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 1). or an
embodiment of the inventive *dry’ method (FIG. 2) for 6 h,
and concentrated by Dynabeads®. Numbers 1, 2, 3 were
inoculation levels at 2.4x10', 0.36x10', and 0.036x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FIGS. 3 and 4 show amplification products obtained by
multiplex PCR of . coli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 3), or an
embodiment of the inventive ‘dry’ method (FIG. 4), for 7 h,
and concentrated by Dynabeads®. Numbers 1, 2, 3 were
inoculation levels at 2.4x10', 0.36x10', and 0.036x10'
CFU/g of meat, respectively. A and B were duplicate
samples.

FIGS. 5§ and 6 show amplification products obtained by 2

multiplex PCR of E. coli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 5), or an
embodiment of the inventive ‘dry’ method (FIG. 6), for 8 h,
and concentrated by Dynabeads®. Numbers 1, 2, 3 were
inoculation levels at 2.4x10", 0.36x10', and 0.036x10’
CFU/g of meat, respectively. A and B were duplicate
samples.

FIGS. 7 and 8 show amplification products obtained by
multiplex PCR of £, coli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 7). or an
embodiment of the inventive ‘dry” method (FIG. 8), for 6 h.
Numbers 1, 2, 3 were inoculation levels at 2.4x10', 0.36x
10", and 0.036x10" CFU/g of meat, respectively. A and B
were duplicate samples.

FIGS. 9 and 10 show amplification products obtained by
multiplex PCR of F. coli O157:H7 inoculated on meat
trimmings incubated with a standard method (F1G. 9). or an
embodiment of the inventive “dry’ method (FIG. 10), for 7
h. Numbers 1, 2, 3 were inoculation levels at 2.4x10",
0.36x10", and 0.036x10" CFU/g of meat, respectively. A and
B were duplicate samples.

FIGS. 11 and 12 show amplification products obtained by
multiplex PCR of F. coli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 11). oran
embodiment of the inventive *dry’ method (FIG. 12), for 8
h. Numbers 1. 2, 3 were inoculation levels at 2.4x10',
0.36x10", and 0.036x10" CFU/g of meat, respectively. A and
B were duplicate samples.

FIGS. 13 and 14 show amplification products obtained by 5

multiplex PCR of £ coli O157:H7 inoculated on meat
trimmings incubated with a standard method (FIG. 13), oran
embodiment of the inventive ‘dry’ method (FIG. 14), for 24
h. Numbers 1. 2, 3 were inoculation levels at 2.4x10',
0.36x10", and 0.036x10" CFU/g of meat, respectively. A and
B were duplicate samples.

FIGS. 15 and 16 show amplification products obtained by
multiplex PCR of Salmonella spp. inoculated on meat trim-
mings incubated with a standard method (FIG. 15), or an
embodiment of the inventive ‘dry’ method (FIG. 16). for 6
h. Numbers 1. 2, 3 were inoculation levels at 1.6x10",
0.24x10", 0.042x10" CFU/g of meat, respectively. A and B
were duplicate samples.

FIGS. 17 and 18 show amplification products obtained by
multiplex PCR of Salmonella spp. inoculated on meat trim-
mings incubated with a standard method (FIG. 17), or an
embodiment of the inventive ‘dry” method (FIG. 18). for 7

10
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h. Numbers 1, 2, 3 were inoculation levels at 1.6x10',
0.24x10", 0.042x10" CFU/g of meat, respectively. A and B
were duplicate samples.

FIGS. 19 and 20 show amplification products obtained by
multiplex PCR of Salmonella spp. inoculated on meat trim-
mings incubated with a standard method (FIG. 19), or an
embodiment of the inventive *dry” method (FIG. 20), for 8
h. Numbers 1, 2, 3 were inoculation levels at 1.6x10",
0.24x10", 0.042x10" CFU/g of meat, respectively. A and B
were duplicate samples.

FIGS. 21 and 22 show amplification products obtained by
multiplex PCR of Safmonella spp. inoculated on meat trim-
mings incubated with a standard method (FIG. 21), or an
embodiment of the inventive ‘dry” method (FIG. 22). for 24
h. Numbers 1, 2, 3 were inoculation levels at 1.6x10',
0.24x10". 0.042x10" CFU/g of meat. respectively. A and B
were duplicate samples.

DETAILED DESCRIPTION OF THE
INVENTION

Prior to the present invention, low-dilution enrichment,
transit incubation methods were not known or appreciated in
the relevant art. Prior art methods. as summarized herein,
under the “Background™ section. are based on 1:10 (wt./vol.)
dilutions of the sample.

In various aspects, the present invention provides novel
methods for remote testing of one or more pathogens or
other microbes in food, water, wastewater, sludge, pharma-
ceutical. industrial samples. and the like. In particular
aspects, a dry-enrichment or a semi-dry-enrichment process
allows for incubation, during transit to a remole testing
location, of the food samples either without (e.g., liquid
samples) the addition of enrichment media, or with (e.g.,

5 solid or semi-solid samples) addition of only relatively small

quantities of media and/or supplements, for testing at the
remote location of contaminating pathogens or other
microbes.

The present novel embodiments provide accurate, cost
effective, and timely sampling and testing methods under
circumstances where shipping of the sample to a remote
testing location is required or desirable. The present inven-
tion, in various aspects, allows, inter alia, {or: (i) savings in
the cost of enrichment media/buffers; (i1) the ability to ship

5 the samples economically (with up to 90% less weight). and

with far less chances of spills (e.g.. because of 90% less
liquids in enriched samples), in specially designed dry/semi-
dry shipping incubators, to remote/distant laboratories; (iii)
increased sensitivity in the detection of the target organisms,
due to smaller dilution factor: and (iv) the ability to form
centralized laboratories (that may be remote from the sam-
pling sites) that use the enrichment/incubation-in shipping
concept to provide testing services to distant clients with the
ability to report as fast as a local laboratory, and at similar
or reduced costs relative to local laboratories.

According to the present invention, the samples are incu-
bated immediately at the desired incubation temperature,
and/or are incubated in transit by shipping the samples in a
temperature-controlled shipping container or incubator
allowing for incubation at appropriate temperatures within
optimal ranges depending on the pathogen’s optimal growth
range, and/or optimal competitive growth range.

According to the present invention, for many types of
foods, the food itself can be incubated with no addition of

5 inhibitory or supplementary substances. For example. with

foods or environmental samples that are in liquid form (e.g.,
fruit juices and the like), the samples are enriched directly,
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with or without a concentration step. with or without the
addition of supplementary nutrients, inhibitors, or indica-
tors.

In other aspects, with dry and semi-dry foods, the water
and/or nutrient activity is adjusted to allow for the growth of
the target organism. Addition of supplements depends on the
target organism and the nature of the samples which are to
be tested. Inventive supplements include water, sugars,
proteins, minerals, organics. vitamins and cofactors, antibi-
otics, dyes, indicators. etc.

The protocols as described allow for the enrichment of
pathogens, or target organisms with minimal increase in
volume/weight of the samples. For samples that are to be
shipped out, the shipping time can be used to enrich the
sample without substantial increase in the weight and vol-
ume of the product, also minimizing the probability of
spillage and/or cross-contamination. The sensitivity of the
method is increased due to the elimination of dilution factor:
the sample size has not increased substantially in terms of its
volume or weight.

Samples testable according to the present invention
include, but are not limited to beef, pork, sheep, bison, deer,
elk, poultry (e.g.. chicken and turkey) and fish, produce,
juices, dairy products, dry goods (cereals, etc), and all
manners of raw and processed foods. environmental samples
(water, wastewater, soil, surface samples, samples taken by
impingers and filteration, etc), pharmaceuticals, and other
types of samples that are to be analyzed using enrichment-
detection protocols.

Definitions

“Carcass” refers to the body of the livestock after harvest,
de-hiding (or. as the case may be. de-feathering. de-skin-
ning. de-scaling). and evisceration. Preferred embodiments
relate to beel carcasses, but the present invention encom-
passes carcasses of pigs. sheep, deer. bison. elk. poultry
(e.g.. turkey, chicken) and other animals (e.g., fish) that are
killed and processed into products that may contain patho-
gens and/or other microbes of interest.

Carcass “splitting” refers to splitting of the carcass into
portions, including into two half-carcasses or half-carcass
portions. In preferred embodiments. splitting refers to split-
ting into two half-carcass portions.

“Fabrication™ refers to the process of cutting-up half-
carcass into marketable cuts (e.g.. primals, sub-primals,
trim).

“Trim™ refers to small pieces of meat and fat which are
excised during the 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 3

for microbial/pathogen content.

A “combo™ or “combo-bin” refers to the irim packaging
unit. Alternatively raw materials to be tested can be pack-
aged into boxes, bags or other appropriate containers, which
can be placed, for example, on pallets.

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

A prior art “Bin-sample” refers to a sample (typically
about 75 g), comprised of 1-12 randomly-selected pieces
from a single combo-bin. Typically, in prior art sampling
plans, the standard manner of collection is to randomly pick
five pieces as a comb-bin is being filled.

A prior art “Lot-unit sample” refers to a 375 g composite
sample, comprised of seventy-five (75) gram samples from
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each combo-bin of the Lot-unit. In a variation of the typical
prior art protocol, the random piece samples from each
combo-bin (the Bin-samples) are subjected to grinding, then
composite Lot-samples are made from the respective ground
Bin-samples.

“Sampling” or “obtaining samples” refers to obtaining, in
a form suitable for pathogen/microbe testing purposes, a
sample of the pathogens and/or other microbes of interest
present on or within various samples. Samples testable
according to the present invention include, but are not
limited to beefl, pork, sheep, bison, deer, elk, poultry (e.g..
chicken and turkey) and fish, produce, juices, dairy products,
dry goods (cereals, etc). and all manners of raw and pro-
cessed foods, environmental samples (water, wastewater,
soil. surface samples, samples taken by impingers and
filteration, etc), pharmaceuticals, and other types of samples
that are to be analyzed using enrichment-detection proto-
cols. Samples, include environmental samples, water, waste-
water. samples taken by impingers and filtration, botanical
liquid, industrial liquids. pharmaceutical liquids. and other
liquid samples analyzed using enrichment-detection proto-
cols.

For meat products, a sample may correspond to the
surface of one or more test locations of the carcass or
sub-carcass portion. Any sampling method is encompassed,
provided that it is suitable to acquire (or include), at least to
some extent, the surface pathogens/microbes. Preferably. the
sampling method is by excision, or by blotting, swabbing,
sponging, and the like (see under “Samples and Sample
Locations. herein below).

Preferred Embodiments

Aspects of the present invention provide a method for
remote detection of a pathogen or other microbe in a sample
comprising: obtaining a test sample at a first location, the
sample being solid or semi-solid: diluting, at the first loca-
tion, the sample with enrichment medium at a ratio of about
1:2.0 (wt./vol.) or greater; incubating the diluted sample at
an optimal temperature in an incubator during transit of the
diluted sample to a second location that is a remote test
location: and determining, at the remote test location. by
assaying the diluted incubated test sample, or a portion
thereof. with an assay suitable to detect the pathogen or
other microbe, whether the sample is contaminated.

Preferably, the sample is selected from the group consist-
ing of beef, pork. sheep. bison, deer. elk. poultry. fish,
produce, dairy products, dry goods. raw and processed
foods, environmental samples. soil. surface samples,
samples taken by impingers and filtration, etc), pharmaceu-
ticals, and samples analyzed using enrichment-detection
protocols.

Preferably, diluting is at a ratio of 1:1 (wt./vol.) or greater.
More preferably, diluting is at a ratio of 1:0.5 (wt./vol.) or
greater. Alternatively, diluting is at a ratio of 1:0.3 (wt./vol.)
or greater, or at a ratio of 1:01 (wt./vol.) or greater (i.e.,
non-diluted).

Preferably, the optimal temperature is within. or substan-
tially within, the optimal growth temperature range of the
pathogen or other microbe in the particular enrichment
medium. Preferably, the optimal temperature is within, or
substantially within. a temperature range that affords an
optimal competitive growth advantage. relative to other
microbes present in the sample. Preferably, the optimal
temperature range is from about 25 to 45° C. Preferably, the
optimal competitive growth temperature range is from about
30 to about 45° C.

Preferably, the assay suitable for detection of pathogenic
or microbial contamination is selected from the assay group
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consisting of immunoassays, nucleic acid amplification-
based assays, PCR-based assays, nucleic acid hybridization-
based assays, bio-sensor assays, immunostaining-micros-
copy-based assays, nucleic acid-array-based assays, DNA
chip-based assays. bacteriophage-detection-based assays.
classical microbiology-based assays, and chemical or bio-
chemical assays based on the detection of compounds asso-
ciated with particular target organisms or groups of target
organisms, and combinations thereof.

Preferably. the microbe or pathogen is selected from the
group consisting of Escherichia coli O15T:H7 (E. coli
O157:H7), enterochemorrhagic Escherichia coli (EHEC),
enterotoxigenic Escherichia coli (ETEC), enteroinvasive
Escherichia coli (EIEC), enterpathogenic Escherichia coli
(EPEC), Salmonella, Listeria, Yersinis, Campylobacter,
Clostridial species, Staphvlococcus spp.; frank and oppor-
tunistic bacterial, fungal, viral, parsitic pathogens: indicator
organisms including heterotrophes, generic E. coli, total and
fecal coliforms and enterococcus; spoilage organisms

including Pseudomonas: indicator molecules including glial 2

fibillary acid protein (GFAP), transmissable spongiform
encephalopathy (TSE) agents (prions), including bovine
spongiform encephalopathy (BSE) agents, scrapie, chronic
wasting disease; and combinations thereof.

Preferably, the pathogen or microbe is Escherichia coli
O157:H7 (E. coli O157:HT).

Preferably. obtaining a sample is obtaining a sample from
at least one test location of a carcass or of a split-portion
thereof, wherein the test sample is obtained, in the slaughter
production process, prior to or during initial chilling of the
respective carcass or split-portion thereof. Preferably, the
sample is a composite-Lot sample, corresponding to a com-
bination of samples from a plurality of carcasses with a
carcass Lot, and wherein the carcass is selected [rom the
carcass group consisting of cattle, sheep. pigs. bison. elk.
deer, chicken, turkey, fish and combinations thereof.

In alternative embodiments, supplements are added to the
sample, prior to shipping of the sample to the remote testing
location. Preferably, supplements are selected from the
group consisting of water, sugars. proteins, minerals, organ-
ics. vitamins and cofactors, antibiotics, dyes, indicators.
Such supplements are well known to those of ordinary skill
in the relevant art, and include art-recognized micro- (e.g..
/Zn, Fe and Mn ) and macro nutrients (e.g., Na, P. K, Ca, and
magnesium and sulfur) (see. e.g.. U.S. Pat. No. 5,582.627,
incorporated by reference herein in its entirety). and/or
carbon skeleton sources or other compounds, including but
not limited to: sugar—mannose, lactose. dextrose, arythrose.
fructose, fucose, galactose, glucose, gulose, maltose, poly-

saccharide. raflinose. ribose. ribulose. rutinose. saccharose. 3

stachyose, trehalose, xylose, xylulose, adonose, amylose.
arabinose, fructose phosphate, fucose-p, galactose-p, glu-
cose-p, lactose-p, maltose-p, mannose-p, ribose-p, ribulose-
p. xylose-p. xylulose-p, deoxyribose, corn steep liquor,
whey. com sugar, corn syrup, maple syrup. grape sugar,
grape syrup, beet sugar, sorghum molasses, cane molasses,
calcium lignosulfonate: sugar alcohol—adonitol. galactitol.
glucitol, maltitol, mannitol, mannitol-p. ribitol, sorbitol,
sorbitol-p, xylitol; organic acids—glucuronic acid, a-keto-
glutaric acid, galactonic acid, glucaric acid, gluconic acid.
pyruvic acid, polygalacturonic acid, saccharic acid, citric
acid, succinic acid. malic acid, oxaloacetic acid, aspartic
acid, phosphoglyceric acid, fulvic acid, ulmic acid, humic
acid; nucleotides and bases—adenosine, adenosine-p.
adenosine-p-glucose, uridine, uridine-p, uridine-p-glucose.
thymine, thymine-p, cytosine, cytosine-p, guanosine,
guanosine-p, guanosine-p-glucose, guanine. guanine-p,
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NADPH, NADH, FMN. FADH: Buffers—phosphate buffer,
acetate buffer, AMP buffer, calcium tartrate, glycine buffer,
phosphate citrate buffer, and tris buffer; and combinations
thereof, are also contemplated (Id).

Optional addition of complexing agents, including but not
limited to citric acid: Ca, K. Na and ammonium lignosul-
fonates, fulvic acid. ulmic acid, humic acid, Katy-1. EDTA,
EDDA. EDDHA, HEDTA, CDTA, PTPA, NTA and combi-
nation thereof, are also contemplated.

In alternate preferred embodiments, the invention pro-
vides a method for remote detection of a pathogen or other
microbe in a liquid sample comprising: obtaining a liquid
sample at a first location; incubating the sample at an
optimal temperature in an incubator during transit of the
diluted sample to a second location that is a remote test
location; and determining, at the remote test location, by
assaying the diluted incubated test sample. or a portion
thereof, with an assay suitable to detect the pathogen or
other microbe. whether the sample is contaminated.

Preferably. the optimal temperature is within, or substan-
tially within, the optimal growth temperature range of the
pathogen or other microbe in the particular enrichment
medium. Preferably, the optimal temperature is within, or
substantially within, a temperature range that affords an
optimal competitive growth advantage. relative to other
microbes present in the sample. Preferably, the optimal
temperature range is from about 25 to about 45° C. Prefer-
ably. the optimal competitive temperature range is from
about 30 to about 45° C.

Preferably. detection of pathogenic or microbial contami-
nation is with an assay selected from the assay group
consisting of immunoassays, nucleic acid amplification-
based assays, PCR-based assays. nucleic acid hybridization-
based assays, bio-sensor assays, immunostaining-micros-
copy-based assays. nucleic acid-array-based assays, DNA
chip-based assays, bacteriophage-detection-based assays,
classical microbiology-based assays, and chemical or bio-
chemical assays based on the detection of compounds asso-
ciated with particular target organisms or groups of target
organisms, and combinations thereof.

Preferably, the microbe or pathogen is selected from the
group consisting of Escherichia coli O15T:17 (E. coli
O157:H7), enterohemorrhagic Escherichia coli (EHEC),
enterotoxigenic Escherichia coli (ETEC), enteroinvasive
Escherichia coli (EIEC), enterpathogenic Escherichia coli
(EPEC), Salmonella, Listeria, Yersinis, Campvlobacter,
Clostridial species. Staphvlococcus spp.: frank and oppor-
tunistic bacterial, fungal, viral, parsitic pathogens: indicator
organisms including heterotrophes, generic E. coli, total and
fecal coliforms and enterococcus; spoilage organisms
including Pseundomonas; indicator molecules including glial
fibillary acid protein (GFAP), transmissable spongiform
encephalopathy (TSE) agents (prions), including bovine
spongiform encephalopathy (BSE) agents, scrapie, chronic
wasting disease: and combinations thereof.

Preferably, the pathogen or microbe is Escherichia coli
O157:H7 (£, coli O157:H7).

Preferably. the liquid sample is selected from the group
consisting of fruit juice, vegetable juice, milk and dairy
products, raw and processed liquid foods, environmental
samples, water, wastewater, samples taken by impingers and
filtration, pharmaceuticals. and other samples analyzed
using enrichment-detection protocols.

Alternatively, the methods comprise addition to the
sample. prior to transit of the sample to the second location,
ol a supplement selected from the group consisting of water,
sugars, proteins. minerals, organics, vitamins and cofactors,
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antibiotics, dyes, indicators, buffers and combinations
thereol. Exemplary supplements are described elsewhere
herein.

Yet further alternate embodiments provide a method for
remolte detection of a pathogen or other microbe in a solid
sample, semi-solid sample or liquid sample comprising:
obtaining a test sample at a first location, the sample being
solid. semi-solid or liquid: diluting, at the first location, the
sample with enrichment medium at a range of ratio of about
1:0.1 to 1:2 (wt./vol.). or not diluting the sample: incubating
the enriched sample at an optimal temperature in an incu-
bator for testing in a second location that is an in-house or
local lab; and determining, at the in-house or local lab, by
assaying the diluted incubated test sample, or a portion
thereof, with an assay suitable to detect the pathogen or
other microbe, whether the sample is contaminated.

Preferably, the methods further comprise addition to the
sample, prior to or during incubation, of a supplement
selected from the group consisting of water, sugars. proteins,

minerals. organics. vitamins and cofactors, antibiotics, dyes. 2

indicators, buflers, agents to adjust the pH. water activity.
nutritional contents, selective pressure to optimize the
growth conditions for the target organism, and combinations
thereof.
Incubators

Preferred embodiments of the present invention comprise
use ol an incubator for holding the sample or diluted sample
at an optimal temperature, or within an optimal temperature
range, during shipment of the sample to the remote testing
location. Suitable incubators are known in the art. In a
preferred embodiment the incubator comprises an enclosure
into which bottles containing sample and enrichment
medium/bufler can be placed. Preferably the enclosure is an
insulated container with a removable lid. Preferably, a
temperature sensor activates ‘on demand’ power to a heating
(and/or cooling) element. Preferably. the power supply is a
typical 12 v type, able to work in a vehicle (e.g., off the
cigarette lighter, or similar connection). In particular
embodiments, a fan circulates air around the heating (and/or
cooling) element. In preferred embodiments the power
source is through a cigarette lighter-type connection within
a vehicle. Preferably, the sample botiles are designed to be
leak proof.
Samples 1o be Tested by the Inventive Methods

Samples testable according to the present invention
include, but are not limited to beef, pork, sheep, bison. deer.
elk, poultry (e.g.. chicken and turkey) and fish, produce,
juices, dairy products, dry goods (cereals, etc), and all
manners of raw and processed foods, environmental samples

(water, wastewater, soil, surface samples, samples taken by s

impingers and filteration, etc), pharmaceuticals, and other
types ol samples that are to be analyzed using enrichment-
detection protocols.
Prior Art Trim Testing Methods in the Slaughter Industry
Prior art pathogen-testing plans are actually either trim-
testing plans, final product testing plans, or both, involving
random and incomplete sampling at the ‘packing-Lot” level:
that is, testing of trim samples near the end of the production
chain (as they enter the bins or after binning, or testing of the
ground products by taking samples at given time intervals.
A typical trim-testing plan involves analysis of “five-combo-
lot” units, and comprises analysis of a single composite-Lot
sample of about 375 g, prepared by combining five combo-
bin samples (about 75 g each). in each case corresponding
to one to five randomly-selected pieces from each combo-
bin, such that, on average 5-25 pieces representing the five
combo-bins are in the composite sample. The combo-bin is
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comprised of pieces of a plurality of carcasses, and thus the
test results under these prior art systems reflect random and
incomplete sampling; that is, only a small fraction of the
carcasses are represented in the test results, particularly
where, as is true of many such plans, only a sub-fraction of
the composite-Lot sample is used for the pathogen-testing
assay (e.g.. when large pieces of trim are collected). For
example, for ground beef production. final product testing
comprises faking ground beef samples at given time inter-
vals (e.g.. every 10-30 minutes) and compositing a number
of samples into one composite sample.

Generally, one of several methods of analysis has been
used for pathogen detection after sampling at the packing-
Lot level: (1) Immunochemical based detection (e.g., ELISA
based immunoassays) following enrichment (e.g.. for . coli
0157:H7): (2) Nucleic acid-based (e.g., DN A-based, such as
PCR-analysis) detection methods following enrichment
(e.g.. for E. coli O157:H7). wherein an appropriate medium
is inoculated with a composite-Lot sample; and (3) target
organisms can be detected by enrichment., followed by
immunomagnetic separation followed by plating, immuno-
chemical or DNA based detection. Typically, the levels of
sensitivity of most of these methods are set at about 1 colony
forming unit (cfu)/25 g of sample.

Typically, to allow time for trim testing results to be
obtained, such sampling plans require additional (in addition
to initial chilling of the split-carcasses, and the time taken
during the processing of the carcasses (fabrication)) “hold-
ing” of the trim prior to use. Such holding of the trim will
typically add 12 to 24 hrs of extra refrigeration storage
time/capacity, and uses up about a day of the product
shelf-life.

Trim Testing Methods in the Context of the Present Inven-
tion

According to preferred aspects of the present invention.
carcasses (e.g., beef, sheep, pigs, deer, elk, bison, poultry,
and fish) typically spend up to 24 hours in chilled storage
prior to being cut up into. or generating. trim (prior to
fabrication), and this is suflicient time to run an adequate
detection assay (e.g., presence/absence assays) for microbes
or other pathogens. Furthermore, carcass-Lots are identifi-
able, and carcasses are typically tagged with unique identi-
fiers, and thus., according to the present invention, where a
timely and statistically-significant positive result (contami-
nated carcass) is obtained. the respective contaminated car-
cass-Lot is precluded from entering the fabrication/produc-
tion chain. Therefore. cross-contamination is reduced or
eliminated. where carcasses carrying contamination are
removed from the process stream prior to being cut into, or
generating, trim (e.g., the possibility of transferring any
contamination to equipment such as knives and conveyor
belts is reduced or eliminated).

In a preferred aspect, the inventive method comprises
splitting of a carcass-Lot to produce a split-carcass-Lot (Lot
of split-portions), and obtaining at least one surface test
sample from at least one preferred sample location of one or
both split-portions, immediately prior to chilling of the
split-portions. In a particularly preferred embodiment. at
least three distinct surface samples are taken from each
half-carcass. The test samples are combined to form a
composite-Lot test sample, and the composite-Lot test
sample, or a portion thereof is used for determining whether
contamination is present by using an assay suitable to detect
the microbe or pathogen of interest. Preferably. a carcass-
Lot is a group of 50-100 carcasses. Preferably, at least one
half of each carcass is surface-sampled (e.g., by excision,
blotting. swabbing or sponging). Preferably, testing is of
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composite-Lot samples comprising at least 25, at least 50, at
least 100, at least 150, at least 200, or at least 300 surface
samples (e.g.. blotting, swabbing or sponging. or thinly
excised sample slices). Preferably, three to four carcass
sampling stations (locations) are established. Preferably, the
sampling stations correspond to carcass sites that are most
likely, according to the present invention, to be contami-
nated, based on factors regarding the locations and incident
rates of a given pathogen such as E. coli O157:H7. Prefer-
ably. the test locations are selected in a random or repeated
(rotational) order from the group consisting of rump, brisket,
back and flank. and combinations thereof. Preferably, from
rump, brisket and/or flank.
Type of Pathogens/Microbes to be Detected

In preferred embodiments, the present inventive methods
encompass the detection of Escherichia coli O157:H7 (L.
coli O157:H7). enterohemorrhagic  Escherichia  coli
(EHEC), enterotoxigenic Escherichia coli (ETEC), entero-
invasive Escherichia coli (EIEC), enterpathogenic Escheri-
chia coli (EPEC), Salmonella, Listeria, Yersinis, Campy-
lobacter,  Clostridial ~ species,  Staphvlococcus — spp.
Additionally, other pathogens and pathogenic agents are
encompassed within the present invention. including, but
not limited to other frank and opportunistic bacterial, fungal.

viral, parsitic pathogens: indicator organisms (total hetero- 2

trophes, generic E. coli, total and fecal coliforms, entero-
coccus, etc); and spoilage organisms (Pseudomonas, etc),
and indicator molecules such as glial fibillary acid protein
(GFAP), transmissable spongiform encephalopathy (TSE)
agents (prions) (e.g.. bovine spongiform encephalopathy
(BSE) agents. scrapie (sheep), chronic wasting disease (e.g..
deer, Elk).

Preferably. the detected microbe is: a pathogen including,
but not limited to, Escherichia coli O157:H7 (E. coli O157:

H7), Listeria, Salmonella. EHEC, Campylobacter, Staphy- 3:

lococcus, pathogenic Clostridial species. and other frank. or
opportunistic pathogens; a spoilage organism including, but
not limited to, clostridial and pseudomonas species; or an
indicator organism including, but not limited to, generic F.
coli, fecal coliforms, total coliforms, etc. More preferably,
the pathogen is Escherichia coli O157:H7 (E. coli O157:
7).

Detection Assays

Preferably. the detection assay is selected from the assay
group consisting of immunoassays, nucleic acid amplifica-
tion-based (e.g.. PCR-based assays), nucleic acid hybridiza-
tion-based assays. bio-sensor assays, immunostaining-mi-
croscopy based assays, nucleic acid-array-based (e.g.. DNA
chip-based) assays, bacteriophage detection based assays,
classical microbiology based assays. and chemical/bio-
chemical assays based on the detection of compounds asso-
ciated with particular groups of target organisms. and com-
binations thereof. Such assays are well known in the relevant
art, and a few exemplary assays are as follows:

Reveal® test kits are available from Neogen Corporation,
Lansing, Mich.. and comprise an ELISA test that combines
an immunoassay with chromatography in a lateral flow
device (Reveal® test kits are available for E. coli O157:H7,
Salmonella, Listeria spp. and Listeria monocvtogenes),

VIP® test kits are available from BioControl, Bellevue.,
Wash.., and comprise an ELISA test that is expressed as a
lateral flow antibody-chromogen immunoprecipilate assay
(VIP® test kits are available for EHEC, Salmonella, Listeria
spp. and Listeria monocyiogenes).

BAX® Qualicon test kits are available from DulPont,
Wilmington, Del.. wherein, using the BAX® system,
samples are enriched and then lysed to release DNA, which
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is amplified using PCR techniques, and detected using a
fluorescent signal (BAX® fest kits are available for E. coli
O157:H&, Salmonella, Listeria spp. and Listeria monocy-
togenes, and enterobacter sakazakii): and

TSE (e.g.. in cattle sheep and deer) can be tested by
testing nervous system tissue (e.g.. brain stem) for the
respective agents (PrP) using, for example, ELISA assays,
such as the Enfer TSE test, manufactured by Enfer Scien-
tific, Newbridge Ireland. and distributed by Abbott Labora-
tories (Abbott Park. 11l.: see Abbott Application Note by
Klass et al, 2002, “A test for transmissible spongiform
encephalopathy.” incorporated herein by reference).
Carcass Samples and Sample Locations

Sampling. as practiced herein, refers to obtaining, in a
form suitable for pathogen/microbe testing purposes, a
sample of the pathogens and/or other microbes of interest
present on the surface of one or more test locations of the
carcass or sub-carcass portion. Any sampling method is
encompassed. provided that it is suitable to extract (or
include), at least to some extent. the surface pathogens/
microbes. Preferably. the sampling method is by excision. or
by blotting, swabbing. sponging, and the like. Preferably. in
order to produce results which allow systematic compari-
sons with additional monitoring of microbial interventions
along process line. samples are collected at the rump,
brisket, or flank and combinations thereof (see Elder et al..
PNAS 97:2999-3003. 2000; Correlation of enterohemor-
rhagic Escherichia coli O157 prevalence in feces, hides, and
carcasses of beef cattle during processing).

Preferably, obtaining a test sample, or remedial test
sample, comprises obtaining one or more surface samples
from at least one test location of at least one split-portion, or
remedial-split-portion of each carcass. Preferably, the test
sample, or remedial test sample, is a surface sample (e.g..
swabbed, blotted. sponged. or an excised surface tissue
section) corresponding 1o, or having a surface area of at least
4, at least 6, at least 8, at least 10, at least 12, or at least 16
square inches. More preferably, the test sample, or remedial
test sample, is a surface sample corresponding to. or having
a dimension of about 16 square inches. Preferably. the test
sample, or remedial test sample, comprises three, or at least
three, such surface samples, each from a distinct location of
the split-portion. Preferably. the test location, or remedial
test location. is randomly or rotationally selected from the
group consisting of sites most likely to harbor microbial
pathogens (e.g.. rump, brisket, back and flank. and combi-
nations thereof).

In particularly preferred embodiments, a contaminated
split-carcass-Lot is subjected to remedial reconditioning.
Preferably, reconditioning comprises sanitizing/pasteurizing
by hot-water or steam pasteurization, and/or by using an
organic acid spray. (e.g., lactic-acid spray). etc.). Such
methods are well known to those of ordinary skill in the
relevant art.

The present invention will now be further illustrated by
reference to the following EXAMPLES. However, it should
be noted that these EXAMPLES, like the embodiments
described above, are illustrative and are not to be construed
as restricting the enabled scope of the invention in any way.

EXAMPLE 1

Enrichment Methods Based on 1:0.5 Dilution
Samples to Media Were Found to be Effective

To compare the eflectiveness of dry (1:0.5 meat to media)
to standard (1:10) enrichment methods on the growth of
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Escherichia coli O15T:H7 and Salmonella spp. on experi-
mentally inoculated meat samples incubated for 6. 7. 8, and
24 h. E. coli and Salmonella spp. were detected with a
multiplex polymerase chain reaction (PCR) technique.
Materials and Methods

Inoculum preparation. Colonies of . coli O157:H7 and
Salmonella typhi isolated from clinical samples were grown
on MacConkey I agar (BD Diagnostic Systems, Sparks.,
Md.) and XLD (BD), respectively. Random colonies of £.
coli 0157 were confirmed with £. coli O157 Latex Test Kit
(Oxoid, Hampshire, UK). Fach pathogen were indepen-
dently cultured in E. coli 0157 Bax® System media (Du-
pont Qualicon by Oxoid Ltd., Hampshire, England) at 37° C.
for 24 h. Serial dilutions of each inoculum were done
separately in 0.1% peptone water (BD). Enumeration was
done by plating 1 ml of each dilution on Petrifilm™ Aerobic
Count Plates (3M™ Microbiology Products, St. Paul,
Minn.). Plates were incubated at 37° C. for up to 48 h. Based
on enumeration data, meat trim samples were inoculated

with approximately 6.1x10%. 9.1x10", and 0.9%10' CFU/ml 2

of E. coli O157:H7, and 4.1x10%, 6.2x10', and 1.0x10'
CFU/ml of 8. typhi.

Meat sample. Prepacked meat trim (beef stew) sample
was purchased from a local grocery store in Seattle, Wash.
FFor standard and dry enrichment methods, 25 g and 100 g of
duplicate samples were placed in whirl-pack bags, respec-
tively. Meat samples were inoculated with three concentra-
tions of E. coli O15T:H7 and S. typhi mentioned earlier at a
rate of 1 ml of each pathogen per 25 g of meat sample. This
approached resulted in concentrations of 2.4x10', 0.36x10'.
and 0.036x10" CFU/g of meat for E. coli O157:H7. and
1.67x10", 0.24x10", 0.042x10" CFU/g of meat for S. fyphi.
Samples were then subjected to a stomacher for 30 s.
Standard and dry enrichment samples received 225 ml and
50 ml of pre-warmed (42° C.) E. coli O157 Bax® System
media (Dupont), respectively. Samples were again stom-
ached for 30 s. All enrichment bags were placed in an
incubator shaker at 42° C. with houschold (ice) packs
between bags. Ice packs were pre-warmed by placing them
in a 42° C. incubator two days prior to the experiment.

At 6. 7, 8 and 24 h of incubation. 1 ml of broth of each
enrichment bag was taken and placed in 1.5 ml centrifuge
tubes. Samples were concentrated by centrifugation for 5
min at low speed. Supernatant was aspirated and pellet was
resuspended in 1 ml phosphate buffer saline with 0.05%
Tween (PBST).

Prior to E. coli O157:H7 detection by PCR method, an
aliquot of sample suspension was concentrated with anti-Z.
coli 0157 Dynabeads® (Dynal Biotech ASA, Oslo, Nor-

way). All sample suspension with and without Dynabeads s

were detected by PCR.

Background microflora of non-inoculated meat sample
was analyzed. Ten grams of meat sample was placed in a
stomacher bag and 90 ml of 0.1% peptone water was added
to the bag. The meat was subjected to a stomacher for 30 s.
Serial dilution was made in 0.1% peptone water and 1 ml
was plated on Petrifilm™ Aerobic Count Plates (3M™).
Plates were incubated at 37° C. for up to 48 h.

PCR. Multiplex PCR method was used for the detection
of E. coli O157:H7 and Salmonella spp. A reaction mixture
containing specific regions of the pathogens of interest was
used as a positive control. Negative control was distilled
walter.

E. coli O157: Samples were subjected to a 55 pl mixture
of lysis buffer containing MgCl, IGEPAL CA-630 detergent.
primers, achromopeptidase and Tris buffer. The primer pairs
amplified specific fragments of E. coli O157:H7 encoding

0
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for O157 antigen (rfb. 985 bp), intemin (eae, 309 bp). and
shiga-like toxin 2 (stx 2, 255 bp) and 1 (stx 1,180 bp) genes.
Pure Taq Ready-To-Go beads (Amersham Biosciences, Pis-
cataway. N.I.) were used. Taq beads contained Taq poly-
merase, dNTPs, BSA, and detergent. The reaction condi-
tions were 4° C. for 2 min, 95° C. for 2 min, 95° C. for 2 sec,
65° C. for 30 sec, 72° C. for 20 sec, 33 cycles of 957 C. for
10 sec, followed by 4° C. cooling period.

Salmonella spp.: Samples were subjected to a 55 ul
mixture of lysis buffer containing MgCl, IGEPAL CA-630
detergent. primers. achromopeptidase and Tris buffer. The
primer pairs amplified specific fragments of Salmonella spp.
encoding for plasmid DNA (524 bp). Salmonella spp. frag-
ment (300 bp), and chromosome (197 bp) genes. Pure Taq
Ready-To-Go beads (Amersham Biosciences) were used.
Taq beads contained Taq polymerase, dNTPs, BSA, and
detergent. The reaction conditions were 4° C. for 2 min, 95°
C. for 2 min, 95° C. for 2 sec. 65° C. for 30 sec, 72° C. for
20 sec, 33 cycles of 95° C. for 10 sec, followed by 4¢ C.
cooling period.

Electrophoresis was performed on 2% (w/v) agarose gel
(Fisher Scientific, Fair Lawn, N.1.), stained with ethidium
bromide solution and viewed under a UV light source.
Results

Pre-packed meat trim had an average of 3.8 logs CFU/ml
of aerobic plate counts. The four (rth, eae, stx 1, and six 2)
target genes for I£. coli O157 were detected by PCR methods
with Dynabeads® (FIGS. 1 through 6) and without Dyna-
beads® (FIGS. 7 through 14) from samples incubated with
dry and standard enrichment procedures for 6, 7, 8, and 24
h incubation. Likewise, the three (spvec, sal 2. and inva)
target genes for Salmonella spp. were detected by PCR
methods (FIGS. 14 through 22) from samples incubated

5 with dry and standard enrichment procedures after 6, 7. 8.

and 24 h incubation.

FIG. 1 shows amplification products obtained by multi-
plex PCR of . coli O157:H7 inoculated on meat trimmings
incubated with standard dilution method (1:10) for 6 h and
concentrated by Dyvnabeads®. Numbers 1, 2, 3 were inocu-
lation levels at 2.4x10", 0.36x10", and 0.036x10" CFU/g of
meat, respectively. A and B were duplicate samples.

FIG. 2 shows amplification products obtained by multi-
plex PCR of £. coli O157:17 inoculated on meat trimmings
incubated with a representative dry method (1:0.5) for 6 h
and concentrated by Dynabeads®. Numbers 1, 2, 3 were
inoculation levels at 2.4x10', 0.36x10', and 0.036x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FIG. 3 shows amplification products obtained by multi-
plex PCR of £. coli O157:H7 inoculated on meat trimmings
incubated with standard method (1:10) for 7 h and concen-
trated by Dynabeads®. Numbers 1, 2, 3 were inoculation
levels at 2.4x10", 0.36x10", and 0.036x10"' CFU/g of meat,
respectively. A and B were duplicate samples.

FIG. 4 show amplification products obtained by multiplex
PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with dry method (1:0.5) for 7 h and concentrated
by Dynabeads®. Numbers 1, 2, 3 were inoculation levels at
2.4x10", 0.36x10". and 0.036x10" CFU/g of meat. respec-
tively. A and B were duplicate samples.

FIG. 5 shows amplification products obtained by multi-
plex PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with standard method (1:10) for 8 h and concen-

5 trated by Dynabeads®. Numbers 1. 2, 3 were inoculation

levels at 2.4x10", 0.36x10", and 0.036x10' CFU/g of meat,
respectively. A and B were duplicate samples.
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FIG. 6 shows amplification products obtained by multi-
plex PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with dry method (1:0.5) for 8 h and concentrated
by Dynabeads®. Numbers 1. 2. 3 were inoculation levels at
2.4x10', 0.36x10', and 0.036x10' CFU/g of meat, respec-
tively. A and B were duplicate samples.

I'1G. 7 shows amplification products obtained by multi-
plex PCR of £. coli O157:H7 inoculated on meat trimmings
incubated with standard method (1:10) for 6 h. Numbers 1,
2. 3 were inoculation levels at 2.4x10', 0.36x10", and
0.036x10" CFU/g of meat, respectively. A and B were
duplicate samples.

FIG. 8 shows amplification products obtained by multi-
plex PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with dry method (1:0.5) for 6 h. Numbers 1. 2. 3
were inoculation levels at 2.4x10", 0.36x10", and 0.036x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FIG. 9 shows amplification products obtained by multi- 2

plex PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with standard method (1:10) for 7 h. Numbers 1,
2. 3 were inoculation levels at 2.4x10', 0.36x10", and
0.036x10" CFU/g of meat, respectively. A and B were
duplicate samples.

FIG. 10 amplification products obtained by multiplex
PCR of E. coli O157:H7 inoculated on meat trimmings
incubated with dry method (1:0.5) for 7 h. Numbers 1, 2. 3
were inoculation levels at 2.4x10', 0.36x10'. and 0.36x10"
CFU/g of meat. respectively. A and B were duplicate
samples.

FIG. 11 shows amplification products obtained by multi-
plex PCR of £. coli O157:H7 inoculated on meat trimmings
incubated with standard method (1:10) for 8 h. Numbers 1,
2. 3 were inoculation levels at 2.4x10', 036x10', and
0.36x10" CFU/g of meat, respectively. A and B were dupli-
cate samples.

FIG. 12 shows amplification products obtained by mul-
tiplex PCR of E. eoli O157:H7 inoculated on meat trim-
mings incubated with dry method (1:0.5) for 8 h. Numbers
1, 2, 3 were inoculation levels at 2.4x10', 0.36x10", and
0.36x10" CFU/g of meat, respectively. A and B were dupli-
cate samples.

FIG. 13 shows amplification products obtained by mul-
tiplex PCR of F. coli O157:H7 inoculated on meat trim-
mings incubated with standard method (1:10) for 24 h.
Numbers 1. 2, 3 were inoculation levels at 2.4x10", 0.36x
10", and 0.36x10" CFU/g of meat, respectively. A and B
were duplicate samples.

FIG. 14 shows amplification products obtained by mul- 5

tiplex PCR of £. coli O157:H7 inoculated on meat trim-
mings incubated with dry method (1:0.5) for 24 h. Numbers
1. 2, 3 were inoculation levels at 2.4x10". 0.36x10', and
0.36x10" CFU/g of meat, respectively. A and B were dupli-
cate samples.

FIG. 15 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with standard method (1:10) for 6 h. Numbers 1.
2. 3 were inoculation levels at 1.6x10", 0.24x10', 0.42x10'
CFU/g of meat. respectively. A and B were duplicate
samples.

FIG. 16 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with dry method (1:0.5) for 6 h. Numbers 1, 2, 3
were inoculation levels at 1.6x10', 0.24x10', 0.42x10"
CFU/g of meat, respectively. A and B were duplicate
samples.
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FI1G. 17 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with standard method (1:10) or 7 h. Numbers 1, 2,
3 were inoculation levels at 1.6x10", 0.24x10', 0.42x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FI1G. 18 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with dry method (1:0.5) for 7 h. Numbers 1, 2, 3
were inoculation levels at 1.6x10'. 0.24x10", 0.42x10*
CFU/g of meat, respectively. A and B were duplicate
samples.

FI1G. 19 shows amplification products obtained by mul-
tiplex PCR of Salimonella spp. inoculated on meat trimmings
incubated with standard method (1:10) for 8 h. Numbers 1.
2, 3 were inoculation levels at 1.6x10", 0.24x10', 0.42x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FIG. 20 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with dry method (1:0.5) for 8 h, Numbers 1. 2, 3
were inoculation levels at 1.6x10', 0.24x10', 0.42x10'
CFU/g of meat, respectively. A and B were duplicate
samples.

FIG. 21 shows amplification products obtained by mul-
tiplex PCR of Safmonella spp. inoculated on meat trimmings
incubated with standard method (1:10) for 24 h. Numbers 1.
2, 3 were inoculation levels at 1.6x10", 0.24x10', 0.42x10"
CFU/g of meat, respectively. A and B were duplicate
samples.

FIG. 22 shows amplification products obtained by mul-
tiplex PCR of Salmonella spp. inoculated on meat trimmings
incubated with dry method (1:0.5) for 24 h. Numbers 1. 2,
3 were inoculation levels at 1.6x10', 0.24x10", 0.42x10!
CFU/g of meat, respectively. A and B were duplicate
samples.

Collectively, the results show that enrichment of meat
trimmings with the inventive ‘dry’ method (e.g., 1:0.5
wt./vol. dilution) gave results comparable to those obtained
using standard (USDA) methods employing the art-recog-
nized 1:10 dilution factor. This experiment showed that
enrichment of meat trimming with *dry’ method (1:0.5

5 dilution) showed similar results to the standard FDA (1:10

dilution) method. This experiment also showed that the dry
enrichment method on samples inoculated with the highest
(0.021x10"' CFU/g) dilution of bacteria was able to produce
sufficient signals as shown in the PCR results.

EXAMPLE 11

Novel Minimally Dilution Methods Were Shown to
be Cost Effective

Costs comparisons of the inventive methods with those of
the prior art are as follows:
TSB Medium Comparison:

TSB 1 1b (453.59 g)=>$25-27 (depending on quantity
ordered):

Working dilution: 30 g/l.:

From 453.59 g, makex15.11 L;

Price per Liter=+$1.65 to $1.78;

Prior art price per sample (225 ml)=(225/1000)*1.65=+$

5 0.37 to $0.40: and

Inventive method price per sample ml)=

(50/1000)*1.65=+50.082 1o 0.089.

(50
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Bax® Medium Comparison:

E. coli O157 Bax® System media (Dupont Qualicon by
Oxoid Ltd., Hampshire, England):

2.5 Kg (2500 g)==about $300.00;

Working dilution: 36.6 g/L;

From 2,500 g, make+68.3 L;

Price per liter=+$4.39;

Prior art price per sample (225 ml)=(225/1000)*4.39-+
$0.98: and

Inventive method price per sample (50 ml)=(50/
1000)%4.39+80.21.

The invention claimed is:

1. A method for detection of a particular bacterial patho-
gen or bacterial microbe, comprising:

obtaining a test sample, the sample being solid or semi-

solid;
diluting the sample with liquid enrichment medium at a
ratio of sample to diluent between about 1:0.1 to about
1:5 (wt./vol.) or lesser dilution;

incubating, in an incubator, the diluted sample at an
optimal temperature for the particular bacterial patho-
gen or bacterial microbe to be detected for a time period
sufficient to allow levels of the particular bacterial
pathogen or microbe 1o reach levels detectable by use
of an assay suitable to detect the particular bacterial
pathogen or bacterial microbe; and

determining, by assaying the diluted incubated test

sample, or a portion thereof, with the assay suitable to
detect the particular bacterial pathogen or bacterial
microbe, whether the sample is contaminated with the
particular bacterial pathogen or bacterial microbe.

2. The method of claim 1, wherein diluting is at a ratio of
sample to diluent between about 1:0.1 to about 1:0.5 (wt./
vol.) or lesser dilution.

3. The method of claim 1, wherein diluting is at a ratio of
sample to diluent between about 1:0.1 to about 1:0.3 (wt./
vol.) or lesser dilution.

4. The method of claim 1, wherein the optimal tempera-
ture is within the optimal growth temperature range of the
particular bacterial pathogen or bacterial microbe in the
liquid enrichment medium.

5. The method of claim 4, wherein the optimal tempera-
ture range is from about 25° C. to about 45° C.

6. The method of claim 1. wherein the assay suitable for
detection of the particular bacterial pathogen or bacterial
microbe contamination is selected from the assay group
consisting of immunoassays. nucleic acid amplification-
based assays. PCR-based assays, nucleic acid hybridization-

based assays. bio-sensor assays, immunostaining-micros- 3

copy-based assays. nucleic acid-array-based assays, DNA
chip-based assays, classical microbiology-based assays, and
chemical or biochemical assays based on the detection of
compounds associated with the particular bacterial pathogen
or bacterial microbe, and combinations thereof.

7. The method of claim 1, wherein the particular bacterial
pathogen or bacterial microbe is selecied from the group
consisting of Escherichia coli O157:H7 (E. coli O157:H7).
enterohemorrhagic Escherichia coli (EHEC), enterotoxi-
genic Escherichia coli (ETEC). enteroinvasive Escherichia
coli (EIEC), enterpathogenic Escherichia coli (EPEC), Sal-
monella, Listeria, Yersinis, Campvlobacter, Clostridial spe-
cies, Staphylococcus spp.; frank and opportunistic bacteria,
indicator organisms including heterotrophes, generic E.
Coli. total and fecal coliforms and enterococcus: spoilage
organisms including Psewdomonas, and combinations
thereof.
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8. The method of claim 7. wherein the particular bacterial
pathogen or bacterial microbe is Escherichia coli O157:H7
(E. coli O15T:H7. or H negative). Salmonella, Listeria,
EHEC. and Campylobacter:

9. The method of claim 1. wherein obtaining a sample is
obtaining a standard Lot-unit sample.

10. The method of claim 1, wherein the sample is a
composite-Lot sample, corresponding to a combination of
samples selected from the group consisting of samples or
subsamples taken from sublots/lots of raw or processed
samples, environmental samples, industrial samples. phar-
maceutical samples, bio-solid samples. samples taken by
spore traps, settled dust, impingers, or filtration, and com-
binations thereof.

11. A method for detection of a particular bacterial patho-
gen or bacterial microbe, comprising:

obtaining a liquid sample;

diluting the sample with liquid enrichment medium at a

ratio of sample to diluent between about 1:0.1 to about
1:5 (vol./vol.) or lesser dilution, or not diluting the
sample:

incubating, in an incubator, the diluted or the not diluted

sample at an optimal temperature for the particular
bacterial pathogen or bacterial microbe 1o be detected
for a time period sufficient to allow levels of the
particular bacterial pathogen or bacterial microbe to
reach levels detectable by use of an assay suitable to
detect the particular bacterial pathogen or bacterial
microbe: and

determining, by assaying the diluted or the not diluted

incubated test sample. or a portion thereof, with the
assay suitable to detect the particular bacterial pathogen
or bacterial microbe, whether the sample is contami-
nated with the particular bacterial pathogen or bacterial
microbe.

12. The method of claim 11, wherein the optimal tem-
perature is within the optimal growth temperature range of
the particular bacterial pathogen or bacterial microbe in the
liquid enrichment medium.

13. The method of claim 12. wherein the optimal tem-
perature range is from about 25° C. to about 45° C.

14. The method of claim 11, wherein the assay suitable for
detection of the particular bacterial pathogen or bacterial

5 microbe contamination is selected from the assay group

consisting of immunoassays. nucleic acid amplification-
based assays, PCR-based assays. nucleic acid hybridization-
based assays, bio-sensor assays, immunostaining-micros-
copy-based assays, nucleic acid-array-based assays. DNA
chip-based assays. classical microbiology-based assays. and
chemical or biochemical assays based on the detection of
compounds associated with the particular bacterial pathogen
or bacterial microbe, and combinations thereof.

15. The method of claim 11, wherein the particular
bacterial microbe or bacterial pathogen is selected from the
group consisting of Escherichia coli O15T:H7 (E. coli
O157:H7), enterochemorrhagic Escherichia coli (EHEC),
enterotoxigenic FEscherichia coli (ETEC), enteroinvasive
Escherichia coli (EIEC), enterpathogenic Escherichia coli
(EPEC), Salmonella, Listeria, Yersinis, Campvlobacter,
Clostridial species, Staphylococcus spp.: frank and oppor-
tunistic bacteria. indicator organisms including heterotro-
phes, generic E. Coli, total and fecal coliforms and entero-
coccus; spoilage organisms including Pseudomonas: and

5 combinations thereof.

16. The method of claim 15, wherein the particular
bacterial pathogen or bacterial microbe is Escherichia coli
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O157:H7 (E. coli O157: or H negative). Salmonella, List-
eria, EHEC, and Campyviobacter.

17. The method of claim 1. where in the sample is selected
from the group consisting ol beef, pork, sheep, bison, deer,
elk, poultry. fish, produce, dairy products, dry goods, raw
and processed foods, environmental samples, soil. sludge,
surface samples, samples taken by impingers and filtration,
pharmaceuticals. and samples analyzed using enrichment-
detection protocols.

18. The method of claim 11, wherein the liquid sample is
selected from the group consisting of fruit juice, vegetable
juice, milk and dairy products, raw and processed liquid
[oods, environmental samples, water, wastewater. samples
taken by impingers and filtration, botanical liquid. industrial
liquids, pharmaceutical liquids, and other liquid samples
analyzed using enrichment-detection protocols.

19. The method of claim 1, wherein the diluting comprises
addition to the sample of a supplement selected from the
group consisting of water, sugars, proteins, minerals, organ-
ics. vitamins and cofactors. antibiotics, dyes. indicators,
buffers. agents to adjust the pH. water activity. nutritional
contents. selective pressure to optimize the growth condi-
tions for the particular bacterial pathogen or bacterial
microbe, and combinations thereof,

20. The method of claim 11, wherein the diluting com-
prises addition to the sample of a supplement selected from
the group consisting of water, sugars. proteins, minerals,
organics, vitamins and cofactors, antibiotics, dyes. indica-
tors, buffers, agents to adjust the pH, water activity, nutri-
tional contents, selective pressure to optimize the growth
conditions for the particular bacterial pathogen or bacterial
microbe, and combinations thereof.

21. The method of claim 1, wherein the obtaining and
diluting of the solid or semi-solid sample with liquid enrich-
ment medium is at a first location. wherein incubating the
diluted sample at an optimal temperature in the incubator is
during transit of the diluted sample to a second location that
is not the site of sample collection and dilution. and wherein
determining by assaying the diluted incubated test sample,
or a portion thereol, with the assay suitable to detect the
particular bacterial pathogen or bacterial microbe, whether
the sample is contaminated with the particular bacterial
pathogen or bacterial microbe, is at the second location.
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22. The method of claim 21. further comprising addition
to the sample, prior to or during incubation, of a supplement
selected from the group consisting of water, sugars, proteins,
minerals, organics, vitamins and cofactors. antibiotics, dyes,
indicators, buffers, agents to adjust the pH. water activity,
nutritional contents, selective pressure to optimize the
growth conditions for the particular bacterial pathogen or
bacterial microbe. and combinations thereof.

23. The method of claim 21, wherein the second location
is an in-house or local lab, or a remote location.

24. The method of claim 11, wherein the obtaining and
diluting of the liquid sample with liquid enrichment medium
is at a first location, wherein incubating the diluted sample
at an optimal temperature in the incubator is during transit
of the diluted sample to a second location that is not the site
of sample collection and dilution, and wherein determining
by assaying the diluted incubated test sample, or a portion
thereof. with the assay suitable to detect the particular
bacterial pathogen or bacterial microbe, whether the sample
is contaminated with the particular bacterial pathogen or
bacterial microbe, is at the second location.

25. The method of claim 24, further comprising addition
1o the sample. prior to or during incubation, of a supplement
selected from the group consisting of water. sugars. proteins,
minerals, organics, vitamins and cofactors, antibiotics, dyes,
indicators. buffers, agents to adjust the pH, water activity.
nutritional contents, selective pressure to optimize the
growth conditions for the particular bacterial pathogen or
bacterial microbe. and combinations thereof,

26. The method of claim 24, wherein the second location
is an in-house or local lab, or a remote location.

27. The method of claim 1, wherein diluting is at a ratio
of sample to diluent between about 1:0.1 to about 1:2
(wt./vol.) or lesser dilution.

28. The method of claim 11, wherein diluting is at a ratio
of sample to diluent between about 1:0.1 to about 1:2
(vol./vol.) or lesser dilution.

29. The method of claim 11, wherein diluting is at a ratio
of sample to diluent between about 1:0.1 to about 1:0.5
(vol./vol.) or lesser dilution.

30. The method of claim 11, wherein diluting is at a ratio
of sample to diluent between about 1:0.1 to about 1:0.3
(vol./vol.) or lesser dilution.

ok % 4 *

Page 65 of 84 PagelD #: 83



Case 1:23-cv-00826-JHS Document 1-1  Filed 08/01/23 Page 66 of 84 PagelD #: 84

EXHIBIT E



Case 1:23-cv-00826-JHS Document 1-1  Filed 08/01/23 Page 67 of 84 PagelD #: 85

INFRINGEMENT OF U.S. PATENT NO. 7,534,584 BY NATIONAL BEEF’S POOLED TESTING METHOD!

Claim1

Claim Limitations

National Beef’s Pooled Testing Method

A method of sampling, testing and
validating a plurality of operationally-
linked test lots of beef for release into
commerce, comprising

National Beef uses wet pooling when testing meat (specifically, beef) for bacterial
pathogens (including Escherichia coli O157:H7, Salmonella, and Listeria, among
many others) in what it describes as its “full service, on premise labs” that are “IL2A
accredited for pathogen testing” and use “AOAC testing methods” as part of the
“control and assessment protocol” of its BioLogic Food Safety System (the “National
Beef Pooling Methods”)?. National Beef utilizes the National Beef Pooling Methods
throughout its six Food Safety Zones, including its Zones 2-5 on the harvest floor test
area (in which it claims to run 30,000 of its 65,000 tests annually, covering product
testing, surface and equipment testing, and environmental testing), and its Zone 1
prior to grinding and throughout production and packaging process.

National Beef’s pooled testing method is a method of sampling, testing and validating
a plurality of operationally-linked test lots of beef for release into commerce. For
example, National Beef uses its pooled testing method when testing meat
(specifically, beef) for bacterial pathogens (including Escherichia coli O157:H7,
Salmonella, and Listeria, among many others).

(@) collecting a plurality of portions from
each of a plurality of separate

operationally-linked test lots of beef, each
to be validated for release into commerce,

National Beef utilizes a collection method that includes collecting a plurality of
portions from each of a plurality of separate operationally-linked test lots of beef,
each to be validated for release into commerce, the test lots each comprising an
assemblage of one or more specimens from which the portions are collected, wherein

L 1EH contends that each of the claim limitations below is literally present in National Beef’s pooled testing methods. To the extent
National Beef contends otherwise for a particular limitation, IEH contends, in the alternative, that limitation is present under the

doctrine of equivalents.

2 See https://www.nationalbeef.com/food-safety, linked video described as “Control and assessment protocols allow us to provide

cleaner, safer beef for our customers.”
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Claim Limitations

National Beef’s Pooled Testing Method

the test lots each comprising an assemblage
of one or more specimens from which the
portions are collected, wherein each test lot
is separately sampled to conform to a
statistical-based sampling plan specifying,
for a particular microbial agent or
organism, a number of portions to be taken
sufficient to provide for validation and
release of the test lot into commerce;

each test lot is separately sampled to conform to a statistical-based sampling plan
specifying, for a particular microbial agent or organism, a number of portions to be
taken sufficient to provide for validation and release of the test lot into commerce.
For example, when testing five lots of beef trim, National Beef takes multiple
independent samples (portions/pieces) of beef trim—such as 60 samples—from each
of the five lots.

(b) combining the collected conforming
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;

National Beef’s pooled testing method includes combining the collected conforming
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. For example, National
Beef’s collection process would take, for example, 60 independent samples
(pieces/portions) of beef trim from each of the five lots and separately add them into
five bags. Each bag contains samples drawn from a particular lot beef.

(c) incubating the set of separate test lot
samples under conditions suitable to allow
levels of target microbial 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

National Beef’s pooled testing method includes incubating the set of separate test lot
samples under conditions suitable to allow levels of target microbial 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.
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Claim Limitations

National Beef’s Pooled Testing Method

(d) removing portions of each enriched
separate test lot sample, and combining the
removed portions to provide a modular
composite sample; and

National Beef’s pooled testing method includes removing portions of each enriched
separate test lot sample, and combining the removed portions to provide a modular
composite sample.

(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 lots are validated for
release into commerce, and wherein when
such testing is positive, each of the
individual separate test lots are validated
for release into commerce, according to the
statistical-based sampling plan, 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 for each test
lot, wherein the enrichment in step c), prior
to removing portions in step d), is sufficient
to enable said validation of individual
separate test lots with no requirement for
further enrichment thereof, and with no
requirement for further sampling in a).

National Beef’s pooled testing method includes 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 lots are validated for
release into commerce.

National Beef’s pooled testing method also includes when such testing is positive,
each of the individual separate test lots are validated for release into commerce,
according to the statistical-based sampling plan, 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 for each test lot, wherein the enrichment
in step c), prior to removing portions in step d), is sufficient to enable said validation
of individual separate test lots with no requirement for further enrichment thereof, and
with no requirement for further sampling in a).
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Claim Limitations

National Beef’s Pooled Testing Method

A method of sampling, testing and
validating a plurality of operationally-
linked test lots of meat or poultry for
release into commerce, comprising

National Beef uses wet pooling when testing meat (specifically, beef) for bacterial
pathogens (including Escherichia coli O157:H7, Salmonella, and Listeria, among
many others) in what it describes as its “full service, on premise labs” that are “IL2A
accredited for pathogen testing” and use “AOAC testing methods” as part of the
“control and assessment protocol” of its BioLogic Food Safety System (the “National
Beef Pooling Methods”)®. National Beef utilizes the National Beef Pooling Methods
throughout its six Food Safety Zones, including its Zones 2-5 on the harvest floor test
area (in which it claims to run 30,000 of its 65,000 tests annually, covering product
testing, surface and equipment testing, and environmental testing), and its Zone 1
prior to grinding and throughout production and packaging process.

National Beef’s pooled testing method is a method of sampling, testing and validating
a plurality of operationally-linked test lots of beef for release into commerce.

(@) collecting a plurality of portions from
each of a plurality of operationally-linked
single-unit production lots of meat or
poultry, the single-unit production lots each
comprising an assemblage of one or more
production specimens from which the
portions are collected, wherein each single-
unit production lot is separately sampled to
conform to a statistical-based sampling plan
specifying, for a particular microbial agent
or organism, a number of portions to be
taken sufficient to provide for validation

National Beef utilizes a collection method that includes collecting a plurality of
portions from each of a plurality of operationally-linked single-unit production lots of
meat or poultry, the single-unit production lots each comprising an assemblage of one
or more production specimens from which the portions are collected, wherein each
single-unit production lot is separately sampled to conform to a statistical-based
sampling plan specifying, for a particular microbial agent or organism, a number of
portions to be taken sufficient to provide for validation and release of the single-unit
production lot into commerce. For example, when testing five lots of beef trim for a
particular microbial agent or organism (such as Escherichia coli 0157:H7,
Salmonella, and Listeria, among many others), National Beef takes multiple
independent samples (portions/pieces) of beef trim (such as 60 samples) from each of
the five lots.

3 See https://www.nationalbeef.com/food-safety, linked video described as “Control and assessment protocols allow us to provide

cleaner, safer beef for our customers.”
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Claim Limitations

National Beef’s Pooled Testing Method

and release of the single-unit production lot
into commerce;

(b) combining the collected conforming
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;

National Beef’s pooled testing method includes combining the collected conforming
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. For example, National
Beef’s collection process would take, for example, 60 independent samples
(pieces/portions) of beef trim from each of the five lots and separately adds them into
five bags. Each bag contains samples drawn from a particular lot beef.

(c) incubating the set of separate single-
unit production lot samples under
conditions suitable to allow levels of a
target microbial 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;

National Beef’s pooled testing method includes incubating the set of separate single-
unit production lot samples under conditions suitable to allow levels of a target
microbial 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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Claim Limitations

National Beef’s Pooled Testing Method

(d) removing portions of each enriched
separate single-unit production lot sample,
and combining the removed portions to
provide a modular composite sample; and

National Beef’s pooled testing method includes removing portions of each enriched
separate single-unit production lot sample, and combining the removed portions to
provide a modular composite sample.

(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 single-unit production lot
samples are validated for release into
commerce, and wherein when such testing
is positive, individual separate single-unit
production lots are validated for release
into commerce, according to the statistical-
based sampling plan, by further testing of a
portion of the respective single-unit
production lot sample using the same or a
more sensitive protocol and obtaining a
negative test result for each single-unit
production lot, wherein the enrichment in
step c), prior to removing portions in step
d), is sufficient to enable said validation of
individual separate single-unit production
lots with no requirement for further
enrichment thereof, and with no
requirement for further sampling in a).

National Beef’s pooled testing method includes 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 single-unit production lot
samples are validated for release into commerce.

National Beef’s pooled testing method also includes when such testing is positive,
individual separate single-unit production lots are validated for release into
commerce, according to the statistical-based sampling plan, by further testing of a
portion of the respective single-unit production lot sample using the same or a more
sensitive protocol and obtaining a negative test result for each single-unit production
lot, wherein the enrichment in step c), prior to removing portions in step d), is
sufficient to enable said validation of individual separate single-unit production lots
with no requirement for further enrichment thereof, and with no requirement for
further sampling in a).
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INFRINGEMENT OF U.S. PATENT NO. 8,822,143 BY NATIONAL BEEF’S POOLED TESTING METHOD!

Claim1

Claim Limitations

National Beef Pooling Testing Methods

A method of sampling and
testing for microbes in
multiple separate test lots,
comprising

National Beef uses wet pooling when testing meat (specifically, beef) for bacterial pathogens
(including Escherichia coli O157:H7, Salmonella, and Listeria, among many others) in what it
describes as its “full service, on premise labs” that are “IL2A accredited for pathogen testing” and use
“AOAC testing methods” as part of the “control and assessment protocol” of its BioLogic Food
Safety System (the “National Beef Pooling Methods™)2. National Beef utilizes the National Beef
Pooling Methods throughout its six Food Safety Zones, including its Zones 2-5 on the harvest floor
test area (in which it claims to run 30,000 of its 65,000 tests annually, covering product testing,
surface and equipment testing, and environmental testing), and its Zone 1 prior to grinding and
throughout production and packaging process.

National Beef’s pooled testing method is a method of sampling and testing for microbes in multiple
separate test lots. For example, National Beef uses its pooled testing method when testing meat
(specifically, beef) for bacterial pathogens (including Escherichia coli O157:H7, Salmonella, and
Listeria, among many others).

(@) separately collecting
multiple independent
samples from each of
multiple separate test lots,
wherein each separate test
lot is separately sampled by
taking said multiple

National Beef utilizes a collection method that includes separately collecting multiple independent
samples from each of multiple separate test lots, wherein each separate test lot is separately sampled
by taking said multiple independent samples thereof. For example, when testing five lots of beef
trim, National Beef takes multiple independent samples (portions/pieces) of beef trim (such as 60
samples) from each of the five lots.

L 1EH contends that each of the claim limitations below is literally present in the National Beef’s pooled testing method. To the extent
National Beef contends otherwise for a particular limitation, IEH contends, in the alternative, that limitation is present under the

doctrine of equivalents.

2 See https://www.nationalbeef.com/food-safety, linked video described as “Control and assessment protocols allow us to provide

cleaner, safer beef for our customers.”
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Claim Limitations

National Beef Pooling Testing Methods

independent samples
thereof;

(b) separately compositing
the collected multiple
independent samples from
each of the separate test lots
to provide a corresponding
set of separate composited
test lot samples, wherein
each of the separate
composited test lot samples
is attributed to a particular
corresponding separate test
lot;

National Beef’s pooled testing method includes separately compositing the collected multiple
independent samples from each of the separate test lots to provide a corresponding set of separate
composited test lot samples, wherein each of the separate composited test lot samples is attributed to
a particular corresponding separate test lot. For example, National Beef’s collection process would
take, for example, 60 independent samples (pieces/portions) of beef trim from each of the five lots
and separately add them into five bags. Each bag contains samples drawn from a particular lot beef.

(c) enriching each of the
separate composited test of
samples to provide a set of
separate composited test lot
samples enriched for the
target microbe(s);

National Beef’s pooled testing method includes enriching each of the separate composited test of
samples to provide a set of separate composited test lot samples enriched for the target microbe(s).

(d) removing portions of
each separate enriched
composited test lot sample,
and combining the removed
portions to provide a pooled
modular composite sample;
and

National Beef’s pooled testing method includes removing portions of each separate enriched
composited test lot sample, and combining the removed portions to provide a pooled modular
composite sample.




Case 1:23-cv-00826-JHS Document 1-1  Filed 08/01/23 Page 76 of 84 PagelD #: 94

Claim Limitations

National Beef Pooling Testing Methods

(e) 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 test lot
samples are deemed
negative for the target
microbe(s) and each of the
multiple separate test lots is
validated, and wherein
when such testing is
positive, each of the
individual separate
composited test lot samples
that were used to form the
pooled modular composite
sample are individually
tested to determine which
of the separate composited
test lot samples is positive
for the target microbe(s),
wherein the test lots
corresponding to any
negatively testing
composited test lot samples
are validated.

National Beef’s pooled testing method includes 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 test lot samples are deemed
negative for the target microbe(s) and each of the multiple separate test lots is validated.

National Beef’s pooled testing method includes, when such testing is positive, each of the individual
separate composited test lot samples that were used to form the pooled modular composite sample are
individually tested to determine which of the separate composited test lot samples is positive for the
target microbe(s), wherein the test lots corresponding to any negatively testing composited test lot
samples are validated.
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INFRINGEMENT OF U.S. PATENT NO. 9,637,771 BY NATIONAL BEEF’S POOLED TESTING METHOD!

Claim1

Claim Limitations

National Beef’s Pooled Testing Method

A method of sampling and testing for
microbes in multiple separate test lots,
comprising

National Beef uses wet pooling when testing meat (specifically, beef) for bacterial
pathogens (including Escherichia coli O157:H7, Salmonella, and Listeria, among
many others) in what it describes as its “full service, on premise labs” that are “IL2A
accredited for pathogen testing” and use “AOAC testing methods” as part of the
“control and assessment protocol” of its BioLogic Food Safety System (the “National
Beef Pooling Methods”)?. National Beef utilizes the National Beef Pooling Methods
throughout its six Food Safety Zones, including its Zones 2-5 on the harvest floor test
area (in which it claims to run 30,000 of its 65,000 tests annually, covering product
testing, surface and equipment testing, and environmental testing), and its Zone 1
prior to grinding and throughout production and packaging process.

National Beef’s pooled testing method is a method of sampling and testing for
microbes in multiple separate test lots. For example, National Beef uses its pooled
testing method when testing meat (specifically, beef) for bacterial pathogens
(including Escherichia coli O157:H7, Salmonella, and Listeria, among many others).

(@) separately collecting multiple
independent samples from each of multiple
separate lots, wherein each separate lot is
separately sampled by taking said multiple
independent samples thereof;

National Beef utilizes a collection method that includes separately collecting multiple
independent samples from each of multiple separate lots, wherein each separate lot is
separately sampled by taking said multiple independent samples thereof. For
example, when testing five lots of beef trim, National Beef takes multiple

L 1EH contends that each of the claim limitations below is literally present in National Beef’s pooled testing method. To the extent
National Beef contends otherwise for a particular limitation, IEH contends, in the alternative, that limitation is present under the

doctrine of equivalents.

2 See https://www.nationalbeef.com/food-safety, linked video described as “Control and assessment protocols allow us to provide

cleaner, safer beef for our customers.”
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National Beef’s Pooled Testing Method

independent samples (portions/pieces) of beef trim (such as 60 samples) from each of
the five lots.

(b) separately compositing the collected
multiple independent samples from each of
the separate lots to provide a corresponding
set of separate composited lot samples,
wherein each of the separate composited lot
samples is attributed to a particular
corresponding separate lot;

National Beef’s pooled testing method includes separately compositing the collected
multiple independent samples from each of the separate lots to provide a
corresponding set of separate composited lot samples, wherein each of the separate
composited lot samples is attributed to a particular corresponding separate lot. For
example, National Beef’s collection process would take, for example, 60 independent
samples (pieces/portions) of beef trim from each of the five lots and separately adds
them into five bags. Each bag contains samples drawn from a particular lot beef.

(c) enriching each of the separate
composited lot samples to provide a set of
separate composited lot samples enriched
for the target microbe(s);

National Beef’s pooled testing method includes enriching each of the separate
composited lot samples to provide a set of separate composited lot samples enriched
for the target microbe(s).

(d) removing portions of each separate
enriched composited lot sample, and
combining the removed portions to provide
a pooled modular composite sample; and

National Beef’s pooled testing method includes removing portions of each separate
enriched composited lot sample, and combining the removed portions to provide a
pooled modular composite sample.
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National Beef’s Pooled Testing Method

(e) 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
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 composited lot samples are
validated.

National Beef’s pooled testing method includes 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.

National Beef’s pooled testing method also includes when such testing 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), wherein the lots
corresponding to any negatively testing composited lot samples are validated.
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INFRINGEMENT OF U.S. PATENT NO. 9,845,486 BY NATIONAL BEEF’S PATHOGEN TESTING METHOD!

Claim1

Claim Limitations

National Beef’s Pathogen Testing Method

A method for detection of a particular
bacterial pathogen or bacterial microbe,
comprising:

National Beef conducts pathogen testing when testing meat (specifically, beef) for
bacterial pathogens (including Escherichia coli O157:H7, Salmonella, and Listeria,
among many others) in what it describes as its “full service, on premise labs” that are
“IL2A accredited for pathogen testing” and use “AOAC testing methods” as part of
the “control and assessment protocol” of its BioLogic Food Safety System (the
“National Beef Pathogen Testing Methods”)?. National Beef utilizes the National
Beef Pooling Methods throughout its six Food Safety Zones, including its Zones 2-5
on the harvest floor test area (in which it claims to run 30,000 of its 65,000 tests
annually, covering product testing, surface and equipment testing, and environmental
testing), and its Zone 1 prior to grinding and throughout production and packaging
process.

National Beef’s pathogen testing methods are methods of detection of a particular
bacterial pathogen or bacterial microbe. For example, National Beef uses its
pathogen testing method when testing meat (specifically, beef) for bacterial pathogens
(including Escherichia coli O157:H7, Salmonella, and Listeria, among many others).

obtaining a test sample, the sample being
solid or semi-solid;

National Beef utilizes a collection method that includes obtaining a test sample, the
sample being solid or semi-solid. For example, when testing five lots of beef trim,

L 1EH contends that each of the claim limitations below is literally present in National Beef’s pathogen testing methods. These
methods include National Beef’s pooled testing, as well as other pathogen testing National Beef may use. To the extent National Beef
contends otherwise for a particular limitation, IEH contends, in the alternative, that limitation is present under the doctrine of

equivalents.

2 See https://www.nationalbeef.com/food-safety, linked video described as “Control and assessment protocols allow us to provide

cleaner, safer beef for our customers.”
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National Beef’s Pathogen Testing Method

National Beef takes multiple independent samples (portions/pieces) of beef trim (such
as 60 samples) from each of the five lots.

diluting the sample with liquid enrichment
medium at a ratio of sample to diluent
between about 1:0.1 to about 1:5 (wt./vol.)
or lesser dilution;

National Beef’s pathogen testing methods include diluting the sample with liquid
enrichment medium at a ratio of sample to diluent between about 1:0.1 to about 1:5
(wt./vol.) or lesser dilution.

incubating, in an incubator, the diluted
sample at an optimal temperature for the
particular bacterial pathogen or bacterial
microbe to be detected for a time period
sufficient to allow levels of the particular
bacterial pathogen or microbe to reach
levels detectable by use of an assay suitable
to detect the particular bacterial pathogen
or bacterial microbe; and

National Beef’s pathogen testing methods include incubating, in an incubator, the
diluted sample at an optimal temperature for the particular bacterial pathogen or
bacterial microbe to be detected for a time period sufficient to allow levels of the
particular bacterial pathogen or microbe to reach levels detectable by use of an assay
suitable to detect the particular bacterial pathogen or bacterial microbe.

determining, by assaying the diluted
incubated test sample, or a portion thereof,
with the assay suitable to detect the
particular bacterial pathogen or bacterial
microbe, whether the sample is
contaminated with the particular bacterial
pathogen or bacterial microbe.

National Beef’s pathogen testing methods include determining, by assaying the
diluted incubated test sample, or a portion thereof, with the assay suitable to detect
the particular bacterial pathogen or bacterial microbe, whether the sample is
contaminated with the particular bacterial pathogen or bacterial microbe.
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Claim Limitations

National Beef’s Pathogen Testing Method

The method of claim 1,

See above analysis for Claim 1.

wherein obtaining a sample is obtaining a
standard Lot-unit sample.

National Beef utilizes a collection method that includes obtaining a standard Lot-unit
sample. For instance, in the commercial beef industry, a “lot” of beef trim may
consist of a combo-bin consisting 2,000 pounds of beef trim. Standard Lot-unit
samples are commonly used to test beef for bacterial pathogens or bacterial microbes
in the commercial beef industry. National Beef uses its pathogen testing methods for
commercial testing of beef.

Claim 10

Claim Limitations

National Beef’s Pathogen Testing Method

The method of claim 1,

See above analysis for Claim 1.

wherein the sample is a composite-Lot
sample, corresponding to a combination of
samples selected from the group consisting
of samples or subsamples taken from
sublots/lots of raw or processed samples,
environmental samples, industrial samples,
pharmaceutical samples, bio-solid samples,
samples taken by spore traps, settled dust,
impingers, or filtration, and combinations
thereof.

National Beef utilizes a collection method that includes using a composite-Lot sample
corresponding to a combination of samples selected from the group consisting of
samples or subsamples taken from sublots/lots of raw or processed samples. For
instance, in the commercial beef industry, a “lot” of beef trim may consist of a
combo-bin consisting 2,000 pounds of beef trim. Composite-Lot samples
corresponding to a combination of samples selected from sublots/lots of raw or
processed samples are commonly used to test beef for bacterial pathogens or bacterial
microbes in the commercial beef industry. National Beef uses its pathogen testing
methods for commercial testing of beef.
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[ 230 Rent Lease & Ejectment O 442 Employment 3 510 Motions to Vacate 3 871 IRS—Third Party Act
3 240 Torts to Land 3 443 Housing/ Sentence 26 USC 7609 3 896 Arbitration
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INSTRUCTIONS FOR ATTORNEYS COMPLETING CIVIL COVER SHEET FORM JS 44
Authority For Civil Cover Sheet

The JS 44 civil cover sheet and the information contained herein neither replaces nor supplements the filings and service of pleading or other papers as
required by law, except as provided by local rules of court. This form, approved by the Judicial Conference of the United States in September 1974, is
required for the use of the Clerk of Court for the purpose of initiating the civil docket sheet. Consequently, a civil cover sheet is submitted to the Clerk of
Court for each civil complaint filed. The attorney filing a case should complete the form as follows:

L.(a)

(b)

(©)

II.

1.

Iv.

VL

VIIL.

VIII.

Plaintiffs-Defendants. Enter names (last, first, middle initial) of plaintiff and defendant. If the plaintiff or defendant is a government agency, use
only the full name or standard abbreviations. If the plaintiff or defendant is an official within a government agency, identify first the agency and
then the official, giving both name and title.

County of Residence. For each civil case filed, except U.S. plaintiff cases, enter the name of the county where the first listed plaintiff resides at the
time of filing. In U.S. plaintiff cases, enter the name of the county in which the first listed defendant resides at the time of filing. (NOTE: In land
condemnation cases, the county of residence of the "defendant" is the location of the tract of land involved.)

Attorneys. Enter the firm name, address, telephone number, and attorney of record. If there are several attorneys, list them on an attachment, noting
in this section "(see attachment)".

Jurisdiction. The basis of jurisdiction is set forth under Rule 8(a), F.R.Cv.P., which requires that jurisdictions be shown in pleadings. Place an "X"
in one of the boxes. If there is more than one basis of jurisdiction, precedence is given in the order shown below.

United States plaintiff. (1) Jurisdiction based on 28 U.S.C. 1345 and 1348. Suits by agencies and officers of the United States are included here.
United States defendant. (2) When the plaintiff is suing the United States, its officers or agencies, place an "X" in this box.

Federal question. (3) This refers to suits under 28 U.S.C. 1331, where jurisdiction arises under the Constitution of the United States, an amendment
to the Constitution, an act of Congress or a treaty of the United States. In cases where the U.S. is a party, the U.S. plaintiff or defendant code takes
precedence, and box 1 or 2 should be marked.

Diversity of citizenship. (4) This refers to suits under 28 U.S.C. 1332, where parties are citizens of different states. When Box 4 is checked, the
citizenship of the different parties must be checked. (See Section III below; NOTE: federal question actions take precedence over diversity
cases.)

Residence (citizenship) of Principal Parties. This section of the JS 44 is to be completed if diversity of citizenship was indicated above. Mark this
section for each principal party.

Nature of Suit. Place an "X" in the appropriate box. If there are multiple nature of suit codes associated with the case, pick the nature of suit code
that is most applicable. Click here for: Nature of Suit Code Descriptions.

Origin. Place an "X" in one of the seven boxes.

Original Proceedings. (1) Cases which originate in the United States district courts.

Removed from State Court. (2) Proceedings initiated in state courts may be removed to the district courts under Title 28 U.S.C., Section 1441.
Remanded from Appellate Court. (3) Check this box for cases remanded to the district court for further action. Use the date of remand as the filing
date.

Reinstated or Reopened. (4) Check this box for cases reinstated or reopened in the district court. Use the reopening date as the filing date.
Transferred from Another District. (5) For cases transferred under Title 28 U.S.C. Section 1404(a). Do not use this for within district transfers or
multidistrict litigation transfers.

Multidistrict Litigation — Transfer. (6) Check this box when a multidistrict case is transferred into the district under authority of Title 28 U.S.C.
Section 1407.

Multidistrict Litigation — Direct File. (8) Check this box when a multidistrict case is filed in the same district as the Master MDL docket.
PLEASE NOTE THAT THERE IS NOT AN ORIGIN CODE 7. Origin Code 7 was used for historical records and is no longer relevant due to
changes in statue.

Cause of Action. Report the civil statute directly related to the cause of action and give a brief description of the cause. Do not cite jurisdictional
statutes unless diversity. Example: U.S. Civil Statute: 47 USC 553 Brief Description: Unauthorized reception of cable service

Requested in Complaint. Class Action. Place an "X" in this box if you are filing a class action under Rule 23, F.R.Cv.P.
Demand. In this space enter the actual dollar amount being demanded or indicate other demand, such as a preliminary injunction.
Jury Demand. Check the appropriate box to indicate whether or not a jury is being demanded.

Related Cases. This section of the JS 44 is used to reference related pending cases, if any. If there are related pending cases, insert the docket
numbers and the corresponding judge names for such cases.

Date and Attorney Signature. Date and sign the civil cover sheet.





